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goals . it des eloped flexible isspsst /osatpuil (inckidhsg Ike AR PA Netwsi k~, and flexible interrupt and
signal handling . It new serves as a base f r  software prstoiypiag, r,,ssrcb. development. educatl s.
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Thi s dOcIIIIII’III was originally imutended to be a simple low-level Introduction to MDL. It has.
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inter preter. ~is realized iii MDL release num bers 55 (ITS version) and .105 (Tenex and Tops-2
versions~. (Significant changes Irousm the previous edition are marked In t he margin.) A how-level
introduction may st ill be had by restrict ing one’s attent ion to specially-marked sections only. The
scope of the docum ent is confined as much as possible to the interpreter itse lf. Other adjuncts
(comp iler. assenmhler. pre.loaded u ser programs. library) are mumentioned as little as possible. despite
their val ise iii promoting the language seen by a u ser frosum ‘bas ic survival” to “comfortable living”.
Isideed. M1)L could not Fulfill t he above design goals without the compiler. assembler, structure
editor. cosit rol-stack printer, context printer, prett y-printer, dynamic loader, and library system — all
of which are slot part of time interpreter but programs written in MDL and symbiotic with one
another. Further informnatioss osm these adjuncts can be found III LeblIng’s (1979) document.
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2 The MDL Prograimning Language

Abstraot

T he NI Dl. prog ra ms uul s iug Itlmguagc begaim e~ istcuI ce iii hate 1970 (under tIle name Muddle) as a
suc c ess or to 1.i’p (Monus . l’s74). a cilId iclate vehicle  for the L)ynamnic Modeling System , and a possible
base for iniplems ie ntatinu. of l’ lausuier (Hewitt . 1969). The orig inal design goals included an
intei It t i  e l is t  sa t  tit ens- 111111 I mtvmst for 

~ 
ogi asms uh ing. tltbuigg iuig. loading, a umd edit lug: ease in

learning .iisd muse: fa c i lut it’ s for SI riuctu red . modular , shared programs; extensibility of syntax . data
Iy I)e’S aIIII ol)er.110rs t la ta . t y j te  cIIecI..ing for debugging and optional data .t ype declarat ions for
commm 1miled ef lic ieni y: a c c o e i a t i v e  s t o s a g e . (o r o hu t i h I i I I g .  and graphics. Along the way to reach ing those
goals . t i developed I lv~ ilihe i II p1s t /nu t  fl tm ’ t (i IlclIId ing the A R PA Network), suid flexible interrupt and
si gl lal hl.IIIIIIII1g. It unw serv es as a bace for so f tw aie p ro tOt yp i l l g .  research , develo p m en t , educa tion.
.ismd iIiIp hcmIst Is ta t i on of t~~ Ina j or it y of programs at MI T .DM S: a librar y of sharab le m odules, a
colie remIt laser i s l t e r f a c e .  s pt’ s~ l rese~trc ll proj ects . aut otl o usm o ,Is (laemons , etc.

This (IOt’IIIIICII t W a s  Orit~ i Ilally j I l t  I’IIdId tO hi’ a simphe low-level introduct iou to NI DL. It has.
however . ai q II i u ed .s ase of ek 1i l iaui t iaci s amid 110W aIIlPIIIits to a discursive dcscri pt io mm of t h e  whole
smu tc rptc t r t . .1% IV~llilrtl iii NI DL re lease aisim bers !~ (ITS version) and 105 (Tenex and Tops-20
versions ) . (S i gim ifilaIlt cli.iumt~es t ro u t the previous edit iou are m a r ked in t lse um s arg iti.) A low- level
I sstrodu~ t insI II lay sI ill In’ Ilad by restri ctin g one’s attentio n to specially-marked sect ions only. The
st ou t of t i le lInt IIIii ( Iit IS t o l l  IiIl(’d as IIIUCII as pos~iblc to tI le ilmter prete r itself. Other adj uncts
(co m piler . asc emmi t ile r. ~is c-loaded ilse r p r o g r a l l l s . librar y) are ullentio lsed as little as possible, desp ite
their sa hise in proumi o m i imi the latmguaa ge seen by a mIser front ‘basic survival ” to “comfortab le Ii V~ ng”.
Indeed, NI 1)1. comihi l lint fulfill t im e above desi gu s goals without the compiler. assembler , structure
editor. coIllrnh-s t ack priliter . coim t c ~~t prihilt’r. prvtty-pr iluter . dynas mii c loader, a um d library systeun •— all
of wh ict. are lInt part of thee interpreter but progra m s wr itte n in MDL and symbiotic with one
almo~ller. Furtiler iss lorsu ati omi on these adj uncts ca im be found in Lebling’s (1979) document.

KEY WORDS : MDL
Muddle
Prog ramming Languages
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4 The MDL Programming Language

For.word

Trying to e~ plaimi MDL. to an unisuitiate is somm iewbat hike trying to untie a CordIasm knot. Whatever
topic omme chooses to discuss first, full discussion of it appears to imply discussion of everything
else. What follows is a discursive presentation of MDL 1mm an order apparently requiring the fewest
forward rrfereumces. It is not perfect its th at rrgard however, if you are patient amid willing to
accept a few , stated thimm gs as siiaglc until th ey can be explained better, you will probably not have
too snany problems inuderstamiding wh at is goimig on.

There are sin “practice 1mrobhesns”: you arc assumed to be learning MDL for some purpose, and your
work iii achiev imig that purpose will be more useful amid muotivated than artificial problems. In
several cases, the exanmphes com mtai ui illustratiomis of important points which are not covered In the
text. Ig uso re cxa mim p k’ s at your peril.

This docummiemm t does mmot assummue kmiowledge of any specific prograsumnimig language on the your part.
However. cosnputatiouiai literacy ” is assumimed: you should have written at least one prog ram mi before.
A lso, very hittlc familiarit y is assumed wi t h the Interactive time.sharing operatimig systems under
which MDL. run s -. ITS. Tesmex , amid Tops-20 — namely just file and user naming conventions.

Notat m u :

Sections misarked (I) are rrcomnnsemided for an umm imm itiate ’s first reading. in lieu of a separate
iumtrudusc*iomi or primmuer for MDL. (Omi first reading. text within brackets like th ese should be
ignored.)

Most specifically indicated exanipics lue reimi are com posed of pairs of lines. The first line of a pair.
t he input, alwa ys ends iii S (wh ich IS 110w the ASCII character ESC is represemited , amid which always
represents i t) .  The second l ine is time result of MDL’s groveling over the first. If’ you were to type
all the first hisses at MDL. it would respond with all t u e second lines. (More exactl y. (hue “first h u e ”
is one or mimic objects in MDL followed by S. amid the second line ” is everything up to the next
“first limue .)

Anything w h ich is wr itten iui the MDL lamig uage or which is typed omi a comuputer terminal appears
herein isi a gothic fo mst , as in ROOT. A mmuetasymitac t ic variable -- sommmething to be replaced 1mm actual
use by somnetluimig else -. appears as r~idux :fix , in am s italic font : often the variable will have both a
nleanim lg amid a data ty pe (as here), but sommict imes omie of those will be osiiitted, for obvious reasons.

Ami ellipsis (. . .) im mdic ates that som net lmimm g umiimiteresting has beems om itted. The character * means
that tlse fohlowimig character is to be comitrollified m it is usually typed by holding down a terminal’s
CTRL key auid striking the other key.
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Chapter 1. Basic Interaction

The purpose of this ci mapte r is to provide you with that niinimnal amnount of information needed to
ex peri smm ei m w it h  Mn!. while rcadii mm~ th is dociirneiut. it is strongly recommended that you do
ex perimime uiu . especially upoum reaciming chapter 5 (Sim ple Functiomis).

II. Load im i i~ ~4~UL._[fl

First . cat ch your rabbit. Snmiielmow get time interpreter runmiimig -- time programn in the file SYS :TS MDL
in time ITS v e rs i umm or SYS:M DL.SAV in time Temiex versioui or SYS:MDL.EXE in the Tops-20 version.
Time imi ler p mct e r wi l l  first type out some miews relat immg to MDL, if any, themi type

I.IS1LNING-A 1-LIV [L I PROCESS 1

amid thic um wait for you to type somuieih iim ig.

The proguam mi w imi c h yo mm are mmow rumim uing is ami interpreter for time language MDL. A U it knows how
to do is im iucu - preu MDI. ex presc iomis . There is mio special “com m and language”; you com mun icate
w ith time program .. mal~e it do uhuiuigs for yomi -- by actuall y typ ing legal MDL expressiomis, which it
th en imiter prets. ~~~~~~~~ you cami do at a t e rm nium a l cami be done iii a programn. ami d vice versa, in
exact ly time caine svay.

T ue ~ro~ iamii will lie refcrrcd to as ju st “MDL” (or ‘tim e interpreter ”) from here out. There is no
ambiguit y. siimce the prograuum is j ust an incarnatio n of the concept “MDL”.

I.?. Typing LII

Typiumg a character at MDL uiormuiaily just causes that ch aracter to be ech oed (printed out your
teruuiimia fl amid remiicm miberrd imi a bimfier. The omily characters for which this is uiormnally not true act
as follows:

Typing S (LSC) ca mm ses M[)L w echo dollar.sign amid causes the contents of the buffer (the characters

• (.2 Basic Interaction

~

- - .- .~~~~~~~~~~~ -~~-—__________



— -~~~~~~~~~~~ -~~~~~~

The MDL Pr ogram iimm uing Language 17

whichu you’ve typed) to be interpreted as an expression(s) in MDL. When this Interpretation is done.

• 
the result will be primited amid MDL will wait for more typing. ESC will be represented by the glyph
S in th is docmimeuit.

Typing t h e  rumbom it ch aracter (DEL in the ITS and Tops.20 versiomis, control-A in the Tenex version)
causes t h e last character imi time bu ffer -- time ouie muost recently typed -- to be thrown away (deleted).
If you miow imnuiiediately type amiot hmer rubout. omice again the last character is deleted — namely, the
second m ost recentl y typed. Etc. Time ch aracter deleted is echoed, so you can see what you’re doing.
Out sommie “display” term inals. rmmbo ui t will “echo” by causing t he deleted character to disappear. If no
characters are imi time bu ffer . rubout echoes as carriage-return line-feed.

Typing “@ (couitrol-atsi gmi) deletes everyth ing you have typed since the last 5, and prints a carriage-
return line-feed.

Typing D (control.D) causes time current input buffer to be typed back out at you. This allows you
to see w hat you really have. wit imout t ime coiifusiumg re-echoed characters produced by rubout.

Typing AL (couutrol-L) produces time same effect as typing AD, except that, if your terminal is a
“display ” ter m inal (for exampie, IMLAC. ARDS, Datapoint). it first clears the screen.

Typing AG (comttrol-G) causes MDL to stop whatever it is doing and act as if an error had occurred
(sectioui 1.4~. 

AG is generally iiiost useful for temnporary interruptions to check the progress of a
computation. “C is “revers ible” -- th at is. it does not destroy any of the ‘state’ of the com putation it
interrupts. To “umndo a “C, type time characters

<ERRET 1>5

(Th is is discussed mmiore fully far below , in section 16.4.)

Typing “5 (contro l-Si causes MDL to th row ~~~~~~~~~~ what it is currently doing and return to a normal
“listemiing” state. (In t h e  Tenex amid Tops.20 versions, A0 also should have the same effect.) AS Is
generally most usefu l for aborting infinite loops and similar terrible things. “S destroys whatever
is going on, amid so it is not reversible.

Most expressiouis iii MDL include “ bracke ts ” (gemierical ly meant) that must be correctly paired and
mmested. If you end your typ ing wit h the pair of characters !$ (exclamation-point ESC). all currently
unpaired brackets (bm mt miot double-quotes, which bracket strings of characters) will automatically be
paired and interpretation will start. Wit hout t he !, MDL will just sit there waiting for you to pair
th em. If you have imiuproperly uiested parenth eses, brackets, etc.. within the expression you typed. an
error will occur, amid MDL will tell you wh at is wrong.

Once t h e  brackets are properly paired, MDL will imm ediatel y echo carriage-return and line-feed, and
the next tiuimig it prints will be time result of time evaluation. Thus, if a plain $ is not so echoed, you

1.2 Basic Interaction
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have sonic expression unclosed. In that case, if you have not typed any characters beyond the $~you cam u u sually rub out the $ and other characters back to the beginning of the unclosed expression.
Otherwise, what you have typed is beyond time help of rubout and “0; if you want to abort It. use
“S.

MDL accepts and distimuguishes between upper and lower case. All “built-in functions” must be
referenced in upper case.

1.3. Loading a Fij !.flj

If you have a prngraumm j im MDL that you have written as an ASCIi file on some device, you can
load” it by typ imu g

(FLOAD file>S

w here file is time miamuic of the file. in standard operating-system syntax . emic losed in ‘s (double-
quotes). Ommiitted parts of the file uiamne are taken by default from the file name ‘DSK: INPUT >
(iii time ITS version) or ‘DSk : INPUT.MUD’ (in the Teuiex and Tops-20 versions) in the current disk
directory.

Once you type 5, MDL wi h i process time text in the file (including FLOADs) exactly as if you had
t yped it on a term mm im mai and followed it with S . except that ‘values” produced by the computations
are miot printed. ~Viiemi MDL is finished processing time file, it will print ‘DONE’ .

When MDL starts ruumnimig. it will FLOAD the file ‘MUDDLE INIT’ (ITS version) or ‘MUDDLE.INIT’
(Tenex and Tops-20 versions). if it ex ists.

1.4. Errors -- Simple Comusiderations ~Ji

When MDL decides for sommie reasomm that someth ing is wrong. the standard sequence of evaluation is
interrupted and an error function is called. Th is produces the following terminal output:

*ERROR*
otten-hyphen4.t ed-reason
function-mn- which-error-occurr ed
LISTENING-AT-L EVEL integer PROCESS integer

You cami mmow interact with MDL as usual, typing expressiomis and havimug them evaluated. Th ere
ex ist facilities (built-imi functiomis) allowing you to fimid out what went wrong. restart, or abandon
w hatever was going 0mm. in particular, you caim recover from aim error — that is, undo everything but

1.2 - 1.4 Basic Interaction
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side e1fc~’t% amid r e umm rm m to time imutisi typing phase -- by typimig the following first line, to which
MDL.. will respomid wi sh time secomid line:

~.LKRL ~~
I I S 1 E N I N C - A T - I E V E L  I PROCESS 1

If you tv 1~c mime fohiowimm g first lu te whi le still 1mm the error state (before (ERRE T >). MDL will print, as
shmow m m . t i me a rguu mim e m ut s (or paramneuers” or “imiputs’ or “independent variables”) which gave
imidigest m u  in  lie umihiapp)’ fum mict iomi:

~ARGS <rRAtlF <IRAM ()))$

I .“ ~~~~~~ to u~h..pp > func tmon ]

This will he explained by amid by.

1.4 Basic Interactios 
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Chapter 2. Read 1 Evaluate, and Print

2.I. Cenera i [hj

Once youm type S amid all brackets are correctly paired amid nested, the curremit contents of the input
buffer go thmro m mghi processimig by three fuutctiomts successively: first READ , which passes Its output to
EVAL (“esahm iate ”). wlmicti passes its output to PRINT , whose output Is typed on the terminal.

(Actually, time ~cqmmence is umi o re hike READ , CRLF , EVA L, PRIN 1 , CRLF (explained in chapter 11)
MDL gives you a carriage-retur n hue -feed whiemi the READ is commiplete. that is, whemi all brackets are
paired.)

Fund iomiahly,

READ : printable represemita tiomis -.> MDI. objects

IVAL : MDL objects .-> MDL objects

PRINT: MDL objects --> primitable representations

Timat is. READ take s ASCII text , Micli as is typed 1mm at a ter m inal, and creates the MDL objects
represemited by th at tex t. PRINT takes MDL objects. creates ASCII text representations of them, and
t ypes tiuemim omit. EVAL , wh ich is time really imnportamtt omme, performs tramisforunations on MDL
objects.

2.2. PhiiIncn~pij~jjy h~Fc~j ij

Iii a genera l sem use, w heum you arc immueract iu ig wit h MDL, you are dealing with a world inhabited only
by a particular set of objects: MDL objects.

MDL objects .mre best commsidcred as abstract eumt itles wit h abstract properties. The properties of a
particu lar MDL object uhepeumd upon time class of MDL objects to which it belongs. This class Is the

2 2.2 Read, Evaluate, and Print 
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TYPE of time MDL object. Every MDL object has a TYPE , and every TYPE has its own peculiarities.
There are many different TYPEs in MDL; they will gradually be introduced below, but in the
meant iumme here is a represemm tative sample’~ SIJBR (the TYPE of READ , EVAL and PRINT), FSUBR, LIST.
VECTOR . FORM. FUNCTION , etc. Since every object has a TYPE , one often abbreviates “an object of
TYPE tj~pe” by ~ayimmg “a type”.

The laws of time MDL world are def iiied by EVAL. In a very real sense. EVAL is the only MDL object
which “acts ”, which “does sommiethin(. In “acting’. EVAL is always “following the directions’ of some
MDL object. Every MDL object should be looked upon as supplying a set of directions to EVAL;
what these directiomis are depends heavily on time TYPE of the MDL object.

Since EVAL is so ever-presemit, an abbreviation is in order: ‘evaluates to something’ or “EVALS to
something ” simoimld be taken as an abbreviation for “when given to EVAL. causes EVAL to return
something ”~

As abstract entities, MDL objects are, of course, not “visible”. There Is, however, a standard way of
represemitimig abstract MDL objects in time real world. The standard way of representing any given
TYPE of MDL object will be given below when the TYPE Is introduced. These standard
representalions are what READ understands, and what PRINT produces.

2.3. Example (TYPE FIX) Ill

- 1$
1

The following has occurred:

First. READ recognized time character 1 as time representation for an object of TYPE FIX, in particular
time one wh ich corresponds to time integer one. (FIX means integer, because the decimal point is
umiderstood always to be in a fixed positiomi: at the right.hiand end.) READ built the MDL object r
correspomidimig to (lie decimal representation typed, and returned it.

Then EVAL noted thiat its iuiput was of TYPE FIX. An object of TYPE FIX evaluates to ItseJf, so
EVAL returned its input undisturbed.

Then PRINT saw that its input was of TYPE FIX, and printed on the terminal the decimal character
representation of time corresponding integer.

2.2 - 2.3 Read, Evaluate, and Print
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2.4. Example (TYPE FLOAT ) [II

1.0$
1.0

W hat wemut omm was emit irely ammalogous to time preceding example, except that the MDL object was of
TYP E FLOAT. (FL OA1 umm ea ums a rea l u,ummber (of limited precision), because the decimal point can float
around to aum y comuvem miem it position: aim imitermual exponent part tells where it really” belongs.)

23 .  Exanmple (~YPE AToll, PNAPIE) 
~j J

GEORGES
GEORCC

This time a lot m ore happened.

READ uioted t h a t  what was typed had mio special umieamming. amid therefore assumed that It was the
represemitatiomi of ami idemitifiet- . that is. aum object of TYPE ATOM . (“Atom” means more or less
i nd iv is i b le . )  REAL) t herefore attcumpu’d to look up time representation in a table it keeps for such
pu rposes (a L 1ST of OUL ISIs. ava ilable as time local value of the ATOM O~LIST). If READ finds an
ATOll iii its table corres pomud imug to the represemitatio n. that ATOM is returned as READ’s value. If READ
fails 1mm lookimig imp, ii creates a miew ATOM , puts it iii (lie table with the representation read [INSERT
im mto <1 .0(11 1ST> mmsmm ahl y]. amid returns time umew ATOM . Nothing which could in any way be
referemmced as a legal ~vaIue” is attachied to time new ATOM . The initially-typed representation of an
ATOM becoimies its PNItME , mm ie ami iu ug its namu me for PRINT. One often abbreviates “object of TYPE ATOM
wit h PNAIIE name” by say immg “hiOli nJni?.

EVAL . given amm ATOll, retuirmied just th at ATOM .

PRINT , given aim ATOM , t yped out its PNAME .

At time emid of t h is ch apter. (lie question “what is a legal PNAME” will be considered. Further on, the
m e t hods used to at tac h values to ATOMS will be described.

2.6. FiXe s. FLOATs , amid ATOMs 5-ersus READ: Specifics

2.6.1. READ amid FIXed-poimit Numbers

READ comisiders ami y gromip imm g of ch aracters which are solely digits to be a FIX, and the radix of the

2.4 - 2.6.1 Read, Evaluate, and Print
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represemmta t io um is dec im imal by default. A - (hyph en) immediately preceding such a grouping
represents a negat ive FIX. The largest FIX representable on the PDP.lO Is two to the 35th power
mm mi miu ms one, or 34 3ri9 738 367 (deciuiial); the smallest is omme hess thami the negative of that number. If
you atte m pt to type iii a FIX ou tside timat range. READ converts it to a FLOAT; if a program you
write attem uipis to produce a FIX outside that range. an overflow error will occur (unless it is

- disabled).

The radix u sed by READ amid PRINT is chammgeable by the u ser; however, there are two formats for
represeumta uio mis of FIXes w hmiclm cause READ to use a specified radix independent of the current one.
These are as follows:

(I) If a group of digits is imnmediately followed by a period (.), READ interprets that group as
t ime de c imm ual represem itatioum of a FIX. For examp le. 10. is always interpreted by READ as the
decim ima h rep resem il atiom i of temi.

(2) If a group of digits is iununediately enclosed on both sides by asterisks (*), READ interprets
th at group as tIme octal represem itatio n of a FIX. For example, ~10~ is always iumterpreted by
READ as tim e octa l represeumtat iouu of eigimt.

2.6.2. READ amid PRINT versmms FLOAT imig.point Nummmbers

PRINT caum prodimce. amid READ cam i understand, two different formnats for obj ects of’ TYPE FLOAT.
Time first is “decimmm al - poimmt ” umota t ioum. the secomid is “scient ific” notat ion. Decimal radix is always
used for representations of FLOATs.

“ Deciummal .p o imu t ” u i ota t i omm for a FLOAT comisists of aim arbitrarily long string of digits containing one
(period) w h ich is followed by at least omme digit. READ will m ake a FLOAT out of any such object ,

wit h a lim it of h recis inui of omme part imm 2 to the 27th power.

Scieiitific ” miotatin um consists of:

(1) a nmmnmber.
(2) imimmm iediately followed by E or e (upper or lower case letter E),
(3) immediately followed by an expoument ,

where a “miu imm iber ” is amm arbitrarily 101mg string of digits. with or without a decimal point (see
fohlowi.mg note): aimd aim “exponemut ” is up to two digits wort h of FIX. This notation represents the
“ u mumn ber ~ to l ime “exp o mm e mm t ” power of (cmi. Note: if the “numn ber” as above would by itself be a FIX,
aumd if time “exp omiemmt ” is positive, amid if time result is w ithimm time aihowed range of FIXes, then the
result wi ll be a FIX. For examnp lc. READ umuderstan ds IOE1 as 100 (a FIX). but IDE—i as 1.0000000 (a
FLOAT).

The Iargest -mmiagmiitmmde FLOAT which , caum be handled without overflow Is 1.7014118E+38 (decimal
radix). The smahlcst .magmmitm :dc FLOAT wh ich calm be handled without ummderf low is .14693679E—38 .

2.6.1 - 2.6.2 Read, Evaluate, and Print
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2.6.3. READ amid PNAMEs

Tue qumest iomm “wha t is a legal PNAME?” is actually not a reasonable one to ask: !j~!. non-empty string
of arbitrary ch aracters camm be t ime PNAME of amm ATOM . However, some PNAMES are easier to type to
READ t haum others. But even t Ime quest iomm “w hat are easily typed PNAMEs?” is not too reasonable,
because: READ decides timat a group of characters is a PNAME by default; if it can’t possibly be
aum ytii iumg else, it ’s a PNAME . So, the ru les goverumimig the specification of PNAMES are messy, and best
ex pressed in ler imis of wimat ~5 mint a PNAIIE . For simimplicity, you can just consider any uninterrupted
group of upper. amid lower-case letters and (customarily) h yphens to be a PNAME ; that will always
work. if ynum are neitimer a perfectionist umor a umiasochmist , skip to the next cimapter.

2.6.3.1. Nomm -PNAMC.s

A group of ch aracters is lint a PNAIIE if:

(1) It represemits a FLOAT or a FIX , as described above .- that is, it is composed wholly of digits,
or digits amid a siuig he . (period), or digits and a . and the letter E or e (with optional minus
signs imm time rigimt places).

(2) It beg ins with , a - (period).

(3) It comita imm s -. if typed immteractiv el y -. any of time characters which have special interactive
effects: ~“@ , AD , “IL, “G, AS, ‘0, $ (ESC), rubout. -

(4) It contains a form umat ch aracter -. space, carriage-return, line-feed, form-feed, horizontal tab ,
vertical tab.

(5) It contaimis a , (commmia) or a 0 (nuumiber sign) or a ‘ (singue quote) or a ; (semicolon) or a %

L 

(perceum t sigmm).

(6) It com itaimi s amm y variety of bracket -. C or ) or E or 3 or < or > or ( or ) or “ .

In additioum , t ime chmar acter \ (backslas h ) lmas a special interpretation, as mentioned below. Also, the
pair of chuaracters I — (exc laniatioum-poi imt imyphmeui) imas ~ extremely special immterpretation, which you
will reacim at c h apter 15.

The ch aracters mm me iutioned iii cases 4 timroug iu 6 are “separators” — th at is, timey signal to READ that
wh atever it was t ima t time precediuig chmaracter s represented, it’s done muow. They caum also indicate the
start of a umew object’s represei mtatioum (all time opemming “brackets” do just that).

2.6.3.2. Exammip les

The followimig examimples are hot  imm time “sta um dard format ” of “line typed inS result printed ’, because
they are not, in sonic cases. coummplele objects: iuemmce , READ would continue waiting for time brackets to

2.6.3 - 2.6.3.2 Read, Evaluate, and Print 
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be closed. Imi ot h er cases , tim e y will l)rflduicc errors duirlmmg EVALuat iouu if other -. currently irrelevant
-. comm d im inu ms are mmnt uuie t. huus lea c i , the righut-l mauid colummim u will be used to state just what READ
mhioug iit time i mm~mu m, iii time heft — lu a mid colu umum ii really was.

A BCS ami ATOM of PNAME ABC

abC S aim ATOM of PNA ME abc

A RBIJRAR ILY-L ONG-P NAtIL$ ami A lOM of PNAME ARBITRAR ILY-LONG-PNAME

a FLOAT , PRiNTed as 1.2345000

1.2.345 1.  aim ATOM of PNAM [ 1.2.345

A. o r .US aim ATOM of PNAME A.or .B

.A.or .BS not ami ATOM , but (as ex plaimied later) a FORM contaimmiuig
aim ATOM of PNAME A.or.B

MORE THAN ONES t h ree ATOMs , with , PNAtIEs MORE , amid THAN , amid ONE

ab(cdS aim ATOM of PNAME ab , followed by time sta rt of som ething
else (TIme sommmet iui mig else will contaiii aim ATOM of PNAIIE

- 
- beg immm i iimg cd. )

1234 5A34 1, amm ATOll of PNAME 12345A34 (If the A had been aim E , the
object would h ave beemm a FLOAT.)

2.6.3.3. \ (fl acksL mshi ) iii AT OMs

If youu imas-e a st raumg e , t mmm cn m itro hlable coimm puls ioim to h ave w h at were referred to as “separators ” *bove
- as part of ti me rNAM rs of y o;mr ATOMs , yoim ca u i do so by precedimmg t hu e mmi wit h time ch aracter \

(baci siasi m) . \ w i h h also muua g ima il y t m mr ii aim otl merwise umo rmna l FIX or FLOAT lmmto aim ATOM If it appears
amm mo mi gst tim e iligits . hu m fati , haci~ lasbi iii from mt of aimy cimaracter ciiaimges it fromim somnetim ing special

• - to “just am moti me r clmaraci er ’ (iu mc hud immg the character \). It is aim escape character.

‘.Vhiemi rRINT c o m uf ro i m t c. aim ATOll w h ich h ad  to be backshashed him order to be aim ATOM , It will
dumtifm ul hy type omit time required \s. Timey will mmo t , lmoweve r , necessarily be where you typed thetis;
t lmey wihi imisle ad be at timose pos it iomm s w h imeh m will cause READ tIme least grief. For examnple, PRINT will
t ype ouit a PNAMI wh it-i, co mm s ist s wholly of dig its by first typim mg a \ amid then typing the digits • no
matter where you origiiiahly typed the \ (or \s).

2.6.3.2 - 2.6.3.3 Read, Evaluate , amid Print 
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2.6.3.4. Ex am imp les of Awful ATOlls

The fohinwiug exammi phes ilhmist rate time aummo uimt of imms aimity th at caui be perpetrated by using \. The
for umiat of time cxau mm p lrs is agaiim nomm.standard, timis ti mume mmot becaus e anyth ing is unfinished or in
error, but because c o m i m i imemm t imm g is needed: PRINT doesn’t do it full justice. 

-

a\ one\ and\ im\ two S oime ATOll, wlmose PNAME imas four spaces in it

1234\56789$ aim ATOM of PNAME 123456789 , which PRINTs as
\ 123456789

123\ S aim ATOM of PNAIIE l23space, which PRINTs as \123\
w ith a space oim time end

aim ATOM whose PNAME is a single backslash

2.6.3.4 Read, Evaluate, and PrInt

- --~~~~~~~~~~~~ 
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Chapter 3. Built-in Functions

3.1. Repmt’seti tat ion [Jj

Up to t h is posmmt . all tim e objects we hiave been commcer mmed with have had mio iimterimal structure
discermii hhe ium Ml)1 . W hile time ch aracterist ics of objects with internal structure differ greatly. the
way READ and PRINT handle themui is uumiforimm . to wit:

READ , wiicu m app lied to time represeumtatio um of a structured object , builds and returns aim object of
time iumdicatet h TYPE wit h e lem umem mts for m ed by apply ing READ to each of their representations in
(min i.

P R I N T . w hie mm applied to a struictured object , produces a representation of time object. with its
eleimmemuts represemited as PRINT applied to cacti of them in turn.

A MDL object which is uused to represemi; tIme app lication of a fuimction to its argum ents is an object
of TYPE FORM . Its priumted repre semmtatiomi is

( func ~mr~:- 1 mrg -2 .. . arg-N )

w here func i” aim object which designates the funclioum to be applied, and erg-i through erg-N are
objects whit-h, tlesi~ uiate time ar guimim emits or “act u al paramm ieters ” or “immput s ”. A FORM is just a
structured object wh s ic i u is stored and caim be uiuamiipulated like a LIST (its “prim itive type” is LIST —
chapter 6). Time app hicatioim of tIm e fummctiom m to time argumneiits is done by EVAL . The usual meanin g
of “fumi ctio mi ” (m immc ap itahized) in th is documneumt will be anytiuimmg applicable to argumnents.

3.2. Evahmiatin im [hj

EVAL app lied to a FORM acts as if followimmg these directiomus:

First. exaimmi uie time (unc (first elem uiem mt ) of time FORM . If it is an ATOM , look at its “value ” (global or
local. Iii that order -. see iiext chapter). If it is not aim ATOM, EVAL it and look at the result of the

3 - 3.2 Built-in Functions
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eva luat ioim. If whmat you are Ioohtimmg at is hot som eth ing which can be applied to arguments,commm phaiii (via time ERROR fmm nct ioum). Oth erwise, iimspect whuat you are looking at and follow itsdirectiomis in ev a lu ating or not eva him at imm g the argum uments ~chmapters 9 and 19) and then “apply thefumictiom u” -- that is. EVA L t he body of the object gotten from func.

3.3. Built-in Fmiumctinmms flY PE SUBR, TYPE FSUBR) [1]

Time built-u i fu mit t iomi s of MDI. coimme iii two varieties: th ose wh ich have all their arguments EVALedbefore ope rat imm g 0mm theiim (TYPE SUBR , for “sum broutiime ”, proumounced “subber”) and those which havenone of t h eir a rgmimi mei mts EVALed (TYP E FSUBR , h istorically fromn Lisp (Moon, 1974). pronounced“effsnbher ”). Cohlrc tiv ~ly th ey wil l  be called F/SUBRs, although that term is not meaningful to theinterpreter. See appemidix 2 for a iisti mmg of all F/SUBRs and short descriptions. Time term“Subrout iume” will be mused Imereimi to ummeamm botim F/SUBRs amid compiled user programs (RSUBRs and
RSUBR -E NTRY s -. ch apte r 19).

Ummless otherwise stated. every MDL buiiit.imi Subroutine mentioned is of TYPE ~~~~~ Also, when Itis stated t h a t  aim arg iimmme nt of a SUBR nmust be of a particular TYPE , note that this mneans that EVALof wh at is there unmist be of the particular TYPE .

Another comiveimiemit abbreviation wh ich, will be used is “t Ime SUBR pnarne” in place of “the SUBR whichis imiit iahi y time ~va luue’ of tIme ATOM of PNAME pna rne”. “The FSUBR pname” will be used with a similarmeaniumg.

3.4. Examnphes (+ and FIX; Ari tiimn etic) [II

<+ 2 4 6>5
12

Time SUBR + adds imumimbers. Most of time usual arith m etic functiomms are MDL SUBRs: + , — , ~~~, I,NIN . MAX , MOD , SIN , COS , AlAN , SORT , LOG , EXP , ABS . (See appendix 2 for short descriptionsof these.) Ah I except MOD, which, wants FIXes, are indifferent as to whether their arguments areFLOAT or FiX or a ummixtu re. Iii time last case, timey exh ibit “contagious FLOATing”: one argument ofTYPE FLOAT force-s time resuit to be of TYPE FLOAT.

<F IX l.0>S

The SUBR FIX explicitly returmis a FIXcd.poimmt numimber corresponding to a FLOATing-point num ber.
FLOA T does time opposite.

<. 5 <~ 2 3>>S

3.2 - 14 Buih-i~ Functicis
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11
<SQRT <+ <* 3 3> <~ 4 4>)>5
5.0
<— 5 3 2>5
0
<- 5>5
—5
<MIN 1 2.0>5
1.0
<I 11 7 2.0>5
0.5

Note this last resmm lt: time divis iomm of two FIXes gives a FIX with truncation, no; rounding, of the
remimaimmd er: time immtermm iediate resuilt remnaimm a a FIX until a FLOAT argument is encountered.

3.5. Aritim umme ti c: Details -

+ , — , 
A , f , MIN , am md MAX all take aimy number of arguments. doing the operation with time first

ar guimime mmt amid time secomid . i imemm witim ti mat result amid time th,ird argument. etc. If called with no
arg u mmmmeimt s . eat-li returns time idemitity for its operation (0 , 0, 1, 1, the greatest FLOAT , and the
leas t FLOAT , respectively): if called with , one argummmeimt , each acts as if the identity amid the argum ent
had bceim .simpphied. Thicy au will cause aim overflow or underflow error if any result, intermnediate or
fina l, is too large or too sm all for time mmmac iiiime ’s capacity. (That error can be disabled, if necessary
-- sect iou, 16.9).

One ari thm mm et ic function th at always requires somne discussion is the pseudo-random-num ber
generator. MDI.’s is miam ned RANDOM , amid it always returims a FIX , uniformly distributed over the
w h o le ramige of FIXes. If RANDOM is umever called with , argumneumts. it always returns the exact same
sequmemice of imumubers. for comiveimiem mce iii debugging. “Debugged” program s should give RANDOM two
argumemmts on time first call, wh ich become t ime seeds for a new sequence. Popular choices of new
seeds are t Ime imuu,mhers givemi by TIME (which, see), possibly wit h bits m odified (chapter 18). Example
(“pick a uiumiiber f roumm omme to lemi ”):

(+ 1 <MOD <RANDOM > 10>)S
4

3.4 . 3.5 Built -In Functions
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Chapter 4. Values of Atoms

4.1. Genera! 111

There are two linds of “value” whiiclm can be attached to aim ATOM . An ATOM can have eit h er, both. or

um eitimer. Tile) immte iac t imm mmo way (except that alternately referring to omme amid then the other is
ineff icieuit~. Th ese two values are referred to as time local value amid the global value of an ATOM .
The tcrmiis “local” and “globar are relative to PROCESSes (chapter 20). not functions or programs.
Time SUBRs which referemice time local amid global values of aim ATOM, and some of the chara cter istics
of’ local s-ersuis global values, follow.

— 4.2. Global Va km

4.2.1. SEIG (I~

A global value (aim be assig mmcd to aim ATOM by the SIJBR SETG (“set global”), as in

<SE1G atom any)

wh ere at om mnm mst EVAL to aim ATOM , amid any camm EVAL to anything. EVAL of the second argument
becoiuiec t h e  g hohmai va imme of EVAL of time first argument. Time value returned by the SETG Is its
second arg mmsm me umt . miammmeiy tIme imew global value of atom.

Exam ples:

<5( 16 FOO <S(TG BAR 500>>3
500

Time above mmmade time global valu mes of bot h tiue ATOM FOO and the ATOM BAR equal to the FIXed-point
uiumber 500 .

<SEIG BAR 100)3

4.4.2.1 Vah..ssd At .*s 
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FO0

That mimade (hue global value of time ATOM BAR equal to time ATOM FOO .

4.2.2. GVAL [l~

The SUUR GVAL (“global valume”) is used to reference the global value of an ATOM.

<GVAL atom>

retumr ims as a va l u e time global value of atom. If atom does not evaluate to ami ATOM , or If the ATOM to
which ii evaluates has uuo global value, aim error occurs.

GVAL applied to aim MOM aumywbere, in any PROCESS, in amm y function , will return the sam e vahue.
An y SE IC, amm yw lmere ch mamm ges time global value for everybody. Global values are context-independent.

READ uimidersta iids time ch aracter , (commi mna) as aim abbreviation for an application of GVAL to
whiates’er follows it. PRINT always tra imslates aim application of GVA L into the comnma format. The
followimig arc absolutely equivahemit:

,atom <GVAI. atom)

Assum imiimg time exa uimp hes im m sectiom u 4.2.1 were carried out In the order given, the following will
evaluate as immdicated:

,roos
500 -

<GVAL FOO) $
500
,BAR$
FO0

• .BAR S
500

4.2.3. Note omm SUBRs amid FSUBRs

TIm, initiah GVA [s of ti me A TOlls used to refer to MDL “built-in” Subroutines are the SUBRa and FSUBR.s
wh ich actually get applied whemm those ATOlls are referenced. If you don’t like the way those
supplied rnumuimmcs work, you are perfectly free to 5(16 the ATOtI~ to your own versions.

4.2.1 . 4.2.3 Values of Atoms
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4.2.4. GUNASSIGN

<GUNASSIGN atom)

V (“global uum.i~~ign”) causes atom to h ave no assigned global value, whether or not It had one
previommsiy. Time storage used for tim e global value can becom e free for other uses.

4.3. Local ~‘ahuses

4.3.1. 5(1 (1]

The SUBR SET is umsed to assigmi a local value to aim ATOM . Applications of SET are of the form

V <5( 1 atom an,)

SET retuirmis EVAL of any Just like 8(16.

Exaumples:

<SE T BAR <SE T F0O 100)>S
100

BoOm BAR amid 100 hmave beemm givemi local values equal to time FIXed-point number 100.

<SE T roo BAR>$
BAR

FOO Imas beesi gise u i time local value BAR .

Note t lmat mmei th me r of time above did aumyi himig to ammy global values FOO and BAR migh t have had.

4.3.2. LVA ~ El]

Time SUBR u sed to  extract tim, local value of amm ATOM is miamed LVAL . As with GVAL , READ
undcrst ammds .~n abhrev iat iomi for aim app lication of IVAL: the character . (period), amid PRINT
prodiuces ii. Time f rmhlowim mg two represemmtat iomis are equivalent, amid when EVAL operates on the
correspomm diumg MDL object. it returims time current local value of atone

<L.VAL atom> .atom

4.2.4 - 4.3.2 Values of Ato.aa

- .  -~~~~~ V -- —- . V - -~~~~~~ -~~~~ - ~~~-~~~~~
-—— -. ~~~~~~~~~~~~~~ — V - 

-—



. - - - . - -~~ - V V

The MDL Progra mmmi iimg Languag e 33

The local value of aim A TOM is unique within a PROCESS. SETting an ATOll In one PROCESS has no
effec t omi its LVAL in ammot imer PROCESS, because each PROCESS has Its own “control stack ” (chapters
20 amid 22).

Assuuue all of the previous exampl es in this chapter have been done. Then the fi llowing evaluate as
indicated:

.BAR S
100
<IVAL BAR>$
100
• 00$

BAR
,.F0OS
F0O

4.3.3. UNAS SIGN

<UNASSIGN atom>

causes atom to have mmo assi gned loca l value, whether or not it had one previously.

4.4. VALUE

VALUE is a SUBR whichm takes an ATOM as aim argument , and then:

(I) if t he ATOll has an LVAL, returmms time LVAL;
(2) if time ATOM hm~s mmo IVAL but imas a SVAL, returns the GVAL;
(3) if time ATOM has neith er a GVAL nor aim LVAL, calls the ERROR function.

This order of seekiumg a valume is t he opposite of th at used when an ATOM is the first element of a
FORM. The hatter will be called time G/LVAL, even though that umamne is not used in MDL.

Example:

(UNASSIGN A>$
A
(SETG A 1>3
1
(VALUE A>$
1
<SET A 2>3

4.3.2 - 4.4 Values of Atoms 
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2
<VALUE A)$
2

1

44  Values of Atoms
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Chapter 5. Simple Functions

5.1. Geimr .!jU

Time MDL equivalent of a ”programii” (umicomupiled) is aim object of TYPE FUNCTION . Actually, full-
blowm m “pro~rauims ” are umcuu ally cómmiposed of sets of FUNCTiONs, w ith most FUNCTIONs In the set acting
as “subprogr am mmc ”.

A FUNCTION mmm av be coumsmde red to be a SUBR or FSUBR w h ich you yourseif define. It is “rumm by
usiumg a FORM to apply it to  arg ummm euml s (for exaimmple, <funct i on arg- 1 arg-2 . . . )). and It always

ret um rmm s ” a ciim t~ie ohj~~t. which is mused as time va lue of time FORM Omit applied It. The simmgle object
may be igm mored by w h atever “ra mm ” lime FUNCT ION .- equivalent to “return ing no value” •- or It may be
a st ru uctm mr ed object io mmta i m m imig mm maum y objects -. equivalent to “ returning mua mm y va lues ” . MDL is an

apphicativr ’ ” l. im,m~mmage . iii contrast to “imperative ” hauiguages like Fortran. Iii MDL it is impossible
to return ~ahuies thm rnm m g li arg u mm u m eum t s iii time minim al case: t hey caum be returmied only as time value of the
FORM itself. or as side effe cts to struct u red objects or global values.

In t h is ch apter .m s im mi p le stu bs~t of time FUNCTIONs you cati write is presented. namely FUNCTIONs
whidi “.ict iikc S(tttRs w it im a f ixed imum umber of arguments. While th is class corresponds to about 901.
of time rUNCTIONs eve r ms’ritlen. ynum wom m ’t be able to do very mmiuchm w ithm t imern uumt il you read further
amid learn mm morv aboumt MDL s comitrol amid umanipulatory immac hmimmer y . However, all (Lust mmtachimmery is
just a hmimis ’lm of SULIRs amid FSUBRs. amid you already know how to “use” tlmemn: you just mmeed to be told
what they do. Omuce you h ave FUNCTIONs um mmd e r your belt , you can immediate ly m ake use of
ever yt hm imig preseu mmed froumi th is point on in this documnemmi. lii fact , we recommend Lhat you do so.

5.2. Represcmmtatioj !J!j

A FUNCTION is j umst ammoth me r data object iii MDL. of TYPE FUNCT ION. It can be m anipulated like any
oth er data object. PRINT represemits a FUNCTION like this:

#FUNCTION (elements)

S - 5.2 SImple Functions
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t imat is . a mmm um mm ber s ig um . time ATOM FUNCTION , a left pareumthesis , each of the elemnemmts of the
FUNCTION , and a righ t  varem mmhes is. Sluice PRINT represemmts FUNCTIONs like th is, you can type them
imi to REAl) this way. (Ru t there are a few TYPEs for wimich th at implication is false.)

The eleune mmt c of a FUNCTION cami be “ally miuiimber of am myt im imigs ”; however, when you !!.~~~~ 
a FUNCTION

(apply it wi th u a FORM). EVAL will coumip la imm if time FUNCTION does not look like

ØIUNCTIO N (acf :ato rn arguments .4ist dccl body )

w here .~ct amid cleci are opt inumal (section 9.8 amid ch apter 14); body is at least one MDL object — any
old MDI - object: amid . iii tim is si m mm p ie case . arguments is

( .un,’ number of A TOMs )

that is. snmmicth mimm g RFAD amid PRINTed as: left parenthmesis. ammy number — includimmg zero — of ATOMs,
right paremit hmesi s . (Th is is actua lly a mmormnal MDL object of TYPE LIST , containing only ATOMS.)

Thus. t he se ihmNC I IONs svi hh cau se errors •. but omm ly ~j~.fn used:

# FLINCTJON ( )  -- no argument LIST or body
ØFUNCT ION ( ( 1)  2 7 .3) -- mmomm-ATOM imi argumnemit LIST
#FU NCT ION ( ( A  B C D))  -- no body
ØFUNCIION ((+ 1 2> A C) -- mmo argument LIST

Th ese FUNCTIONs will miever cause errors because of format:

ØFUNCTION ( ( )  1 2 3 4 5)
#FUNCTION ((A) A)

~fUNC1ION ( ( )t ~)fl(]()t’J())
#FUNCTION ((A B C D EE F G h i HIYA) (+ .A .HIYA>)
#FUNCT1ON (( 0) <SETG C <~ .Q ,C>> (s <PlOD ,C 3) .Q>)

amid t h e  last two actu ma hiy do somn eti mimmg w h ich migimi be useful. (The first three are rather
pathmoiogical. bumm legal.) -

5.3. App a mi _~ ’. !!~cJ! Riuidimi~ [II

FUNCTIONs, hike SUBRs amid FSUBRS. are applied using FORKs. So.

(‘FUN CTION ((X) (a .X .X>) 5>3
25

app lied tim e indicated FUNCTION to S amid returned 25.

5.2 - 53 Simple Funct ions

-1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Time MDL Pro gram mm mm m imm g Language 37

W hat IVA L does w imeu m app ly immg a FUNCTION is time foilowiumg:

(I) Create a “wor ld” in whmi cl m time ATOMs of (hue argumne nt LIST h ave been ~~T to the values
app hic(1 to tim e FUNCTION , ammd all otimer ATOMs imave their original values. This is called
“bim idi mu g”.

-. 1mm time above. t iuis is a “wor ld” in which X is SET to S.

(2) hum t ima t mm ew “wor ld”, evaluate all time objects in time body of the FUNCTION , osi~ after the
other. fr o mm m first to last .

-- In  t i m e  above. t imis mime a mis eva lumat e <‘ .X .X> in a “wor ld” w h ere X is SET to 5.

(3~ Tlmrow aw ay time “world” created, amid restore the LVAL.s of all ATOMs bound in this
apphicatio um of time FUNCTION to timeir originals (if any). Th is is called “unbinding”.

-- 1mm time above , th u s s immi p h y gives X back time local value, if ally, that it had before binding.

— 
(4) Ret mmrmm as a val ise time last value obtained whem i the FUNCTION’s body was evaluated lam step
(2).

- —. (mm time above. tim is umm ea uis return 25 as time va lue.

The “world” mm iem m tio mme ( i above is actuall y ami object of TYPE ENVIRONMENT. The fact that such
“wàrlds” are separate fro umu the FUNCTIONs w hich cause th eir generation mneans that !Ji MDL
FUNCTIONs ca um be mused recumrs ive l y.

Time only th mi u m g t hma l is at au troumb leso mu me imu t hm is sequence is time effec t of creating these new
“worlds”. ium h~ar t ic m s lar, time fact t h a t  time prev iou s world is commmp letehy restored. Timis mnea ums that if,
imiside a FUNCTION , you SET one of its argumnemut ATOMs to sommmet iiing. that new LVAL will not be
rem nemu mber ed when FVAL ‘eaves time FUNCTION . However, if you SET an ATOM which is not in the
argummme nt LIST (or 5(16 

~~~~~~ ATOM) time sm ew local (or global) value !jij be rememnbered. Examples:

(SET X 0)3
0
< ‘FUNCTION ((X) (SET x <~ .X .X>)) 5>3 .
25

xS
0

5.3 Simple Functions
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On the oth er imammd ,

(SET V 0)3
0
(
~ FUNCTION ( (X )  <SET V (~ .X .X >>) 5>3

25
‘V S
25

By using PRINT as a SUBR , we cam m “see” t imat aim argument’s LVAL really is changed while EVALuating
the body of a FUNCTION :

<S ET X 5>S

5
<#FLJN CTIO N ( (X )  <PRINT .X> (+ .X 10>) 3>3
3 13
• X$
5

Time first uimuuim bc r after t h e  apj ) licatioam FORM was typed out by t ime PRINT ; time second is the value of - 
-

tIme apl)Iicatiolm.

Remenmberiamg tim a t IVALs of ATOMs not in argument LISTs are mmot changed. we can reference them
wj tj mj m m FUNCTIONs, as imm

<SET Z 100>3
100
(#F(JNCT ION ( ( Y )  <1 .1 .Y>) 5>3
20

ATOMs mused hike Z or V im m time above examnp les arc referred to as “free variables”. The use of free
var iables. w h ile oft emm qm uit e comive mmiem it . is ratimer dammgerous unless you know exactly how a
FUNCTION wi ll alwap be mused: if a FUNCTION comitainiuig free variables is used within a FUNCTION
w it iuimm a Ft1NCTION w it lu iui . . .. omme of t h ose FUNCTIONs muight just happen to use your free variable
in its a rg m uu mm ci m t 1.751, bimid imug it to some uuikumown value amid possibly causing your use of it to be
erroneous . Please Hole t hat  (laumgerous ”, as used above, really means that it may be effectively
j~~p~ ssibIe (I) for oilier people to use your FUNCTIONS, and (2) for ~~~ to use your FUNCTIONS a
mnouitiu (two weeks?) later.

5.3 Simple FuncII. s
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~j De Fi !m mm mg I (INC I IONs j~~~CT ION amid DEFINE) [II

Obviously. typimig *FUNCIION ( . . . ) all time t im mme is mmeither reasommable mmor adequate for rnammy
PuurL~oses . Nou mmm a i i~ . youu j ust wamit a FUNCTION to b~ t ime GVAL of somne ATOM -. time wa y SUBRs and
FSUBRs .ire -- so vo n ca im use it repeatedly (and recmmrsively). Note th at you generally do ~~~ want a
FUNCTION to be time LVAL of aum ATOM ; t h is has time sau te problems as free variables. (Of course, there
are ahvays cases where you arc beimig clever amid want time ATOM to be re-bound . . . .)

Omie way In “umammme ” a FUNC1 ION is

<SEIC SQUARE #F UNCTI ON ( (X)  (~ .X .X >)>S
*FUNCIION ( ( X )  (

~ .X .X>)

So th at

<SQ (hAR( 5>3
25
<SQUARE 100>3
10000

J Ammot hier way. w lumcl m is sommiew lmat cleamier imi its

(SEIC SQUARE (FUNCTION (X) <a .X ,X> >>S
#FUNCTION ((X) <a X .X>)

FUNCTION is am u ISUBR wimi ci m simmm ply mimakes a FUNCTION out of its arguments and returns the created
FUNCTION .

This, however. is gemmeraily time best way:

<P[F INF SQUARE (X)  <a .X .X)>$
- : SQUAR E I

.SQUAR[$
#F UNCTION ( ( X )  <a .X .X))

Time last two  lines imimumm ediat e ly above are just to prove timat DEFINE did time “right thing”.

DEFINE is aim F SUUR whi c im SITCs [VAL of i’~ first argumimemit to the FUNCTION it snakes from the rest
of its ar g uummi e mm ls . aumd t imeum ret iurmis EVAL of its first argummient. DEFINE obviously requires time least
ty pimmg of time ab mvc mumetiu nds, amid is “best ” fromm m t lma t stami dpoimmt. However, time real reason for using
DEFIN( is time fnhlnwimmg: ii IVAL of DEFINE’s first arguunemmt already imas a GVAI, DEFINE produces an
error. This hclp.s to keep you fronm acc idcm mtly redef immimig tiuimigs -• hike MDL SUBRs amid FSUBRs. The
5(16 co m ms t rumctiomm s s l mn u uhd he mused omml y wimemm youu really do want to redef ine somethming. DEFINE will
be used iii lime rest of this doc imm m mc umt.

• 5.4 Sim ple Functions
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(Actually, if it i~. abso imutely mmecessary to use DEFINE to “redefine” things. there is a “switch” which
caum be mused: if time IVAL of lime ATOM REDEFiNE is I (or anything not of TYPE FALSE), DEFINE will
produce mm errors. Time miormimal state camm be restored by evaluating <SET REDEFINE <>>. See
chapter 8.J

5.5. E~ a~i~p~es (Comniemits) [I]

Using SQUARE as defimmed above:

<DEFINE IIVPOT (SIDE-i SID(-2)
; “Th is  is a continent. This FUNCTION finds the

length of the hypotenuse of a right triangle
of sWes SIDE-i and SJDE-2.

<SQRT <+ <SQUARE .SIDE-1> <SQUARE .SIDE-2)>>>S
‘IV
<HYPOT 3 4>3
5.0

Note t hat r a rri ag e- r et m u r u ms , hu e-fe eds, tabs, etc. are ju st separators, like spaces. A comm ent is !.flX.
~~ g!e MDL object wimicim follows a ; (scmmiicoloui). A commeuit camm appear between any two MDL
objects . A conimumemit is totally ignored by EVAL but remembered amid associated by READ wit h the
place in time FUNCTION (or a mm v ot lmer struictured object) wh ere it appeared. (This will becouime clearer
after chapter i~t .) Time ~‘s (dmu’ile-quiotes) serve to muake everyth ing between themn a single MDL
object , w hose TYPE is STRiNG (clmapter 7). (SQRT is the SUBR which returns the square root of Its
argum mmcmmt. It alwa ys reuuurmm s a FLOAT.)

A wimimnsical FUNCTION :

<DEFINE ONE (Th ETA) ;NTh is FUNCTION always returns 1.’
<+ <SQUARE <SIN .TIIETA>)

<SQUARE <COS .THETA)>>>S
ONE
<ONE 5)3
O.9~t999994
(ONE 0.23>3
0.99999999

ONE always retumrmi s (appro~imimatei y) one. simmce time sum of time squares of sin(x) and cos(x) is unity
for amuy x. (SIN amid COS always relurmi FLOATs, amid each takes Its argument In radians. ATAN
(arciangemit) ret umrmm s its valise imi radiamms. Ammy other trigonometric function can be comnpounded
from these ihm i~~.)

5.4 - 5.5 Simple Fuaesl sa
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MDL doesmi t h ave a general “to t ime power” SUBR , so let’s define one using LOG and EXP (log base e.
amid e to a pov~’cr. respectively; agaimi, timey return FLOATs).

<DEFINE aa ( NUM PWR ) <EXP <a .PWR (LOG .NUN>>>>S
aa

(** 2 2) 3
4.000000 1
(** 5 3)3
12 5.00 000
<~~ 2 5 0.5>3
5.0000001

Two FUNCTIONs wimic hi umse a simmgle global variable (Since the GVAL Is used, it cannot be rebound. )

(DEFINE START C )  <SETG GV 0>>$
START
<DEFINE STEP ( )  <SETG CV <+ ,GV 1>>>$
STEP
<S TART >S
0
(S TEP >3
I
(SIEP>S
2
<STEP >3
3

START amid STEP take mmo arguimments, so their argument LISTs are empty.

An interesting. but pathological, FUNCTION :

<DEFINE INC (AT M) <SET .AT M <+ . .ATM 1>>>$
INC
(SET A 0>3
0
<INC A)S
1
< INC A>S
2

AS
2

INC takes a mm 
~I~! 

as aim argum nemmt . amid SETs that ATOM to its current LVAL pIus 1. Note that inside
INC, time ATOM ATM is SET to tIme ATOM which is Its argument; thus . .ATM returns time LVAL of the
arEumemmt. However. th ere is a problcumm:

5.5 Simple Functions
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<SE T ATM 0>3
0
<INC AT M>S

*[RRORa
MG-WRONG-TYPE
+

LISTENING-AT -LEVEL 2 PROCESS 1
(ARGS <FRA1iE <FRAME))>$
[ATM I ]

T ue error occimrred because .ATM was ATM . time argummmemmt to INC. amid th us . .ATM was ATM also. We
really want time omuterummo st . in . .AIM to be done in tIme “wocld” (ENVIRONMENTs which existed 

~~~~~before INC was emmtered -. amid t imi s defiumitiom i of INC does both applications of LVAL In Its own
“world”. Teci ummiquues for doimig INC “correctly” will be covered below. Read out.

5,5 Simple Fu.ctlsas

-—  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-
~~~
,
~~~~~~~~~~~

-
~~~~~~~~~

-•



The MDL l’rogram mm m im immg Lamm g um ag e 43

Chapter 6. Data Typea

6.1. Gemierai tU

A MDI. object comm s ists of two parts: its TYPE amid its “data part ” (appemmdix I). Time imiterpretalion of
the “data p.lrt’ of an object depends of comurse cii its TYPE . Time structural organization of an object.
t ha t  is. ti me way it is or gam mize d iii storage. is referred to as its “priunitive type”. While there are
mima um y d iffere ust TYP [s of obj ects imm MDL, t h ere arc fewer primimit ive types.

All st ruic tmmred obje cts iii MDL are ordered sequeumces of elemmiemits. As such, t h ere are SUBRs which
operate out all of tim e mmi umu mif o rmmm ly. as ordered sequemmces. 0mm time other hammd , the reason for having
differemit p r iu mmit ive type s of str u ctured objects is th at t lmere are useful qualities of structured objects
w imici m arc mm i uut m ma lly immcom mmpat ib le . Th ere are, timerefore, SUBRs wimich do not work out all structured
obj ects: t h e s e  SIJBRs e\ i c t  to take full advammta ge of timose mutually incompatible qualities. The
m mmos t -c omimm mm o m m l y- m uscd pu iu mmi t i ve types of structured objects are discussed iii chapter 7, along with
timose special SUIIRs o~mu’ratim ig omm tim eum i .

It is very easy to mmiak e a imew MDL object t lmat differs fromim aim old omit only in TYPE , as long as the
pri ummiti ve t y pe  is u u m mcl m a m mg e d. It is relatively difficu lt to make a miew structured object that differs
from an old flume iim prinmim lye type. eveu m if it has time sau te eiemnemits.

Before ta lk im m g amm y mm mo re abou t stru ctured objects. sommie imiformitatioum mmeeds to be given about TYPEs
i ii gemm cral .

6.2. Priim!ed Represe mmtat inmm [i~

There are um ia mmy TYPE s f or wh ich MDL imas mm specific represemmtat ion. There aren’t enough different
kinds of brackc ts • Time re prese mmuat iomm mused for TYPEs without amiy special representation Is

,,
~-pe repr ~’-cent.u tion-as-i f- i f-were- i ts-privn.’tive-type

READ will usmiderstam md t lmat formmmat for 
~~~~~ 

TYPE , amid PRINT will use it by default. This

6- . 6.2 Data Types
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reprcscmitat inumai form umat will be referred to below as “0 notation”. It was used above to represent
FUNCTIONs.

6.S SUURs Related to TYPEs

6.3.1. TYPE [I)

< TYPE ~~ 
)

retu irims aim ATOM wimos e PNAMU corrcspoumds to t ime TYP E of any. There is no TYPE “TYPE”. To type a
TYPE (aremi ’t lmo mm moimy ms wo mmderfu mi?). j ust type the appropriate ATOll, like FIX or FLOA T or ATOll etc.
However. in timis (ho cummumemm i we will muse the commve ntiom m that a mmuemasyimtactic variable can have lyp.
for a data ty pe”: for cxa immple . foo:type mume as ms that tim e TYPE of too Is ATOM, but the ATOM must be
somet iuimm g that time SURR TYPE can return.

Examp les:

F (TYPE 1)3
FIX
<TYPE 1.0>3
FLOA T
(TYP E +)$
ATOll
<TYPE .‘.)S
S(IBR .
(TYP E GEORGE>S
ATOll

6.3.2. PRINTYP E [I]

(PRINTYPI ~un~ >

evahmates to time p r imm u i t i v e  type of 8ny. Time PRItITYPE of any is an ATOM which also represents a
TYPE . Time wa y aim object eami be umia mm ipuhated depends solely upon its PRIIITYPE ; the way It is
evaluated dcpcmmds mupomi its TYPE .

Examples :

(PRIMIYPI 1)3
WORD
<PR 1IITYPE 1.0)5

6.2 - 6.32 Data Types
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WORD
<PRIMTYPE ,+>$
WORD 

•

(PRIMTYP E GEORGE)S
ATOM

Li

6.3.3. TYPEPRIM [13

<TYPEPRIM t~pe>

returns time PR1MTYP E of aim object whose TYPE ii typ. lype Is, as usual, an ATOM used to designate a
TYPE .

Examples:

<TYPEPRIM FIX>S
WORD
<TYPEPR IM FLOAT>S
WORD
<TYPEP RIM 5UBR>S
WORD
<IY PEPR DI AT0114
ATOM
(TYPEPRIM FORM)$
LIST

6.3.4. CHTY PE f I)

<CHTYPE any type > -

(“change type”) returums a uiew object that h a s  TYPE type and the satne “ data part ” as any (append ix
I).

<CHTYPE (. 2 2) FORM>S
<, 2 2>

An error is gemierated if time PRIMTYP E of any is muot the saute as the TYPEPRIM of lyp . An error will
also be gemucrated if time attenipted CHTYPE is dangerous aumdior senseless, for example, CHTYPEIn g a
FIX to a SUBR . Umifort uimmate ly, there are few useful e~asmmpIes we can do at this point.

(CHTYPE Immg a FIX to a FLOAT or vice versa produces, in gemterai. nonsense , since the bit formats for
FiXes amid FLOATs are differeumi. Time SUBRs FIX amid FLOAT convert between those formats. Useful

6.3.2 - 6.3.4 Data Types
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obsciurit y: t)ecams se of t lmeir iimtc rmmal reprcsemmtatiomms omm time PDP IO, (CHTYP E <MAX> FIX) gives the
least possibie FIX . ammd amma hogouusiy for thIN.]

Passing smote: “C mmotatiom i ” is j ust amm iumstructiomm to READ sayim ig “READ time representation of the
PRIMTYPE mmormm ia iiy amid (literally) CHTYPE it to time specified TYPE”. [Or, if the PRINTYPE Is
TEMPLATE , “apply tIme GVAL of time TYPE nammie (wiuich sh ould be a TEMPLATE constructor) to the given
eiem,meumts of tlue PRIMTYPE TEMPLAT E as argumimeuits.”]

6.4. More SUBRs Reiated to TYPEs

6.4.1. ALLTYPES

<AILTYPES)

returns a VECTOR (chapter 7) containing just those A TOMS whuich can currently be returned by TYPE
or PRIMTYPE . Th is is time very “TYPE vector” (section 22.1) timat the imiterpreter uses: look, but don’t
touc h . No exam uip les: try it. or see appendix 3. V

6.4.2. VALID-TYPE ?

<VAL ID-TYPE? atom>

returmi s lIAISE ( )  if atom is mmot time miamume of a TYPE , amid the same object that <TYPE—C atom>
(section 19 5) returims if it is.

6.4.3. NEWTYP E

MDL is a type-ex temisi bie Iamm gumage . imi time sense timat time programmer can invent new TYPEs and use
thme mn im u every way that time predefimmed TYPEs cam m be used. A programn.defimmed TYPE is called a
NEWTYP E . New PRIMTYPEs cauimmot be ism vem mted except by cham tgimmg the interpretemi th us the TYPEPRIM
of a NFWIYPE m ui mmst he ci mo sem m frommi t h ose already available. But time namne of a NEWTYPE (an ATOM of
course) ca mu be cl mnsem m freely -- so b u g  as it does not conflict with atm existing TYPE name. More
imnportammt ly. tim e progra umu h imat defimme s a NEWTYPE can be included imi a set of programs for
ummamm ipumi atu mig objects of time NEWTYPE in ways th at are umiore nmeammimmgfu l than the predeflned SUBRI
of MDI..

Typically aim object of a NEWTYP E is a structure tlmat is a model of sonic entity in the real world .- or
wh atev er world lImc progranm is cosmcerm mcd with — amid time elements of time structure are models of
parts or aspects of time reah-wnrhd emitit y. A NEWTYP E definition Is a convenient way of formalI zing

6.34. 143 Data Type
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t h is corre spomm demm cc . of writimi g it down for all to see amid use rather than keeping it in your head.
if time del immimig set of programmis provides fum mct iomm s for mnammipu latiimg the NEUTYPE objects in all
wa ys t imat are mmu ca mmi u mg f mmi for tIme immtem mdcd uses of t ime NEUTYPE . then any other program that wants
to use time NEW tYP E cami call time mm m am i i puuiat iomu functions for all its needs, and it need never know or
care about time immiermia l (ietails of time NEWTYPE objects This technique is a standard way of
providi mug ummoduia rity amid abstract ion.

For examimp he . s um ppoce youu wamit ed to deal wit h airline schedules. If you were to comistruct a set of
programmms that miefimme amid mmiau ii puulate a NEWTYPE called FLIGHT , timen you could make that set into a
standard packa i~c of programmms amid call out it to imammd le all isiformuatiosm pertaiumiumg to scheduled
airlimie fhi g lmtc . Simm c all FLIGiITs would imave time same quamitity of immformnation (m ore or less) and
you would w a mmm quick access to immdiv idu uai eheum ieu mts , you would not waumt the TYPEPRIM to be LIST.
Simmce time ek’ mmi c mits woum id be of various TYPEs , you would not want time TYPEPRIM to be UVECTOR —

umor its variation ’. STRING or BYTES . Time natural cluoice would be a TYPEPRIM of VECTOR (although
you comm id ga imm space amid lose t immm c wit h TEMPLATE instead).

Now, time imhiv idmia l el e m ume mm is of a FLIGHT would, mmo doubt, h ave TYPEs amid uneammings that don’t —

change. Time e lc m i m cmm ts of a 11161’ mimi glmi be air himme code, flight numnber, origistating.airport code,
list of immtermmm vdi ate stops . de stimmat u mi-air port code, type of aircraft, days of’ operation, etc. Each and
every FLIGHT woum lti h a v e  (lie airli ume code for its first eleumment (say), time flight num ber for its second.
amid so omm . It is mmatum r a i to imm v emm t names (ATOMs) for timese eiemuemmts amid always refer to the elem ents - 

-

by name. For exaumi 1) le. youm could <SETG AIRLINE 1> or (SETG AIRLINE <OFFSET 1 FLIGHT>> —

amid in e it h er case <MANIFESF AIRLINE> so t ime compiler caum generate more efficient code. Then. if
time local valise of F were a FLIGHT , <AIRLINE .1> would return the airline code, amid <AIRL INE .F
AA > wo u ld set time airline code to AA. Once that is done, you cast forget about which element com es
f irst: all you. need in kumo w are time uma im mes of the offsets.

The mmex t step is to mmo t ice t h at, outside tIme package of FLIGHT fumictions. ito one needs to know
w lmet imer AIRLINE is ju st aum offset or iii fact a fuuictiomi of soumie kimid. For exa m ple, the schicduled
duratiomi of a f ligh t  mm mi g h mt mint be exp licitly stored in a FLIGHT , just time sch eduled ti m es of
departure and arrival. Bmmt , if the package had time proper DURATION function for calculating the
duration. timem u time call <DURATION .F> could retlurm i time duration. no matter h o w  it is found. In this
way time iumtc rna l details of time pac kage are commve umie lmthy hmiddeuu from view amid abstracted away.

Time form of NEWT YPE def init ioim allows for time TYPEs of au components of a NEWTYPE to be declared
(chapter lfl, for muse boils by a prngrammmnmer w h ile debugg immg program s th at use the NEWTYPE and by
t ime comimpiler for gemmerat imug faster code. It is very commve n ieumt to have the type declaration in the
NEW TYP E def imt i t iomm itself. rath er t iman rephicatimig it everywhere the NEWTYPE is used. (if you think
th u s declaratinim mmmig l mt be obtrusive wh ile debuggiuig time program s imm the NEWTYPE package. when
incoum sistemit immmprove mncm its are beimug m ade to various programmis, you can either disassociate any
deciaratiomi from im time NEWTYPE or turn off MDL uype.ciucckiumg commipletely. Actually this declaration
is typ ically mmuore useful to a prograummimuer during developm ent than it is to the compiler.)

(NEWTYPE atom type>

6.4.3 Data Types



48 The MDL Programming Language

returmis itom, after raumsiumg it to becomume time represemmtatioui of a brand-new TYPE wh ose PRIMTYPE is
<TYPEPRIFI tspc >.  W imal NEWTYPE act u ally does is m ake atom a legal argument to CHTYPE and
TYPEPRItI. (Note Ilmat uuames of new TYPEs can be blocked lexically to prevent collisioum witim oth er
nammies. jmmst like au my other ATOlls -- clmapter 15.) Objects of a NEWTYPE-created TYPE cami be generated
by creatim ig amm object of time appropriate PRIMTYPE amid using CHTYPE~ Th ey will be PRINTed
(immitia iiy~. amid cati be directly typed iuu, by time muse of “0 uiotatiomm” as described above. EVAL of’ any
object wi mose TYPE was created by NEWTYPE Is imiitiahly time object itself, and, initially, you cannot
APPLY soummc uimimmg of a geiierated TYPE to argumimemmis. But see below.

Examp les:

<NEWTYP E GARGL E FIX >S
GARGLE
<TYPEPRIM GARGLE)S
WORD
<SET A <Ci ITYP( 1 GARGLE>>$
#GARGLE ~~~~~~~~~~~~ 

-

<SET B #GARGLE 100>3
OGARGIE *000000000144*
<TYPE .8>3
GARGLE
<PR 1PITYPE .B>S
WORD

6,4.4. PRINTTYPE , EVALTYP E amid APPLYTYPE

(PRINTIYPE Im. pe how>

<EVALTYPE type how>

<APPLYTYPE type how)

alt retumrmm type, after specifyiumg how MDL is to deal wit h it.

Timese th ree SU1IRs ca mm be mused to umma ke miewly-gemmerated TYPEs behave in arbitrary ways, or to
ciiammge time ch aracteristic ’s of sta mmdard MDL TYPEs. PRINTTYPE tells MDL how to print type,
EVALTYP[ how to eva immate it. amid APP LYTYPE how to apply it in a FORM.

how camm be c itimer a TYP E or som imetiiimm g th at caum be applied to arguments.

~~ F~0~’ is a TYPE , MDL will treat t ype just like the TYPE given as how. how must have the same
TYP EPRIM as t.pe.

If how is applicable, it will be mused imm the following way:

6.4.3 - 14.4 Data Types 
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For PR1N T T YP E , how shuould take one ar guuunemmt: time object beimmg output. how should output
soumm et h u im m g w it l moum t mo rumiat t imug (PRIN1-style); its result is igumored. (Note: how casmnot use an output
SIJBR out how ’s owmm t~ pe~: endless recursiouu will result. OUTCHAN is bound during time application to
t ime CHANNEL i m m im se , or to a pseuido-iu mtermial cima umnel for FLATSIZE -. cimapter 11.) If how is the SUBR
PRINT , t~po will receive mmo special trea tmmme uU in pri tmtimmg , that is, it will be printed as it was in an
immitial MDL or immmmmm ediate l y after its defi smi mtg NEWTYPE .

For EVALTYP E , ho~’~’ simould take omue arguum meumt: tIme object being evaluated. Time value returned by
how will be used as EVAL of time object . If how is time SIJBR E~AL , type will receive no special
treat uncut j ut eva iuuat jolt.

For APPLYTYPE , how sh ould take at least one argument. Time first argument will be time object being
applied: time rest will be time objects it was givem m as arguummeults. The result returned by how will be
mused as time result of time appiicatio um. If how is time SUBR APPLY . type will receive no special
treat m mmemmt j mm app lic’at iomm to ar gm um ume u mts.

If amuy of timese SUBRs is g iveum only oume arguunemit. (Imat is if how is om itted, it returns the currently
active how (a TYPE or aim applicable object). or else #FALSE ( )  if type is receiving no special
treatmm ueumt j mm ihuat operat m u .

Usifouummatcl y. timese ex aummp les are fully umiderstammdable only after you have read through chapter 11.

<DEFiNE ROIIAN’-PR1NT ( NUMB)
<COND (<OR <L~ ? .NUMB 0> <6? .NIJMB 3999))

(PRINC <CHTYPE .NUMB T IME>>)
( I

<RCPR 1NT <I .NUMB 1000> ‘ !(!\M)>
(RCPRINT < / .NUMB 100> ‘ ![ !\C !\D ‘\M]>
<RCPRINT <I .NUMB 10> ‘ ! ( ‘\X  !\L !\C]>
(RCPRINT .NUMB ‘!(!\I !\ V ‘\X] >)>>$

ROMAN-PRiNT

(DEFINE RCPRINT (MOON V)
<SET MOON <1100 .IIODN 10>>
<COND (<:~~? 0 .MODN>)

(<=:? 1 .P100N> <PRINC <1 .V>>)
(<==? 2 .110014> (PRINC (I .V>) (PRINt (1 .V>>)
(<::? 3 .MODN) <PRINC <1 .V>> <PRINC <1 .V>> <PRINC <1 .V>>)
(<::? 4 .MODN> <PRINC <1 .V>> <PRINC <2 .V>>)
(<==? 5 MOON> <PRINC <2 .V)>)
((::? 6 .MODN) (PRINC <2 .V>> (PRINC <1 .V>))
((:~ ? 7 .MODN> <PRINC <2 .V>> <PRINC <1 .V>> <PRINC <1 .V>>)
((==? 8 .110014>

<PRINC (2 .V)>
<PRINC <1 .V>>

6.4.4 Data Types
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<PRINC <1 .V)>
<PRINC <I .V>>)

(<::? 9 .MOON> <PRINC <1 .V>> <PRINC (3 .V>>) >>$
RCPRINT

<PRINTJ YPE TIME F IX> ;‘falrly harmless but necessary hers’S
TIME
<PRINTTYPE FIX ,ROMAN-PRINT) ;‘hes heel’S
rix
<. 2 2>3
IV
1984$

MCML XXXIV
<PR INITYPE FIX ,PRINT)$
FIX

(NEWIYPE GRI1CH LIST> ‘a new TYPE of PRINTYPE LIST’S
GR IT C H
<EVAUYPE GRITCII)S
OFAISE ( )
<EVAITYPE GRI1CH LIST) ;‘evaluated like a LIST’S
GRITCH
<EVALIYPE GRITCH) S
LIST
OGR1ICI1 (A <+ 1 2 3) !<SET A ‘ABC’>) ;‘Type In one ’S - 

-

OGR ITCH (A 6 !\A !\B !\C )

<N(WTY PE HARRY VECTOR > ;‘a new TYPE of PRINTYPE VECTOR’S
HARRY
<EVAITYPE HARRY #FUNCTION ( (X)  < 1 .X>))

;‘When a HARRY Is EVALed , return its first element ’S
HARRY
‘HARRY (1 2 3 4 ) 3

<NEWTYP ( WINNER LIST> ;‘a TYPE with funny application’S
WINNER
(APPLYTYPE W 1NNER)S
OFALSE C )
<APPLYTYPE WINNER <FUNCT ION (V TUPLE’ T) (LW t .T)>)$
WINNER
<APPLY TY PE WINNER)S
OFUNCT ION ((V “TUPLE’ T) (I .W !.T))
(OW INNER (A B C) <. 1 2) q)S
( A B C 3 q )

6 4.4 Data Types
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The fohlowiumg sequmem uce mumakes MDL hook just like Lisp. sfhis example is understandable only If
you kmmow Lisp (Moomm , 1974): it is immciuded omuly because it is so beautiful.)

(EVALTYPE LIST FORII>S
LIST
<EVA LTYPE ATOM • LVAL>S
ATOl l

So smow:

(+ 1 2)S
3
(SET ‘A 5)S

AS
S

To comnp lete time job. of course, we would have to do som e SETG’s car is 1. cdr is ,REST, and
lambda is ,FUNCTION . If youm really do this example, you should “undo” it before continuing:

<EVALTYPE ‘ATOll ,EVAL>S
ATOll
(EVALTYPE LIST ,EVAI)S
LIST

I
6.4.4 Data Types
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Chapter 7. Structured Objects

This ch apter discusses structured objects 1mm general and the five basic structured PRINTYPEs. [We
defer detailed discussiomu of the structured PRINTYPE s TUPLE (section 9.2) and STORAGE (section
22.2.2).)

7.1. Manipulation

The fohlowimig SUORs operate umuiformmuly on all structured objects and generate an error if not
applied to a structured object. Hereafter. structured represents a structured object.

7.11. LENGTH [Ii

<LENGTH structured)

evaluates to time uuuuumber of ekmnemits in structurnd~

7.1.2. NTH [i J

<NIH structured fix)

evaluates to time fi,ctli eleumient of structured. An error occurs If fix is less than 1 or greater than
<LENGTH structured >. fix is optional. 1 by default

7.1.3. REST (I]

<REST structured fix )

evaluates to struc tured witimout Its first fix eleumients, fix is optional. 1 by default.

Obscure but iunportamut side effect: REST actually returns structured “CHTYPEd’ (but not through

7 - 7.1.3 Structured Objects
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app hica tiomm of (‘.HIYPE) to its PR IMTYPE . For examum ple, REST of a FORM ii a LIST. REST with an
explicit secouid ar m~Iummme uml of 0 im as umo effect except for th is TYPE change.

7.1.4. PUT (I]

<PUT structured fix anything-legal >

f irs t mmu ake s .-rnylhiri~’-k’~ i/ time fi,-tli eheuu ueim t of s tructured, timen evaluates to structured, anything—legal
is anything which c~mum legally be aim elemmieuit of structured oftemi , this is sy mionymnous with “any MDL
object . bmm t see below. Am u error occurs if fix is less t ha um 1 or greater than <LENGTH structured>.
(PUT is act ually ummore general t imam i tim is -- ch apter 13.)

7.1.5. GET

<GET st ruct urcd f ix )

evaluates tIi~ same as (NIH structured f ix >. It is more general than NIH, however (chapter 13). and
is imuciumdcd h ere omiiy for sy mm mm net ry W it h PUT.

7.16. AP PLY Imug a FIX [I]

EVAL um um derslaumil.s lime app licat iomu of amm object of TYP E FIX as a shortiiand ” call to NTH or PUT .
depemidimm g omu wimet imer it is givcui omue or two argummuents, respectively [unless the APPLYTYPE of FIX Is
changed). Th at is. IVAL coumsiders ihme followiumg two to be identical:

(f ix structur ed>
(Nu t structured f ix >

amid t imese:

<fix structured object >
<PUT structured (ix objec t>

(i-Iowes’er. time cnmmm piler (Leblimmg. 1979) ca uumuot gemierate eff ic iemit code fromn the longer forms unless
it is sure that f ix  is a FIX (sectiomu 9.10). TIme two comustructs are mmot identical evemm to EVAL . If the
order of evahi mat iomu i-s sign ilicammt : for example, th ese two:

<NIH .X < L E N G T H  <SET X .Y)>> <<LENGTH <SET X .Y)> .X>

are not identical.]

7.1.3 - 7.1.6 Structured Objects
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7.1.7. SUBS TRUC

SUBSTRUC Csmubs urmmctu re ”) fac ilitates time couustructiomi of structures t hat are composed of sub-parts of
ex istimig struci mures. A special case of th is would be a “substring” function.

(S(hBSTK(IC f, om s t,uc fured rest:f ix amount.f ix to.itructur.d)

copies time first ,.r~~~mt c hem m m em m ts of <REST from rest> into amiotimer object amid returns time latter, All
arguuiiients are opt inmu al except from , which uiumst be of PRINTYPE LIST, VECTOR , TUPLE (treated like
a VEC1OR~, SIR1NG , BYTES , or UVECTOR . rest is 0 by default , and amount is all the elem ents by
defamu hi . to. if gisen, reccis~es t he copied elemiieumts. starting at its beginning; it ummust be aim object
whose TYPE is t i m e P R IN TYP E of fr om (a VECTOR II from isa TUPLE). If to is not given, a umew object is
returned. of TYP E <PRIhIIYPE from > (a VECT OR if from is a TUPLfl, which uiever shares with from.
The cop)- iumg is uloime la m oume fell swoop. muot aim elcummeuit at a tiumme. Note: due to an imnp leum entation
restr ict iomm . if (t orn is of PRIMJYP E LIST , I t mmmust not share any elements with to.

7.2. Represu m ut at inn of Basic Structures

7.2.1. LIST [I)

( element-! elcnuenf-2 ... element-N )

represents a LIST of Nek’mmients.

7.2.2. VECTOR (I]

( clement- i ek mcnt-2 ... element-N ]

represemits a VICTOR of N c lemmu emits. (A TU PLE is just like a VECTOR , but it lives on the control stack.)

7.2.3. UVECTOR (I]

[ clc rn~rif- I elemenl-2 ... element-N !]

represemuts a UVE CTOR (mum uif o rm um vector) of N ele mmm emmts. Time secom id I (exclamation.polmit) is optional
for lum lumi. (A STORAGE is an archaic kind of UVECTOR that Is not garbage-co11ected.~

7.1.7 - 7.2.3 Strucimired Objecta
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7.2.4. STR i NG (I]

“characters ”

represents a STRING of ASCII text. A STRING containing the character (double-quote) is
represeumted by placimug a \ (backslash) before tIme double-quote inside the STRING . A \ in a STRING
is represeimued by t wo coumsecu l ive backslash es.

7.2.5 . BYTES

#n (element-i elernent-2 ... element-N)
represemmts a slrimmg of N ummiformm ily.sized bytes of size n bits.

7.2.6. TEMPLA1E

( element-i element-2 ... element-N

represemmts a TEMPLATE of N ehe mmieumt s wimeum output, not input — when input, a # and a TYPE must
precede it.

7.3. Es’aluat m u  of Basic St ruuctu ures ifi

Timis sect m u  amud time miex t two describe how EVAL treats time basic structured TYPES (in the absence of
ally ulmodifyimug EVALTYPE c all s (sect ioum 6.4.4)].

EVAL of a STRING (or BYTES or TEMPLATE) is just time original object.

EVAL acts exactly time samume wit h LISTs, VEC TORs, and UVECTORs: it generates a ~~~~~~ object with
eleummemmt.s equal to EVAL of time eleunemits it is givemi. This is oume of time simplest mmieans of
construct immg a struucture. h owever, see sectiouu 7.7.

7.4. Exammmp les [I]

(1 2 (+ 3 4>)S
(1  2 7)
<SET FOO [5 <- 3> (TYPE NABCN>]>$
(5 -3 STRING ]
(2 .FOO)$

7.2.4 - 7.4 Structured Objects
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-3
<TYPE <3 .FOO>>$
ATO ll
<SET 8AR ![(~~iii0OW N ) (.FOO)])S
![(“ meow”) ((5 —3 STRING))!]
(LENGTH .BAR>S
2
<REST < 1 (2 .BAR>>>S
[-3 STRING ]
[<SUBSIRUC <1 <2 .BAR>) 0 2>]S
[(5  —3 1]
(PUT .FOO 1 SNEAKY ) ;MWatch out for .BAR lIS
(SN EAKY -3 STRING ]
.BAR$
!((meow”) ((SNE AKY -3 STRING])!]
<SET fOO <REST (1 <1 .BAR>) 2>>S
‘OW e
.BARS
!(( nmeow N) ([SNEAKY -3 STRI NG]) !]

7.5. Ceumeratiou of Basic Structures

Since LISTs. VECTORS . UVECTORs , amid STRINGs (and BYTESes] are all generated in a fairly uniform
nianmmer . immet imod s of ge mmeratim ig ihuemmu will be covered together here. (TEMPLATES cannot be generated
by time iumterpreter itself: see h.ebiimig (1979).]

7.5.1. Direct Rc’presemitatiomm (I]

Since EVAL of a LIST , VECTOR , or UVECT OR is a uuew LIST , VECTOR , or UVECTOR with elements which
are EVAL of time origim mal elemmie ui ts. simmupiy evaluating a representation of the object you want will
geumerate it. (Care mmum m s t be ta keu u when represeuitimig a UVECTOR th at all elements have the same
TYP E.) Th is meth od of geu meu-at iomi was exc lusively used in time exam ples of section 7.4. Note that
mmew STRINGs (amid BYTFS esJ will not be generated iii this maumumer, siumce the contents of a STRING are
not interpreted or copied by EVAL. TIme sa mmme is true of any other TYPE whose TYPEPRIM happens to
be LIST , VICTOR , or UVECTOR [agaimm , assumuuimug it neither has been EVALTYPEd nor has a built-In
EVALTYPE , as do F ORM ammd SEGMENT).

7.5.2. QUOTE [I]

QUOTE i-s aim FSUBR of omme arguumiemut wimici m returmus its argumnemit unevaluated. READ and PRINT

7.4 - 7.5.2 Structured Objects
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understamid time clmaracter ‘ (siumg le.qimote) as an abbreviation for a call to QUOTE , the way period and
counmmia work for ( VAt amid GVAL . Examples:

<+ 1 2)~
3
‘< +  1 2>5
(4. 1 2>

Any LIST . V [CTOI~, or UVECTOR in a program thmat is constant and need not have its elements
evaluated sl,ommld be represented directly aumd immside a call to QUOTE. Th is technique prevemits the
structure frn umm being copied eaclm t i um m e timat portion of tIme program is executed. Exam ples hereafter
will adhere to this di c t ummmm. (Note: oum e should never modify a QUOTEd object . Time comp iler will one
day put it in reaul-n mm iy (pure) storage.)

7.5.3. LIST , VECTOR , LIVECTOR , aumd STRIN& (thm e 5UBRs) [l)

Each of lime stmrtRs LIST , VECTOR , UVECTOR , amid STRING ta kes any number of argumneumis and
ret urmm s am i object of l ime appropriate TYPE whose elemnemits are EVAL of its argumnents. There are
h im m mi tauinns omi what time a r g m mmm mvmm t s to UVECTOR amid STRING m a y  EVAL to, due to the nature of the
objects geuuerated. 5cc sections 7.6 5 amid 7.6.6.

LIST , VECTOR , and tIV EC~OR are generally used only iii special cases, sluice Direct Representation
usually produces exactl y time same effec t (iii the absence of errors), amid time intemition is more

- 

- 

a pparemmt . [Note: if .L is a LIST . <LIST ! .L> makes a copy of .L whereas (! .L) doesn’t; see section
7.7.] STRIN G , on t Ime ot imer h and, produces effects very different from literal STRINGs.

E camuupks:

<LIST 1 (u 2 3> ABC>S
(1 5 ABC )
(1 (+ 2 3> AUC)$
C I ~ ABC )
<STRING NAI (2 QWERT ’> <REST A8C1> hello >$
“AW BChc Ho”
TMA (a’ 2 3> (fl”S
1A <. 2 3) (5)1

7.5.4. lu ST, IVECTOR . IUVECTOR , amid ISTRING (l3

Each of the SUBRs ILIST , IV EC1OR , IUVECIOR . ammd ISTRING Cimplicit” or “iterated” whatever)
creates aumd re tui r u ms an object of the obvious TYPE , Time format of an application of any of them is

( Ithing nurnber-o(-elements:f iv evpression:any >

7.5.2 - 7.5.4 Structured Objects
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where IIhin~ is omie of lu ST , IVECTOR , IUVEC TOR , or ISTRING , An object of LENGTH number-of—
eIemenf ~ IS geuuerated . w lmose eleuumemmt s are EVAL of expression.

expr essm~~m is oPtiohial. WIic’ui it is not specified, ILIST , IVECTOR , amid IUVECTOR return objects
fi lled wit h objects of TYPE LOSE (PRI MTYPE WORD) as place h olders, a TYPE which caum be passed
aroumid aumd lmas’e j us TYPE cimec ked. but ot h erwise is ami illegal argumnent. If expression is not
specified in ISTRING , yomu get a STRING m ade up of A@ characters.

When e~pr ’~ .ion is supplied as au~ argument, it is re-EVALuated each tim e a new elemen t Is
geuierated. (Aet um ahi y. [ VAt of expression is re-EVAluated, since all of these are SUBRa.) See the last
example for imow t I m is argummuent mumay be used.

[fl y time way. iii a eoumstruct like <IUVECTOR 9 ‘.X>, even if time LVA L of X evaluates to itself, so that
time ‘ cou ld be omu itted wit hmoumt chmammgi ;mg the result, the comupiler is much happier with the • in
place.) 

- -

IUVECTOR and I SIR IN G agaiui h ave hiuimitatiomis on what expression may EVA L to again , see sections
7.6.5 amid 7.6.6.

Examm i plcs :

(lUST 5 6>S
(6 6 6 6 6)
<IVECTOR 2)S
[#LOSE *000000000000* #LOSE *000000000000*]

<SET A O>$
0
<IUVECTOR 9 ‘<SET A <+ .A 1>>>S
‘[1 2 3 4 5 6 78 9!]

7.5.5. FORM amid IFORM

Sonsetiumies tiit miced ar ises in create a FORM whilmout EVAliuig it or niakimmg It the body of a FUNCTION.
1m m suc h cas es the SIIIIRs FORM and IFORM (“iinpiicit formmm”) camm be used (or QUOTE can be used). They
are emit irely am ,alom~nmms to 1 1ST amid lU ST. Exaumi pic :

<DEFINE INC-FORM (A)
(FORM SET .A <FORM • I <FORM LVAL .A>>>>S

INC-FORM
< INC-FORM FOO>$
<SET FOO <. 1 .FOO>>

7.54 - 7.5.5 Structured Objects
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7.6. Ummiupie Properties of Primm uitive TYPEs

7.6.1. LIST (time PRIIiTYPE) [I)

Au object of PRIMTYPE LIST mumay be coumsidered as a “pointer cimain” (appeuudix I). Any MDL object
umma y be am u clc uume um t of a PRIPITYPE LIST. It is easy to add amid reumtove eleutmemits of a PRIMTYPE
LIST • but time hi ghm er N is, time lommgcr it takes to refer to the Nth elemnent. The SUBR.s which work

• ommly omm objects of PRIMTYPE LIST are these:

7.6.1.1. PUTREST (I]

<PUTREST head:prirntype-list tail:pr mtype-list>

chamiges he,4d so tha t <REST head> is tail (actually <CHTYPE tail LIST)). then evaluates to head. Note
that th is act mual ly c lmammges he. d~ it also cimauiges anythmimmg having head as an elemnent or a value. For
exa ummp le:

<SC) BOW [<SET ARF (8 W)>]>S
[ ( B  W ) )
(Pu REST .ARF ‘(3 4)>S
(8 3 4 )
.BOW~
[(0  3 4 ) ]

PUTREST is probably umiost oftemm used to sp lice lists togetimer. For example, giveum that .1 is of
PR IPt TYP E LIST , to leave time first in clemm iemits of it intact amid take out the next n elem ents of it, - 

-

<PUTREST <REST .L (- in 1>) (REST .L (+ m n) >>, Specifically,

<SET NUNS ( 1 2 3 4  56789)> $
( 1 2 3 4 5 6 7 8 9)
(PU1REST <REST .NUMS 3) (REST .NUMS 7>>$
(4 8 9)
.NUPI SS
( 1 2 3 4 8 9 )

7.6.1.2. CONS

<CONS new list>

(“commstr imct ”) adds new to time front of list, without copylumq ‘ st, and returns the resulting LIST.
References to list arc miot affected .

[EvaluatIng (CONS .E .LIST) Is equlvalemut to evaluathmmg (.E I .LIST) (section 7.7) but is less
preferable to time com piler (Lebhlmig. 1979).]

7.6 . 7.6.1.2 Structured Objects

- -
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7.6.2. Array ” PR IMTYPEs (I]

VECTORs. UVICTORs, ammd STRINGs [ammd BYTESes amid TEMPLATEs] may be considered as “arrays”
(appemudix I). It is easy to refer to lime Nthm elem ent irrespective of how large N Is. and it Is
relatively difficult to add amid delete elenmeuits . Time following SUBRa can be used only with an object
of PRII IT YPE VECTOR , UV ECTO R, or STRING [or BYTES or TEMPLATE). (In this section array represents
an object of such a PRIMTYPE.)

7.6.2.1. BACK (I]

<BACK array f ix >

Th is is t i m c lupposlue of REST. It evaluates to array, with fix elem mmemm ts put back onto its front end,
ami d chmamm gc’d to its PRIMTYPE . lix is optiouial, I by default. If fix Is greater than the number of
elenieuuts whic h luav e beemm RESTed off , aim error occurs. Examnple

(SET lOP (REST ‘!(l 2 3 4] 3>)$

<BACK .ZOP 2>5
![2 3 4 1]
<SET S <REST TMRlqbt is niqtst . t5))S
U N

<BACK .5 6>5
Umight u

7.6.2.2. TOP (I]

<TOP array>

• “BACKs imp all time way ” -. th at is, evaluates to array. with all the elem ents which have been RESTed
off put back omuto it , amid chmamiged to its PRIPITYPE . Exauumple

< TOP .ZOP>&
![1 2 3 4 ’ ]

7.6.3. “Vector” PRIPITYPEs

7.6.3.1. GROW

(GROW vu end:fsx beg.lix>

adds/removes eleumu emuts to/frommi eiti mer or both euuds of vu. and returns the entire (TOPped) resultant
object, vu cami be of PRIPITYPE VECTOR or LJVECIOR . end specifies a lower bound for the number of

7.6.2 - 7.6.51 Structured Objects 
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elemmi emits to be added to time t’mud of vtt, beg specifies time same for the be~iumnimmg . A negative fix
specifics remmuova i of clcmmmciuts .

Time uuummu ber of e ieu mm e m mt s added to eachm respective eumd is end or beg imicreased to an integral multip le
of X. w h ere X is 3! for PRINJYPE VECTOR and 64 for PRIIITYPE UVECTOR (1 produces 32 or 64; — 1
produ cts 0). TIme e frmum eu mts added will be LOSEs if vu is of PRIMTYPE VECTOR , amid “emmipty ” whatever-
t h ey-are’s ii u is of PRIIITYP E IJVECTOR . A mm “empty” object of PRIMTYPE WORD comitains zero. An

em umpty ” object of amiy ot imer PRIMTYPE hmas zero 1mm its “value word” (appendix 1) and is not safe to
play withm: it simould be replaced via PUT.

Note t iuat , if c ie m umc mmt s are added to time begiuimiimig of vu, previous ’y.existing references to vu will
have to muse TOP or BACK to get at time added elemnemmts.

Cautiomi: GROW is a 
~~~ 

cxpemmsiv e operatioum : it requires a garbage collectioum (section 22.4) every
t immie it is mused. It shuomm id be reserved for !!! y,

~ 
special circumstances, such as where the pattern of

sh ared elemm iemils is terribly iuuupor tamm t .

Examimple:

(SET A ‘‘ (I]>S
!(I’ ]
<GROW .A 0 1)5
! ( 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

- -

AS
-

•

7.6.3.~. SORT

Thuhs SUBR mviii sort PRIMTYP (s VECTOR , UVECTOR and TUPLE (section 9.2). It works mnost
ef f ic iemm tl y if time sort keys are of PRIMTYPE WORD , ATOM or STRING. However, time keys may be of
any TYPE , amid SORT wi ll still work. SORT acts on fixed-lemigtim records whIch coumsist of one or mnore
cont igunmus cheu miru its iii time structure being sorted. One element In the record Is declared to be the
sort key. Also. amm y mmu mmm ber of addit iommal structures caum be rearranged based on how the main
structure is sorted.

<SORT pied si ll oil s2 12 s3 13 ... sN IN)

where:

pred is either (see chiapter M for Imi form uatioum about predicates):

(fl TYPE FAL SE , iii wh ich case the TYPEs of all the sort key s must be the sa m e; they must be of
PRIM TYP C WORD , STRING or ATOM ; amid a radix-exchammge sort Is used; or

7.6.3.1 - 7.6.3.2 Structured Objects
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(2) soniemluiuig applicable to two sort keys whIch returmms TYPE FALSE If the first Is not bigger
t hm a mm time secomid. imu w hich case a sh ell sort is used. For examnp le ,G? sorts numbers in ascending
order, , 1! imu descemudimi g order. Note: if your prod is buggy. time SORT mnay never term inate.

si . . . sN are time (PR I1ITYPE) VECTORs. UVECTORs or TUPLE5 being sorted, and si contains the sort
keys~

I! . . . IN are time correspommdimug ktmglhs of sort records (optioumal, one by default): and

of f is time offset Iroumm start of record to sort key (optional, zero by default).

SORT returmis time sorted sl as a value.

Note: the SUOR SOR1 calls the RSUBR (chapter 19) SORTX; if the RSUBR must be loaded, you may see
some oustpiut froum time loader omu your terminal.

Examples:

(SORT () <SET A < IUVECTOR 500 ‘<RANDOM>>>>S

sorts a UVFC1OR of ramid ommm immtegers.

<SE T V (1 MONEY 2 SHOW 3 READY 4 GO)>S

<SORT <> .V 2 1>5
(4 GO 1 MONEY 3 READY 2 SHOW ]

<SOR T .1? .V 2)5
(4 GO 3 READY 2 SHOW 1 MONEY]
‘VS
[4 60 3 READY 2 SHOW 1 MONEY]

<SORT <> [2 1 4 3 6 5 8 7 ) 1  0 .V>$
!(1 2 3 4 5 6 7 8’]
.VS
(60 4 READY 3 5110W 2 MONEY 1]

Time first sort was based omm time ATOMS’ PNAMES, comisidering records to be two elem ents. The second
one sorted based omi the FIXes. Time third imiterchanged pairs of elem ents of each of Its structured
arguments.

7.6.3.2 Structured Objects
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7.6.4. VECTOR (time PRTM TYP E) (I]

Ally MDL object mmmay be amm ehem ume uut of a PRIMTYPE VECTOR . A PRIMTYPE VECTOR takes two words
of storage mumore timamu ami equivalent PRIMTYPE LIST , but takes it all in a contiguous chunk, whereas
a PRIIITYPE LIST mumay be physically spread out in storage (appendix 1). There are no SUBRs or
FSUBRs ~v imichm operate oumly oum PR!MTYPE VECTOR .

7.6.5. UVECTOR (time PRIMTYP E) (I]

Time differemmce betwee um PRIMTYPEs IJVECTOR and VECTOR is th at every element of a PRIMTYPE
UVECTOR um im ms t be of the sam ume TYPE . A PRIMTYPE UVECTOR takes approximately half the storage of
a PRIMIYPE VECTOR or PRIMTYPE LIST amid, like a PRItITYPE V ECTOR , takes it in a contiguous chunk
(appemmdix I).

(Note: (lime to amm iunp leu mmen ta t iomm restrictioum (appeumdix 1), PRIMTYPE STRINGs, BYTESes, LOCDs
(ch apter i2). amid objects omi ti me commtrol stack (chapter 22) mnay not be elements of PRIPITYPE
UVECTORs.]

Ti m e “sauiie TYPE” restriction causes aim equivalent restriction to apply to EVAL of the arguments to
eitimer of time SUURs UVEC1OR or IUVECTOR . Note thuat attempting to say

![1 .A’J

will cause READ to prodmuce aim error, since you’re attempting to put a FORM amid a FIX into the same
UVECTOR . 0mm time otimer imammd ,

<UVECTOR 1 .A>

is legal, amid will EVAL to time appropriate UVECTOR without error if .A EVALS to a TYPE FIX.

The fohi ow i um g SUBR.S work omm PRIMTYPE UVECTORs alone.

7.6.5.1. UTYPE (I]

<UTYP E primtype-uvecto r>

(“uniforumi t ype ’) evaluates to time TYPE of every element in its argument. Example

<UTYPE ‘ ‘(A B C]>S
ATOll

7.6.4 - 7.6.5.1 Structured Objects
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7.6.5.2. CIIUIYP[ (I]

<CHUTYPE uv:prsnmfype-uvecloc t ype >

(“chamige uumi f o rmum type”) c im amm ges time UTYPE of uv to type, siummultaneously chammging the TYPE of all
ehemmm e mm ts of uv . amid re lurums time mmcmv , chuamu ged, uv. Th is works only wh en time PRINTYPE of the
elemmi cuits of ti~ ca mu remmma i m m time saumie through time w h ole procedure. (Exceptiomm : a uv of UTYPE LOSE
camu be CIIUTYPId to a mm y 1) pe (legal iii a UVECTOR of course): time resultlumg eleummemuts are “empty”, as
for GROW .)

CHUTY PE ac tmm a hly clmamiges tiv: imemice ~jj referemmces to that object will reflect the change. This is
quite differemut f ronm CIII YPE .

Exaiupies

(SET LOST <1UVECTOR 2>>S
‘(‘LOSE ~OOOOO 0O00OOO* ~LOSE ~O00OOO0OOOOO*!]
(UTYPE .IOST>S
LOSE
<CIWTY PE .IOST FORH>S
!(<> < >1]

.1051
![(> < > 1 ]

<CiILIIYPE .LOST LIST>S
! [ ( )  ( ) ‘ ]

7.6.6. STRING (time PRIPI1YPI) amid CHARACTER (I]

Time best mmmemmtal immua ge of a PRIMTYPE STRING is a PRIMTYPE UVECTOR of CHARACTERS — where
CHARACTER is the MDL. TYPE for a siumgle ASCII character. The represeu tation of a CHARACTER , by
the way. is

\,m n~ -ASC1l.cliar ac (er

Th at is . t ime ch , a r . i terc ‘\ (e~damm mau iomi .poim mt backslasim) precedlmmg a single ASCiI character
represe mmt time cnrrc spommdm uug object of TYP E CHARACTER (PRINTYPE WORD). (The cimaracters !
(ex c iam umati o mi .po im mu dnumbie.qmmnte) precediuug a ch aracter are also acceptable for Inputting a
CHARA C T E R , for h istorical rcasomms.)

Time SL IBR I STR I NG w i ll produce au error if you give it aum argument that produces a non-
CHARAC T ER. STRING caum take either CHARACTERs or STRINGS.

There are no SU8Rs w h m ici m uumiqmaciy ummanipuhate PRIMTYPE STRINGS, but soutie are particularly useful
in comm nes t inmu wit Im t huemum:

7.6.3.2 - 7.6.6 Structured Objects



~-
. 

Time MDL Programummimug Langmmage 65

7.6.6.1. ASCII (I)

<ASC II t, ’.- or-c!,~rac ter )

II its acgummm iemit is of TYPE FIX , ASCII evaluates to time CHARACTER witlu time 7-bit ASCII code of its
argumeumi. Exa m ple: (ASCII 65) evaluates to !\A .

if its argumm m ucu ut is of TYPE CHARACTER , ASCII evaluates to the FIXed-point number which is its
argu mumeumt ’s 7-hit ~S(:lI code. Exaumiple: <ASCII !\ Z > evaluates to 90.

(Actuall y, a FIX c a u m be CIITYPEd to a CHARACTER (or vice versa) directly. but ASCII checks in the
former case t h at t Ime FIX is wit h in time perummissib le range.]

7.6.6.2. PARSE [I]

(PARSE ~~~~~ r.,d:~ :fi~ )

PARS E app lies to its argm umm ment READ’s algoritbumi for comuverti ng ASCII representations to MDL
objects ~:md retm i rmms t ime first object created . Time reunaiuider of string, after the first object
represented , is ignored. ~~~ (optional. temu by default) is used for converting any FIXes that occur.
[See also sec ti omis 15.7.2 amid 17.1.3 for additional argumm mentsj

7.6.6.3. LPARS[ (I]

LPARSE (“h isu parse’) is exactly like PARSE (above), except that it parses time entire string and returns a
LIST of alt objects created. If giv eu m aim empty STRING or one coumtaining only separators. LPARSE
returns aum eum upty LIST , w hereas PARSE gets an error.

7.6.6.4. UNPARSE (I]

(1JNPARS[ ~~ r.4di.Y :fix >

UN PARS E ap plies to i ts argm i uum e m mt PRINT ’s algorithm for converting MDL objects to ASCII
reprc~eu utatio m us amid ret urums a STRING which comm tai uis time CHARACTERs PRINT would have typed out.
[Howev er. th u s STRING will not contain ammy of time gratuitous carriage-returns PRINT adds to
accomm ummmoda te a CHANNEL ’s fimmi te liume’widtiu (section 11.2.8).] radix (optional. ten by default) is
used for coum-ertim ig any FiXe s t h a t  occur.

7.6.7. BYFES

A (PR IMTYPE ) BYTES is a str iuug of ummiform umly-sized bytes. Time bytes caum be any size between I and
36 bits imiclmm sive . A BYTES is simm u ilar in sommme ways to a UVECTOR of FIXes and in som e w ays to a
STRING of miom m.sem ’eum .bit bytes. Time ele mneuuts of a BYTES are alwa ys of TYPE FIX.

7.6.6.1 . 7.6.7 Structured Objects
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Time S(IBRc BYT ES amid IBYTES are sium uilar to STRING amid ISTRING , respectively, except thma t each of
time formmm cr takes a firs t a m - gm mmm ie um t g iv imm g time size of time bytes 1mm tIme generated BYTES. BYTES takes
oume reqmuim ed a r g mmmu m emmt w imi c im is a FIX specif yimug a byte size amid ammy mmummmber of PRIMTYPE WORDs.
It retmu r ums amu objes t of IYP E BY1FS wit lm that byte size couitainimmg time objects as elemmme umts. Timese
objects will be AtiDRed mviiii t iue appropriate unask of 1-bits to fit 1mm time byte size. IBYTES takes two
required F IXes amid omu c opti oum al au gumm imemit. it uses time first FIX to specify the byte size and the
secommd to specif y the muu m um mb e r of elemmu cu its. Time th ird argum umeumt is repeatedly evaluated to generate
F IXes t h at becoumme elemuiemuts of’ time BYTES (if it is omnitted, bytes filled wit h zeros are generated). The
ammalog to UIYPE is BYt E-SIZE.  Examumples :

<BYTES 3 <+ 2 7> 9 -1>5
#3 (4 1 7)
<SET A 0>5
0
<IRYTES 3 9 ‘<SET A <. .A 1>>>5
#3 (1  2 3 4 5 6 7 0 1)
<I8YT ES 3 4>5
#3 (0 0 0 0)
<BY I E-SiZE <BYTES l)>S
1

7.6.8. TUIPLA1(

A TE M PlAT E is simm milar to a Pi/l “structure ” of one level: time elements are packed togeth er and
reduced 1mm s ize to save storage space. while amu auxiliary imiternal data structure describes the
packimmg formmi at ami d time ek um ieuuts ’ real TYPEs (appemmdix I). T ue interpreter Itself is not able to create
obje cts of PRIt’IlYPE ILMPLATE (Leblimig. 1979): however, it can apply the standard built-In
Subroutimmes to t h m e umm. wit h the samume effects as with oIlier “arrays”.

7.7. SEGMENTs [I]

Objecis of TYPE SI CIII NT (whose TYP E PRiM is LIST) look very m uch like FORMs. SEGMENTS, however.
m umudergo a nnuu .stamm dard em’ almuat io ,m desigmued to ease time construct t’im of structured objects from
elemmicum ts of othuer structured objects.

7.7.1. Represe mmt at m u m  (I]

Time rep rcse umt atio uu of aim oi)jcct of TYPE SEGMENT is time followimmg:

!< Fun q,p~- J 4rg- 2 . .. ai~.— N ! >

7.6.7 . 7.7.1 Structured Objects 
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wimere time secoumd ! (exciammiatiomi -poiuit) is op t iomma l . amid func aumd avg-i through avg-N are any legal
commstit umem its of a FORM (th at is, ammyt imim ig ). Time poimuted brackets can be implicit, as in the period
amid comm uuuia mmotat iom i for LVAL amid GVAL .

All of time folhowimmg are SEGMENTs:

!<3 .FOO) ‘ .FOO ‘ ,FOO

7.7.2. Evahuat ioum (I]

A SEGMENT is evaluated imm exactl y time sam ume mm mau im mer as a FORM , wit h the following three exceptions:

(I) It imad better be domme iumside aum EVAL of a structure; otherwise aim error occurs. (See special
case of FORKs itm sect ioum 7.7.5.)

(2) Ii ha d better EVAL to a str imct umred object; oth erwise aim error occurs.
(3) W h at  actm ma hh y gets immsert ed into time structure beiuug built are the elements of the structure

retmurmued hm y time FORM-like evaluation.

7.7.3. Exaumiples (i)

<SET ZOP ‘ ![2 3 4]>S
!(2 3 4 ! ]
<SET ARE (6 3 4))S
(6 3 4)
( .ARF !.ZOP) S
((B 3 4) 2 3 4)
‘ r ’ .ZoP !<REST .ARF>!]$
‘(2 3 4 3 4!]

<SET S ‘STRUNG .’>S
‘STRUNG .’
(! .S) S
( !\S !\T ‘\R !\U ‘\N !\G !\ .)

<SET NIL ()>$
( )
(‘ .NIL]S
(3

7.7.1 . 7.7.3 Structured Objects
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7.7.4. Note omu Effic iemmcy (i]

Most of tim e cases imu w im ic hm it is possible to use SEGMENTs require EVAL to geumerate an entire new
objec t . Naum mraii y . tl si s muses imp bot lm storage amid timume. However, thmere Is one case wh ich it Is
possible to imam m dk without cnpyiumg. amid EVAL uses it. W heum time structure beiuig built Is a PRINTYPE
LIST , and the segmemmi value of a PRDITYPE LIST is time last (righu munost) elemnent being concatenated,
th at last PR INTYPE LIST is muot copied. Timis case is simmiiiar to CONS amid Is time principle reason why
PRIMTYPE LIS Ts Imave t h eir struct itres mmwre easily varied thami PRIM TYPE VECTOR or UVECTOR .

Examples:

.ARFS
( 1 3 3 4 )

This does aot copy ARF :

(1 2 !.ARF )S
( 1 2 8 3 4 )

These dom

( 1 !.ARF 2 )  ;‘not last element S
( 1 6 3 4 2 )
[1 2 ‘ .ARF ) ‘not PRINTYPE LIST S
[ 1 2 1 1 3 4 ]
(1 2 !.ARF !<REST ‘(1)>) ;‘stfll not last element’S
( 1 2 6 3 4 )

Note time fohinwimug. w lmic im occurs because copying does ~~,take place:

<SE T DOG (A !.ARF)>S
(A B 3 4)
<PUT .ARF I ‘BOWOW’> $
(“BOWOW” 3 4)
.DOGS
(A ‘BOWOW” 3 4)
<PUT .UOG 3 “W OOF’>$
( A “BOWOW ” “WOOF” 4)
.ARI$
(‘BOWOW ” ‘WOOF ” 4)

Simmcv AR F w as mint cn1)icd, it isas literally part of DOG . Hence, w iueum arm element of ARF was changed.
DOG m” .ms cl m amu gctl Siuuui lar ly. w hmcu u aim eku mmemit of DOG which ARF shared was changed , ARE was
cimamig ei l too.

7.7.4 Structured Objects
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7.7.5. SEGMENT s iuu l ORMs (I]

Whieu m a SEGMENT appears as amm clemmient of a FORM , time effect is approxim ately the sa m e as if the
elements of EVA L of time SEGMENT were in t h e FORM . Exammiple:

<SET A ‘ ‘ [1  2 3 4]>S
![I 2 3 4 ! ]
<+ I .A 5>1
15

Note: time c he m m ucu mts of time structure segnment.evaluated in a FORM are 
~~ 

re-evaluated if time thing
beiumg app lied j c a SLt BR. T hum ms if .A were (1 2 (. 3 4) 5), t Ime above example would produce an
error: you ca um ’I add imp F ORMs.

You coumhd perform um time saumm e sumum mu i iati om m of S amid time elenmemits of A by usIng

< EVAL (CHIYPE (+ ! .A 5) FORM>>

(Note that IVAL ummmu st be explici tly called as a SUBR ; if it were h ot  so called , you woul d just get the
FORM <+ 1 2 3 4 5> .- not its “va hi me ”.) h owever , time hatter is more expensive both in time and In
storage: mvh me n you use the SEGMENT directly in the FORM, a imew FORM Is, iii fact , !! geu merated as it is
1mm the hatter case. (Time elc mumemm s are put otm “time coumtrol stack ” with the other arguu nents .)

7.8. Self .i-cfercncing Smrnctn r~~

It is possible for a stru ctured object to “contaitu ” i tseif, eit h er as a subset or as an element, as an
ehemm iemu t of a structured ehemmie nt. etc. Sucim ami object caummmot be PRINTed, because recursion begins
and mmeve r termm ui mm a t e s . W ar umim ug : if you try time exaumuples hum th is section with a live MDL, be sure

you k now how to muse ~S (sectiomu 1.2) to save PRINT frommm eumdless agommy. (Certain constructs with
ATOlls can give PRINT simimi iar trouble: see ch apters 12 amid 15.) - -

7.8.1. Self-subset

(PUIREST hcathpnnmtype-list tail:privntype-list>

If head is a su bset of teus I , t hat is, if <REST tail fs,c) Is time samm ie object as <REST head 0> for somne fix , -

t imemi both ~~~~ amid t.mil will be “circu lar” (amid thus self-referemmciuig) after the PUTREST. Example:

(SET WALTZ (1 2 3)>S
( 1  2 3)
<PUTREST <REST .WALTZ 2> .WALTZ> $
( 3 1 2 3 1 2 3 1 2 3 1 2 3 . . .

7.7.5 7.8.1 Structured Objects
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7.8.2. Sehf .elem uiem mt

(PUT ‘~I: ctruc (ureci Is~ s2:structured>

If si is ti me sa mmm e object as s2. t ime mu it will “coumtaimm” itself (aumd th us be self -referenc luig) after the
PUT. Exampies:

<SE T S <LI S 1 1 2 3>> ;“or VECTOR ’S
( 1 2 3 )
(PUT .5 3 .5>1
( 1 2 ( 1 2 ( 1 2 ( 1 2 . . .
<SE T U ![!(]]>S

(PUT .U 1 .U>S

Test your react m u  timmie or yo imr term m mi mm al ’s bracket- ummak er. A m aze your friends.

I

7.8.2 Structured Objects

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Chapter 8. Truth

8.1. Tnuthm Values [11

MDL repre s ent s “fals e” witim atm object of a particular TYPE : TYPE FALSE (unsurprisingly). TYPE
FALSE is struct iured: its PRIMTYPE is LIST . Thus, you can give reasons or excuses by making them
elements of a FALSE. (Agaimi , EVALiumg a FALSE neith er copies it imor EVALs its elements, so it is not
miecessary to QUOTE a FALSE appear im g in a program.) Objects of TYPE FALSE are represented In “0
umotatioum ”: - -

#FALSE list-of-its-ele ments

Time emuupty FORM evaluates to time emmipty FALSE :

<>1
#FA I.SE ( )

Anything wh ich is umot FALSE , is. reasoumab ly enough. true. Iii this document time “data type’ False—
or-any ium ummetasyntactic variables umieaums that the only significant attribute of the object in that
context is w h eth er its TYPE is FALSE or not.

8.2. Predicatesj~

Timere are miuummeroims MDL F/SUBRs wh ich caum return a FALSE or a true. See appendix 2 to find
t hueumi all. Most return cithmer #FALSE ( )  or tIme ATOM with PNAME 1. (The latter is for historical
reasomis. umaummely Lisp (Moon. 1914).) Some predicates which are meaningful now are described next.

8.2.1. Ar ithimimetic [I]

<0? fix-or-fl oat>

evaluates to I omily if its argumeumt is identically equal to 0 or 0.0.

8. 8.2.1 Truth
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<1? fi~-or - floal >

evaluates to I omily if its argm umume uit is idemuticahly equal to 1 or 1.0.

<G~ n:Iiy — or -float rn:üx-or-flo at >

evaluates to I omuh y if n is algebraically greater timami m. L ?  is time Boolean complement of 6?; that
is. it is T omm ly if n is not al gebraically greater timatm m.

<L? n:fi~-or-f foal m:fir-or -float>

eva luates to I omuly if n is algebraically less titan m. 6=? is the Boolean complement of L?.

8.2.2. Equality amid Meumibersiuip (1]

<~~~? eI:env e2:any )

evaluates to I only if el is time saumue ob ject as e2 (appeimdix 0. Two objects that look the same
wime im PRINTed ummay umot be == ?. Two FIXes of the sau te “value” are “the same object ”; so are two
FLOATs of exaci hy lime samume “valu e”. Empty objects of PR IMTYPE LIST (and no other structured
PRIPITYPE) are =:? if th eir TYPEs are the same. Examupie:

(==? <SET X “RANDOM STRING”> <TOP <REST .X 6>)>S
I
<=:? .X “RANDOM SIRING’>S
#FALSE ()

N z ?  is time Booleami coimip lcnmeumt of ==?.

< ?  el:an e2:anv>

evaluates to I if el and e2 have time sau te TYPE and are structurally equal -. that is. they “look the
sammme . th eir prim mted represeuutati omus are time sau te. :? is niuclu shower than =:?. ~? shmouhd be used
emily w lue um its ch aracterist ics are uuecessary: th ey are miot him amiy comnparisoums of unstructured objects.
== ? amid =? a lways ret iur um time same va htue for FIXes, FLOATs, ATOMS, etc. (Mnemonically, ‘? tests for
“ more equm aii uy ” t h a n  :?; iim fact , it tests for actua l physical Identity.)

Examimp he. i hhmu strat i mmg mmomi -copyiuig of a SEGMENT iii Direct Representation of a LIST:

<SE T A ‘ ( 1  2 3)>S
(1 2 3)
<==? .A ( m .A) >S
T
<=:? .A <SET B <LIST ! .A >>> S

8.2.1 . 8.2.2 Tru th
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#FALSE ( )
<= 7 .A .8>1
I

N ?  is the floolean com plement of :7~

(MEMBER objecf:an) ’ structured >

rumis dowum ~; f ructm ,r ~d I m u m  first to last elemmieumt , compariumg each elemnent of structured with Object.
if it fimuds aui e le mm m emmt of s truc turcd whmich is =? to object , it returns <REST structured i> (whIch is of
TYPE (PRIHTYPE ~tructu,ed>), where time (i.1)tiu eleuneuit of structured Is :? to object. That is, the
first elenmeuut of w h at it retimruis is tIme f irst elemneutt of structured that is ? to object.

If no element of structured is =7 to object. MEMBER returns ØFALSE 
~~~
.

Time searc lm is mumore c lf ic icmut if structured is of PRIMTYPE VECTOR (or UVECTOR , if possible) than if It
is of PRIHTYPE 1151. A s u s u al, if structured is constamm t. it should be QUOTEd.

If object amm d structured are of PRIMTYPE STRING (or BYTES]. MEMBER does a substring search.
Example:

<MEMBER “PART” “SUM OF PARTS”>S
“PARTS”

<MEMQ objrct:any structured> (“mmteuitber quick ”) is exactly time same as MEMBER , except that the
counparisou, test is ==? .  

-

(STRCOM P si s2>

- (“strium g cnuimparison ”) cauu be givemi eithmer two STRINGs or two ATOllS as argum ents. In the latter case
time PNATIEs arc umsvd. It actually ismm ’t a predicate. since it cami returum three possible values: 0 if si is

? to s2t 1 if si sort.s alphabetically after s2~ amid —1 if si sorts alphabetically before s2.
“Alph abetically” ummeaui s. in t h is case, accordimig to the numeric order of ASCII. with the standard
alphabet iziumg rules.

(A predicate suitable far auu ascending SORT (which, see) is <G? <STRCOMP .ARG1 .ARG2> 0>.)

8.2.3. Booheamu Operators (I]

<NOT e:false-or-any>

evaluates to I om uhy if e evaluates to a FALSE , amid to #FALSE ()otherwise.

<AND ci e2 ... eN>
8.2.2 . 8.2.3 Truth
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AND is aum F SUIIR. It em almuat es it -s argt.mu uemm ts fromn first to last as they appear in the FORM . As soon
as cu e of tim e m u u ev al u ates to a FALSE , it re tu ru m s th a t FALSE , ignoring any remnaining argum ents. If
mmou me of theuut ev a huma te to FALSE • it returns EVAL of its last argument. <AND> returums I. AND? Is the
SUBR eipmi va heum t to AND, t h at is, all its arguuneuuts are evaluated before amiy of them is tested.

<OR c i e.~’ . . .  eN>

OR is aim ISLIRR . It evaluates its argunucmuts fromum first to last as tlmey appear iti the FORM . As soon
as omm e of tlueun es ’aluu ates to a umnum.FA ISE , OR retitrums t hat non-FALSE value, Igumorimig any rem aining
argu mn emits. If th u s mu eve r occurs, it returns time last FALSE it saw. <OR> returns #FALSE C ) .  OR? is
the SULIR eqm uis ’a hc muu to OR.

8.2.4. Object Properties (I]

<TYP E ? .an~ t~ pc- i . . . t ype-N>

evai.mates to ft-p c-: ommhy if <::? h-pc -, <TYPE any>> is true. It is faster amid gives mmmore information
- 

than ORimtg tests far each IYPE . If lime test fails for all type-is, TYPE? returums #FALSE U.

(APFLICARLI? c)

eva luates to I aum ly if e is of a TYPE thu at can legally be applied to arguments in a FORM, that Is. be
(EVAL of) t iuc first eheuuueuit of a FORM beimig evaluated (appendix 3).

<MONAD? e>

evaluates to •FAI SF C )  mmh y if NIH aumd REST (with mtomm.zero second argument) can be performed on
its a rg umu m emut wi t hu omut error. :~mi ummisl ruuc lured or emumpty structured object wi hi cause MONAD? to return
I.

<SIRUCT URID? e)

evalua tes to T omul y if e is a stru etmured object. It is not the inverse of MONAD? , since each returns I
ii its a rg umm uem m t is amu emmu pty structure.

<EM PTY? s tru c tured)

evaluates to I only if its ar gumm mc mm t , wh ich uimust be a structured object . has no elements.

c LE NG III ? st ruct ured ~i

cvj hmm,vt’s to ‘. IL NI, III ~t- i, tt,rcd > ouuh y if tl mat is less t iuatm or equal to fiii oth erwise, it evaluates to
• SFALSF ( ) . Mu m eum m om mm c. -uil y. y o u t- amm thu iui k of time first two letters of LENGTH? as signIfyiumg the “less

thmai ~ or equal to ” scm mse of t i me test.

• 8.2.3 . 8.2.4 Truth 

~~~~~ -- .-- - —-~~~~~~—
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This SUBR was imis’en ed to use omi lists, because MDL can determine their lengths only by stepping
alot ig time list, couuu timu g time elemumeuits. If a program needs to know only how the length compares
with a given umuumiber. LENGTH? will tell without necessarily stepping all the way to the end of the
list, in comutrast to LENGTH .

(If structured is a circular PRINTYPE LIST. LENGTH? will return a value, whereas LENGTH will execute
forever. To see if you cami do <REST structured (s 1 fix>> without error, do the test <NOT (LENGTH?
structured (ix>>. ]

I -

8.3. COND [I]

The MDL Subroutiume whuIchm is most used for varying evaluation depending on a truth value Is the
FSUBR COND (“conditional”). A call to COND has this format:

- <COND clause-lust .,, cfause-Niist)

where N is at least one.

COND a’wa ys returmis time resu lt of the 
~~ 

evaluation it performs. The following rules determine the
order of evaluations performued.

(1) Evaluate time first eleurmemit of each clause (from first to last) until either a non-FALSE object
results or time clauses are exh austed.

(2) If a umon.FALSE object is fouutd in (I). immediately evaluate the remaining elements (If any)
of that clause amid igumore ammy remmiainiumg clauses, .

In oth er words. COND goes walking down its clauses, EVAling the first element of each clause, looking
for a nomi-FALSE result. As soomu as it finds a non-FALSE, it forgets about all the other clauses and
evaluates. iii order, lime other elements of time current clause and returns the last thing It evaluates. • -

If It can ’t f immd a umomi-FALSE , it returns the last FALSE it saw.

8,3.1. Exaummples (1)

<SET F ‘( l )>$
(1)
<COND (( EMPTY? .F> (NP) (<1? <LENGTH .F)> ONE))$
ONE
<SET F ()>$
( )
<COND (<EMPTY? .F> EMP) (<1? <LENGTH .F>> ONE)>S
(PIP

8.2.4 - $ 3.1 Truth 
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(SET F (1 2 3)>$
(1 2 3)
<COND (<EMPTY? .F> EMP) ((1? <LENGTH .F)> ONE)>$
#FAISE ( )
(COND (<LENGTH? .F 2) SMALL) (BIG)>$
BIG

<DEFiNE FACT (N) ;‘the s tandard recurs ive factor ial’
<COND (<0? .N> 1)

(ELSE <* .N <FACT <- .N 1>)>)))S
FACT
(FACT 5>3
120

84. Shortcuts with Conditionals

8.4.1. AND and OR as Short CONDs

Since AND ami d OR are FSUBRS, th ey can be used as miniature CONDs. A construct of the form

<AND pre-conditions action(s))

or

<OR pre-exciusions action(s) >

will allow action(s) to be evaluated only if all time pee-conditions are true or only if all the pre—
exclusions are false, respectively. By nesting and using both AND and OR. fairly powerful constructs
can be m ade. Of com urse , if action~s) are more timan one thing. you must be careful that none but the
last returm ms false or true , respectivel y. Watch out especially for TERPRI (chapter ii). Examples:

<AND (ASSIGNED? FLAG) .FLAG <FCN .ARG)>

• applies FCN only if souneoume else has SET FLAG to true. (ASSIGNED? is true if its argument AtOll has
an LVAL.) No error can occumr in time testing of FLAG because of the order of evaluation.

(AND <SET C <OPEN ‘READ’ ‘A FILE’>> <LOAD .C) <CLOSE .C>>

effectively FLOADs the fiic (chapter II) without the possibility of getting an error if the file cannot
be opened .

8.3.1 - 8.4.1 Truth
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8.4.2. Eim bedded tlncot mdimiouuais

Omme of time (lisa(ivantages of COND is that timere is no straighitforward way to do things
umicomuditinm iahiy 1 m m betweemm tests. One way around this problem is to insert a dummy clause that
never succeeds. because its otily LIST eieuiue umt is amm AND t h at returns a FALSE for the test, Exaunpie

<COND (<0? .N> <FO .N>)
( < 1? .N> <F ! .N))
(<AND <SET N <‘ 2 <FIX <I .N 2)>>>

;‘Round .11 down to even number .’

(<LENGTH ? .V EC .N> ‘[])
(1 <REST .VEC <+ 1 .N>>)> -•

A v ariati o mm is to umu ake time last AND arguumieuit imito time test for time COND clause. (Th at is, time third
amid fom ur ihm clauses 1mm time above e~aummple caum be counbimmed.) Of course, you must be careful th at no
otimer AND a r g u mm u m eum u ev al u mat es to a FALSE ; most Subroutimmes do not return a FALSE witimout a very
good reasoim for it. (A umota Lilt’ cxceptioui is TERPRI (whic m see).) Even safer is to use PROG (section
10.1) iumslead of ANI1 .

Aumothuer va riat iou m is to increase time imestim ig with a new COND after the unconditional part. At least
tim is uneilmod (hoes mint mmiaI ~e t ime code appear to a luumamm reader as though it does souneth ing other
t hm amm what it really does. TIme above exam um ple couid be domme timis way:

<COND (<0? .N> <FO .N>)
(<1? .N> <F! .N>)
(1
<SET N <~ 2 <FIX <I .N 2>>>>
(COND (<LENGTH? .V EC .N> ‘[])

( 1 (REST .VEC <+ 1 .N)>)>)>

8.4.2 Truth

_______
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Chapter 9. Functions

Tluis dm .mpter en mu hu l he mi ai mme d “fumu amid gaummes wit lm arg immmme mmt LISTs”. Its purpose is to explain the
iumore comum plica ted t iu immg s w lu ki, c au m be doume wit h FUNCTIONs , amid th is involves, basically, exp laining
all thue sarioui c tn~cum c whuid u cauu appear ut  time argument LIST of a FUNCTION . Topics are covered
1mm w h a t  is apprn~ imm matcl y aim order of increasiuig comimplexity. Thu s order has little to do with the
order 1m m which tnie mm c ca mu ac uum ahl y appear iii aum argumuent LIST , so w huat an argument LIST “looks
like” os em-al i gems ra hvr lost im u time slmuuf f ie. To alleviate tlmis problemmm. section 9.9 is a sumnunary of
eve ryt lm immg tim at caum go into amm arg immim emmt LIST , 1mm time correct order. If you find yourself getting
lost , p lease refer to t hat smuimmumuar y .

9.1. ‘OPTIONAL ’ [I)

MDL provides ve m y comm ve mu ie i mt mumeaums for ailowiumg optiomial argumemits. Time STRING ‘OPTIONAL’
(or ‘OPT” -- tl mey~u-e totally eq uuiva le uut ) 1mm time argum nemmt LIST allows time specification of optional
arg m um mme mmt c wi th , vai mmc s to he ass iguucd by default. The syntax of the ‘OPTIONAL’ part of the
ar guum m ie mmt LISt is ac fol lows:

— ‘OPT IOIJAL.’ ..i/- 1 al-2 .., as-N

First. t lmere is tI me SiRING “OPTIONAL ” . Tlmen t imere is any number of eithmer ATOMs or two-element
• LISTs. imut e rmu iixed . one i~ r optiona l argummuient. Time first elemumeumt of each two-element LIST unust be

auu ATOM ; timi s is time dm i m um um i y variable. TIme secommd eleumment is an arbitrary MDL expression. If there
are requmired a r g mmm i m c mm ts , they umm u m si conic before (lie ‘OPTIONAL’ .

W hen EVAL is himudimig time variables of a FUNCTION amid sees ‘OPTIONAL’ , time following happens:

if aum e~ phii- it art uuui m e m m t st-ac give mi ium t u e positiomu of aum optional oume, time explicit argument is
bnu mmd tn t I me eo rrec pommdi mug dum numm y ATOM .

if t h e r e  is mm c~pIkit argu mim icmmt amid tIme ATOM stands alouue. that is, it is not time first element of
a two-ele niemut I IS1 , ~~~~~ ATOM becounes “hoummd”, but no local value is assigned to It (see below).
A iocai salute cami be assigned to it by misimi g SET.

9 . 9.1 Functions

- 
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If t lmere is no explicit arguummmemut amid time ATOM is the first eiemume umt of a two-element LIST, the
MDL expressioum im i tIm e LIST with the ATOM is evaluated amid bound to time ATOM .

(Uuutii am m AT OM is ass i gned. ammy attemmupt to referemuce its LVAL will produce an error. The predicate
SUBRs BOUND? amid ASSIG NED? cauu be mused to clmec k for such situatioums. BOUND? returns T if its
argumime uut is cuu .reuit i y h oummmd via amu argumimemit LIST or imas ever been SET wh ile not bound via an
arguumimeuul LIST . The latter ki mud of bimmdim m g is called “top-level bimmdi umg ”. because it is done outside
all act i v e a rgu um me mmt -LIST bimmdim m g. ASSIGNED? will return #FALSE ( )  if its argumnent is either
ummass igum ed or ut uu bo uum md . By time way. there are two predicates for global values simnilar to BOUND?
amid ASSI GNED? , mia mu mei y GBOUND? amid GASSIGNED?. Each returns T only if its argument, which (as
j im BOUND? amid ASS iGNED?) uumuust be an ATOll, has a global value “slot” (chapter 22) or a global value.
respectively.]

Examuiple:

<DEF INE INC1 (A ‘OPTIONAL’ (N 1)) <SET .A <+ . .A .N>>>S
INCI
<SET B 0>3
0
< INC1 B>3
1
<INC L B 5>3
6

h ere we defined aumoilmer (not quite working) iumcreuneimt FUNCTION . It umow takes an optional
argu mmmeum t specify immg lmow umm iuc lm to immcreu neumt time ATOM it is given. If not giveum, time immcremnen( is 1.
Now. 1 is a pretty simmiple MDL expressioum: there is no reason why the optional argument cannot be
comuplicated -. for exaumuple. a cali to a FUNCTION wlmichm reads a file on an I/O device.

9.2. TUPLEs

9.2.1. ‘TUPLE” amud TIJPLE (time TYPE) (I]

Timert’ are a lso tismmes wiucu m yotu wamm t to be able to h ave at m arbitrary mmumber of argumnents. You can
always do t h is by defiu mimu g time FUNCTION as Iuavi mmg a structure as its argument , with the arbitra ry
umumuber of arg uuuu mr mmts as elem iuemmt s of time striucture. Th is can, Imowever, lead to inelegant-looking
FORMs amid extra garbage to be collected. Time STRING ‘TUPLE’ appearluig in the argument LIST
allows you to avoid t imat . It mm must follow explicit amid optional dumnmy arguments (if there are any
of eitl,er) amid mmmus t be followed by aim ATOll.

Time effect of ‘TUPIE” appeariumg 1mm amm argumuent LIST is the fol low imig: any arguments left in the

9.1 - 9.2.1 Functions
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FORM , after sat isf yimmg explicit amid optional argumneumts . are EVALed amid made sequential elements of
atm object of TYP I. amid PR1MTYP E TUPLE . Time TUPLE is timeum bouumd to the ATOM following ‘TUPLE’
iii time arg uum iemm t L IST.  If t h ere were uio argum mume umts left by time timne time ‘TUPLE’ was reachued, an
eumiply TUPLE is bomumid to time ATOll.

Amm object of TYP F 1(JPL[ is ex act l y time same as a VECTOR except thmat a TUPLE is not h eld in
garbage.cnllectcd storage. It is iumst ead held wit lm ATOM bimmdings in a control stack. This does not
affect uu ia mui pum lat inn of t Ime TUPLE witi mi um time fuumc lioim generating it or am my fumuct ioum called wit imium
( luat one: it can be treated Jumst like a VECTOR. Note, h owever, t hat  a TUPLE ceases to exist when the
fuuuicti in ~ lmich , gemm erated it retuur ims . Retuirum imug a TUPLE as a value is a good way to generate an
error. ( A  copy of a TUPLE cauu easily be generated by segunent-evaluatiumg the TUPLE iumto someth ing;
thuat CO~~ ca m u be ret turned.) The predicate LEGAL? returns #FALSE ( )  if it is given a TUPLE
gcume ratc’d by am u APP LICABLE object whm ich m imas already returned, amid T if it is given a TUPLE which is
still “good”.

Examump le:

<DEFINE NTHARG (N “TUP IE” T)
;‘Got afl but f irst argumen t Into 1.’

< COND (<:~ ? 1 .N> I)
;‘If N is 1, return 1st erg, I.e. , .N,

i.e., 1. Note that (1? .N> wou ld be
true even if .N were 1.0. ’

((1? <LE NGTH .T> <SET N <- .H 1>>>
#FALSE (“ DUMMY’))

;“Check to see if there Is an Nth erg,
and make N a good Index Into T while
you ’re at it .
If there isn ’t an Nth erg, complain. ’

(ELSE <NIH .T .N>)>)

NTHARG , atrnve. takes a u m y mu umu m m be r of arguumemmts. Its first argumneumt must be of TYPE FIX. It
returns EVAI of its Nih arg muuneu mt , if it imas an Ntlm argumiment. If it doesmm’t, it returns #FALSE
( ‘DUMMY” ) - (Time ELSE is iuot absolutely miecessary 1mm time last clause. If the Nth argumne n t is a
FALSE , time COND s%lIi retmmrmm t h a t  FALSE.) Exercise for tIme reader: NTHARG will generate an error If
its first ar gm u uum eu m u is umot FIX. Wl mere am id w luy? (How about <NTHARG 1.5 2 3> ?) Fix it.

922.  tU NE (t Ime SUBR) amid ITUPLE

These St! r~~ s arc t h e  cau ;me a’. V .CTOR amid IVE CTOR , except thmat timey build TUPLEs (t iuat is, vectors on
th’ nui~t ’ I  ‘ ‘i. I rl~~y caum lie mused ouiiy at top level imm atm “OPTIONAL’ list or ‘AUX’ list (see
ii..” I lie ~ i t i  . f f luau m ta ge of 1UPLE and ITUPLE (“implicit tuple”) is in storage-mnanageunent
.f I’~ .‘ I i i  y pro(humcc tin garbage , sluice tiucy are flushed automnaticahly upon function return,

9.2.1 . 9.2.2 FunctIons 
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Exa till) les:

<DEFINE F (A B ‘AUX’ (C <ITUPLE 10 3>)) . . .>

creates a lO-elemuie,mt TUPLE amid SETs C to it.

<DEFINE H (‘OPTIONAL’ (A <ITUPLE 10 ‘<I>>)
‘AUX’ (B <TUPLE !.A 1 2 3>))
. . .>

Th ese are valid muses of TUPLE amid ITUPLE . However, the foiiowimmg is 
~~ 

a valid use of TUPLE.
because It ~ mint cal led at top level of t he ‘AUX’ :

<DEFINE NO (A B ‘AUX’ (C <REST <TUPIE LA>>)) . . .>

However, time desired effec t could be achmieved by

<DEFiNE OK (A B ‘AUX’ (0 <TUPLE !.A>) (C <REST .0>)) ...)

9.3. ‘AUX’ [hJ

‘AUX’ (or “ EXTRA ’ -. th ey ’re totall y equm iva iemm t ) are STRINGs which, placed 1mm aim argu m ent LIST .
serve to dyu iaumm icahi y allocate temmi porary variables for time use of a Function.

‘AUX” mummus t appear iii time argummiemit LIST after ammy iumform mmatio,m about explicit argumnemmts. It Is
followed by ATOMs or two -e lem m me mmt LISTs as if it were ‘OPTIONAL’. ATOMS 1mm the two-element LISTs
are boimm i d to IVAL of time second ehem imem it ium tIme LIST. Atouns not lii such LISTs are immitially
uuiass igmmed: t lmey are exp licitly giveuu “muo ” LVAL.

All b im idi uig specified 1mm aum arg ut ummeu m t LIST is done sequentially froun first to last, so initialization
expressions for ‘MIX” (or ‘OPTIONAL ’) camu refer to objects wh ich have Just been bound. For
examuup he. t imis works:

<DEF INE AUXEX (‘TUPLE’ T
‘AUX’ (A <LENG TH .T>) (8 <~ 2 .A>))

‘ ( .A .B))S
AUX EX
(AUXEX 1 2 ‘FOO’>S
‘(3 6 1]

9.2.2 9.8 Functions
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9.4. QUOTE r uinents

If aim ATO ll 1mm an ar g uum muemut LIST w h ich is to be boumid to a required or optional argument Is
surrounded by a call to QUOTE , Ilmat ATOM is boummd to time unevaluated argument. Example:

(DEFINE 02 (A ‘B) ( .A  .B)>S
02
(Q2 <+ 1 2> <+ 1 2>> $
(3 <+ 1 7))

It is mmo t ofteum a~)~)mopriate for a fimmmct ioum to take its argumm ieumts unevaluated, because suchi a practice
m a kes ii less m umoth mm l , uu and h arder to mm ua im it a i um : it amid time prograuums that caN it temid to imeed to kmmow
m ore about cadm other. aimd a chm aumg e im i its argumnemit structure would tend to require muore changes
iii t ime prog rammu s that call it. Amid . simmce few functions, imi practice, do ta ke unevaluated arguments,
users uetud to as si umume t h at imo fm ummc u io um s do (except FSUBRS of course), amid confusion inevitably
results.

9.5. “ARCS ”

TIme imud icator “ARCS ” camu appear im i at m argu mmuent LIST witim precisely time same syntax as ‘TUPLE’ .
Howev er. ‘ARGS ’ c amus ec time ATOM followimm g it to be bouumd to a LIST of the reummai nhmig utievaluated
argumm iemmts.

‘ARCS” does mint cause aum y copyim mg to take place. It siumipiy g ives you

<R EST ipp li catson:form (ix >

WilI m an appropriate fi~. Time TYPE change to LIST is a result of time REST. Since the LIST shares
all its elem mu emu t s w i thm time origimmal FORM , PUTs iuuto the LIST will change time calling program,
however damigcrnuts t huat muma y be.

Exaumu ples:

<DEFINE QIT (N “ARCS ’ 1) < .N .L>>$
O t T
<QIT 2 <+ 3 4) <LENGTH ,QALL) FOO>$
<LENGth •QALL)

<DEFINE FUNCT 1 (‘ARCS ’ A RGL-AND- BODY)
<C HIYP E .ARGL-AND-BODY FUNCTION>>S

FuN d 1
<lUNC H (A 8) <+ .A .6>> S
�EUNCTION ( ( A  B) <+ .A .B>) -

9.4 95 Functions
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Ttme last exa mmu p he is a perfectly vaiid cquivaleumt of time FSU8R FUNCTION .

9.6. “CA l L”

The imidicalor “CALL ” is aim ultimuma te ‘ARCS’ . If it appears In ami argumnent LIST , It must be
followed by atm ATOM amid lutist be time only th iimmg used to gath er argumm memmts. ‘CALL’ causes the ATOM
wimich follows it to becoumme boummmd to tIme actual FORM th at is belmmg evaluated -- th at is, you get the
fumuic tiomm call ” itself. Siumee “CALL’ bimids to time FORM itself, amid mmo t a copy, PUTs Into that FORM will

cimam ige tI m e cahh i um g code.

“CA LL’ ex ists as a Catchu.22 for argumu memmt uimam i ipuiatiomm. If you camu’t do it with ‘CALL’ . It can ’t be
done.

9.7. EVAL amud “BiND”

Obtaimm imig umues ’a huuated argu m ents , for examuple, via QUOTE amid ‘ARCS’ , very oftemi Implies Iluat you
w ish to evaluate tim emim at sommie poimmt . You caum do this by explicitly calling EVAL , which Is a SUBR.
Ex am mmp le :

<SET F ‘(+ 1 2>> S
<+ 1 2>
<EVAL .F>S
3

EVAL. camu take a ~ecommd arg tuu mm e mmt , of TYPE ENVIRONMENT (or oth ers, see section 20.8). An
ENVIRONMENT enu ms ists basicall y of a state of ATOM bimudimigs; it is time ‘world” unemitioned in chapter 5.
Now. sluice bim mdiu m g cl ua mmg es time ENVIRONMENT , if you wis h to use EVAL wit himm a FUNCTION , you
probably want to get Imold of time emi vi romm um iem it wh ich existed before th at FUNCTION’s biuiding took
place. Time imud icator “BIND” , wi mi ch u imiust , if it is used, be time first timin g in amm argument LIST .
provides t his immf n rm m mati omm . It bimmds time ATOM Imnumiediately following it to time ENVIRONMENT existing
“at ca ll tim ime ” -- tlua t is. jul51 before ammy bi mm dimm g is domme for its FUNCTION . Examuple:

<S E1 A 0>8
0
(DEF INE WRONG ( ‘ B ‘AUX’ (A 1)) (EVAL .B>>S
WRONG
<WRONG .A>$
1
<DEFINE RIGHT (‘BIND’ E ‘B ‘AUX’ (A 1)) (EVAL .B .E>>8
RIGHT

9.5 - 9.7 Functions
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<RIG h T .A)S
0

9.7.1. local Values ser c mm s FNV I RONM [ NTs

SET , LVAL , VAL UE , BOUND? , ASSIGNED ? , amid UNASSIGN all take a final optional argument wh ich
imas mint Pres io mmci y iiermm mim eumti omie d : aui ENVIRONMENT (or oth er TYPEs, see section 20.8). If this
arg m m m ime mmt is given, time SE I or IVAL is domme iii the ENVIRONMENT specified. LVAL cannot be
abbreviated by . (period) if it is giv emm aim ex plicit secomid arguummeumt.

This featm m re is j u m st w imat is m m eeded to cure time INC bug mmme mmt ioum ed in clmapter 5. A “correct” INC can
be def immed as follows:

<D [IIN I  INC (“BIND” OUTER ATM )
<SET .Afl1 <+ 1 < LVAL .ATM .OUTER>> .OUT ER>>

9.8. AC 1IVA 1ION , UNAME~
I

Z “ACT ” ,  AGAIN , amud RETURN (Ij

EVAL umati o um of a F UNCTIO N , after time arg ui mm uemit L IST Imas becum take mi care of. imorunally consists of
EVA Luuati m ui~ eaclm of time nb 1ects 1mm t im e body iuu ti me order g ivemm . am ud retur um imm g t ime value of time last
tim imug EVA I ed. II yo mm w amut to va ry t iuis sequemice , you muced to know , at least , w h ere time FUNCTION
begim ms . Ac tm mal l y. ( VA t mm o m uu m all y iuas mm ’t tI me foggiest idea of w h ere its curremit FUNCT ION began.
“W iuerc ’cI I sta r t ” immf o r mu ma ti o m m is buuumdled up wit h a TYPE called ACTIVATION . Iii miormiiar FUNCTION
EVAlimatinum. AC T IVA 1 IONs are mint geiierated: oume cami be generated. and bound to an ATOM . in either
of time two  fohlowint~ wa ys:

(I) l’m mt aim ATOM im umm m meul ia t e ly before time argummietit LIST . TIme ACTIVATION of the Function will
be boumu tl to that A1OM .

(2) A s time last uhu imu g iii ti me ar guu mmiemut LIST , insert eith er of time STRINGs ‘NAME’ or ‘AC T’ amid
fol low it w i u l m aim ATOM . ‘Flue ATOM will be bouumud to t Ime ACTIVATION of the Function.

1mm t h m i ’. do cmm mi mem mt “Fm mmm tt  iou ” (ca pitalized) wi ll desi gmiate aumy thm i umg th at camm generate ami ACTIVATION ;
besides TYPE I LINE I ION , ilm is class iumc lumdes time FSUBRs PROC . BIND , and REPEAT , yet to be
discimssed.

Each A CT IVA I loll refers ex pl icit ly to a partic uuiar evaluatio um of a Function. For exa m ple. if a
recursive I UN C TION geu me rates aim ACTIVATION , a umew ACTIVATION referring explicitly to each
recursiomu ste~

) is L~eIm c matC ( l nit ever y recti rs iomu.

Like TUP LI s~ AC 1 IVA IIONs are imcl d iii a comitro l stac k. Umilike TUPLEs . there is umo ~~~~~~~~ to get a copy

97 .  9.8 Functions 
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of aim ACTIVATION wh ich caum u sefully be returned as a value. (This is a consequence of time fact that
ACTIVATIONs refer to evahuuatiomm s wlmeum time evaluation is finish ed, the ACTIVATION no longer exists.)
ACTIVATIONs caum be tested, like TUPLEs, by LEGAL? for legality. They are used by the SUBR.S AGAIN
and RETURN .

AGAIN cam m take osme argumneumt: aim ACTIVATION . It uneamis ‘start doing this again”, where ‘this’ is
specified by time ACTIVATION . Specifically, AGAIN causes EVAL to return to where It started working
on flue ~~ of time Fut m ctiom u in time evaluation specified by the ACTIVATION . The evaluation is not
redomue comp letely: in pa rticular , umo re-biumdiumg (of arguments, ‘AUX’ variables, etc.) is done.

RETURN can take two argmiunents: aim arbitrary expression amid an ACTIVATION, in that order. It
causes time Functiomi evaimuatiom i wimose ACTIVAT ION it is given to terminate amid return EVAL of
RETURN’s first arglunmeumt. That is, RETURN mneaums “quit doing this and return that”, where “this’ is the
ACTIVATION -. its second argumimeumt -- and “th at” is the expression — Its first argument. Exampir.

<DEFINE MY.’ (‘TUPLE’ T ‘AUX’ (H 0) ‘NAME’ NM)
<COND (<EMPTY? .T> <RETURN .PI .N$>))
(SET N <+ .M <1 .T>>>
<SET T <REST .T)>
<AGAIN .NM>>$

<MY. 1 3 <LENGTH ‘FOO’>>S
7
<MY.>S
0

Note: suppose aim ACTIVATION of omuc Fumiction (call it 11) is passed to another Function (call it F2) —

for exam mmple, via atm application of F2 witim in Fl with Fl’s ACTIVATION as an argument. If F2
RETURNs to Fl’s ACTIVATION , F2 ~•i~~ Fl terminate imnunediately, amid Fl returns the RETURN’s first 

I 
-

argiumnen;. Tluis teclmumique is suitable for error exits. AGAIN can clearly pull a similar trick. In the
following examm ip ic. Fl coumu putes time summi of F2 applied to each of its arguments; F2 computes the
product of time ele mm ie mmts of its structured argument, but it aborts If it finds an element that is not a
number.

(DEFINE Fl ACT (‘TUPIE’ T ‘AUX’ (TI .T))
(COND (<NOT <EMPTY? .T1>>

<PUT .11 1 <F2 <1 .T1> .ACT>)
<SET Ti <REST .T1>>
<AGAIN .ACT>)

(ELSE (i ‘ .T>))>$
Fl

9.8 Functions
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<DEFINE F? (S A ‘AUX’ (Si .S))
<REPEAT MY-ACT ((PRO 1))

<COND (<NOT <EMPTY? .51))
(COMB ((NOT (TYPE? (1 .51> FIX FLOAT>>

<RETURN #FALSE (‘NON-NUMBER’) ~A))(ELSE <SET PRO (‘ .PRD (1 .31>)>))
(SET Si <REST Si)))

(ELSE <RETURN .PRD)))>>S
F?

(Fl ‘(1 2) ‘(3 4))S
14 -

<Fl ‘(T 2) (3 4))S
#FALSE (‘NON-NUMBER”)

9.9. Ar~ ummmemut List Summumnary

The following is a histimug of all the various tokens which can appear in the argument LIST of a
FUNCT ION , in time order iii wlmic im thmey camu occur. Sh ort descriptioums of their effects are Included.
All of t imet im are optioumal .- th at is. ammy of thuemmi (iii any position) can be left out or included -- but
time order iii wimicim they appear must be th at of this list. “QUOTEd ATOM”, “matching object’. and “2-
list ” are defimied below.

(fl ‘BIND’
mmiust be followed by aim ATOM . It binds that ATOM to the ENVIRONMENT which existed
wl meum the FUNCTION was applied.

(2) ATOMs and QUOTFd ATOMs (any mmumm mber)
are required argutnents. QUOTEd ATOMS are bound to the matching object. ATOMs are
boumud to EVAL of tIme ummatc luiimg object in the ENVIRONMENT existing when the FUNCTION
was applied.

(3) “OPTIONAL’ or ‘OPi’ (th ey’re equivaleumt)
is fol lowed by amm y umm u m umber of ATOMs. QUOTEd ATOMS, or 2-lists. These are optional
argum mmcimts. If a miuatc luiumg object exists, aim ATOM -. either standing alone or the first
elemuieumt of a 2.list .. is botmud to EVAL of time object, performed 1mm the ENVIRONMENT
exisliuig w lsem m t h e  FUNCTION was applied. A QUOTEd ATOM •. alone or in a 2-list — Is
boum mid to the unatchimmg object itself, If no such object exists, ATOMS amid QUOTEd A TOMs
are left uimmboummd. aumd tIme first elemiment of eachm 2.iist Is bound to EVAL of the
correspouthuig second e lemum eu mt. (Th is EVAL is done in the new ENVIRONMENT of the
Fumictiomm as it is beimig commstructed.)

9.8 . 9.9 FunctIons
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(4) “ARGS ” (amid ti nt “ T ( IP L E” )
u mm um s u be followed by aim ATOM . Time ATOM is boummd to a LIST of all time remnaining
arm.~ummm e m ims , unevakiateri . ( If t~mcre are imo m ore arguments, time LIST is emupty.) This
LIST is actual ly a REST of tI me FORM applyimmg time FUNCTION . If ‘ARGS’ appears in the
ari~m i m mit ’ im t LIST , “T UPLE’ sh ould not appear.

(4) ‘TUPLE ” (amid h u t  “ARGS ” )
u mm m ms t be fohlowe(I by aim ATOM . TIme ATOM is bound to a TUPLE (“VECTOR on time control
stac k ”) of all time remm iai iu in g arg ut m ume m uts , eva luated iii time environnment existing wheum the
IUNCTIOI4 was applied. (If urn argumiments remain, time TUPIE is em pty.) If ‘TUPLE’
appears iii t Ime a rg im ummeum i LIST , ‘ARGS ’ should Hot appear.

(5) ‘AUX” or “ FX T RA ” (the y ’re equivalent )
F ic fnlIo~veil liv ai my umuimiber of ATOMs or 2.lists. Th ese are auxiliary variables, bound

away fro umu time prev iou s em uviro mi u im eum t for the use of this Function. ATOMs are bound in
rime [UVIRONMENJ of t im e Fuuu ictiou m , but tluey are unassi gumed: time first elemneim: of each 2—
list is bnul m bound amid ass igumed to EVAL of time correspouudiuig second element. (This
EVAL is domme iii tim e miew INVIRONMENT of tIme Function as it is being constructed.)

(6) ‘NAME’ or “ACT ” (t h ey ’re equiva le im i)
uummis t be followed by aim ATOM , TIme ATOM is bound to the ACTIVATION of the current
eva hi ua tioui of t he Fummict ioum .

ALSO .. in place of sect iomis (2) (3) and (4), you caum have

(2-3-4) ‘ C A L L ”
which mmm d be followed by aim ATOM . Time ATOM is bound to time FORM which caused
appkcaiion of th is FUNCTION .

The special terms mused above mmm ea m i t imis:

“QUOTCd A TOM” -. a fwo-cleuuient FORM whiose first eleumme uit is time ATOM QUOTE , auid whose second
elemmiemm i is any ATOM . (Cami be typed .. amid will be PRINTed -. as ‘atom.)

“Matc imi umg ob ject ” .. t lua t elem mie mit of a FORM whuose posilioum iii the FORM matches the position of a
required or opt inmua l a rgm immm en t iii aim argumimemit LIST.

“2-list ” ~
. a lwo .elem uiemmt LISt wim ose first elenmeun is aim ATOM (or QUOTEd ATOM ; see below) and whose

secotud el e umm emm t ~uiu he a u m y thuiu m g but  a SEGMENT. EVAL of tIme secouud elem umeuut is assigmied to a mmew
bimmdimm g of time first c hcu umei mt (time ATOM ) as time “value by default ” iii ‘OPTIONAL’ or t ime “initial value”
In “AtJX ” . in t ime case of ‘OPi IONAL” , time first elemiicimt of a 2.hist cam m be a QUOTEd ATOM ; in this
case, an arg uu um ic ’ imt w iii~lm is su pp lied is h ot  EVALed, but if it is not supplied the second elemneuit of
t ime LIST is [VA Led a,md assigned to time ATOM .

9.9 FunctIons
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9.10. APPLY III

Occas inimahly there is a valid reasoum for time first eleunent of a FORM not to be atm ATOM . For examnple,
t ime object to be appiicd to argumuents may be ch osen at rumi timmie . or it may depend on the
argumui me mm is in som ume way. W h ile EVAL is perfectly h appy in timis case to EVALuate time first elemnent
amid go omi froumu there , the coumu piler (Lebliuug. 1979) caim generate mumore efficieuit code if it knows
sv helimer time resu lt of time eva hm ua i io iu will (I) always be of TYPE FIX , (2) always be an applicable non-
FIX object t h a t  evaluates all its argumimeu mts . or (3) neitimer, TIme easiest way to tell time compiler if (1) 

- 

-

or (2) is trite is to use time ATOM NTII (sect iou 7.1.2) or PUT (section 7.1.4) iii case (I) or APPLY iii case (2)
as the first riemmient of time FORM . (Note: case (I) cati com pile imito in- Iimme code, but case (2) com piles
iumto a fully mediated call imuto tIme iimterpreuer.) - -

(APPLY object erg- I ... arg-N)

evaluates object aumd all time arg-is aiid tiueum applies time former to all time latter. An error occurs if
object evaluates to somimethuing mmot app licable, or to aim FSUBR , or to a FUNCTION (or user Subroutine —
chapter 19) w illm ‘ARGS’ or “CALL’ or QUOTEd arguumieuits.

Example:

<APPLY (NT1I .ANALYZ[RS
<LENGTH (ME1iQ (TYPE .ARG) .ARGTYPES>>>

- .ARG)

calls a fuumction to amialyze .ARG . Whuichu fuumction is called depends on the TYPE of the argument;
this represeimts time idea of a dispatch table.

9.11. CLOSURE

<CLOSURE function a! ... aN>

where function is a FUNCTION , and a) th rou gh aN are any umumnber of ATOlls. returns aim object of
TYPE CLOSURE . This camm be applied like any other functioum, but, whenever it is applied, the ATOMs
givemm imi time call to CLOSURE are first bomumid to the VALUEs th ey had wimen time CLOSURE was
generameti. ti it’mm time function is applied as imorimmah. Timis is a ‘poor m a n ’s funarg”.

A CLOSURE is useful whemu a FUNCTION mm muist have state inform ation reuneunbered between calls to It,
especially in these two cases: wlmeum lime LVALs of external state ATOllS might be compromised by other
programmu s . or wimeim immure t iuau m omit’ distimmc t sequence of calls are active concurrently. Example of the
latter: eaeim object of a strm uctmir ed NEVTY PE mm ui ght have an associated CLOSURE th ma~ coughs u p one
element at a tiumme . remeimmberaumg beiweemu calls how far it got. Often only oume ATOM will be Included
iii time CLOSURE , w ith. a value in time CLOSURE th at is a structure containing all the relevant
iiiforummatir,ui.

9.10 - 9.11 Functions
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Chapter 10. LoopIng

10.1. PROG amid REPEAT [I]

PROG amid REPEAT are alunost idemitical FSUBRS wimicim unalce it possible to vary the order of EVAluation
arbitrarily -- that is, to h ave jumups”. Time syntax of PROG (‘program”) Is

<PROC act:atom auxdist body)

where

act is atm optional ATOM . whmichi is bound to the ACTIVATION of the PROC.

au~ is a LIST wh ich hooks exactly like th at part of a FUNCTIOI(s atgument LIST which follows
an ‘AUX’ , amid serves exactly time sammue purpose. It is not optional. If you need no temporary
var iables or , make it ( ).

body is a mion~zero mmummuber of arbitrary MDL expressions.

The syntax of REPEAT is identical, except that, of course, REPEAT Is the first element of the FORM,
not PROC .

10.1.1. Basic EVALuation (IJ

Upon euttering a PROG , aum ACTIVATION is always generated. If there is an ATOll in time right place.
time ACTIVATION is also boummd to tlmat ATOM . Time variables in the aux (if any) are then bound as
iumdicated imu time au.v. All of time expressions in body are then EVALuated in their order of occurrence. F
If umo lmim mg ummioward iuappemms, you leave tIme PROC upon evaluating the last expression In body.
returnimmg time value of that last expression.

PROC titus provides a way to package together a group of things you wish to do, in a somewhat more
limited way thiaum cami be doume with a FUNCTION. But PROGs are generally used for their other
properties.

10 - 10.1.1 
- Looping 

-- - - . _ - - -— —- _~~~~~~~ - - - - -- — — ---~~~~~ - 



90 The MDL Programm ing Language

RE PEAT acts in all ways exactly like a PROC whose last expression is (AGAIN>. The only way to leave
a REPEAT is to explicitly use RETURN (or GO with a TAG — section 10.4).

10.1.2. AGAIN amid RETURN iii PROC amid REPEAT [I]

W ithmium a PROC or REPEAT , you always h ave a defined ACTIVATION, whether you bind It to an ATOM
or not. [(mm fact time immterpretcr bimmds it to the ATOM LPROG\ ! -INTERRUPTS Clast PROG”), The FSUBR
BIND is idemutical to PROC except th at BIND does not biimd that ATOll, so that AGAIN and RETURN with
umo ACTIVATION arguumiemut will muot refer to it. This feature could be useful within MACROs.J

If AGAIN is mused wit h, ito arguimmients. it uses t ime ACTIVATION of time closest surrounding PROC or
REPEAT w itliimm ~!e ’urrcumt fmmumctiomi (aum error occurs if there is none) and re-starts the PROG or
REPEAT withm ouut rebitidimug time aux variables, just time way it works iii a FUNCTION. With an
argmumeuit. it can of course re-start ammy Fummctioim (PROC or REPEAT or FUNCTION) within which It Is
enmbedded at rtumm ti m e.

As witim AGAIN , if RETURN is given uuo ACTIVATION argument, It uses the ACTIVATION of the closest
surrouumidimig PROC or REPEAT w itln im time current function and causes that PROC or REPEAT to
terumuiumate auud ret iurum RETURN’s first arguumment. If RETURN is given ~~ arguments. it causes the
closest surrouimdimig PROC or REPEAT to return time ATOM 1. Also like AGAIN , it can, with an
ACTIVATION argummme mut , teruimiuate aumy Fumiction witluiti whicim it is embedded at run time.

10.1.3. Examimples [I] —

Exanuphes of time muse of PROG are difficult to find, since it is almost never necessary, amid It slows
down time inter preter (chapter 21). PROC can be useful as a point of return from the middle of a
coimm pumtat ioum. or imiside a COND (wimiclu see), but we won’t exemnplify these uses. Instead, what follows
is an example of a typically poor use of PROC which has been observed am ong Lisp (Moon, 1974)
prograimuimm ers uusim ig MDL. Timemu , time saumme tlm ium g is domme using REPEAT . In both cases, time example
FUNCT ION just adds tip all its argumumemmts and returns t ue sum . (TIme SUBR GO Is discussed In section
10.4.)

;‘LIsp style’
<DEFINE MY+ (‘TUPLE’ TUP)

<PROC (SUM )
<SET SUM 0>

IP <COND (<EMPTY ? .TUP> <RETURN .SU1O)>
(SET SUM (+ .SUM <1 .TUP>>>
(SET TUP <REST .1mW>>
<GO LP>)>

10.1.1 . 10.1.3 Looping 
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~“MDL styl e”
<DEFINE MY+ (‘TUPLE” TUP)

- 
- <REPEAT ((SUM 0))

(COND ((EMPTY? .TUP> <RETURN .SUM>)>
<SET SUM <+ .SUM <1 .TUP>> -

<SET TUP <REST .TUP>>>>

Of course. neither of the above is optimal MDL code for th is problem. since MY+ can be written
us iumg SECHENT evaluation as

<DEFINE MY+ (“TUPLE ” TUP) <+ !.TUP >>

There are, of course. lots of prcmblenms wh ich can’t be handled so simply, and lots of uses for REPEAT.

10.2. MAPF amid NAPR: Basics [11

IIAPF (“uu ap f ir ~t~) amm rl IIAPR (“muma p rest ”) are two SUBRs wiuicii take care of a m ajority of cases whm ich
require loops ov er data. Time basic idea is (lie following:

Suppose you h ave a LIST (or otimer structur e) of data, and you want to apply a particular function
to each elem umeui t. That is exactly w imat MAPF does: you give it time function and the structure, and it
applies time f t mu mcl inmm to each e lemmmemmt of time structure, starting w ith the first.

On time oth er hu a mud , ~ t ppose you wa nt to cImaum~e eac hm eleineiit of a structure according to a
part ictular ahg nrim hui mm. T imis eaui be cloume onhy wit h great pain using MAPF , siuuce you don’t have easy
access to mime ~.E.!ict !ur! imiside time fuu mctiomm : you h ave ouuly time structure’s elemeumts. MAPR solves the
probic uim by apply iumg a fumict iomi to RESTs of a structure: f irst to <REST structure 0> . then to
<REST s t ruc tur e  1> , etc. Th u s. tiue fi uuuct iotm cau m chmauige time structure by chamiging its argumnent,
for ex ammm p ie. by a <Phi l argument 1 something >. It camm evemm PUT a new elem ent farther down time
structure . w hmi cl m will be seem u by time fu mictiomm out subsequemit applications.

Now suppose. imm addition to app hyim ug a f immt ctio ui to a structure , you want to record the results -- the
vahiues ret imrumed by time fum mc ’ti omu .. ium atmo ther structure. Both MAPF and MAPR can do tiuls: they both
ta ke an additional f uumc t io m m as ami argum neumt . amid, wimemm the looping is over, apply time additional
fuumictio ui to all time res u mit s , and t hicm m returtu t ime result of that app licatioum. Thus, if the additional
functiomm is ,LISI , you get a 1.1ST of time previous results: if it is ,VECTOR , you get a VECTOR of
results: etc.

Fim ma hl y. it miuig hmt be tim e case tiua t you really wamit to ioop a fummction over more than one structure
s iunultamm e nuush y. For iumst a m mce . comms ider creat iuug a LIST whose eleunents are time eleunent.by.element
simmmm of time comit cuits of two mimer LISTs. Botim MA PF and MAPR allow timis: you can, In fact, give each
of ilmenu any miummimb er of structures full of argu umme nts for your loopimig function.

10.1.3 - 10.2 Looping
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Thmis was all umme uli o t med because MAPF amid MAPR appear to be com plex wheim seen baldly. due to the
fact that the ar g u uuiu e uu t descriptions mm uus t take into account the general case. Sim pler, degenerate
cases are usuua hl y tlue otues used.

10.2.1. MAPF [I]

<HAPF find/f loop1 si s2 ... sN>

wimere (after arguimmue nt es’aluuat iouu)

finalt is snum irt imium g app licable that evaluates all its arguments. or a FALSE ;

ioopt is s nm imc’ t hmi uug applicable to N argu ments that evaluates all its arguments; amid

si uluromug hi sN arc structured objects (aumy TYPE)

does time following:

(1) First, it app lies loopf to N arguituemits: time first elem ent of each of time structures. Tlmen it
RES1s eaci m of tim e slructuures, au ud does f lue app licatioum again, loopimmg until 

~~~~~ t ime structures
runs omit of ele mmue mut s. Each of ti me values returned by loop/ is recorded in a TUPLE .

(2) Time um. it app lies (snail to all flue recorded values siummuitaneous ly, atud returns the result of that
applkat iomm. if Isn.tI( is a FALSE , time recorded values are “timrown away” (actually never recordedut  time first place) amud t iuc MAPF returns otily time last value returned by (capt. If any of the si
structures is etui pty , so f imat loop t is never immvoked , finaif is applied to ~~ arguments; if finaif is a

- 
FALSE , f’lAPF ret turums #FALSE Q.

10.2.2. IIAPR [I]

<MAPR final! loopf s i s2 ... sN>

acts j iust like tIAPF, btif , inste ad of applying loopt to iiTI4s of the structures -- that is, <NIH si 1>,
<NTII si 2> , et c. .- it applies it to RESTs of tIme structures -. that is, <REST si 0> , <REST si 1>, etc.

10.2.3. Examnp les (I]

Make time eiemmieu mt .w ise sum mit of two LISTs:

<MAPF .1151 , + ‘ ( 1  2 3 4) ‘(10 11 12 13)>S
(11 13 15 17)

10.2 - 10.2.3 LoopIng
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Clmami g a L~v iCT OR to couu ta it m double its values:

<SET UV ‘ ‘ [ 5  6 7 8 9]>$
! [5 6 7 8 9 ! ]
<MAP R <>

#F UNCTI ON ( C L )  <PU T .1 1 <~ <1 .L> 2>>)
.UV>S

![18!]
.UVI’
![10 12 14 16 18’]

Create a STRING fromum CiIARACT CRs:

<MAPF ,STRING 1 ‘[“MODELING” “DEVELOPMENT” “LIBRARY”]>$

- I “MDL”

Summi time squ uares of time el c imue uuts of a UVECTOR:

(MAPF , + ØFUNCTION ((N) <* .N .N>) ‘ !(3 4)>$
25

A parallel assi gu immi cui t FUNCTION (Note t lmat time argumiiemits to MAPF are of different lengths.):

<DEF INE PSET (“ IUPLE” TUP)
<MAPF <>I

TUP
<REST .TUP <I <LENGTH .TUP> 2>>>)S

PSET
<PSEI A B C 1 2 3>S
3

AS
I
.8$
2
. CS
3

Note: it is easy to forget t iuat final! unuist evaluate its arguments, which precludes the use of an
FSUBR. It is primumaril y for t imis reasomu t h at time SUBR.s AND? amid OR? were Invented. As an example ,
the predicate =? comuld h ave been defined t lmis way:

10.2.3 Looping
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(DEFINE =? (A B)
<COND ((IIONAD ? .A> <== ? .A .B))

(<AND <NOT (PtONAD? .8)>
(s :? <TYPE .A> <TYPE .B)>
<:= ? <1ENGT~ .A> <LENGTH .8>)) 

-

<PIAPF ,AND? ,=? .A .B))>>

[By the way. the following shows how to construct a value that has the same TYPE as an argument.

(DEFINE MAP-NOT (S)
(COND (<MEIIQ <PRIIITYPE .S> ‘‘[LIST VECTOR UVECTOR STRING]>

(CHTYPE <MAPF ,<PRIMTYPE .5> ,NOT .5)
<TYPE .5))))>

It works because t he ATOMs that name the common STRUCTURED PRIHTYPEs (LIST, VECTOR.
UVECTOR and STRING) have as GVALS the corresponding SUBRZ to build objects of those TYPEs.3

10.3. More on MAPF and MAPR

10.3.1. MAPRE1

MAPRET is a SUBR that enables the Ioop( being used in a MAPR or MAPF (and lexically within it, that Is,
not separated front it by a function call) to return from zero to any number of values as opposed to
just one. For example, suppose a NAPE of the following form is used:

<MAPF .1151 <FUNCTION (E) ...> .. .>

Now suppose that the programmer wants to add no elements to the final LIST on some calls to the
FUNCTION and add many on other calls to Ike FUNCTION . To accomplish this, the FUNCTION simply
calls MAPRET with  the elements it wants added to the LIST. More generally. MAPRET causes its
argum ents to be added to the final T(JPLE of arguments to which t he finaif will be applied.

Warning: IIAPRET is guaranteed to work only if it is called from an explicit FUNCTION which is the
second argismuent to a IIAPF or MAPR . In other words, the second argument to MAPF or MAPR must be
#FUNCT ION ( . .. )  or <FUNCTION . . .>  ~f MAPRET is to be used.

Examp le: the following returns a LIST of all the ATOMs in an OBLIST (chapter 15):

(DEFINE ATOMS (OR )
<MAPF ,LI ST

<FUNCTION (BKT) <MAPRET ! .BKT>>

10.2.3 - 10.3.1 Looping
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10.3.2 . MAPS1OP

MAPSIOP is the silne as M~PR1 1 , exee pt that, after adding its arguments , if any. to the final TUPLE ,
it foices the .ipphc.it ioit of r n ,~’, to occu r, w hether or not the structured objects have run out of
elements. I ~ainpk: th e following copies the f irst ten (or all) elements of Its argument Into a LIST :

<OF ! tNt F I R S t - U N  (SIR UC “AUX” (I 10))
<MAPI ,L I S 1

(FUNCTIoN (1)
<COND (< 0? <SE T I <- .1 1>>> <IIAPSTOP .E))>
‘F>

STRIJC)>

10.3.3. M A P U A V I

MAPL E AVE is .iiialot~ous to RI 1UR N , v~ cept t hat it works in (Icxically w i t h i n )  MAPF or MAPR instead of
PROG or RF Ph A l . It f lu sh e s  t h e  aminiulated TUPLE of results and returns its argument (optional, T
by defaiili~ as the s a m e of t h e  HAPF or MAPR . (It finds the MAPF/R thai should return in the current
binding of the AlOti I MAP\ ! —INI [RR(J PT S (“last map”).) Exam ple: the following finds and returns
the first non-7ero element of itS argument , or •FAISE ( ) if there Is none:

<DEFINF F IRST-NO (STR UC )
<IIAPF 0

<FUNCTION (X )
<CONE) (<Nt:? .X 0> <MAPL EAVE .X>)>>

.ST RUC>>

10.3.4. Only two arguillients

If MAPF or MA PR is g ive n only two arguments . the itera t ion func t ion Ioopf is applied to no arguments
each time. aiuil t h e  looping continues indefinitely until a MAPLEAVE or MAPSIOP is iiivo~ed.
Example: the fo l lowing returns a LISt of the integers from one less than its argument to zero.

<D(IIN[ LNUM (N)
(MAP! ,I IST

<FUNC1 ION C )
<CONE) (<07 <SE T N <- .N 19> <MAPSTOP 0>)

([LS( .N)))))

One prin c i ple use of this foi m of M/sPF/R involves processing Input characters, lit cases where you
doii’t know how many c haracters are going to arrive , The example below demonstrates this, using
SUBRs w hich are innic fully exp laiiied In chapter Il. Another example can be found in chapter 13.

10.3.2 - 10.3.4 LoopIng
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Exatuiph.: the following FUNCTION reads characters front the current input channel until an $ (ESC)Is read, and tl ueui ret urns what was read as one STRING . (The SU8R READCHR reads one character fromthe input chaiiu,el and returns it. NEXTCHR returns (lie next CHARACTER which READCHR will return —chapter II.)

<DEFINE RDSTR ( )
<MAPF ,ST RING

(FUNCTION ( )  <CON E) (<NOT <~:7 <NEXTCH R> <ASCII 27>))
<READCHR>)

(1
<MAPSTOP>))>>)$

RDSIR

<PROG ( )  <READCHR) ;RFlush the ESC ending this Input .’
<RDSIR>>$

A li C 123’~+ 3 4>S”A 11C123<+ 3 4> N

10.3.5. STACI~FORM

The FSUL~R StACK ~Oi~ is arch aic, due to improvements in the implementation of MAPF/R. and itshould not be used in new programs.

<SIAC KFORM func tion arg pred >

is exactl y equivalent to

<HAPI fu,,c ho,,
<FUNCTION ( )  <COND (pred arg ) (1 <MA PSTOP > )>> )

Iii fact MA rE/k is more I owerful. because NAPRET. MAPSTOP, and MAPLEAVE provide flexibility notavailable wills SIAC kIORM .

10.4. CO and lA G

GO is 1~rov j~fr~ in MI)t. . for people who can ’t recover from a youthful experience with Basic. Fortran.P1/I. etc. ‘Flue SIIURs prev iou sly described in this chapter are much more tasteful for making good.clean, ‘st ruuctuuu ed programs. GO just bohlixes things.

GO is a SUBR w hich allows you to break the normal order of evaluation and re-start just before anytop-level express iotu in a PROC or REPEAT. It can take two TYPEs of arguments: ATOM or TAG .

10.3.4 . 10.4 Looping
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C iven ass A l  Ott . (.0 searches the !~oS~ of the immediately surrounding PROC or REPEAT within the
cui rreus t Eu sic t lout . si .us t uug a her  au~ , for a ss occurrence of th at ATOM at the top level of body. (Thu is
search is ci f e c t i v ~’l~ a M E M O . )  If it ilocsui ’t fl uid th e ATOM , au error occurs. If it does, evaluation Is
resum ed at t lie ~‘s 1ss r%siOIs following the ATOM .

The SOUR IA~ t e uuv ratc s and returns objects of TYPE TAG. This SUBR takes one argument: an ATOM
which wosu hul hv a lc~ .sI asgusus e nt for a GO. Ass object of TYPE TAG contains sufficient inform ation
to allow yost to (;O to ausy top .les’el position iii a PROC or REPEAT front within any function called
ins ide t h e  PROG or REPEAl . GO wit h a TAG is va guely like AGAIN wit h an ACT IVATION ; it allows you
o “go back ’ to mI m e middle of ausy PROG or REPEAT which called you. Also like ACTIVATIONs . TAGS
into a PROC or R11’{AT cast no longer be used after the PROG or REPEAT has returned. LEGAL? can be
used to see if a lAG is still valid.

10.5. l oop i mug verssu c Recursion

Siutce . iusv j fig rau ss it s M I)1_ cast be called recursively. champions of “pure Lisp” (Moous , 1974) or
so iness uchi susa r lie teuus pt etl to iunp leusieus t any rCI)etitive algorithm using recursion. The advantage
of the loopiuum.~ techsusi. 1sics descuihte ul iii this chapter over recLirsion is that t h e  overhead of calls is
elimiusated. Ilowev i’r. a long program (say, bigger tItan half a printed page) m a y  be misore difficult
to write iteratively iliats recursively and hence more difficult to maintain. A program whose
repetit ious us coustr olleil by a st ructured object (for example. “walking a tree” to visit each monad in
t he  obje ’t ) often sh ou ld use loopiuug for covering one “level ” of the structure and recursion to change
“levels”.

10.4 . 10.5 Looping
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Chapter 11. Input /Output

The MDL. interpreter eats transmit isiforunatiout between an object in MDL and an external device
in three ways . Historical ly. t h e  first way was to convert au object into a string of characters, or
v ice versa. T he tra ussforunatinn is nearly one-to-one (although some MDL objects. for example
TIJPLEs. ca simmot tic input iii this way ) and is similar in sty le to Fortran’s formatted I/O. It is what
READ amid PRINt do. and it is t h e  norm al method for terminal I/O.

T he second wa y is u sed for t h e  contents of MDL objects rather than the objects themselves. Here
ass j~~a e  of nss sssbeu s or ch aracters w ithin asi object is transmitted, similar in style to Fortran’s
unforstsatted I/O.

The third way is to dump au ob jec t in a clever format so that it can be reproduced exactly when
input t h e  next time. Exact reproduction m eans that any sharing between structures or seif-
reference is preserved: only tI me garbage collector itself can do I/O in this way.

11.1. Conversion I/O

All convers ion-I/O SIJRRs in MDL take an optional argument which directs their attention to a
specific I/O c haumuse h . This sect iosi will describe SUBRs without their optional arguments. In this
situation. thuey all refer to a particular channel by default , ismitiahly the terminal running the MDL.
When give ss an optional args musue nt , that argument follows any arguments indicated here. Some of
t hese SURRs also have additional optional arguments. relevant to conversion, discussion of which will
be deferred unti l later.

11.1.1. Input

All of ti me following input Subroutines . when directed at a terminal, hang until S (ESC) is typed and
allow normal use of rubout , AD , AL and A0 ,

11 - 11.1.1 Input/Output 

_ _ _ _ _ _ _ _ _ _ _
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11.1.1 1. RE AO

cREA D)

This rrusuu us t h e  entire MDI object whose character representation is next in the input strain.
Successive (RI ltU)s retumr s u successive objects. Thu s is precisely the SUBR READ mentioned in chapter
2. See also seclio sms 11.3. IrLl.i. and 17.1.3 for optional arguments.

11.1.1.2 . RIA PCHR

(READCIIR>

Cread c ha rac t eu ”) returns t he next CHARACTER in the input stream. Successive <READCHR)s return
successive CIIARAC IF Ks.

11.1.1.3 . N [XTC HR

(NEXT CHR)

(“next ch aracter ”) returns time CHARACTER w hich READCHR will return the next time READCHR is called.
Multiple < NEXT CUR >s. w liii no input operat ions between titem, all return the sante timing.

11.1.2. Output

If an object to be output requires (or cami tolerate) separators within it (for example. between the
elements in a struct ured object or after ti me TYPE utame iii “0 notat ion”), these conversion-output
SEJBRS wil l muse a carriage.rcturn /linc.fecd separator to prevent overflowing a line. Overflow is
detected in atlva ,mce from elements of t he CHANNEL in use (section 11.2.8).

111.2.1. PRINT

<PRINT any)

This outputs . in nuder.
(I) a carr ia ge-return line-feed.
(2) time ch aracter represeumtat iomm of EVAL of’ its argument (PRINT is a SUBR). and
(3) a space

and time u t retu rns EVAL of Its argument. This is precisely t ime SIJBR PRINT mentioned in chapter 2.

11.1.2.2. PRINt

(PRINt ens )

outputs ju st t h e  representation of, amid returns, EVAL. of any.

11.1.1.1 - 11.1.2.2 1 nput/Output—
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11.1.7.3. PR INC

<PRINC ..n >

rpriimt characters ”) acts exactly like PRINI , except tlmai
(I) if its ar g ummsm es mt Is a STRING or a CHARACTER , it suppresses the surrounding s or initial l\respectively: or.
(2) if its argusunes mi is an ATOll, it suppresses aumy \s or OBLIST trailers (chapter 15) which wouldotherwise be smecessary.

If PRINt ’s arg us mscs%t is a stru cture contai nimsg STRINGs, CHARACTERs, or ATOMs, the service mentionedwill be do,me for all of theums. Ditto for the A TOM used to musune the TYPE In “0 notation”.

11.1.2.4. TERPR I

(IERPRI>

(“terminate printing ”) outputs a carriage-return line-feed and theim returns OFALSE ( )!

11.12.5. CRLF

<CR LF )

(“carriage.returum limse-feed ”) out puts a carriage.return line-feed and (lien returns T.

11.1.2.6. FLATSIZ[

(FLATS I1F ~~~ rna vj j x  r ad is ’:f ix>

does not actually (.,1~ 5%e amiy output to occur and does not take a CHANNEL argument. Instead, Itcom pares o’~~v wi t h the nuuummb er of ch uaracters PRINt would take to print any. If ma~ is less than thenumber of ch aracters umeeded (iuuc hud iusg t h e  case w here any Is self.referencing), FLA TSIZE returnsOFALSE ( ) otherwise, it returums t h e  usumber of characters h eeded to PRIN1 any. radix (optional, tenby default) is used for converting any FIXes t hat occur.

Th is 508K is especially sisefual in conj unction w ith (section 112.8) those elements of a CHANNELwhich specif y tI me miunmber of characters per output line amid time current position on an output line.

11.1.2.3 . 11.1.2.6 Iap.stiOviput
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11.2. CHANIII I (the 1 Yl ’F~

I/O cisa umn el ’. are dv s m auumkat l y assignt’eI In MDL . amid are represesmied by aim object of TYPE CHANNEL ,
wh ilchm is of PRIP u 1YPI V ECTOR . TIme forummat of a CHANNEL will be explained hater . in section
li.2.& First . how to geumerate amid use thesis.

11.2.1. OPE N

<OPEN n,oie file-spec >

or

~OP1 N n~~le’ n~me1 name? device dir>

OPEN is a SHUR whst im crea tes and returns a CHANNEL. All Its arguments must be of TYPE STRiNG,
amid all ire n1)t iosiah. ‘I’lme preceding state mmm ent is false whe lm the device is ‘INT’ or “NET’ ; see
secti oums II (p .m m utl 1110. If ti me at tenm pted openimug of au m operating-system I/O chanumel fails. OPEN
ret us rum s ‘I itt ~~~ 

( ~~~~~~~~~~~~~~ t l e ’- cp ~’c :sfr , n ,~’ sfal us :fix ) 
* w imere t he reason and the status are

supplied by time oper~u tuusg sy s t em m m . amid time file-spe c is time standard maine of the file (after any namne
tra m ms Ior lu au m u ’ .  by t lie’ operat imug system ) th at MDI was tryiumg to open.

The ch oice of ~ ‘~~~ c ’ 1’. usually deterusmiume it by wisicim SUBRS wi ll be used on time CHANNEL , and wimether
or tint t ime ~e ’~ .~ c ’ us a teu mm mi sm al. Time following (able tells wimich SUBR.s can be used with wh ich modes,
where O~. imm dieatcs aum allowed ussr

“READ’ ‘PRINT” “ READS’ “PRINTS’ ummod e / SUBRs
“PRINTO’

Ok Ok READ READCHR NEXTC HR READSTRING FILECOPY FILE-LENGTH
LOAD

Ok Ok” PRINT PRIN1 PRINC IMAGE CR LF TERPRI FILECOPY
PRINISTRING BUFOUT NETS RENAME

OK. READLI CC-READ
OK. PRINTS CC-DUMP

Ok OK. OK ACCESS
OK. OK. OK OK. RESE T
OK. OK ECIIOPAIR
OK TTY ECIIO TYI
‘ PR INT ium g m r  PR INIimmg ) atm RSUBR (chapter 19) on a ‘PR INTS’ or ‘PRINTO’ CHANNEL has special
effects .

‘PRINtS” differs front ‘PRINTO’ in th at t Ime latter simode is used to update a ‘05k ’ file without
copyiumg it. ‘READS’ amud ‘PRINTB’ are not used with terminals. ‘READ’ is time imiode used by
default.

LU. 11.2.1 input/Output 
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The umext niuc to four arguiunemmt s to OPEN specify the file involved. If only one STRING is used, It
can contaiu m t ime euiti rC specification. accordiumg to staumdard operating-system syntax. Otherwise, the
str ing(s) are ismierpreted as follows:

name ! is time first file umanme. t h at part to the left of’ lime space (in time ITS version) or period (in the
Tenex amid Tnps-20 ve rs ioum s ). Time nam e used by default is <VALUE NM1> , if any, otherwise
‘INPUt’ .

nanme2 is time sc ’enumd file sm aim me . t im at part to tIme right of the space (ITS) or period (Tenex and Tops.
20). Tue uma msi e mused by defauult is <VALUE NPI2) , if ammy. otherwise >“ (ITS) or ‘MUD” and highest
ve rs ioum mui u umm ber (Temu ex) or generation number ~Tops-2O).

device is the device usaune. Time us am si e used by default is <VALUE 0EV> , if ammy, otherwise ‘OSK’ .
(Devices about which MDL h as  ito special kmmowied ge are assu med to beimave like ‘05K’ .)

dir is t u e  disk-directory umaumme. Time uaiume used by default is <VALUE 5kM> , if any. otherwise the
working-directory ” us aumu c as defined by (lie operatiumg system.

Exauumpies:

(OPEN ‘PRINT’ ‘TPL: ’) opens a convcrsioum-output CHANNEL to the TPL device.

<OPEN ‘PRINi” “DUIIIIY’ “NAMES’ ‘TPL’>does tlue saune.

<OPEN “PRINT’ “TP L’) opens a CHANNEL to tIme file DSK:TPL > (ITS version) or DSK:TPL.MUO
(Tenex and Tnps-’~0 v ersions).

<OPEN “READ’ ‘100” “>“ “DSK ’ ‘GUEST’> opens a comiversioum-input CHANNEL to the given file.

<OPEN “READ’ “GUFST ;FOO”) does t ime same iii t u e ITS versiosm.

11.2.2. OPEN-NR

OPEN-NR is tl.e sam ume as OPEN , exce pt that the date and time of last reference of the opened file are
not chmauu ged.

11.2.3. CHANIIEL (the SUBR)

CHANNE L is called e~actly like OPEN , but it always returns au m unopened CHANNEL , which can later be
opesmed by RE SI I (below) ju st as if it Imad once been open.

11.2.1 - 112.3 Input/Output
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11.2.4. IILI-IX IS1S’

F ILE-(X ISIS’ l tests for mIme ex isteumee of a file without creat lumg a CHANNEL , which occupies about a
im u umdr ed u im as ’lm iu s e words of storage. it takes file-name argunments Just like OPEN (but no mode
arg mm u u ue ms t ) aum d re t s mru ms either T or #IALS E (reason.string status.f’x), w here the reason amid the status
are susp h)hied by time operatiuig systeuui. TIme date and ti um me of last reference of the file are not
chmaumged.

11.2.5. CIOSL

cC LOS[ ‘ ,~n, ’el>

closes ~~~~~ - ‘~~‘~~“ aumd s e t m urmm s i ts ar gs u umme u ut , smi t h its “state ” ch anged to “closed”. If channel is for output.
all bumIfu.’rt d uim m uput is w u i t tesm omit first . No Imarni is douse if channel is already CLOSEd.

11.2.6. CHANI.IST

<CIIANL 151)

retur mus a ( 151 w Imose c lc suu e mmts are all time curreustiy opes m CHANNELS. Time first two elements are
usu al ly . INCIIAN .mumd .OUTCIIAN (see below). A CHANNEL mmot referenced by aumything except
<CHANLIS 1 > wil l  hr CLOSEd durisig garbage collection.

11.2.7. INCiIAN and OUTCHAN

TIme chaussir i timed imy defa u lt for iumpt ut SUBRS is time local value of the ATOM INCHAN . The channel
used by defa u m ht for output SItBRs us tiue local value of time ATOM OUTCHAN .

J
~‘ous cast direct 1,0 to a Ch ANNEL by SETtiumg INCHAN or OUTCHAN (remem bering their old values
sosmme w Ise re~. or liv l i v i m m g  t ue  SUKR you wish , to umse atm arguutmeutt of TYPE CHANNEL. (These actually
h ave time sa uuie effe ct , because READ biuids 1NCHAN to an explicit arguummem it . atid PR INT binds OUTCHAN
similar l .  l’Imuum tim e CHANN EL Liei umg imsed is available for READ macros (section 17.1) aumd PRINTTYPEs
(sectioum (; •l 4h. )

By t h e  w as ,  a good trick for playiumg w it h INCHAN amid OUTCHAN within a function is to use tIme ATOMs
INCIIAN aimd OLI1C t IA N as “A LtX ’ variables. re-b ismd iumg th eir local values to time CHANNEL you want.
W hmesi you le.m s’e, of ~oss uce . time ohil LVA Ls are restored (w lmicim is time w h ole point). Time ATOMS must be
declared SPECIAL (chapter 14) for this trick to compile correctly.

INCHAN m u d  OUTC IIAN also hias ’ e global va l m ues , im m itia h ly (lie CHANNELS directed at the terminal running
MDL. . lmmiu ia ily . INCHAN ”. aumil OUTC HAN s loc al amid g lobal values are the saute.

~l.2.4 . I 1.2.7 Input/Output



1 4  The MDL Program ming Language

11.2.8. Co muiemi t s of CI4AI4 NILm

The com it en ts of aim objec t of TYP E CHANNE L are referred to by the 1/0 SUBRs each time such a SUBR
is used. If ‘,nmm change t1m~ coumlemits of a CHANNEL. (for exauimpic. with PUT), the next use of that
CHANNE L will be chuauuged appropriately. Soune cheuiments of CHANNELs, however, should be pla yed with
seldosum. if ever, amid nis ly at your peril. These are m arked below with an s (asterisk ). Cavea t user.

Tim ers fol low ’, a table of time c numte mmt s of a CHANNEL , the TYPE of each element , and an Interpretation.
The for uu mat used is tim e foliowimmg:

e~.me,pt-ntan,ber : Is pe ‘tit er prelat.on

11.2.8.1. ()uutput CIIANNI Is

The c om mte um ts of a CHANNEL mused for output are as follows:

—I : L IST tsa misc rip m cha umume l(s) (see below)
e 0: m’ aries tlev ice—depeumsient ill foriimat ioui
• I: FIX ch ma siu me l im’mim mber (ITS1 or JFN (Tenex and Tops.20). 0 for internal or closed
• 2~ STRING mmmoth ’
• 3: SIR I NC f irst file uia use arg imsmme stt
• 4: SIRING sccoumd fi le suasmu e a rg mm s mm e um t
• 5: STRING device uiammn ar guuiuemmt
• 6: SiRING directory imaimse argumimeuit
• 7: SIRiNG real first file uma s u ie
• 8: SIRING real secoumd file uma uus e
• ~ STRING real des’ ice miasmic
‘10: STRING real director y umaum me
c li: FIX various stat u s bims
.12: FIX PDP-1O immstnmc%ioil used to do one I/O operation

13: FIX um u m umi be r of ch aracters per liute of output
14: FIX clu rueuit ch aracter nositiout out a line
15: F IX smi umiu ber of himies per page
16: F IX cumrret it h u e  mmuuumber omi a page
17: FIX access poismter for file-oriented devices
l& F I X  radix for FIX conversion
i9~ FIX sink for ass iu ute rmm al CHANNEL

N.B.: Time ek isseu mt ’. of a CHANNEL below umuimnbcr I are usuall y invisible but are obtaimmabie via <NIH
< TOP channvq ) ,,m). for mousse appropriate fsw.

Time trauu script .chma smm icls shot has tluis inea mmiuig: if tlmis slot contains a LIST of CHANNELS, then
anyih is mu~ tui piut or ouutput oum tIme orig inal CIIANN”L is output ott th ese CHANNELS. Caution: do not use
a CHANNF I as i t s  ow us trami script cimasmmu el you probably won’t live to tell about ii.

11.2.8 . 11.2.8.1 Input/Output
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11.2.8.2. ii,pmml CHANNELS

Time cou tt es uts of t hse ehe smmeumts up to number 12 of a CHANNEL used for input are the same as that for
ouut psm t . The reuim a i mmis m g e leu mmeus t s are as follows ((same) indicates that the use is the same as that for
output):

13: varies ohm j rct es ’alm uated wimeui eumd of file is reacl m ed

~I4: FIX ot me “Inok-almead” character, used by READ
i15: FIX PDI’-lO insl rsmct iolm executed waiting for input
16: LIST qu eue of buffers for input from a termninal
17: F IX access poiuiter for file-oriented devices (same)
18: FIX radix for FIX commver sion (sante)
19: STRING biuffer for imiput or source for internal CHANNEL

11.3. End-of-File “Rous tis se ”

As uumeu mli ou icd above. aum ex plicit CHANNEL is t he first optional argum ent of’ all SUBRS used for
convers inmi I/O. Time seco uud opuinmual argummueni for conversion-imiput SUBRs is an “end-of-file
routine” -. timat is. snunetliiimg for tim e iumpu t SUBR to EVAL and returum, if it reaches the end of the file
it is reading. A typ ical end-of-f ile argimument is a QUOTEd FORM which applies a function of yours.
Time value of t h is argument used by default is a call to ERROR . Note: time CHANNEL has been CLOSEd
by time tim m ie th is argusisment is evaluated.

Exam ple: the fnhlowism g FUNCTION counts time occurrences of a chmaracter in a file, according to its
arguuneists. Time file s ma i tmes. device. auud directory are optional. with the usual names used by default.

(DEFINE COUNT-CHAR
(CHAR NTUPLEH FILE ~AUX (CNT 0) (ChIN <OPEN ~READR ‘ .FILE>))

<COND (.CHN ;~ If CHN is FALSE , bad OPEN: return the FALSE
so resu l t  can be tested by another FUNCTION.N

<REPEAT ()
<AND <::? .CHAR (READCHR .CHN ‘<RETURN>>>

<S ET CNT (+ I .CNT>))>
;~ Unt il EOF, keep reading and testing a character at a tlme .

.CNT ; lhen return the count. )>)

11.2.8.2 - 11.3 Input/Output
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11.4. Imnag.r~l i/O

11.4.1. Input

11.4.1.1. READB

<R EADI1 b~i(fer.vs ’ector-or-s (or.~p,e channel eof:any)

The ch~’~’mcf mu ss us t Ise open in REAO~~ mode. READB will read as many 36-bit binary words ~s
necessary to fill t ime buffer (whose h YPE must be of PRIPITYPE WORD), unless it hits time end of file.
READR retsur ns time suisumi,c’ r of words actually read, as a FIXed-point nusnber. Th is will normnalty be
time lengt hs of t ime bj s f f r r . uimiless time end of file was read, in which case it will be less, and only the
begism umisug of buffe r wi l l hmas’e beesu filled (SUBSTRUC mtmay lmelp). An attempt to READS again, after
buffer is imot f illed, will evaluate time cu d-of-file routine eof, which is optional, a call to ERROR by
default .

11.4.1.2. READSIRING

<RE AD~ TR INC buffer:slring channel stop.lix-or-string coo

is this STRING analog to READS , where buffer and eo( are as in READS , and channel is any input
ChANN EL (.INCIIAN by defasilt). slop tells when to stop inputting: if a FIX, read this many
CHARACTERs (fill tip buffer by default): if a STRING , stop readimmg if any CHARACTER in this STRING Is
read (doui’t include hluis CHARACT ER in final STRING).

11.4.2. Ommt pumt

11.4.2.1. PRINTS

<PR 1 N TB hu(fer uvector-or.storage channel)

Th is call wr ites time cumtire contetmts of time buffer into time specified channel open in NPRINTBN or
~PRINTO mode. It retss rsis buffer.

11.4.2.2. PRINTSTRT NG

<PRINTSTR INC buffcr :string channel count :fix )

is ana logous to READSIRING . It outputs buffer on channel, either the whole thing or the first count
characters. au~d returns lime nsmummbe r of cluaracters output.

11.4. 11.4.2.2 Input/Output
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11.4.2.3. IMAGE

<IMAGE “~ channel )

is a rallier special -pu rpose SUBR. W hse ut any cosmversiosi.output routine outputs an ASCII control
chmaractc r (wi t h cp(c ial excc I) liomms like carriage.returns, line-feeds, etc.), It actually outputs two
ch aracters: A (c ircumimmf iex) . followed by time supper-case character wimich Imas beets cosmtrol-simifted.
IMAGE , out t he other hand. always oumtputs the real liming; that ASCII character whose ASCII 7-bit
code is f~ . It is gisarau mmeed usot to give any gratuitous liume-feeds or such. channel is optional,
.OUTC11AN by default , and its slots for clsrrent ch aracter position (number 14) and current line
utimuisber (1(i) are umot tu pdated. IMAGE returns fix.

11.5. Duismtped l/O

11.5.1. Ot itpm su: CC-DUMP

<CC—DUMP ,~ny  pr ir ~tb:ch ,rn, tel-or-false)

dus umt ps ~~ nit pr int b iii a c lever fo rummat so t imat CC-REA D (below) can reproduce any exactly, lstcludiutg
simarimmg. ,m~ caum stnm l ive oms the s omitro l stack , uior can it be of PRIMTYPE PROCESS or LOCD or ASOC
(wh ich see). ~~ is retu srmued as a va lu e.

If pr int ! is a Ch ANNEL , it us iiss t be Opel) iut MNINT B” or NPR INTON mode. If prinib is a FALSE,
CC-DUMP im msiea d ietuurns a UV ECTOR (of UTYPE PRIMTYPE WOR D) tiuat couita isms what it would have
ouit puut oui a CHANIILI. Tlmis UVECTOR cait be PRINTBed anywh ere you desire, but, if it is chmanged j~.aimy ~~~ CC-READ will not be able to Imuput it. Probably time only reasomm to get It is to check its
lemtgt lu before om ut ptst.

Except for lime m m mi l miat sm r e garbage collection required. GC-DUMP is about twice as fast as PRINT , but
time anmousnt of cxtcrsmal storage used is two or three times as much.

11.5.2. hstptm t: CC—READ

<GC- R[A9 readb:chennel eof:any >

returns om ue object frosts time channel, w hich unust be opeum iii NREADBN m ode. The file m ust have been
produced by CC-DUMP. eof is optiomsa l. CC-READ is about test timnes faster thasi READ .

11.4.2.3 - 11.5.2 Input/Output
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11.6. SAV( Fi ic~

Time emi t ire s t a u c mu MUI eam u lie saved away iii a file for hater restoration: t h is is domme wit h time SUSR.s
SAVE aumd RLS tORI [Isis is a ser y diIfereumt lorstu of I/O frotmi any mmmentioned up to usow; the file
used cn imta ium s aim .mmtiial iims as~e of youmr MDL address space au md is umot , u t  general. “legible” to other
MDL rout imses . RI 510111 issg a SAV E file is mtnschu faster thasu re-READing the objects it comutalmis.

Sluice a SAVE liii ’ uloi’~ umol o m mta ium a ll ex tammt MDI objects , only time imutpure and PURIFYed (section
22.9.2) oumec . a chmaiu t~e to t ime iuttcrprcu cr has tiuc result of mm mak it sg all previous SAVE files unusable.
To pres e m u t error’ f s n m m m aui~iutg (rolls ti mis . t ime interpreter has a release num ber, which Is iumcreittented
wi mesmcs i’r m’ hmasum ~u’s ate iuss ia l kd, The ct m rre m mt release stum ummber is priutted out out initially start ing up
t ime programsi m m md is as ,uuiabl e as t h e  GVAL of th e ATOM MUDDLE . Th is release imumber is writtemt out
as t h e  se t  y f irst Imart of cads SAV I file. If RESTORE att csm mpts to re-load a SAVE file whose release
umutms hcr is mint time sam mm e as time imsterpretcr beiumg used, ass error is produced. If desired, time release
isiuumiber of a .SAV I file eats he (mbiaiued by doing a READ of that (lie. Only that initial READ will
work: the rest of time file is umot ASCIi .

116.1. SAVE f
<SAVE file - ~pec:rtring gc ’:false-or -any >

or

<SAVE n,un,e! narne2 device dir gc ’false-or-sny >

saves time eu ul i te s ta te of your MDI. away j ut time file specified by Its arguimments, and t imemi returns
NSAVE DM . A ll SiRING ar~ tsunemu1s ate optional, wh it MUDDLEM , “SAVEs , “DSK” , and <VALUE SP4M)
u sed by del aum lt .~~~‘e ” is optional amid , if supplied aumd of TYPE FALSE , causes urn garbage coflectlon to
occumr bef ore SAVI i nm ~. (I-SAVE is as s alias for SAVE thua t may be seen in old programs.)

If, after restoring. R[S1OR[ Fluids that <VALUE SNM) is the niull STRING (~~
), it will ask time operating

systeu sm for lime miasm ic of t ime “workin g directory ” amid call SNAME with the result. Th is smtechanism is
hastdy for “puuhmhic ” SAVE files, whidm should Itoh poiimt time miser at a particular disk directory.

lit time hT~S s’~i-~ nu~ ti me f i le is actually written wi th t ue mm asm te _MU DS,_ ) and resmatned to the
ar gsmu mmes ut (s) oum ly w iteut coummp iete. to pres ’cmmt losing a previous SAVE file If a crash occurs. In the
Tenex and Tops-?O v cr sio umm , v ersioui lgesmeration mmumt mbers provide time saune safety.

Example:

11.6. 11.6.1 Input/Output
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<DEFINE SAVE-IT ( “OPTIONA LTM
(FILE ‘(“PUBLIC” “SAVE” “DSK” “GUEST”))
“AUX” (SNII NM))

<SETUP >
<COND ((:? “SAVED” <SAVE !.FILE>> ;“See below.”

<CLEANUP>
“Saved .”)

(T
<CRLF>
<PRINC “Amazing program at your service.”>
<CRLF>
<S TART-RUNNING >)))

11.6.2. RESTORE

<RESTORE file-spec>

or

(RES TORE name ! nanie2 device dir >

replaces tIme etth ire curreumt state of your MDL with t imat SAVEd in the file specified. All arguments
are optional, w ith time sam ume valuies used by default as by SAVE .

RESTORE co mmm ple’tely rep laces the coumte itts of time MDL, including the state of execution existing
w hsem m time SAVE was done aumd t h e  stat e of all open I/O CHANNELS. If a file which was open when the
SAVE wa.s doume does umot ex ist wl m e m m the RESTORE is doime, a message to that effect will appear on the
ternm inal.

A RESTORE never ret uurums (isnlc~ it gets aim error): it causes a SAVE done so tte time ago to return
aga in (thu s time with time vaimse “RESTORED”), evemi if the SAVE was done in time midst of running a
prograsum. lit t ime latter case, tIme program will continue its execution upon RESTOREation.

11.7. Other I/O Fisutctio ns

11.7.1. LOAD

<LOAD inpul:channel look-up > -

event ual ly returns “DONE” . First , however, it READs asmd EVALS every MDL object in the file pointed

11.6.1 - 11.7.1 Input /Output
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to by input , amid ti me mm CLOSEs input. Any occurresuces of rubout, Ae, A0~ A1~ etc., in the file are
given mm special uime amuim mg: tlmey are sisiuply ATOM constituents.

look-up is optiommai, mused to specif y a LIST of OBLISTs for the READ . .081181 ii used by default
(chapter IS). -

1I.7 2. FLOAD

(FLOAD file-spec look-up>

or

<FLOAD na,ne 1 narne2 device dir look-up >

(“file load”) acts j ust like LOAD , except timat it takes arguments (with values used by default) like
OPEN, OPENs t h e  CHANNEL itself for reading. and CLOSEs time CHANNEL when done. look-up is optional.
as j ut LOAD . If lime OPEN fails. aim error occurs, giving the reason for failure.

11.7.3. SNAI-W

<SNAM E st rsr ’~ > (“system nanme”, a hangover fromn ITS) is Identical in effect with <SETG SNM stri~mg> .
that is. it causes ~~~~ to becoisse t ime dir argumnesmt used by default by all SUBRs which want file
spec ifk atiomss (it s time absemm ce of a local value for SNM). SNAME returns its argumeimt.

(SNAPIE> is ideimh ical in effect with , <GVA L SNM>, th at is, it returns the current dir used by default.

11.7.4. ACC ESS

(ACC ESS chan,uel fi x ’)

returns cl,an,uel, after mmm aki mmg the nest character or binary word (depending ott the tmmode of channel,
w hich sluosuld not be “PRINT” ) wimi cl u wil l be input from or output to channel the (fix.flst one from
time beginumimmg of liii ’ file. thanne! um ms mst be opeum to a randomly accessible device (“DSK” , “USR ,
etc.). A fi .~ of 0 posit inmus ch annel at time beginning of the file.

11.7.5. FILE-LENGTH

<FILE-LENGTH input :channel >

returns a FIX , tIm e length of time file opett on input. This limformation is supplied by the operating

11.7.1 . 11.7.5 Input/Output
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system mi. aum ui it umma y umot be available, for examsmp le , withm time “NET” device (section 11.10). If input’s
m ode is “RIAD” • time lem tgt hm is ium c luaracters (roustded up to a multiple of five); if “READB” , in
binary words. If ACCESS is applied to input and Huh Iengtls or mmmore. then time next input operation
w ill detect the emmd of file.

11.7.6. FIt FLCOPV

<F IL F COPY input:channel output:channel>

C01)ie% cl mtu - .mcters frouu m input to output until t h e  esmd of file ott input (thmus closismg input) amid returns
time siusumbes of c huam acters copied. Bot lm arg uimmes uts are optio umal , w itim .INCHAN amid .OUTCHAN used by
default. respectivel y. Time operation is essem mtia lly a READSTRING - PRINTSTRING loop. Neither
Ch ANNEL uuced he fres imly OPENed . aimd output sueed umot be imummiediately CLOSEd. Restriction: iimtermially
a < FILE— U NGTII input> is domme. w imicim mmmus t succeed: thus FILECOPY mniglmt lose if input Is a “NET”
CHANNEL.

11.7.7. RESET

(RESET channel>

ret lurim’. tha i ”r l . af ier “t eset t imtg ” it . Resetti smg a ChIANNEL is like OPENing it af res lm, wit h osmly the file-
stamu ic s lots preserved. For aim itu ()ut CHANNEL , h imis meaims emptying all input buffers and, if It Is a
ChIANN[L to a fil(’. uloiti g atm ACCESS to 0 on it. For aim oultpmst CHANNEL , this mimeans returning to the
begismimi uig of time file .. w im ic hs ismm plies , if t Ime imiode is itoh “PRINTO” . destroying aumy output doime to
it so far. If the ope im immg fai ls (for examiip ie, if tIm e immode shot of channel says input, and if time file
specified i um its real .isauime slots does umot exist). RESET (like OPEN) returmts #FALSE (reason:string file—
spec:slri’;~ stalu~:fix) .

11,7.8. BUFOIJT

<RUFOLIT outpu t:dmannel >

causes all iimte rmma i M [)L buffers for output to be writte n omit amid returiss its argunment. Timhs is
hmelpful if time npe rat imug syst e imm or MDL is flak y amid you wautt to attemmmp t to mmiinimize your losses.
Time oumt puul isma y be padde l wit im imp to four extra spaces, if output ’s m ode Is “PRINT” -

11.7.9. RENAME

RENAME is for re mu at t iim tg and deietitm g files. It takes three kinds of arguments:
(a) t wo file muammi c s . ium c itimer ciutgle. or mtmulti -ST RING format, separated by time ATOM TO ,
(b) osme I lie isa mute lit eiti mc’ r forstma t , or

11.7.5 - 11.7.9 Immput/Output
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(c) ~* CHANNE L. amid a fik’ name iii either formimat (ommiy in the ITS version).

Oummitted ~le - m m a um su pa rt’ . muse ut’ sa smm c values by default as does OPEN. If the operation Is successful,
RENAMI m e m s ur i m s I • om hse rwist ’ w FA IS( (reason:stri n~ st atus:f ix) ,

In case t a s the file specified by tim e f irst argusmimem mi is remtamtm ed to the secommd argumnent. For example:

(hTIt ~AtlF “I(~
) 3” TO “dAR”) ;“Renanme FOO 3 to BAR >. “

In case tb~ tim e sium t lc file umammm e specuf ies a file to be deleted. For exanmplr

<RENAPII “FOO FOO DSK :HARRY; ”> ;“Delete f i le FOO FOO from
HARRY ’ s throctory.”

Itt case ~c) time CIIA IJUF I umu ms st be opesm it s citimer “PRINT” or PRINTB” mode. aumd a re’mm~mne while open
for wr i uimig is auueumm pted . The real-name slots jut the CHANNEL are updated to reflect any successful
chasmge.

11.8. Ternmimm .sI Cttl\I IWLs

MDL h)ci mavec l i i  e time irs vers ious of time text editor Teco withs respect to typ immg imm carriage-returut .
j ut t hm am ~uis mnm sm ~uui’ .~m li y add’. a lit me-fee d. 1mm order to type itt a lotte carriage-returum , a carriage-return
follow.’.: by a ,ms hom mu m m sm m s t be typed. Also PRINT , PRINT ammd PRINC do mmot autois mat ically add a litte—
feed w lme um a ca ms  iagc - retum rss is output . This enables oversirikimig omi a tertuimial that lacks
bac kspau - i um m ~ capahilii y. Is also umm ea um s tisat mvisat goes out a ter immimma l amid what goes iii a file are
ummore likely u” look mIme sas m me .

lit tIme ITS v c u c i nmm. M 1)1 ”. I” i u mm au y ic rummimia l om mt put chu a mm ime l (usually • OUTCHAN) is imormmma lly imot in
“display ” mm motle , e~ ce1mu when PRiNCimig a SIRING . Titus errors will rarely occur wimen a user is
ty pim. .., u s  h\ t o us ta imsismg dic play-m mm ou e cotttro l codes.

Itt time h1~S vercioum . M 1)1. rams start sup w iu lmo mi t a tc r m mm itma l, give control of time ter mmmi mma l away to aim
inferior tu p t t .u t i u m s ~.s)’s t cuss psocess or get ii back wh ile rutm mm itm g . Doing a RESET ott either of the
teruninal tIt .m us mmel s ‘. ,muccs MDL to find out if it now hmas time terminal; if It does, the tersu imial is
reopenul amid time cu s i l c ist  st reets size aumd device parameters are impdated. If it doesmu’t have the
ternu iumal . aim i t s meru m.i i flag us set . ca muc i mig o m mt pmmt to time t e rm mm iuma l to be igimored amid atteummpt ed ismput
t rou t ul me iei u ,, mmm ai m o m ss a le t i me ope ra ..sm g.syste in process go to sleep.

h u m time . , S st . ‘mm . tin - am~ ‘.oum~’ p~ ~mliaritie s associated w ith p3eudo4ermlna%s (“STY” amid “STn”
devices). ii t ime (‘IIANNI I g ive sm to RI I.DCIIR is opess iss “READ” simode to a pseudo.termnismal, arid if no
ism pumt ~s as.. ~.mtult ’. Rh .~ImChlR • .:usrums - , TY PI m IX. If time CHANNEL givesu to READSTR ING is opemi in
“READ” ssi i dt’ uo a h)Sem •tIO- i m ~uiuuaI, u.Jing ~~~~~~~ stops if amid wiseum no more characters are available,
tim at is, wh seum RIN1C h R  womm k retusrk —1

- 11.8 Immput/Output



- 
~~~~~~~~~~~~~~~~~~ w -

Time MDI. rrogramm imuuitmg Laum guage 11,

LI.8.i. ECIIOPAIR

(E CH OP A 1 R lcrn,i,,al-in:channel terminal-out:channel > -

returtss it s first at g u~u msem mt . afte r umma kiui g time two CHANNELS “kmmow about each other” so that rubout,

~fl ;tm ,t~ ~
( nub I - -  ru, n 4 l - l n  will cause time appropriate output on terminal—out.

11.8,2. TTY [ChI O

<T 1 Y CH O tcr~i.na/-input:c/wnnoI prod>

turtms t Im e ect mt ’s mug of uv ped characters omm channel off or on, accorditmg to whether or not prod is of
TYPE 1-AI SI, and retu rns d~mnel. It is useful imm conjunction with TYI (below) for a program that
was m us to do elmaracte r imm p mst and echmoitig its its own fashion.

11.8.3. TY I

(TYl tcrnnnal- ,npu(:channei>

returns one C IIARAC1I R frotm u cha~!ne/ (optional. - INCHAN by default) wime im it is typed. rat lmer than -

after S (ESC.i is typed . as is time case wit h READCHR . Time following example echos input characters
as their ASCI I salun’s, ii mm iii a carriage.returit is typed~

~REPEAT (( FOO <TTYEC HO .INCHAN <>>))
(AND <== ?  13 <PRINC <ASCII <TY I .INCHAN>)>>

<RETURN <TTY ECHO .INCHAN T>>>>

11.9. lutc rtm al CuiAN~j ij~ ~
- -

If time dc ”.-;cc specified iii alt OPEN is “INT” , a CHANNEL is created wluich does not refer to any I/O
device ost is ide MIlL. In th is case. time mmmode mummist be “READ” or “PRINT” , and there is another
ar gum mmte nt . wluicl u t m itt c t he a fuflction.

For a “REAL)” CiIAIlNLL , t ime futm ciiosm smmust take ito argummmetmts. Whmeimever a CHARACTER is desired
frotmm this CHANNEL , time fum uc i iomm will be applied to ito argu mm mem %ts ammd mnust return a CHARACTER.
Thuis will occ mur oumce per call to RFADCIIR using this CHANNEL , ami d several times per call to READ . In
ti me ITS verciout. lime f m mu uct io mm camm signal hlm at its “end.of.f ile” isas been reached by returnimig <CUTYPE
*777777000003 * CIIARAC1 FR) (-I ims left imaif. commtrol-C 1st right). w h ich is the standard ITS end-of-
file sigmmal. Iii time ‘t’cimex amid Tops-20 versiomms, time fuumctiomt sh ould return either that or <CHTYPE
*777777000032 * CIIA RA CW R) (- I amid cosmtrol-Z). time latter beiumg tiseir standard end-of-file signal.

11.8.1 - 11.9 Input/Output
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For a “PR IN I” ( IIANNI I • t he f u mum e t ioms mmt msst tak e omit’ arguuutemut . wimicim will be a CHARACTER. It can
dispose of its argusmmem ul iii aumy way it Pleases. The value returned by the fuiuctious is Ignored.

Exaiump le: .‘Ol’i U “ I’RINT” “ T NT : ’ ,FCN> opens ass internal output CHANNEL. with •FCN as Its
character.gohihler .

11.10 . TIme “Ni I” l)r~ mi’e: tim e ARI ’A Network

Time “NI I mti ’i ice s ’. it i lfe memut its msua m s y ways fromus co.svesmt iouai devices. l i i t he ITS verslosu. it is
time aim ly des- m it ’ hiesnies “ IN 1 ‘ that mines slot take all strings as its argusitesmts to OPEN , aumd ii mutuaL
ta ke au m atitl m u mou m~ml opsio mma l argum umem m u to specify time byte size of time socket, Time format of a call to
open a mmct wn u I. sod ml is

‘OPi N ,,~~,e ’:.; t ~ ,rh ’ loi~~I-soc lti’t :f, ’. fcwem 8n-sock. t.’l. x ‘NET” fcr .gn-host.lix byt.—siz..’fáx>

wImere:

mode is lime mumode of time desired CIIANNIL. Tluis mtmust be either “READ” . “PRINT” , “READB” or
“PRLN1B” .

b c . ’!- ‘;th At ”t is time local socket mmu su mm bcr. If it is —1 , tIme opcratimtg system will gemmerate a uimique
local sot- let s u msmmm he r. If it is umot . itt time Temtex aumd Tops.20 versioums, time socket umuuimber is
“forl~-reIat ime ”.

• o~ ~~ is t ime fo rem R mm som’$,ct mmu s s m s ber. II it is —1 • t h is is sum OPEN for iistesmimsg ”.

ti~’ ~‘ - ‘  ~~~~~ is mime fiirei,~mi h ost muu sm umber. If it is aim OPEN for hisletmuttg. this arguunetst is iguuored.

hi ~ - - .~e’ is m ist ’ nptinmm ai byte su e. For “READ” or “PRINT” th is ummust be either 7 (used by
default) or 1~. For “RI AI1I ” nm “PRIN1B” , it cam u be any immueger front ito  36 (used by default~.

tim lime Tcuiex .mmm d ‘lops.)0 s ersinuss , OPEN cams instead be given a STRING arguusmeumt of time formn
“NI I : . . - “ . .m this i i’.- mime lot-al sot-let mmmmtber cai m bt’ “directory-relative”.

Like any o t him s Oct it . eilh mer a CIIA~NEL or a FALSE is returuued . Omtce opeum. a network CHANNEL. can
be imseti Itle a u my m imer CIIANI4 FL , excep t t i ma t r ILE- LENGTH , ACCESS , RENAME . etc., cam mumot be done.
Time ‘.mr~,um us ueu u t ” Ii. ‘. i-u uamum c . seco mm il -u uau mue. ammd direc uory .mmam mm e slots u s  the CHANNEL are used for local
socket. I n im ’i ~ m m sot -I et. .m,md fnrei,~sm h ost (.v. specified iii time call to OPEN), respectiveiy. The
cofres~)ou mIi u mmg “real ” s lots are mused so mmuess imat d ilfercmmt hy . If a ciuas mmmeh is OPENed wills local socket
—1 , t ime “u’.uI” Ii,-si - n , msm t e sidI will co mm ta i m m the us im i quic socket imunmber generated by time operatimig
syste uuu. II .m l i stm ’ u u , mum ~ soc ket is OPt Neil. time fo re igm m socket am ud hmost nuusmbers of time answerlumg host
are su or~’~I mum Un “sm ,i l ” ser. ’ ;md- mma mmu e amid dim t’~-:or y -mmammme slots of time CHANNEL. wimem i time Request For
Cosmumect most is reccus -ed .

11.9 . 11,10 ImtputlOutput 

--—~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Time M 1)1 l’rogram im mmmi ms~ Lauugmsage 115

Ats ium ie rtu 1,t (ch apter 21) ca mu be associated wit im a “NET”-device CHANNEL , so tluat a program will
kmuow t isat time CIIANNIL has or suceds data , accordiimg to its mode.

Th ere also exist several special-purpose SUBRs for tise “NET” dev ice. These are described next.

11.10.1. NF1SJAII

<t IE IS lATE networ ~~harsr ,eI)

retursus a IIVF.C lOl~ of’ m l smee FiXes. Time first is time state of time conuiection, thue secomid is a code
spec ifyi um ., ss hu y a co m suu ecl iomu was closed, aumd time last is tIme num ber of bits available ott time
comm mset - t ioum for m uup m s i .  ‘l’hue ssmeamtin g of tIme state ammd close codes are iumstailatiomt-dependent and so
are itoh i mtel mmdcd h ere.

11.10.2. I~E1imCC

‘UL. I ACC ,,elwor ik:ch~nncI>

accepts a c’nsm tn’s- u lout to a -sor let hhmat is opeum for Iistesmi img and returuts its argumemtt. It will return a
FALSE if time cnt stm eet iouu is 1m m the wrom ug state.

11.10.3. NUTS

<1t1 I S net ~vOrI :~ Ij a,,nrl >

returmms i ts 3 t m~m u u u u em u m . a fter fot -cit sg asm y systesit-buffered network output to be sent. ITS norsmmally
dot’s himi s ev nm-v luaU’ secott d a um yw av .  Temmex and Tops-20 do not do it uimless amid until NETS is called. —i
NETS is smm mi i la r  to GUI- OUT for munrss ma l CHANNELs, except th at even operating-system buffers are
etmmplicd !~!~

11.10 - 11.10.3 Input/Output
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Chapter 12. Loontives

Timere is iii M i)l a f.st ’ihii y For nistaim uit mg aisd wor kimug directly wi lls objects which rougimly
correspoumd to h~~iuu~er~” 1m m .ms sesm miml y lamuguage or “lvals” imu BCPL or PAL. Its MDL. these are
gem mer um ’ailv I sm owu m as Int-a !ives (frommu “loca uiomm ) asmd are of several TYPEs , as mneutt iommed below.
Loca tms’ t.s I \ms l  to Im movim le c if ic icust su se a ims for altering strusct isres: direct rephacesmteamt as opposed to
re-copy i~uu -

Lot-atis-es alsi .uys ,ele m to eleum te mm t s it s str uct iures. It is umot possible to obtaitm a locative to soum methm itmg
(for exa mump le. aum A l  011 wh m it - Is is mint part of any striscture, it is possible to obtai um a locative to any
eleummeum u m um a us v ~t t  mu - muted ob~et’t 1 m m M 1)1 -. es-elm to associatiosus (chapter 13) atmd to time values of
AlOtis. st rmu s’t um m i s ss Is im’hm am e um na - mu m a ily “lmiddemm ”.

1mm time fohlnwusm g. tim e ob 1t’ct cmt’cimpyium g t ime str isctusred positioum to whsich you imave obtaimied a locative
wi ll be referred to as time objet’I pniumted to by time locative.

12- I. Obtaiu mim mtJ~~cat ives

12.1.1. ILOC

<I LOC ~:.‘,, en’)

returums a iist - .mt j s -e IYI’[ LOCL) , ‘locatj ye to iDeumtj fier ”) to tIme IVAL of atom imi en,. If atom is not
bousmud ium e ’” - atm cruna occlsrs. en~- is opliousal. wit im time curreutt ENVIRONMENT used by default. The
locative u etm u t  med i,~ i t  OC is im ude p eum dc mm t of fim tum re re -bimtdimt~s of atom. That is. IN (see below) of
timat lot-at 1 s t ’ will u’s uruu time s . mm mu e t i m ium g es eum if atom is re.bouimd to soutmet imiimg else: SETLOC (see
below) sm -i N .st (cci o mslv ulu a m paruic um lar bimsdi usg of atom.

Simtc’ c t , tuu miiu s~,,c are I ept num a ctac - l~ (Ira Ia). aity atte mum pt to use a locative to aim LVAL wimicim htas
becosume m m ms hmn mmts tl  wil l feic im tap ass error. (It breaks j isst hike a TUPLE . . . .) LEGAL? cast . ommce again.
be mused to see if a LOC O is val id. (:aultioum : (SE T A (h OC A)) creates a self-reference ammd camm ustake
PRINT s-cr y mmmth iappy.

12 - 12.1.1 Locatives
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12 12  GLOC

‘- (‘.1 O( ~~~~~~~~ ~
‘‘ ~~~~~

ret urmus .u Int’.ttm ~ e ( 1YP L I OCt)) to tim e GVAL of’ at om . If atom has tmo GVAL. slot , atm error occurs, uiulesspr ed (opt m ui m mall us u is - e uu amm d umnt F ALSE • u s  wh mi ci m case a slot is created (cimapter 22). Cautious: (SETGA <GLOC A ’ ’  s’ae. ltcs .i sclI- retcrc uuce ammd cams ms make PRINT very uumhmappy.

12 1.3. Al

‘S A l  . (‘ii, t , - ,j  P
~ :, s -o , - otfcct >

ret us a - mu m .s ins •m I m m e t am tim e -
~ ti m t’kmmmes m t i mu ~tr&,ctured. N is opt iousal. 1 by default. Time exact TYP E oftim e inm - .u~ usa ’  mel ts. i l l  ele 1mcus ,ls ouu tIm e PRIMTYP I of structur eó ’. LOCh for LIST . LOCV for VECTOR , LOCUfor LuV i lo~ , lO~ -. lot Sik’ ING . 10CR for BYT ES , LOCT for TEMP LAT E , a mm d LOCA for TUPLE. If N is

grease ’. t lm. im , ~
,(t  N( . I H :- ‘ ‘ ~~~~ ~-J’ om less m l uaus 1 • or amm OFFSE T w itit a Patt ermm thuat doe~mt ’t muiatch,imu e nem a nt s mmr s , ‘lime locat ive is um um aff cc ted by applicatlotta of REST , BACK , TOP , GROW .etc. to ‘.t ’ mi ç tu’ ~1

12 1.4. GI T I ’  .mesmt t (  IL

c Ci li’i ,tcpn:,u,~ ‘rs1,c ,~to, ‘n~ oe’f isull :~ny >

returns a loe’, m t m %e ’ ( T YP E LOCASI to t ime assoc iat ioms of item ummder indicator . (See chapter 13 foria ufor msm at un m m .-uim omm t ammo, ,, mm ,ouus .) If mun suds assos’iatiout ex ists . G[T PL returums EVAL of default, defaul t
us opt m i a mI , ‘t Al ~I ( ) lay d efa u lt.

G[TPL t’nrtempnumsis to CU IPROP .msusou ~~st t Ime assoc iatiomt mm macl mimuer y. Thsere also exists CElL , wisichcorre spo umals to (,[ I , m e t iu m - mu i mu g eitimcr a LOCAS or a locative to t ht’ m nd,cator tis eiesmtetmt of a structured
i t em. Gill is like Al  if -

~~~
-‘

~‘ i s a  si ruuct usre amid indicator isa FIX or OFFSE T , and like GETPL if not.

122 . LOCAl lv~~’

Tisis StlflR ~ -‘ I’’’ te m ca t e t h a t  tells w huetimer or mmol its argument is a locative. It is cheaper thaus
<MEMO <PRIIIIY PI .~- ,. ‘~ ‘‘[LOCO hOd . ..]>.

12 1.2 . 12-2 Locatlves
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12.3. Llsingj iucatis’es

The following Iwo SUBRs provide the stmeamms foe working with locatives. They are Independent ofthe specific TYP E of usc locative. The tmotat ion locativ, indicates autytlmiag which could be returned
by hOC . GI.OC, Al , GEIPL or GfTL .

12.3.1. IN

<iN loc4am-e)

returns time object to wimici m locative poismts. Time only way you casm get atm error using IN is when
lsXj tst ’t ’ pdu i umis iii .~im IVAL wluiclu h as becossse utmboutmd from ‘an ATOM. This is the samume as the
probkuut u s  re(creaiciumg TUPL(s as imm es mt iosme d its sectioit 9.2. and It can be avoided by first testing
(LEGAL? b ed) .

Example:

(S(T A l)S

<IN <h OC A>>$
I

12.3.2. SETLOC

<SE h O C  locative any >

ret urmms ant’, after luam’im mg mmm ade any time couttesuts of that position in a structure pointed to by
locjt,t’e, Tlmc strtsc tmmre itself is umot othmc rwise disturbed. Aim error occurs if locative is to a mmo n.
LEGA L? LVA L op if yolu try to put aim object of time wrosug TYPE iimto a PRINTYPE UVECTOR, STRING ,
8YTES , or JEMPLAT I.

Exam ple:

<SEI A (1 2 3)>S
( 1 2 3 )
<StT LOC <AT .A 2> HI)S
ill
A$

( 1 111 3)

12.3 - 12.3.2 Locatlves

_



_

TIme MDL Prograuumssmimm g Lamugmiage 119

12.4. Note out Locatives

~‘ous ms ta y lias’ e tsoti ecd ulsat locat ives are, strictl y speakimtg, unnecessary: you can do everything
Iocat is’ es al low by appro~)riate use of, for examnp le. SET , LVAL , PUT , NTH , etc. What locatives
provide is getsera lity.

Basicalls , Imow ynut ohta iumed a locative is irrelevaumt to SETLOC aumd IN; Slsus time samne program can
play w it ii GVA Ls . LVALs. objects u s  explicit structures , etc., withmout being botluered by wimat fummctio n
it sluoaukl mace to (In so. Tlmi~ is particularly true with respec t to iocatives to LVALs: the fact that they
are immde l)cmt (lcIst of ciuaus gcs in biumdiumg cami save a lot of fooling aroummd with EVAL and
ENVIRONMENTs.

I

H 1

I

( 12.4 Locatives
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Chapter 13. Associat Ion (Properties )

Timere is aim “assoc iative” data storage ammd retrieval system mm emmtbedded in MDL wimich allows the
constrms ct iomu of data structures wi t h arbitrary selectors. It is used via (lie SUBRs described in this
chapter.

13.1. Associa! ire Storage

13.1.1. PUTPROP

<PUTPROP itern:any indicator:any vak,e:any>

rpu* property ”) re tur m m s item. hmavism g associated value wit h item under time iumdicator indicator.

13.1.2. PUT

(PUT ilenm:any ind.cator:any value:any)

is ideitt ical to PU1 PROP , exce pt tiuat , if item is strusctusred and indicator is of TYPE FIX or OFFSET , it
does <SETLOC (AT i l cr ’m indicator > valuc>. Iii oilier words, aim eiemmmeimt with an imttegral selector is
stored us tIme strim ct ure itself . ~mistead of u s  association space. PUT -(like AT) will get an error If
indicator is out of rammge: PUIPROP will umot . -

13.1.3. Reummnv ismg Assncl.im touts

If PUTPROP is u sed c~j Iu’sst its value arguuneatt . it remt moves aimy associat iotm existing between its item
argument amid i ts indicator argummm ’mmt. If an associalion did exist, using PUTPROP in this way returns
the value wluic%s was associated , if iso association existed, it returns #FALSE ( )‘

PUT , wit im arg uunme t mls wimuc h u refer to associatio tu , camt be used itt t ime sasne way.

13 - 13.1.3 Association (Properties)

~ 

~~~~~~~~~~~~~~~~ .~~~~~ -~~~~_ _ _ _ _ _
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If eit h er i t em  Or I r ( / (  4or cease to ex ist that is. 550 ous e was poimsti lmg to timeusm , so they were garbage.
collectm’mlt. ams mJ tin In~-ati s ’es to time assoc iat ioum ex ist , t imemt tIme associat iout betweets timemum ceases to exist
( is garbage-coihectedl.

13.2. A ssociative liesrieral

13.2.1. GI1PROP

(GCTPRO P i tenu:any indscator: .mny e~p:any >

(“get irnperty ”) retmu rims t ime value associated wit im item uumder indicator , if aumy. If there is iso such
associa t su ms . (1ETPROP rett u rtm s (VAL of eip (t h at is, esp gets EVALed botis at call titmme ammd hater).

es’p is optional. If mmot g is’emm , GUTPROP returns ~1ALSE ( )  if It cannot return a value.

Note: iten ’ amid ‘r ~1ica bor ut GETPROP smsust be time sa mm me MDL objects used to establisis time association;
tluat is. Ilmey um mu s s t be ::? to time objects used by PUTPROP or PUT.

13.2.2. GET

(G1 I iten;:,-rn t’ indicator:any e~p:any>

is the iums’erse of PUT , umc it mg NIH or GETPROP depeumdiumg out time test outhiumed him section 13.1.2. es-p Is
optional and umsed as in &(TPROP .

13.3. Examp lc~ of~’m ssoc iatiou

(SET 1. ‘(1 2 3 4)>$
( 3  2 3 4 )
(PU .1. FOO ~I Is a flst . )$
( 1 2 3 4 )
<GET .1 FOO>$
9. is a 1lst~~
<PUIPItOP .L 3 ‘$ [4] )$
(1 2 3 4 )
(G(TPROP .1 3>1
!(4 !]
(GE T .L 3>1
3

13.1.3 . 13.3 Assoc iat ioum (Properties)
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(SET N 0)1
0
<PUT .N .1.. •fl~j on a z.ro >$
0
<GET .N ‘(1 2 3 4))1
ø~ALS( ()

The last c’saummple failed because READ generated a new LIST not the one which is L’s IVAL .
However,

<GE l 0 .1>1
“ l is t  on a zoro

works hccauuse <us? .N 0> is true.

To associate sosmm eulm ing wit h time Nih P~~!~!!! 
ism a structure, as opposed to its Nih element, associate

it with <REST structure N-i> . as iii th e  fohlowimig:

<Ni (R~&l .1 2) PERCENT 0.3>1
(3 4)
(GE T <2 .1) P[RC(NT)$

~I A I SI ( )
<Gil <ItiSI .L 2> PERCENI>S
0.30000000

Reiitessm her co uu m mmm c m mts ?

<5( 1 11 ‘ ! [ A  B C ;“thlrd o~ement ” 0 Ej >S
‘ ( A B C  D E ! I
<GIl <RI SI .N 2> COMIILNT>S
“third clement”

Time ‘ its the <sr i N . . . > is to keep EVAL from generating a mmew UVECTOR (“Direct
Represcm ;tatin mu ”l. w lm khm woushd umot h ave t ime coumusmme mm t on it (amtd which would be a mmetdiess
duplicate) A ” tnp-Ies ci” cnnsweimt .- one attac h ed to time eatt ire object returned by READ •. Is PUT on
lime CIIANU~ L ism muse. s isuce t h ere is mum posit iomm in any str isct usre for it. If ito top—level comtm s mmett t
foll ow s u s c  nIs~ ’,i. RI Afl temm m ovc s time value (<PUT channel CO1IM(NT>) so aitybody t imat wais ts  to see a
top-level cn us m mmuem ul mu smm s t Iooh~ for it after cad s READ .

If you mtced to imas ’ e a s t t - uct ma rc w ills selectors hum smmore timass omme dlmtmeimsloit (for example. a sparse
immatr ix t hm at does lint dcw rve to be hitmear ired ), associat iosss cats be cascaded to achieve the desired
result. 1m m d Ied aim extra level of associat ioum sm sa ps two iimdlcators lmtto omme. For example. to
assoc iate ‘,~

,j r ~s iih s ,tcm ussuder ind icA tor- I amud s nd,catov’ —2 simmmultaneously:

<PU PROP ,l 5*(4 0 r- I  ,nd,c4or - .’ I)

13.3 A ssociatloum (Properties)

_ _ _ _ _ _ _ _  _ _ _  - 
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<PIJI PROJ’ item <CE IPL ,ndicator-l i ndicator-2) value >

13.4. F~ .-iim sinin g • -~~c~ i~~
Ass oc ia t i ou ss ~- te ~ulcd by PUT and PUTPROP) are duaiimed together lam a doubly.hiumked list , iumtert ial to
MDI- . ‘l ime nt ilcg of associ a uinums in time c luaisu is th eir order of cr eal ioum, newest first. Th ere are
sevem al SI IttI~s fin e~ .unm i i mimmg time i- I ma im s of associatiosms. ASSOCIAT IONS returtms time fi rst a ssocia t ion
j im time el s a ims. or ‘I ALSI ( ) if there are umcuse . NEXT taI~es aim associat ion as an argument and returns
t ime umexi assiwia uinms u s  time c lmai um . or *FALSE ( ) if there are ito mtmore. ITEM , INDICATOR and AVA LUE
all take as s ascnc iatinm m as aus arg ustm cmst asmd retursm lime item , istdicator and value, respectively.
Assoc ial iotm s 1mr iust as:

ØASO C (s te ,,m indicator value)

(s ic: oumly name 5). Fxa im mp le: time fo llow immg gathers all tlue existiitg assoc iations into a LIST .

<PROC ( (A (ASSOCIATIONS>))
(CONI) (<NO) .A) ‘i’))

(1 ( . A  !<IIAPF ,LIST 
-

<FUNCTION ( )  (COND (<SET A (NEXT .A>> .A)
CT <MAPSTOP>)>>)))>>

Ii

13.3 . 13.4 AssociatIon (Properties)
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Chapter 14. Data-type Declar ations

In MDI . it is possible to declare tIme perimmissible ramtge of “types” and/or structures thuat an ATOM’s
va lises or a f u mum ct in m u ’s argu muteum is or valise mumay imave. Tlmis is douse uslumg a special TYPE , tIme DECI
(“decia,.’mti nu m ”). A DCCL is of PRIHTYPE LIST but has a commmpllcated itmter stai structure. DECIs are
used im y’ the iimterj ’retcr to find TYPE errors in fusict iots caHitmg amid by t ime cosmupiler to geamerate mmmore
rff kieuut ernie.

‘ Tluere are two kiumds of DLCLs. ‘I’lme first kiumd of DECL is time most comimimmoim. It is called the ATOM
DECI aumd is maced um most cn mm summo am h y to specify tIme type/structure of the LVALs of time ATOMS ~$I lime
argimmmmeu mt I 151 of a h- UNCIION or aus ’ [ 1ST of a PROC or REPEAT . Tiuls DECI imas time for u m:

DECL ( ato ’sm ’~lis t Pattern . . .)

w here the pairis mg of a LIST of MOMs ammd a “Patien t ” cams be repeated indef immitely. Tisis declares time
ATOP1s u t  a h~t In he mf time type/ str s s ctmsre specified imm tIm e fo ilowitmg Pattern. Time special ATOM
VALUE , if it a ppears . dec lares tIm e r esu lt of a FUNCTION call or PROC or REPEAT eva luat iotm to satisf y
time Paite rum specified. A mu Al Oil ni:ci is uasefum l imu ou m h y oms e place: iiumuuucdiately foliowiumg time
argm ameam t LIST of .1 FUNCTION , PROC or REP EAT. H tuoi-naahly iiucludes ATOlls au time argu itte ust LIST
ammd ATO Ns w isose IVALs arc ot herwis e used isa time Fuumciioim body.

Time secotud Ilaud of N Cl is rare ly seem s by time casual MDL miser , c~cept hat appeiudi~ 2. It is called
time RSUBR [aECI . It is used to specify t im e type/structure of time arguumueimts and result of aim RSUBR or
RSUBR-ENTRY (c h apter 19). It is of t h e  fohlowisug forumm :

af l [  Cl ( “VA I.hiI ” Pattern Pattern - . -

w here time STRING “VALU E” precedes time specil icatioum of time type/structure of time value of Use call to
t ime RS(IRR , ;uumd t Ime i- e sm u ait u iumg Patterns specif y tIme arguu mse umts to time RSUBR 1mm order. Time full
specif icatioiu of mIs c RSUIIR DECI will be given in sectioim 14.9. Time RSUBR DECL is useful lit ouml y
one place: as auu e leu s me mm i of aim RSUBR or RSUBR-ENIRY.

14 Data-type Declarations 
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14.1. Patter uts -

The s im plest possible Pattern is to say that a value is exactly some other object. by giving that
object , QUOTEd. For exasm mp lc, to declare thuat a variable is a particular ATOM :

ØDECL ( ( X )  ‘1)

declares th at . X is always tI~c ATOM T. When variables are DECLed as “being” som e other object iii
timis way , t u e  test mused is :? , atud umot =:?. Time distiumction is usually not imnportant, since ATOMS,
w h ich are su most com umutomm ly used itt (Isis comms ructiots , are ~=7 to each otiuer if :? anyway.

ft is m ore cosimnunut to waist to specif y th at a value umust be of a givels TYPE . This is done with the
simplest imots.specufic Pattern, a TYPE naim e. For exaim ple,

#DECL ( ( X )  IIX (Y) FLOAT )

declares .X in be of TYPE F IX , amid .Y of TYP E FLOAT. Jim addition to the names of all of time built-
la m and crea t ed TYPES. smi~Ii a-s FIX, FLOAT amid LIST, a few “commtpoumt d” type namtmes are allowed:

ANY allows amm y TYPE -

STRUCTURED allows asty structured TYPE , such as LIST. VECTOR , FALSE , CHANNEL , etc.
(appendix 3).

LOCAT iVE a llows asu y locative TYPE , siucht as are returumed by LIOC , GLOC, AT , and so on
(clsapler 12).

• APPLICAIII F allows any app licab le TYPE , susdm as FUNCTION , SUBR , FIX (I), etc. (appemtdix 3).

Any otluer ATOM camm be used to staimd for a more cosmmplex construct, if au association is
estab histu ed nit that ATOll amid t ime ATOll DECI. A co utm imso ss eNampie is to (PUT NUMBER DECL
‘<OR F I X  Fl.OA 1>> (ccc below). so th at NUMBER can be used as a “compound type natue”.

TIme simig le TYPE tm am uc cast be geimeralized shiglmtly, allowi mmg ammyt ls immg of a giveit PRINTYPE , usiimg
tise foihow imig com tst rmm ct inn:

#D~CL ((X) <PRIMTYPE WORD) CV ) <PRIMTYPE LIST>)

Tiuis com is trm mc tin at co ims ists of a two-eleit iesmt FORM, where tIme first elesnemtt is time ATOM PRIMTYPE ,
amid t Ime secoimd time mua mm ie of a pnimmm it is ’e type.

The next step is In specify tIme eicm imemt ts of a structure. Th is is doste u s  time simplest way as follows:

< str uc turcd:type Pattern PaStern . . .>  
-

14.1 Data-type Declarations 
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wh ere t lmcrc is a oume -to- oum e correspousdeusce between the Patterns amsd time elemeumts of the structure.
For exammu p le:

ØDECL (CX) <VECTOR FIX FLOAT>)

declares - X In lie a V[CTO R iuavimsg at two ekiuteumts. time first of wh ich is a FIX and time second a
FLOAT. It is ofteim cnt ivcumietmt to allow additioutal elements, so timat only tIme elem ents being used in
time local sue ighmbnrlmond of (lie DECL useed to be declared. To disallow idditional ekmstents, a SEGMENT
is used imiclead of a FORM (lime “cxcl-ed brackets smmake it look smmore emmmplmatic), For example

#DECL (CX) !(VECTOR FIX FLOAT))

declares . X to be a VECTOR huav immg exact ly two eksmments, time first of whuich is a FIX and the second a
FLOAT. Note t h a t  time Patterns giveus for rlcmsmeimts can be ammy legal Patterum:

~DECL (CX) (VECTOR (VECTOR FIX FLOAT>) (Y) <<PRINTYPE LIST> LIST))

declares .X to he a VICTOR cosmta iniuig amsotiser VECTOR of at least two elenmenis, aumd .Y to be of
PRIMTYP E LIST , cnuutait uims g a LIST. lit the case of a BYTES , t he individual elesiments cannot be
declared (uhmcy insist be FIXes amm yway). osmly tIme size aimd number of time bytes:

ØDFCL ( (B)  <BYTES 7 3))

declares .B to be a BYTES w it h BYTE-SIZE 7 amid at least t h ree eleimsesmis.

It is posciimle to say t imat snimme imumimber of eleummestis of a structure satisfy a giveim Pattern (or
sequence of I’attc rauc). Th is is called aim NTH commstructioum .

[ nurnber:h,r Patter n Pattern . - . ]

states t lma t time sequmeame e of Patterns wlmiclm is REST of time VECTOR is repeated the number of times
givemm. For examum ple :

#DECL ( (X )  <VEC1OR [3 FIX] FLOAT> (Y) <LIST [3 FIX FLOAT]>)

.X is declared to commtaii m tlmree FIXes and a FLOAT, perimaps followed by other elemtmemtts. .Y is
• declared to repeat t ime seqmm cmmcc FIX-FLOA T timree times. Note that there nuay be more repetitions of

t ime sequieamce iii .Y (but muot u s  .X) hue DECL specifies ouily time first six eleumuents.

For iimde fimu i te repetimi nim. lime sammt c coumstructioim is used, but. instead of time umumuber of repetitious of
t ime sequem mee of Patterns, time ATOM REST is givemm. This allows any num ber of repetitions, from zero
oat up. For exasimple:

PDCCL ((X) <VECTOR (REST FIX]> (Y) <LIST [3 FIX] [REST FIX]>

14.1 Data.type Declarations

_ _ _ _
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A “RIS 1 i nuus a u u t  t moss ” m um co u mua ium aim) um usmum be r of l’atlc’r,ms . just liLe aim NIH comms ruc(loum:

~tit: ct ((X) ~V [CTOR [RISI FIX ILOAI LIST ] >)

decia mec th..~u - is a VI C IOR w ime reimu thmr sequs emuc e I IX-It.O A T —L IST repeats Ismdcfimm itci y. It does muot
declat e I lm .i u ~L 1 ti(~ iii . X ‘ ts aim cv ems tumult iple of ths tee: time VIC1OR cams cumd at aumy poisut.

A ~~ -j ~~j p~ n u u RI ~ I is OPT (or OPI1ONA L~, w hit’Im i~ siuu si lar to REST except (h at (hue cosm struc (Iosm Is
scams mmcd muse at umm os t itmctu’ad of issdc f isu itcly , ass d (urt imer uasudcciared elcismesits can follow. For
exas im ple:

MIiI Cl ( ( X )  <V ICt OR [OPT I IX ]> )

declares I t..it . X is a VIC lOR %s isici s is emsa pty or whose first ehe.mueumt is a F IX . Oniy a REST
coust mu lc t m u  ~ .iut follow a is 

“01’ 1 ems sit net iO mm~.

Note m hsat t hut ’ RI ~ 1 i-o u s t t as e t lots usmu a s t a lway s be t h e  last e leu um etmt of tim e str u ct u re dcs’harat lost, simuce It
g ives  a i~.mt it ~i m m Iou u hm~ m esu of ilts’ SI t- uc ( uutc. Tl muus. t Ime RIS1 couu st ruue ti o mm is dif te reust frosmm all others
in that it Im~is in nuituntued m au~c. No ummath e r luow many tisucs the Pattern it gives is RESTed off of
t ime d i s h - i tam q’ . t im e a .‘ms uai iude r of u hue st r use t isr e Still has (lust Patter im.

Tluis e~ lm.mu a s us t Im e j sta ble sist t ~lC Paute rm us uluat cat s be given iii a decharatioum Llnwcs’er, there Is also
a cnmmu pnuu mm il l’a lmi ’a it uIet ’iuucd . It allows specifi cati nus of several possible Palter ims for oume value:

‘OR i ’ te.’ — ‘ / ‘.‘t ter n - . .

A am y mmnn .i oanj’nnn’I h’.ia tern ~‘aat lie iiaeisudctl as omie of time ek mmu eim ts of time couumpoummd Pattern.
Fiuma hly. co ms u poum mm d l’.ii met mis c.m mu lam’ mated as Patterums for c ic umme mits if structusre s, and so ott.

t~l s ’I ( ( X )  ~OR l i x ROAD
(V) ~0R l ix <UV IC IOR LR [ST <OR FIX F LOAT>))) )

Time OR ec im us u u st e m lois e .um s be e~ Ietsdeil to ass )’ level of ridiculoumsumess. bust time hsim ~her lime ievel of
co mmmjmlex liv .immu l s’ ns ms 1 nua mmik ihm mc ss t lic less hih~eIy time comsm pule r ~v ili fnmd time DECL u seful.

At time imig imest lev el. .sum v l’aI t m um at to 1m leve l iii aim A1OM DECL cams be enclosed itt tIme coumstruc(iost

\ ‘/ ‘ i’~ - ~ • t f 4 ~1i) P.’tt ~,n )

cs’lm is’iu exp i~i i m i~ u s e  lu te s tis t ’ specia lty of time AlOll(s) u s lime precediumg 1.1ST. ~pt’~~a t ’ ~ cast be e it h er
SPECIAl I’m- tIfl~-~Ii C IAI . Speciall y i. is m upor m au s t oumly ~vIseut time prograssm is to be costtpiicd TIme word
ensu es (roast thac t-nt itinl stac’L. w hicls is called “special” iii Lisp ~Moon. 1974) because tim e garbage
coi lectom f i mm il s nhi 1es’ t pus it .tumd imuosl if ies Ilucir ist t c rum~i poi umtc rs wl mes m storage is coumpacted. (A n
lumlermia l smaeh ~ is umsed wmli miut lime imminpreler amid is tiot accessible to programs -- seetloum 22.1.) Its

141 Data.type Declarations
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aim iumt er peeteti i~~~ raums all local sa hua e s are iimitiaily SPECIAL , because all bi uud ium gs are put oum Ou~contro l stack Ibmul see SPECIAl -MODE below). ~t’hmen t h e  programut is couuupik’d. only valises declared
SPEC 1 Al (whit-hi m mm a~ or assa y mint he time decia ramiomm u sed by default) reum;aiim 1mm bitmdism gs oim time
cnttt roi stac k. .~Ji ot hers are Iakem m caue of siusup ly by storing objects out hue comutrol stac k : the MOMs
imts’ ohed ate unit ssceded amid sic mint created oum loadiaig. So, a programus th at SETs au ATO M’s local
va lue for .uuunttue r ~Iogramn in pick imp mtutusi declare thu*t ATOM to be SPECIAL . If it doesn’t , t he ATO M s
bittd imua ~ wil l go away dus rism~ counpihing, amid t h e  prograimu t imat tmeeds to refer to time ATOM will eith er
get a mmn.salue i’rrnr ‘ir refer In ass ei roimeo tms bitud itsg . Usually om mly ATO Ms wlmich h ave time opposite
specialty frosus u lma t ni tIme cssrrem mm SPECIAL-MOD E are explicitly declared. Time usual SPECIAL-MODE Is
t)NST ’ECTAI., -‘I’ t )p Ic ally ouuly SPECIAL declaratio sus use th is cosmstruct ioim:

•D(Cl. ( ( ACT)  <SPECIAL AC TIVATION ))

ex plicitly declares ACT to he SPECIAL -

Most weII-w t ittess . mumodim iar prograumms gel all th eir im mforusu at inn fromus tiueir arguusuuetm ts stud (m mii
GVAI s. amid t h a uss t luey rarely use SPECIAL ATOlls, except perluaps for ACTIVA T IONs amid the ATOMs
whuo se I VA I s M1)I uices In’ defausit: INd IAN , OLJ 1CIIAN, 061151, DCV . SNM , Nih , 11112 . OUTCHAN is
a special ~a~e: t ime commupiler ihuit iks ulmat all eoum~’crsioas-oua t pumt SUBRs are called with ass exp licit
d IANNE 1. .1r~ su uisea ,t . w h eth er os tint time prngramsm bcismg sosmmpilcd t hh ms ks so. For exasmu pic. <CRLF > is
compihril as ihmn mmt ; hs is were <CR1 F .OUTCIIA N). So ynsu msm ay usse (or see) t u e  biimdiumg (OUTCHA N
. OU T CIIA N ) I mu aim argis umse tmt I 151, however odd th at mus sy appear. because thuat -- comap led with , lime

ussusal IIIISPECIAL declaratiosu by defau lt •. muma kes only omse refereusce to the cusrreust bismditm g of
OUTC IIAN antI si sit Is tIm e resumhi imu a slot oms tIme stack for use wi lls imm time Futuctioum.

14.2. lxatnp hs’c

‘IIICI (( Q) <OR Vl~C1OR CHANNE L>)

declares .Q in be ciiimrr a VEC1OR or a CIIANNEL.

sD1.CL ((P Q N 5) <PRINTYPE 1.151>)

declares .1’, .Q,, ,R , aimd .S all to be of PRINTYPE LIST.

4PECL ((I) <tORN [3 ANY]))

declares J in he a FORM tvisnsc Icitgtis is at least simmer. coumtaiusiu sg objects of aumy old TYPE -

.‘DECI ((LI) <<PRIUTYP E L IST> [4 <L IST (REST FIX] )]>)

declares .1] Sn he of PRIIITYPE LIST , ammd to h ave at least four elemsmea sts, eacim of whm icim are LISTs of
umnspecifirul ksui 1h (irnssibly esmm ply) comsl a ium itug F IXes.

14.1 . 14.2 Data.type Declarations
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“l’~I m l  ( ( V V )  <VI 1011 l i x  A IO M Ch ARA C T ER ) )

duTla u t ~ . I 0 I i  .s ~IF C ion us iu lu at lea St tisi cc eleumii ’mst s. Tiunse ehemst e uut s are. las order, of TYPE FIX ,
AJOM , ;isu.f W Pi\ II U

lii m l  ( III) I iSi  A lOt I [ RFS I I tOA 1 ]>)

dt-clam cc - I II to lie .t ii Si is hose I im sI elcs mme ist is atm ATOll aumd time rest of wh ose eleusmemuts are FLOATs.
It also ca~ c Iluai .111  j c 

~~t least nauc e hemmu c ust inuu~ .

h u E u. 5  ((1(10 ) (1 ISI I RES T ‘ 1 [lxi>)

cleria. cc . I 00 un iir’ a I I .5) utlmnsu ’ nmlml pnc ii m mmcml ehen arsats are tiic ATOM I and wh ose eveum.positinused
eles tts m m u s au I I ~:,c

‘ Il flh ’lt .

<I ImUm I 1011 (X )
t~I u i  ( ( X )  cV EC IOR [I FIX]>)

~u’ uai .x I 0>>

uleelauc . \ in hr ;i V h s  IOU s ‘ss mI;uiumi m mt ~ at least oum e F I X .  TIme mm unrc restrictive [REST F IX]  wouuld take
e’sce c ’ iv e Iu~i I mit ’, I issue by a h uc i u mu c s pr rt cm - . hecatu ce l ime REST of usc  VECT OR wnumld be d irt ied oit
eac hm i tem am m u m  n( i h im ’ t IAt ’ t l  . 1mm mis is s -ace imothm lit Cl s a im ’ eq u ally pnwerfuu l. bet-amuse eluec kimug time first
e he u m me ,u 5 nI ~u Ii Sl im ’  RI S Is mif a cia m m m l m i m e cv cm mtus .mhl ~ s isec ks all tIm e clc um se muts. Also . c immc c t ime F UNC I ION
refers osu l’~ so t ime lii c5 s h s u u,m msm of X , Iii is j s as sinus-lu .k’c iat at m u m  as time comuipiler can effect iveiy ussr.
(If t hu is VI ( 1 OR .u lw .m v s  m oust ,u ~i5S (lul l)’ F I Xes . it ciansuld lam ’ a IJVFCIOR iutctead. for space cfficiciucy.
Tiuen a [ RI S I I I S I I’I m l  i~n mahml immaki ’ t ime ims te rjm i- c t e r dset’k omul y time UT YPE . If time F IXe s cover a
s u mmal h tunis -mu m ’ ,, at iii’ i .mu sm ’. m lus ts a BY Ii S t imi g imi he eve ms better, w it h a DCCL of <BYTES n 0>. )

cl i i I Jill I A ll (Ii )
“I l l ii ((N) <5IIISP I Cl Al I IX> )
c~ Oi1ta (<0? .N) I) (1151 . <5 .11 <FACT <— .N I> )>)>)

Jec i . am rc  N in lue of I Y1’t lix asuul (IN .SI’ECIAI. . ‘l imis specialty dec laratiosi cums uires lluat. immdepemtdent
of SPE C I Al —IlOlu i sI m mm itm g cnumup ih is mg. - N gets ensiupiled iumt o a fast couulrol.stack referrtmce.

sPROC , ( ( I  (0))

~m a h Cl ((I VAI III ) <51NSPICIAL <LIST [REST FIX]>>
(N) <IINSPI C IA I I IX))

(Corn) (<0? .14) <RCTURN .1))>
cS[ 1 I. ((i .N (I .1)> ‘ .1))
<St I N c -  .N I>)>

14.2 Data-t ype Declarations 

_ _



130 The MDL Prograuimusuiamg Lammguage

Thue above dec lares I amid N to be UNSPECIAL , says th sat .N is a FIX , amid says t lma l .1. along with
t hme vahme relusrumesi . is a LIST of atsy Icmmglim comisposed eusmirely of FIXes.

14.5. Time fliCI
~~iim~a~

Th is seriinms gives quma’i.RNF prodsmcziosus for time MDL DECI sysutax. In time following table MDL
type.specifiers art’ dislismgiuiclmed Sn this way.

dec~ ilirCi (deciprs)

deciprs ::~ (~t t1 is t )  patt ern dcclprs dociprs

mtTist : •~to” I 4o’n a t l i s t

pattern pat I (UNSPICIAL pat) I (SPECIAL pat>

pat ::~ un it  I <OR unit ... un i t>

unit t ’-p e i (PEIIMTYI’E h-pc > j atom I ‘any
I ANY I STRUCTURED I LOCATIVE I APPLICABLE
I <str umc e1ts> < (OR struc ... struc> elts>
I !<~ct ruc tilts) ‘(<OR struc .. struc> tilts)

<bstruc (is > I <bstruc (ix f.x)
I ! (bstruc f ix f ix >

struc : := structurcd-Ivpe <PRII I TYP E structured-type>

bstruc ::: BYTE S I <PRINTYPI BYTES>

sIt s  :: pat $ pat elts
i [ f i i  pat - . - pa t ]
I [(is pat - . . pa t ] elts
I (opt pat ... pat] I (REST pat ... pat]
I (o pt pat ... pat ]  [REST pat .. .  pat)

opt :~~ OPI I OP T IONAL 
-

14.2 . 14i Data-type Declarations
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14 .4. Good fl [CL,

There are sntuse rules of t im utmub coimcenaitig good DECLs. A good DECI Is one that is mitsitumally
offeuusive to time DCCL .eh mecl imm g sasei’ liam sis ism amid tIme commupiler. but tlmat gives time mmm axim s murn asusount
of im ufor umuati o ms. it is s immu p he to state wl ma t gives offe imse to lIme coummpiher and DECL..chmeckiumg
umm ec imatsissam: comm uple ’s ity . For exam usp le. a large coamspoum md DECI. like:

~D[CL ( ( X )  <OR FIX LIST UVECTOR FALSE>)

is a DCCI timat lime cn iamp iier w ill find totally ssseless. It mmmi g hmt as well be ANY. The m ore involved
tIme OR , t h e  less suu fnr u um a ti o um time comsipiier will fisud u seful its it. For exaisiphe, if time futsciioti lakes
<OR LIST VECTOR IIV ICTOR > . smma ybe you should really say STRUCTURED. Also, a very geumerah DECL
ism dicates a ue ry t~euues - .it ~ro grausu . w i michm is mmot likely to be cff icicsst w isesm cotumpiled (of course timere
is a trade-nf l lin e). Na m- rowi mm g tIme L1ECL. to otm e PRI1ITYPE gives a great gain in couuupiled elf mcietmc y.
to oust’ TYPE si ill utmos t ’ . -

A m momim er s i t u m a t i o m m  to be avoided is t u e  ordismar y large DCCL , even if it is perfectly straiglmtforward.
If you h ave s mea te r l  a s t r u uc tss s e w lmiclu has a very specif ic DCCL ammd is used all over your code, it
mm m ig lm t be better as a FI [W TYPE (see below). Time advamuta ge of a NEWTYPE over a large explicit DECI is
twofold. First , t ime c ims ire stru sct s i re s sm us st be checked only wise us it is created, t imat is. CHTYPEd from
its PRIM T Y PE . .~ s a fm ah l IWCL , it is ch ecked comm mp hctc i y on emmter imsg cad s function amid oiu each
reass igusa neam s of ATO Ms DECLed to be it. Secoumd, time auumo umm t of storage saved u s  tlue DECLs of
FUNCTIONs amid so nim is lar ge. not to s i me mmtio t m time effort of typ ismg its amid keeping up to date several
imss latmccs of time ls shh Did .

14.5. Clob.ui (lid s

14.5.1. GDECI. amid MANIFEST

There are two wa ys to declare GVALs for time DECI-checkimig ineclmaimistn. Th ese are through time
FSUBR GDECL (“global declarat ioIs ) amid time SUBR MANIFEST.

<GDFCI atomc.Ji~t Pattern ..

GOECI allows tIm e type/structure of global values to be declared iii asmuclu the same way as local

I values. F.x au uu phe:

<GD ECL (X )  FiX (Y)  <LIST FIX>>

declares .X to be a FIX , atmd ,Y to be a LIST co mmta issimsg at least one FIX.

(MANIF EST atom atom ...>

14.4 . 14.5.1 Data-type Declarations
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MANIFEST lakes as argutmients ATOMs whose SVAI.s are declared to be constants. It Is used mostcomimmotuly to iisdicate th at certain ATOMS are the ssaimses of offsets lim structu res. For exampir

<SE1G X I>
<MANIFEST X)

allows time cnmmup iler to confidently open-compile applications of X (getting time first element of astructure), kt rnwiu mg t hat ,X will lint ciuange. Any sort of object cats be a MANIFEST value~ if it doesImot get emsibedded iii the compiled code, it is imucluded itm time RSUBR S “reference vector”, for fastaccess. ilowcs’er. as a getaera l rule, structured objects sh ould slot be made MANIFEST: the SETG willsurvive its time cnmms piled version (for tIme use of tuew uncosumpiled programs), but uses of GVAL willinstead refer in a th ictit ict copy of lIar object ias RSUBR th at does a GVAL . A structured objectsh ould ismstead be GOECLed.

An at tei s ipt to SEIG a MAN !iF.ST ATOll will cause ass error, unless eithmen
(I) s h e  ATO M was previously globally unassigned;
(2) t ime old value is ~~? to the new vaIue~ or
(3) .REDEF INC is amot FALSE . 

- -

14.5.2. MANIFEST? aamd UNIIANIFEST

<MANIFEST ’ atom>

returns I if atom is MANIFEST , IFALSE ()othierwj se.

(UNIIANIFESI atom atom - . >

removes lime MANIFEST of lime global value of cad s of its arguments so that t he value cams be changed.

14.5.3. 680(1140?

(GBOllHD? atom)

(“globally bouasid?”) reluirtms 1 if atom has a global value slot (that Is, if it has ever been SETCed,MANIFEST , GOEC Lcd, or GLOCed (clmapter 12) w it lm a true secouud argument). #FALSE ()otherwise.

14.5.1 - 14.5.3 Data-type Declarations 
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14.6. Nl WTY l’ [ (.i~~iin)

NEWTYP [ gives t h e  pin gu aut mmuu e r asmot hier way to DCCL objects. Time tisird (ammd optional) arguumieust of
NEW TYP [ is a QUOTEd I’ai t c rum. 11 giveum. it will be saved as time value of ass associatiosm (ch apter 13)
using time miasmic oh’ slu t ’ IJIWTY PE as time it caus assd time ATOM DCCL as the indicator, amid it will be used to
ch eck as uy objeet t h a t  is about to be CIITYPEd to time NEWTYPE . For exasumphe:

N [WTYPI COMPLEX-NUMBER VECTOR ‘< (PRIIITYPE VECTOR> FLOAT FLOAT)>

creates a mm ess IYI’I , w j thm its f irst two ehcumme mmt s declared :o b~ ~LOATs. If later soimmeom se types:

•COMPIIX- UUMBER [1.0 2)

a um error wi l l  rt ’ss uht (tue seeomud e le m use m mt is umot a FLOA1). TIme Patterus cams be replaced by doing
aas ot hmer I1[WTY P[ for ulue sam ume TYP ( , or by pusltismg a new value in time association. Further
exasimples:

< NEW IY PE 100 LIST ‘(<PR IMTYPE LIST> FIX FLOAT (REST ATOM] >>

causes FOOs to co umt a is m a ~IX ausd a FLOAT aam d amm y ususmmbcr of ATOMS.

<NEUJYPE BAR LIST>

<SM A -‘BAR (PBAR ( )  1 1.2 GRITCI I))

(NLWTY PE BAR L IST ‘(<PRIMTYPE LIST> BAR (REST FIX FLOAT ATOM] >)

This is ass c ’sa imu ple of a ueci srsiv ely (iiCtcd TYPE . Note th at <1 .A> does asot satisfy time DECL I
becau se it is et s a p t y .  Latu t it was CUTYP Ed before time DECL was associated wills BAR . Now, even
<CHTYP E <1 .A> (TYPE <1 .A >>> will caus se amm error.

Jim cads of these e~amp lvs. t Ime <( PRT MIYPE . . .> . . .> construction was used, in order to permit
CHTYPEitu g as s olm leet iuutn itself. See w h a t  Imappeuus oth erwise:

(t4 FW TYP [ flOPS L IST ‘<LIST ATOM FLOAT>>$
flOe’S
(SE T A (CHIYPE (C 2.71828 ) OOPS>>S

~OOPS (E 2 .7182 8)

Now <CIUYPI .A 001’S) will cause amm error. Unfortunately, you must

(C ICTYP E (CIhTYP[ .A LIST) OOPS>S
0001’S ( .  2 . 7 182 8 )

14.6 Data-type Declarations 
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14.7. Cosmtrohhis ug DECL Checkia~g

There are several S(IBRs ammd FSUBRS in MDL th at are used to control amid interact with the OECL.
checkimmg msuechanismu..

14.7.1. DFCI..-CIIFCK

Th is esitire oaiipkx chseckits g ttmcc imaiuism cats get in tlse way during debugging. As a result, the
most cnmumtmsnusly siced OECL.oricimtcd SUBR is DECL-CHECK . It is used to enable amud disable time entire
DECL-clirckiumg mmwchanissmm .

<DECL-CiIECK faIre-or-any)

If its siusg ir argusu sment is mints-FALSE . DECL chueckiimg is turned on: if it is FALSE . DECL clueckismg is
tuurmied off. Time pres’iouss state is ret urased as a value. If no argument is given. DECI—CuiECK returns
t hur clmrrcusl state. Its atm iimitia i MDL DECL checking is oss.

W hmemu DECI ch ueck isa g is 0mm , h ue DEC L of an ATOM is ch ecked eacim time it is SET , time arguments and
resu lts of calls In FUNCTIONs, RSUBRs, amu d RSUBR-ENTRYs are cluecked, amid time values returimed by
PROG anti REPEAT arc cimecked. Time same is doime for SETGs asid, jim particular. attemmspts to change
MANIFE.ST çlobal valises. Att cum upts to CIITYPE an object to a NEWTYPE (if time NEVTYPE has t he
optional DCCL) are also ch ecked. Wi meum DCCL clmeckiam g is off , noise of these checks is performed.

14.7.2. SPECIAL -Ch ECK asmd SPECIAL-MODE

<SPEC IAL - CHECK false-or-any>

controls whietluer or muot SPECIAL chueckiimg is performed at rums time by. time interpreter. It is immitially
o~’f. Failure to dec lare atm A1OM to be SPECIAL whuemm it ~lmould be will produce buggy compiled code.

<SPICIAL.-II ODE speciaity:atom> - -

sets time declaratiosa mused by default (for ATOMs lint declared eitimer way) amid returns time previous such
declarat jots. or t h e  cusrremst stick declaratiosm if no argum usesmt is givemm. The initial declaration used by
default is UNSP[CTAI -

14.7.3. GET-DId aimd PUT-DECL

GET—D ECL ams d PU I -Dl CL. are ussed to exa s muisme and ch ange the current DECL (of either the global or
the local vahuie) of ass ATOM .

<G [T-DICI. Iocd)

14.7 - 14.7.3 Data.t ype Declarations
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rehuirims tIme DI Ci Paste rus (if any,  oth erwise lIAISE U) associated with lime global or local value slot
of ass AlOti . For example:

(i’ROG (X)

~D1CL ( (X )  (OR FTX FLOAT))

<GE1-DECL <ILOC X))

LIwould t e t s a sa m <OR L I X  FLOAt ) as time resu lt of (lie apphieatloas of GET-DECI. Note that because of 9t he use nt ILOC jot GLOC , for global valises) lime ATOM beisig exaimmhused misust be bonuid: otherwise you
will get a im em s-n,! ‘Flak cams ~ie gonesm aroisamd by testing first wit h BOUND? (or GBOtJ N D?, or by giving
GLOC a ‘ernuuui arg s asum e umt whm,cim is mint I Al SE).

If time slot Lm(’ imsg c~ a m ms i u med is t ime global slot aimd time valise is MANIFEST , thae m m time ATOll MANIF EST is
retuaruted. If list’ salmi e lmeism g cxa ssmiim ed ~S mint DECIed, IFAISE ( )  Is retursied.

(PUT-D FCL 1o -d r.;ttcrn> - -

umiakes P.4t11 • is hue time DI Cl for time valise amid retuirils locd. If (DECI—CHECK > Is true, time cusrresmt value
ussuss i sat is1~ t ime uuew I’allc ras . PUT—DE CL is mmorsumal ly used In debu gging, to change the DECI of an
object In ni ts ’ spnamd In elmasu ges in tIme programsm. Note thuat It is suot legal to PLIT—DECI a “Patter.m of
MANIFEST or ~h’A L S{ ( ) .

14.7.4. DCCI?

‘~h)i CI ? ,mu- Path’rn)

specifically du~t’ks .-m,~ aga iumst Pattern. For exasum p le:

(l)CCt? ‘[1 2 3] ‘<VECTOR (REST FIX]>>$
T
<DCCL? ‘[1 2.0 3.0] ‘<VECTOR (REST FIX))>3
.~l Ah.SI ( )

l4..~ OU SF 1

Aum OFFSE T is esseisl iall y a FIX wis h a Pat teram attached . commsidered as aum APPIICAB.1 rathuer t imatm a
mu us mmm bvr. Mu 011511 ahlois s a prngraiuu to specify the type of strumcture Ilmat fts FIX applies to.
OFFSL Ts , lilt’ lit Ci s .- ii mused properly - - - cams usma ke debugging considerably easier: th ey will
es ’es ut usai l y also lmelp lime i-ouuipller generate snore efficiemui code.

14.7.3. 14.8 Data-type Declarations

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Time SUCR OFFSE T take s two argusisuesmts . a FIX and a Pattern, amid returns an object of TYPE and
PR IP1TYPE Of 1511 - Aim OFFSET , like a FIX , mssa y be given as atm argunmesmt to NIH or PUT asmd may be
applied to argsaaum e im m s . Time nmuhy difference is th at time STRUCTURED argumnesmt issust match the
Pattermu coi mta iumeui ism misc OFFSET, or aim error will result. Th us:

(SC1C 100 <OFFSET 1 ‘<Ch ANNEL. FIX>)>&
%<OFFS( I I ‘<Ch ANNEL FIX)>
(100 ,IUCIIAN>S
I
(100 <ROO T)>S
*FRROR*
ARC-WRO HG-1 YPE
N Ih

ISIEIIIIIG-A1-lEVE L. 2 PROCESS 1

Note: whets t ime tosm s h)sher gets arousmd to uiusderstasmdismg OFFSETs, It will 1101 do time right Ihaimug with
t hucmn ssmm lcs s t lmey are MANIFEST. Siimce th ere’s no good reasoss 5501 to MANIFEST himema, this ismm~t a
problemuu.

Time SUBR IH1)EX . give us aum OFFSET , returns its FIX:

(INs’FX ,FOO>S

GET-D(CL. of ass 011511 retsur ums t Ime associated Paiteess: PUT-DECL of aim OFFSET assd a Pattern returns
a umew 011511 wi th  time c a u se INDEX as t lsc arg isummcust . but withs a imew Pattern:

.GEI-DECL ,FOO>$
<CiIAIIHEL lix)
<p.;~ -HUrt .100 OBh.IST>$
%<Oh FSt l I OBLIST>
,F00$
%<OIISCI 1 ‘(Ch ANNEL FIX>>

Aim OFFSII is smot a ssrsscsu red object. as hhmis examimp le simouhd umiake clear.

14.9. Thur RSUBR DFCL

Time ~~.uflR DiCh is sisumi har to tIme ATOM DCCL . except tisat the declarations are of argument positions
aa m ’~ valise rahlaci ih sa s m of specific ATOlls. Patterims cams be preceded by STRINGS wimich further
describe t ime argusu mse t mt (or valise).

14.8 - 14.9 Data-t ype Declarations
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The sim mup hest RS(IRR DCC L i-s for an RSUBR or RSUBR-ENTRY (chapter 19) wlmiclm has all of fts

argummuem mis eraiuuated ausd rctu mrsss a DECLed valise. For example:

HDCCL ( “VAL u E” FIX FIX FLOAT)

declares th at I lucre are two argumnesits. a FIX atmd a FLOAT , and a result which is A FIX. Wisihe the
STRING “VALUE ” is mint comistrained to appear at time frommi of time DCCL , it does appear th ere by
cuustnuus. It sired mint appear at all, if the result is imot to be declared, but (again by custom) in this
case it is issiully declared ANY.

If aisy arguims iem m is are opliotsai. time STRING “OPTIONAL” (or “OPT”) is placed before the Pattern for
the first opt inumal asgumuse ist :

#DECI (“VI~LUE” FIX FIX “OPTIONAL” FLOAT)

If any of time a rg ss usm es sts is mint to be evaluated, it is preceded by time STRING UQJOTEN :

�DECL (“VALUE ” FIX “QUO1E” FORM) -

declares omse art~Isuu mcss t. w isicis is not EVALed.

if time argminn’smls a re to be es’alumated asid gath ered imito a TUPLE, the Pattern for it is preceded by
thse STRING “TU PLE” :

~~~~ (“VA LUE ” FIX “TUPLE” <TUPLE (REST FIX]>) 
- 

-

If time arg ls isws sts are to 1w ti iics’ahmia ted amid gath ered immto a LIST, or if time calling FORM is the only
argusui mcssl . lime Pat tes mi is preceded by time appropriate STRING:

#DECL ( “VALUE” FIX “ARCS” LIST )

~DFCL (“VAL UIT” f IX “CALL” <PRINTYPE LIST>)

In every cast ’ (1w si,cCi.11 imuiJ,cator STRING is followed by a Patterss svhmicim describes the argument.
evcui t lmossg lm ii suma y sosms eti ss ics produ ce fairly ludicrous results, since time Pattern for “TUPLE” always
must b ea  T UNE; for “ARCS” , a LIST; amid for “CALL” , a FORM or SEGMENT .

14.9 Data-type Declarations
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Chapter 15. Lexica l Blocking

Lexical, or ctatk. bincl.iuig Is aumnihmer uiicasis of prevcsmt lumg idcsmtifier coUisiomms aim MDL. (Time first
was ityuuanuie hlncl isug •- hmiudisag and ENVIRONMENTs.) By using a subset of t ime MDL. lex ica l
blockiumg fat u ities , t ime b1n L surusciure” of such lammguages as Algol. Pill, SA IL, etc., cams be
simnusiateth. cimnsski )‘Ohl wish to do so.

15.1. Basic (Tnaucj d~,~sl inmis

Siuwe svlmat follows appears to be rather cosmuplex, a shuort discussiosm of hue basic problem lexical
blockimmg solves aumul Mill’s basic sohitiosm will be givesm first.

ATOlls .ire iulrimiilierc. It is t h u s  essential that wh enever you type aim ATOM , READ shioumld respond
w ith t ime us s uiqs m e isle mmuifier ynus w isls to desigmmate. The probleums is th at it is usireasonable to expect
h ue  PNNIITs of all ATO lls to be lssmiquc. Wi seus yoms use ass ATOM A 1mm a prograsmm . do you ummeatm time A
you t yped two m umi nu utes ago, t ime A you issed ims assother ouse of your programs. or the A used by souse
library ~)rngra sam ?

Dymma imui c bincl.isug ~puus ls iumg dowum of LVALs) solves msuau my such problesmus. However , tisere are sosume
which it does not cok e ~- such, as state variables (whether ism s paa rc or pure). Major prob les uss wit h a
syst em us huav isut osuiy •lysm .mmn ic biockiuug uscusall y arise oamiy ;vimesm atte m pts are sisade to sisare large
nusmmbers of s ig u m if ic ammt prograsuss amsso usg smsas sy people.

TIme solution maceu iii MI)I. is huasicahly as follows: READ sum uust sssa iui ta lms at least os se table of ATOMs to
guuaram itee aim)’ s msmiqssei mecc .. Sn. MDL allows musausy susdu tables amid smiakes it easy for time user to
specify whmkh omse is wa s mut ’d. S ud s  a table is ass object of TYPE OBLI ST (“objec t list ”). All tIme
coum uphicat iots wh ich follows arise; out of a desire to provide a powerful, easily used uisethod of
work ing whim 0th IS Is. w it h reasousabhe valises used by default.

IS. 15.1 LexIcal Blocking
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OUt ISis

A ss OB1IS~ is of l’IUIUYPE UVEC~OR wi lls UTYPE LIST ; the LISTs Imold ATOMS. (Time ATOMS are ordered
by a lmash m eodis mg uuu t iacir PNAMEs: each LIST is a isaslmiimg bucket.) What follows is isi fori mmat ion
about OUt. 1S1 as ss s ch ,

15.2.1. 081151 Namuics

Every uunrss uahhy insist itssted 0111 1ST h as a usam sue. Tls~ miausm e of aus OULIST Is ass ATOM associated wills
lIme 081151 umuk’r tlsr iiudicator OUL1ST. Thmus,

<GLIPROP ohio f OBL1ST>

of

<(.11 o/ ’ I’~t OUL 151>

rclurums list’ suaseme of obiu~1.

Similarly. cver’~ name of aim OULIST is associated wh im its OBLIST. again under tIme Indicator
OBLISI , sn thma t 

-

<GCT PROP oW,ct-n,urne:afom O8LIST>

or

<Gil oL’Is~f ?MnIe:aIorn OBL IST)

rehiurums li me OB L 1S1 wieos~ m uauua e is oL’IisI-narne.

Since there is suiuimisig sl~ eial about 11w associatioms of ODLISTs amid ilmeir usam mme s, time miasmic of ass
0111151 cams 1w ( ‘ imasm t ~elI by lace of PUIPROP , boils omi the OBLIST amid Its miasmic. It is umot wise to
cimange time 0111 1St assoriatioss wit h out chiasigiug (lie smame associatioss , shmce you are likely to
cousf iuse RLAD amid PRINT t erribly.

You caum also suce Nil or PU1 PROP to reaauo ve the association betwecus ass OBLIST amid its auas mme
cou mm pletclv . if you w aist l ime 0111 1ST to go away (be garbage collected), am md yost waist to keep its
umass ie aroma mud . h a  is umu s i c i bc ilosus’: othac’ rw ise time associatio n will force it to stay. cc cii if thuere are iso
otluer refe ,euiies to i~. (If ~nim have iso rcfcresiees to chimer list’ umam ne or flue OBLIST (am s ATOM
isschsd imm g a \‘PI u m a m m me -. poiasls in i ts OUt 1ST), both of thm e sm i .. am ud t h m eir association — . will go away
w itl,tmust 3 0111 h ua c i mum ~ to reu ss os e lime ass oc iati nam . of course.) It is mint recons mms ei mded t h at you reuuiove
t ime muassue ni atm 0111.1ST w it ho u t Isav is ug it go away. since tisesi ATOMs lus t h at OBLIST will PRINT the
sasume as if time)’ scere ium iso OUt 1ST -. wlu i~hs Is defeatluug t ue purpose of tim is w h ole exercise.

15.2 . 15.2.1 Lexical Blockiss g
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15.2.2. P10811S1 

- 

-

<HOBLIST atom f ix>

(“snake nluhict ”) creates ammd retusr ims a new 081.1ST , containing iso ATOMs. wh ose name is atorn~ unlessthuere already ex ists aim ODLIST of t lsat miam ise , its which case it returuss t Ime existing OBL IST. fix is (hue
size of tIm e 0111 1ST created -- Hue imusmuber of hasluing buckets. fix is optional (igmiored if tIme OBLISTalready ex ists). 13 by default. If specified, fix sh ould be a prime number, since tlsat allows theh ash ing ho work better.

15.2.3. 0111 151?

(081.1ST? atom)

returims ~iAl.SE ()  if atom is mint u s any 061151. If atom is in ass OBLIST, it reiursss that OBLIST.

15.3. READ aiud 081 lSls

READ cams be exp licitly told to look up aim ATOM hum a particular OBLIST by giving (lie ATOM a trailer.
A trailer co luc isic of time ch aracters ! — (exctatuatiaus.poust dash) following the ATOM , i mm ediate l yfollowed by t h e  ms aamse of time 081151. For examsiple.

A!-O13

specifies time uu is iqsse A1O;i of PUAPIE A w h ich is u s  tIme 081151 whmose smas uie is time ATOM 08. :1
Note th at t ime mi asmic of the 081151 iims sst follow the 1— wit h no separators (like space, tab, carriage.
return. Cit. ). Tlmere is a mia mmi e used by default (sectioms 15.5) wh ich types out asmd is typed iii as

—separ ator .

Trailers cams lie used recuirsively:

B!-A! -O8

specifics time u sm s i quuc ATO M of PUAMI 11 wh ich is iii lime OBLIST wisose umatim e is time uuiique ATOM of
PNAME A w hm k ha is u s  time OIIIJST w h ose miasmic is 08. (Whew!) The repehihion is terminated via the
look-sup amid is sse sti oss described below.

If au ATO M wi th , a gic ’emu PNAHC is mint fo ummud iii th,e OBLIST specified by a trailer, a new ATOM with
timat PNAIIF is created amud imscerted issto that ORLIST.

If ass OBLIST wh ose miasmic is given imi a trailer does mint exist, READ crea tes omme. of lesmg th IS bucke ts.

15.2.2. 35.3 Lexical Blocking
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hi trailer mm nt a tintm is slot uuce(i (tim e 
_
mmor susalN case). assd for ass ATOM th at termmuiuiales a trailer. READ

looks sup Hue l’UA,l~ of t Ime AT OM in a LIST of OLILISTs, tIm e LVAL of tIme ATOM OBLIST by default. Th is
look.ump start s wit ii <1 .O81 IST > aumd comutiimu es umuti i .081151 is eximaust ed. If t ime ATOM is not
foummud , READ usslaal h3’ im mserms it iuslo <1 .061151). (It is possible to force READ to use a different
eleisseuut of tim e LIST of OIIL1STs for mscw imssertiomis. Ii time ATOM DEFAULT is iii that LIST, the
081 1ST follow isug that ATOM will be used.)

15.4. PRill i amid 081 ISis

Wluess PRINT is gi c ’ cm m ass ATOll to ou tpu t. it outputs as little of (lie trailer as is necessary to specify
t he ATOl l uuni qusely In RrAD . Timat is, if time ATOll is the first ATOM of th at PNA1IE wlmicls READ would
fimsd in u s  m uo a - a um al Innk.ump ima t ise cuarremst .O8LIST. mio trailer is output. Otlmerwise. ! — is output and
time amasmue of lIme 081 151 is recmsrsis’ely PRIN1ed.

~V ar m si umv : tiser e are obscure cases , wh ukhm do uiot occisr iss msorsssa l practice, for wh ich t he PRINT trailer
recuarsious mines suot te r immism at e . For immstasm ce, if au ATOll susust hsave a trailer prissted. amid time naumme of
t ue  081151 is ass ATO M j im th at very sausme 081151, death. As my similar circular case will also give
PRINT a hmermmi a .

15.5. las it ial State

Iii aim imsit i al MI)1.. .O8L1ST co mitai sus Iwo OULISTs. <1 .OBLIST> issitially contains iso ATOMs, amid <2
.081151> c o m mt a j s s ’, all t ise ATOMs whose GVALs are SUBRs or FSUBRS, as well as OBLIST , DEFAULT , T,
etc. It is di lf ksm ht to hose tmac l. of t ime latter: the specific trailer ! —separator will always cause
reference to t h at 081 1ST. 1mm additioms . t h e  SUBR ROOT, whiichu takes iso arguusmesmts. always returns
th at OBLIST.

Tiue miau iue of <ROO r> is ROOT ; t h is ATOM is iii <ROOT> ausd would cause iumfi mu ite PRINT recursion were
it muot for time sus e of ! — c. - ’parator . Time nasue of time imsit ia l <1 .OBLIST> is INITIAL (really
INITIAL ’— ).

Tlue ATOM OULIST also imas a GVAL . .061151 is initially the same as .081151; however. ,OBLIST Is
imot affected by t ime SUIIRs isced to sm masuu psuiat e t u e  061.151 structure. It is imsstead used only wh en
errors occu r.

Imi tlue case of aim ersor. t ime cu srr e mit .OBIIST i-s ch ecked to see if it is “reasoamable” .. th at is. contaitm s
munt hmim ig of Hue wro mss.~ 1 YPE . (It is reasousah le. but miot standard, for .OBLIST to be a siimgle OBLIST
imsst c ad of a LI ST of t im eims. ) If it is meaco msa ble. t h a t  valise stays curremit. Otimerwise , OBLIST is SET to
,08L IST. Note tlu.it ch ia umg es ussadc to (lie OBLI5Ts osi ,OBLIST .- for exanmphe . imew A TOMs added --
remna isi. If cccii ,0RI.J5T is ums mreac c ms ia blc , OBLIST is SET asid SETCed to its imsitia h value. <ERRET>
(sectinim 1G. -u) a lways a ’c s smsse s t hsat .OBLISI is issireasotiable.

15.3 . 15.5 Lexlcah Blockimsg 
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Three oIlier 081 ISts e%ist isu a v irgin MDL the ir umanses and purposes are as follows:

(P11085! - cunstaiass ATOlls wimose PNA&s are used as error messages. It Is returmued by <ERRORS).

INlIR8511’IS!- is mu sed by ti ue isuterrupt system (section 21.5.1). It Is returned by
(INTERRUPTS ).

PlUlmial I ! — is uisci i iuifrrpicuitly by the ismtrrpretcr wisest loading coumpikd programs to fix up
relcteuui’rs to locations willain Ilmi interpreter.

The pre.Inadimiu of cosmmpikd pro~rausms mmiay create other OBLISTs ims aim initialized MDL (Leblisig.
I~79). -

1St HI OCk and INUhIl OCI(

Th es e SUBRs are ammmakii~ouus to ~~g~us ammd esud ism Algol, etc., u s  tIme way they umasmi pulate static
block ismg (aunt ism !‘!‘ nthmcr way).

c at  oc~ ic.~ . -up:hst-of-obiists)

return’, its a rg lsm mm c us t .ifter psssh mim ug time cumrreust IVAL of time ATOM 081151 amid ussakismg its argumnent
t he cuarremsi I VA t . .  ~‘rnu sassuahl y wasu t <ROOT > to be aim elemnesit of look-up. smorsumahly its last.

<[NDQtOCK

pops” lime IVAL of time A 1011 OI1LIS1 auud ret slruus ths~ resultaust LIST of OBLISTs.

Note t h at mimic “psucl mimug ” asmd “poppimmg” of’ .001151 Is entirely Imidepesidemmt of functional
apphicat inmu , huiisdisig. etc.

15.7. 5118R% A~’nciatnI w itIu lexical Rlockismg

15.7.1. RI AD (a m aisi)

< RE AD c!,.usmcl cot -rout uric look-up)

Th és is a fuslier call In READ . look-up is aim 081.1ST or a LIST of tisesit, used as s tated in section 15.3
to look imp AlOt-I s and iumsert t im es m s iii OlILISTs. If it is mmot specified. .081.1ST is used. See also
sec t m mmc 11 . 1 1.1. I 1.3. am id 17.1.3 for ot lmer a rgus ss m esmt s .

15.5 . 15.7.1 Lexical Blocking

•1 
~~~~~- - - - 

_
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15.7.2. PARSE ammd 1PARSE (agaism)

<PARSI ,:?gifl.- rAi l  ~:liw look-up>

as was prc’c’inmsshy imm esutioumed . applies READ’s algorithsnm to string and returns time first MDL object
resultiuig. Tluis iuii’issdes lookismg isp prospective ATOMs omu look-up, if givesm, or .081.1ST. LPARSE can 

- 
-

be called jim time sauu me way. See also sect iosss 7.6.6.2 atmd 17.1.3 for oth er arguments.

15.7.3. t OOi~1ui’

<1OOI~LJP ~t,in~ o-t list)

returm ic t ime A lOll of INAME strur ,~ ism time OBL1ST oblist, if there ii such an ATOM; othserwise. it returns
CEALSE ( ) .  If ~.lrin.-~ wou ld PARSE into ass MOM assyway. LOOKUP is faster, although it hooks hi only
ouue 001151 imusicad of a LIST of th esis.

15 4. ATOll

~ATOli 
.
~t,in~:>

creates ausd ret usi mi s a s u sa uu k is m g ste w A 1011 of PNAII E stri ng whmicis Is guaranteed ssot to be on !JIZ.081.1ST.

An AlOti wisids is mint on aam y 081.1ST is PRINTed witim a trailer of I —#FA LSE U.

15.7.5. RI NOVI

<R(MOVL: ‘~ltit~: c ’blis l)

reummoves time ATO ll of PNAHIT 
~trinS frousi oblist amid retursis th at ATOM. If t h ere is no such ATOM,

REMOVE retuum mis ‘FAt SI C ). A lso,

<REMOVE 4cm)

removes .•
~~~~

• - - Irom mi its 0111. IS1, if It is oss one. It retursms atom if It was oss an OBLIST; otherwise It
retur sms #FALSE C).

15.7.6. IIISERT

<INS[R1 ~tr,rt ~-or - ,,fom obhst)

15.7.2 . 15.7.6 Lexical Blocking

-~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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creates aim ATO ll of PNItMI ctrmn~ , imsse rfs it info oblist amid retusrsis it. If there is already ass ATOll withthe sas mme PIThtji as .~tonu ims oN,s(, a ms error occurs. Thq standard way to avoid the error and alw aysget your .mloni is

(OR <LOOI~IJP ~itrinr obtist> <INSERT string oblist)>

As wills REMOVE . I~ISERT cams also taL~e ams ATOM as its first arguusueuut: tisis ATOM must not be ott any081151 -- su mumsi have been REMOVEd, or just created by ATOM -- else iii error occurs. Time 081.1STargususent is isc~ rmptiniual. If you would like the siew ATOM to live ims time 081151 that READ wouldImave cimumseui, you cams < PARSE string > iamstead.

157.7. PNAH~

<PNAPI( atom >

retuuriis a S1RIHG (micwly crea t ed) wh ich is atom’s PIIAME (“priumied nausie”). If trailers are not mmeeded.PNANE is um m um chi faster Ihmamm (INPARSE on atom. (In fact UNPARSE luas to go all ti me way throu gh thePRINT algorim iamsu l ice, time first time to see laow long a STRING is useeded.)

15.7.8. SPNAHE

SPNAIIF (“shma i-eul hir immted mia ms ut . ”) is idesutical to PNAME , except th at the STRING It returns sharesstora ge withs ‘torn (appetidix l~. wisicis is ismore effic iemst if time STRING will 1501 be usodif.ed. PUTtingimsto .sui’ja a ST RIUG will cause ass error.

to u s e  INC Problem

W hmat fol lows is au exam umpie of flue way OBLISTs are “uiormumally” used to provide externahlyavailable ” ATOlls amid “lo cal ” ATOMs w%skls are isot so readily available externally. Lebling ($979)describes a syst esamat Ec way to accom plish time sau ime tising amid smiore.

<11081151 1NCO 1>
;uCreatC an Oo~.IST to hold your external symbols,
Its name is INCO’-INITIAI.- •

INC!-IUCo
;Npu t your external symbols into that OBLIST.
It you have many, j ust write them successiv.ly,~

15.7.6 - 15.8 LexIcal Block ing
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<BLOCK (<tIOBLTST 1NCI!-INCO 1> <GET INCO OBLIST> <ROOT>)>

;ucreate a local 061151, nam ing It INCII-INCO , and set up .OBLIST for
rr~adIng in your program , The 061.1ST INCO Is Included In the BLOCK so
tha t as your exter nal symbols are used , they will be found In the
ri gh t place . Note that the ATOM INCO is not In any 081.1ST of the
BLOCK ; therefore , trailer notation of !-INCO will not work within the
ciarrent BLOCK-ENUBLOCK pair .

(DEFINE INC ;9NC is found in the I1ICO OBLIST.
(A)  ;~A is not found and is therefore put into INCI by READ. ‘ —

~IWC1 ((VALUE A) <OR FIX FlOAT>)
(SE T .A (+ . .A 1>)> ;‘All other ATOlls are found in the ROOT.

<ENDBLOCK)

This exam mup le is raihuer trivial, bust it com staisss all time issues, of wisich th ere are three.

Time first idea is ilsat you simouuld create two OBLISTs. osse to h old ATOMs wh ich are to be ktmowmm to
ot her susers (ItICO). aim ul time rnlser to imnid imsters ial ATOMs wlsic lm are slot msornsally of isiterest to othuers
( INCI). l’lme ~-acr al,rn’e Imas osme ATOll iii eac h category.

Secnuud. INCO is exp licitl y mused w it h mo s st trailers so that susrroumsdissg BLOCKs asud ENDBLOCKs will isave
an effect on it. T h,ums INCO wi ll be isi tIm e 081.1ST desired by the user: INC will be in INCO, and the
usser cast refer in it by say isig INC’ — INCO ; INCI will also be in INCO. and cams be referred to in the
sau te wa y: fi umah ly. A is really A! —INCI! —INCO, Tlae poisst of all (Isis is to structure time msesting of
OBLISTs.

Fismally. if for sou se ueas omm (like savis ug storage space) you wish to throw INCI away. you can follow
time ENOBLOCK wills

<RliiOVhi ‘INCI’ (GET INCO OBLIST)>

amid Slams ucu umove all u eferesmccs to it. Time ability to do sud s prusmissg is one reason for structuring
081.1ST references.

Note tisat. evesm after reuusnv iusg INCI, you catm “get A back” — that is. be able to type It in — by
sayiuug soasseUuiiug of time foru m

<INSFR1 <1 (1 ,1NC!-T NCO)> <1 .OBL IST>)

ul mereby grabb’s m sg A oust of time str u ct u re of INC amsd rc-iuisertiisg it lusto aim 081.1ST. However , this
resurrects time um a m mmc cohhisious caussed by <INC ! -INCa A>.

15.8 Lexical Blocking 
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Chapter 18. Error s, Frames , eta.

16.1. LISTEN

This SURR takes aumy imusmmhem ’ of argummuetuts. It first checks the LVALs of INCHAN , OUTCHAN , and
061 1ST for reasosuability astd lermusimual usability. Iii each case, i f the valu e is uumreasonabie . the ATOM
is rebousuid to lime corresponding GVA 1. if reasomsable. or to aim Iimveiuted reasonable valu e. LISTENtheu m does <TTYE CIIO . INCIIAN 1) amsd <ECHOPA IR . INCHAN .OUTC HAN >. Next , It PRINTs itsargumnesits. tiseus PRINTs

LISTENING-AT-LEVEL I PROCESS p

w here I is ass imslei er (FIX) wluichm is iimcremumeuited eachi tiuuie LISTEN ~s ca tted recursively, and p Is animiteger idciuuif yistg thus PROCESS (ch apter 20) iii wl uichm thse LISTEN was EVALed. LISTEN then does
<APPLY <VALUE REP>) , if tlsere is ouse, amid if it is APP LICABLE . if miot, it applies the SUBR REP(w ithrnsi sisa l as ii~ a muew FRAME .. see below). This SUBR drops imsto aim infinite READ-EVAI.PRINT loop,
w hich casu be left via ERR ET (section 36.4).

The standard LISTEN hoop huas two features for gettiuig a hmam udle omi objects that you have typed Inand MDL. has t yped oust. If the ATOM 1-INS has a local value that is a LIST , LISTEN will keeprecesut immpusts (wh am READ retuirns) imm it . mmuost recent f irst. Siuumilarly, if Use ATOM 1—OUTS has a local
va’ue t imat is a LIST , LISTEN wi ll keep receust olutputs (whuat EVAL returns) ium it, m ost recent first.The keepisig is domme before (hue PRINTimm g . so t hat “S does slot defeat Its purpose. The user can
decide how mum umei s to keep aros mumd by setliuig time leuigtim of cad s LIST. Even if 1-OUTS is not used,
the atomsi LAST-OUT is always SET to the last object returmsed by EVAL In the standard LISTEN loop.Example:

<SE T 1.-INS (N EWEST NEWER NEW ))$
(NEWEST NEWER NEW)
.1-11455
(.1-INS NEWEST NE WER)
<SET FO0 69>5
69

<SET FIXIT (2 .1-INS>> ; grab the last lnput”S
<SET FOO 69>

16. 16.1 Errors, Frames, etc.
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.1-1 1455
( . 1- iN S  (SET rixir (2 .1-INS>) <SET 100 69>)
cPu .1 LXI I  3 105>5
(SET 100 105~([VAt .F IX 1.4
‘Os
.1- HISS
(.1-1145 (EVAL .FIXIT> <PUT .FIXIT 3 105))
.roos
105

16.2. E RROR

Tisis 5(iflfl is ml ,~ ‘a muse as IISTEN , except t isat (I) it generates au interrupt (cimapter 21). if enabled,
and (:!) it PR I U is *Fi~ROl~* before PRIN1iusg its arguussmcnts.

W Isest ausy S(tUI~ or F SUI3R deuec’is aim as mosm ia los ms comiditioss (for examimple, its argutuemmts are of the
wromig TYP ES . it .mhls [Rl~OR s~ it la at least two arguuimesuts. iuicludissg:

(1) ai m A lOts w imo~r i’NAPII descr ibes tiue problemum , miorumia lly frouss t h e OBLIST ERRORS I — (appemsd ix
~h).

(25 lie AT Ol l t h at ua ;aaa ue s tim e SUOR or FSUBR , aumd
(3 5 a u m v oth er iiuftm rmiuatiot i of iuiteuest,

and t i aem li ’ti I,iis wim a teve r  the call to ERROR rct is rmm s . Except ioim: a few (for exatnple DEFINE) will
ta ke f uss timer act inuu that slu’1seumuis num ihe value relurised. Timis isoms -stausdard action is specified ius t ime
error mticssagc (lit s s ERROR auguuumemui) .

16.3. FRAME (t ime TY PIS

A FRAMI is time nlm jec t i~la~etl on a PROCESS’s control stack (chapter 20) wlmeumev er a SUBR , FSUBR ,
RSUB R , or RSIu UR— h . U 1 h~Y (ch ma 1)ter 19) is applied. (Th ese objects are Imereimm collectively called
“Susbrnssi i uu~s”.5 It u-n mu talus s u umf nrs iiat m u m  descr ibing w imat was app~ied. pu ss a TUPLE wisose elesnetuts
are tIme as ~u uuuir sm tc in t ime Susb rouitii ue app lied. If aimy of time Subroutimme’s arguments are to be
eva husated . t imry ‘~i hh lsast ’ hers, by time timume thse FRAME is geumerated .

A FRAP1E is a su a ,sosss alnu ms TYPE iu m time fnliowiuug ways

( IS it (‘aim aunt lie t yped iii. It cams be generated omuiy by appiyimmg a Subrout u se.

(2) It does mu o m ty pe (‘sat 1 mm a ny stasud ard fors smat . bitt ratiser as #FRAME followed by tIme PNAME of
t ime Sumb roist i use applied.

16.1 . 16.3 Errors, Frames. etc. 
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163.1. ARCS

<ARCS ft

(‘aiguasse.mus~ re(msrns t he argunsesss TUPL ( of ls’~m..

163 2. F 111W 1

< F Lit IC I I, .‘ne)

rf usm c t mosu ) irt .srmm ’. time AlOll w h ose GILVAL is beiumg applied In lrjmo.

16.3.3. F RAft ((hue StiflR)

ci h1AHI. I, .me> 
-

rctt srmu s time r RAt t~ stas kesl hvrnrc Sr ~s~~’ or. If there is nomie, It will geumerate ass error. Time oldest(lowa’ss) I Rfltll th at i s us he s- et uuu used wi t lao s st error has a I UNCT of TOPILVEL . If called w Ith imo
ar guu susem u ms . I RAUF met s ur u m ’. list’ to p um so st I RA ft used lam ass appl icat lous of ERROR or LISTEN , wiulchm was
bouamud by lIst mssu t ’ spse ue r to ti me ATOM LLRR\ ! - 1141&RRU PTS (“last error ’).

16.3.4. F ~.miumples

Say yost is~m sc i;o ( teum a us error. ~‘oum c am s imow type at IRROR’s LISTEN loop amid get t iul um gs EVALed.For ex assu p ie.

(FUNC S (I RAft )>5
I iti ~Oit
\5 (SIIC I ‘~I flIStfl ci RAIU ) >)S
(he ~~~ : 0, the - Subi ouIs,mc~ whs ch-c~J/ cd-(PR~~:,( o~
<ARGS <FRAME <FRA M[>>>$
(l ie ’— ar ,~t ,nIC,It.: to The -Sube ouline - whic h—cd *I Ied—tRRC~ ..lup!.

16.4. FRRI I

<t Uf t  T .mt fr~s,,,e’ >

Th is StuiiR (“ruins reisir us ”) (I) s. s us ses t h e  coumtro i stack to be stri pped dowum to thse level of fr~m . amid(2) flirts ret us u us ’. ~~~~~ TIme ma rt ru’ssult Is th at lIst’ appilcau ioum wimlciu gemuerated Iran,. Is forced to return

163 .1 16.4 Errors, Franmes. etc.
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an t.  Adih itinmual side effects t h at would imave lmappeuied 1mm time absesmce of ass error uiiay siot imave
iuappcuucd .

T he secnuud at~ ssu ust ’ tmt to [fR ET is opt ioumal. by delaislt (hue FRAME of the last lmivocatiosi of ERROR or
LISTEN.

If FURl 1 is called wit im iso argsmmi ients. It drops yosm all time way dowmm to tlse bottouum of t ue commtroh
stack -. helnue time les t’l.l LISTEN loop -. aumd tlmemu calls LISTEN . As always. LISTEN first ensures tisat
MDL is receptive.

E~casssplcs :

<* 3 <+ a I>)S

~1 flROR~AUG-WRONG- I YPE
+

ISIINIIIC-At- 1EVL L 2 PROCESS 1
< ARCS <FRAME <FRAtW )>>S
hi I]
<[f RET ~)5 ;“Th -$ s causes the + to return S.

;“finafly retur ned by tIme ~
‘

Note th at w l meum ynsu ale u s  a call to ERROR , t h e  most recent set of bimmdissgs Is still u s  effect. Tisis
sm icasm s t h a t  you cai m exa um u i s me valises of dium usissy variables wh ile still ism time error state. For exasmsphe,

<DEFINE I- (A “AUX~ (ii ~a stringi)
~D [CL ((VALUE ) LI ST (A) STRUCTURED (B) STRING )
(.0 <RUST .A 2>) ;“Return th is LIST. >5

I-
ci ‘(l)>$

*1 RROR~
0111 —Oh —U0t~NflS
REST
IISIEIIING-AT-L EVEL 2 PROCESS 1

AS

135

~a strtn9 ”
<IRRI.T ‘(~i)> ; ~h1ake the REST return (5) . ”S
( “ a strinç i ” ( 5 ) )

16.4 Errors, Frames, etc.
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16.5. RI 1RY

<RETRY #?Jnse>

caimses tIme cntst sn I stack in 1st’ stri pped dowim j isst beyousd Frame, amid thess causes the Subroutisie call
t hat gesse rated fi ‘s . ” in he dou m e agaimm. f rame is op t iomma l . by default time FRAME of time last ismvocatlon
of ERROR or LISTEN. RET RY differs ( m u m  AGAIN Iss tlmat (1) 11 is usot Intended lo be used Iii programs
(2) Ii c aum retry any nkl frame (any Suubroistiss e call). wh ereas AGAIN requires aus ACTIVATION (PROG or
REPEA T or “AC I “): aumd (3) 11 it retries time EVAL of a FORM th at smiakes an ACTIVATION , It will cause
rebiumdiu mg ism list’ ar gs mssm e umt LIST . tl ms us (liuphicatimig side effects.

16.6. UNW IND

UNWIND is 315 I Sl~itR thm au t .ule s two a u - gu uumm cuuts , uss usa lly rORMs. It (VAL s the first omit’, amid, if (hue EVAL
ret uruss sin. uu uai h y. sims ’ s u s i e  of time I VA I call is the sal s ae of UNWIND , if. h owever. dimrismg time (VA L a
usois .Imca I r(’(lsl ii si R’miupt’ . to ret ma r ia it( Iow the UNWIND FRAME In the control stack . tise seco.md
argus sum e sut is F VA t ~ii. its i- alsue is uc~ usored, a umd tist ’ msos i- locah retiur um is completed. Time secossd
.mr g us n meuut is evaisu. ited iam Slur cmlvii ouumus c umt t h at was preseust w lse um time call to UNWIND was smiadc. Th is
facilit y is su sefus i lou- ileau uim u g sup d.-tta bases t isa t are Ium im mcoumsi stesst states and for chosismg
te mm s l)o rasy CilA lit lEts that ssm ay he kit around. FLOA D sets sup ass UNWIND to close its CHANNEL if (he
155cr attemsu pt ’ . to [RUE I w iui mn imt fiiu is isuum g t ime [LOAD . E~ as im pIc:

<PU TUE CLEAN AC 1 (“AUX ” (C (OPI N “READ” “A F ILE”>))

~Ll[CL ( (C )  <OR Ch ANNEL FALS E> ...)
<COt ID ( .C

<LINWIN1) <PROC ( )  ... <CLOSE .C))
<CLOSE .C)))>)

16.7. Coustu ni.(; (AG)

Typ ing coimtrni.(; (A C . <AM’ II 1)) at MflL ‘ .ass ’ .es it to act j imst as if ass error imad occurred 1st
w isatev er stat c mu ,- u s ’ s s tly britmg sinuse, Vms ca sm t is esm rsa nmim me time values of variables as above ,
co us t ismss c liv app iyi isg [fRI I to omit’ a rgss i mseus t (w hm ic is is igusored). RE TRY a FRAME lower out time comutrol
stack, or fli usl m evesy iho ium g by applyimmg [RR( T to sm n argummicssts .

16 5 . 16.7 Errors. Frames. etc. 
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$6.8. Comitro~~~~ Sh

Typisig ~nustso l.S (AS , <ASC II 19>~ at MDL cau ses it to stop what Is lsappem ml umg and returs i to the
FRAME .LERR\ ! -INIERRUPTS , returmmiuig time ATOM T. (lii the Temmex aumd Tops -20 versions. “0 also
imas t is t ’ sauuue effect.)

$6.9. OVERFLOW

<OVFRE t OW false-or-any> -

Tlsvre is nuw error Sisal cams be disabkth msumsterlc overflow and ussderf low caused by time arithmetic
SUBRs (+ , - , ~~, 

I). Time SUOR OVERILOW takes osm e argumessi: if it is of TYPE FALSE.
isusder/os’crllow errors are ihisaLaird: ot imersvise (lucy are emsabled. Time initial state Is enabled. 

- 

-

OVERFLOW uct st rum s I or #FALSE () , ref lectissg (lie previous state Calling it with iso argument
retursss tiuc t-usu’rcuut state. rI

.

ii
16.8 . 16.9 Errors. Frames. etc.
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Chapter 17. Maoro -operat iona

17.1. READ Macros

17.1.1. % asm d %~

Time tok e uss % aimtl %% are ismterpreted by READ j ut such a way as to give a “nsacro” capabilit y to MDL
simumi iar to P1/I’s. -

Whme umes’er READ cam e nisuiiers a siusg le % — anywlmere. at amsy depthm of recursioum -- it isimsncdiateiy.
w ith ou t lookiumi~ at lIme rest of time isupust . evaluates tise object foilowiusg the %. The result of th at
eva hm uat ioui is used by READ iss phacc of t h e object followimug lime %. That is, S meaums “dosm ’t really
READ t h is , site [VAI of it instead.” % is oftets u sed in files itm fross of calls to ASCII. BITS (which
see). etc.. a im is nusg im whme ss time FUNCTION is commipiled time cosupiher will do the evaluation if the
arguimiesits art’ c nssst a ms t . Also seems is %.INCHAN , read as t he CHANNEL iii use during LOAD or FLOAD ;
for exans pk. <PUT %.INCIIAN 18 8> caisses succccdimsg FIXes to be read as octal.

W huesu ev er READ cs icousss ers 5%, it likewise iuuusssediately evaluates the object following the 5%.
h owever , it comup ictely igsmores time result of tisat evaluation. Side effects of th at evaluation rem ain ,
of coisrse.

Exaumple:

< D EIINC SETUP ( )  <SET A O)>5
SE TU P
< DEFINE NXT ( )  (SET A <+ A 1)))$
UX I
[~ %<SCTUP ) %<NXT > %<NXT> (%%(SETUP>) X<NXT>3S
[1 2 ( )  I )

Il. 17.1.1 Macro-operations
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17.1.2. 1111K

<LINK ‘vp:~ln~ s tr in ,5 oblis t>

creates ass object of TYPE LINK , PRINTYPE ATOM . A LINK looks vaguely like aim ATOM ; it Imas a
PNAME (time c. t:sn~ as - g s ss s ue s mt) . m’es ides iii ass OBLIST (th e oblist argum ent) amid has a “value” (time exp
ar g uu mm ie umt ) . ~

‘s 1.1 UK h a s  time stra usge j )roperty t iuat , w iucusever it is eiscouumtered by READ (that is, its
PUAIIL is .e.-id. j usct hUe ass ATOM , possibly witim OBLIST trailers), READ substitutes flue LINK’s “value”
for thm e LINK imss ssu cd iaiel y. TIme effect of READ Ing a LINK’s PNAME is exactly the same as thue effect of
rcad imsg its ‘ val ise ”.

Time oL’hst au t~a i m i ucm ut is opt iomsal. (1 .OBLIST) by default. LINK returns its first argumusent. The
LINK is t reated via JUSERT , so ass error results if there is already ami ATOM or LINK ism oblist witlu the
samsie Ph-INtEl .

Time pr imsm ary ittt’ of L.INK.s is u s  immt eractive work w it is MDL: expressioums wimiclu are counniomsly used,
but asmumoyi msgl y b u g  to type, cam i be “himu ked ” to PIIAMES whsic lm are shorter. T ue standard exa ummp l e is
t ime fohlowius g:

(L IIIK ‘< ERRET > HA EN (ROOT >> -

whiclm h u b s  tim e A10U of PNAME AE in thur ROOT OBLIST to time expressioms <ERRET>.

17.13. l’rog ra mss . defi iued Mac’ro chiarac’tcrs

Duriusg REI\Disig fr omsu an i mm p stt Ch ANNEL or PARSE immg a STRING , amm y cimaracter cats be made to luave
a special imm s’as m i iug. A cisara cter cams cas ise aim arbit rary roistine to be ismvoked , w huichm caum timeum return
ass y nus ~ms bet of cle m m ue sm ts in be pitt imm to time object being b milt by READ , PARSE , or IPARSE .
Transiat ioum of characters is also possible. Th is facility was desigused for those persons wimo waust to
usse MDI.. READ In sin large parts of thse ir immp ut bitt isave to modify its actioums for sonic areas: for
exam usple, nile ms mig hst was h to treat left asud righ t paresstlmeses as (okesms. ratluer t iuaus as dehisusiters
iuidicati umg a LIST.

17.1.3.1. READ (u sually )

Associated with , RIAI) is aum ATOM , READ-TABLE!- , whose local value. if any. mm sus t be a VECTOR of
eiem mse u mt c . o ur for ca -hm ch aracter ma p to amid ismc ludim sg all characters to be treated specially. Each
chemesul imulicates , if mmo t 0 , t u e  action to be ta ke um is poum READ’s eumcoutmter w ith tisat cimaracter. A
sim n i lar VECTOR , time local valise of PARSE-TABLE!- , if assy. is used to (immd time actio um to take for
chuaracters esmc nuu ss tcied w lse mi PARSE or IPARSE is applied to a STRING.

These tables cas u h a t e  up to 2 G  elements, one for each ASCII character amid one for each possible
ex ciaumsati omm .po immt/ASC II .ci sarac tc r pair. Iii MDL. time exclas uuatiomm .poimst is used as a ine(iuod of

17.1.2 - 17.1.3.1 Macro-operations
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(‘~~p.i nil s si~ t ime A t~CIl t I, .m m at  t er set , a mud a m m e.xclasu;at iouu.poisst/c isaracter pa ir is treated as one logical
(‘hmaracte r St hess ma nt u r ; m mh im s g a StRiN G

‘fime eleum it mit e , bu st c 1 pc , uu ( I i u u~ to a characte r is <NTH table (. 1 (ASCII char >>>. Time elenueuit
corrcs pouull is ms ’ to at s c\c lauaia t ious .poiu ut/ASCL$ .cl saractcr pair is <NIH table <+ 129 (ASCII char>) >.
Time table i’aui hs~ chin a t ea t hm a m i ~~G ekuum eumi s . 1mm w huic ia case it is treated as if’ it were 256 lomig w ith 0
eleus me uu ts bt ’voissl i ts  at ’s usa l lengi ha.

Ass t ’ ksu mc sut of lime t .sitl~s suissc l satisf y oum e of lime follosv immg DECL Patterns:

‘0 a us ,iiezstcs I Imat sm n special act m u m  is to be taken w l mems th is cimaracter is esucoussstere d.

CIiI~RA(~ it b~ i uudi ia tec t hat time cuicouss lered character is to be t ramm siatcd ism t o flue givetm CHARACTER
wl mt ’ uses er im 

~~~~~~ exc e pt when as as s object of TYPE Ch ARACTER , or iii a STRING , or
i m mm mss eihia t c ’ I y I nilost ia sg a \

TX imuthi ate c t h a t  t h e  cha rat tc ’ r is to he g iven flue same trcat uu memut as t h e  clmaracter w it h time
ASC II .ihs ie of the l i x.  Ti m is allows you to cause othaer c lmarac ters to be treated iii the same
sta y •uc A~/. hi s  uxa s m m p le. That ’ s.u m ise except ions apply as for a CHARAC TER.

(11 S I I IX >  I usd ie .it rs t h e  ca as s e t lm issg, exce pt t imat t h e  ch aracter does umot by itself cause a break.
Thmeu c inu’. if it Occu rs sc lae mm read imig aim A l ON or s m s uus mb e r , it wi ll be treated as part of that ATOM
or tsIIsssI ius -

APP1 I m iii I (to om uc asgssssse m s ~) iuc ( icatcc that t ime character is to be a break clmaractc r. W hseusever
it Ii (‘lit on ma t ~- i iii . she s (‘ .011 m u t ~ of the ens rent object is f imaishe d . auad lime correspomudi uig eiesne smt
Of t he I aimie is AS ’P~ Yemi In m i me A SC1 I CIIARA CI ER . (I f READ is cabled duurissg (lie apphicat ion, t hm~

— cuid-nf .l l it ’ s lOt of tu e (‘ILAI4IJIL leisspns-ai - iIy c ntstai ts s a special kind of AC T IVATI ON (TYPE
Ri A l mA ) to t ha t rasil .of .IiJe ea ma lie si gsm allcd properl y to time original READ . Isui ’t t huat
Wnu sdt ’s f umI ~ ‘Flit’ s’alums ’ us ’ %tsu - smed is ta kes m so he wh at was read , im s u less an object of TYPE SPL ICE
is ret us, m it- it II sn• t i m e u I c ta a c sut c of t I m i ob ject . wimi c ia is of P R II I TYP E LIST , are spliced ism at thue

~ lieu e T~
) 1)1 is s cai t i uag . A us empt y SN. ICE al lows oume to retsarn uiothi iusg. If a structured

ob jec t i s aunt lo t  aa~• liii itt . a uth a SPt I Ct is returned , elemu emsis after time first wi ll be igmmored. A
SPI I CI iSis, isu ~ I u.udiuig is ~i;iui1ar In a S[c,t-IENI dusr isug es’al uat imug. except that , its soss ie seuise, a
SI’I i(t s .t~ c ‘ sxpai md use ”. is lies cas t is e st rsm cls mr e c om mt ai mmi ua g a SEGMENT says “I wi ll expand you”.

(I 1St A l’i’l It A I~t I ) im udu - .ites t i me sau mue tim ing. except that time chmaracte r does not by itself cause
a ipu’j k. ‘I’lac’rel ore. if it occurs wiscm i reading ass ATOM or nuumuuber, it will be treated as part of
t h a t  A 10t h or nimum uher .

REAL) t a l e s  . mu m asit l i t  sns,a l opt lot ma l argususent, w lmiclm is what to use instead of the local value of t he
A TOM REAls- lA in i as tI me V ECTOR of rt’ad- usacro characters. If th is argum uaeist is ssupp hied, READ—TABLE
is rebound to it with in the rail to READ. READ ta kes fromsi zero to four arguuueutts. The fullest call to
READ is thus;:

17.1.3.1 Macro-operations
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<RI  At) cha ’~’iel e~(- r out,m’ lOo~c-up r cad-table:vector >

The oth mci - auguusneuts a~c e~shsiaiitesi iii sections 11.1.1.1, $1.3, amid 15.7.1.

ERROR amid I 1511 t~ uvhi mid RFAI1-IA1IIF. to t Ime GVAL of READ-TABLE , if any, else UNASSIGN it.

I7.i~~�. I~x as m u l)Ies

Exasmip le’s of cads of time diff eremut kinds of esmiries las imsac ro tables:

<S ET RFA [) - 1AULE <IV ECIOR 256 O>>$

<PUT .RIA L)-1A BLE (# 1 (ASCII !\a>) !\A >
;“CI IARAC T E R : trans late a to A . ”S

Abc

<PH i .111 AH- IA IU E <+ 1 <ASCI I !\%>> <ASCII ‘\A)>
; “ F I X :  make % just, a norma l ASCII character ,MS

I...’

A’57~BC

< PIJ I .READ-TABLE <+ 1 <ASCII ~\ , >) (<ASC II ‘\ ,>)>
;“<1 151 F IX): make comma no longer a break

ctm~uracte r , but st i ll  s~ccial if at a break. NS

A , B

;“ lltat was an A IO II w ith PUAIW A ,B .~~‘

.115

;“T hat was the FORM (GVAL B> •
N

(PUT .ITEAI)-lttBLi (+ 1 (ASCII !\ :)>
~r twCiIoN ( ( X )  (LIST COLON (READ)>))

;HAPPI ICAIII.F: make is new th ing like ( < and ( . “ $

I. ...)
fl :A~s
B
( COl ON A )
: : : hOO i.

- 4  ( COLON (CO l ON ( COLON 100)))
9

i7. 1.3.1 • 17.1.3.2 Macro-operations
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~PUT .RI A t ) -1 AG5 [ <+ I <ASCI I !\:))
‘(~ h uII4Cil O N ( ( X )  <LIST COLON < READ >>)) )

;“ < LIS I  APPliCABLE): luke above , but not a break
now .”3

- -

hi:A
l t s , mt - s’,,is .ms u A 1O~i .

“

:1 OO~.
((01 ON 101 ON 101 ON fO0 )

17.1 ~i.3. PARSI a mud I PARSE (fim m.uli y h

“ I’AI~SI ‘~ - :  ‘ -  /o~k ~ip p~r se ’- (.thle:vector Iook—aheathchar acter >

is t Im e h a  Nest ~- .mll so l’#\i~SU . PARSE ca sa ta l e  finns zero to five argss unetst s. If PARSE is gis’eus urn
argi um ilels t s . it s et sat mi s t i me f is ct oh ~t - I  pa ised f ro usm tIme local va lue of mis c STRING PARSE—S TRING amid
adehit ious .uils Si is l’A~SI — S I  Ii III; to ti m e SiR TU G hm a s ’ i us g those Ch ARACTERs whs ic lm were parsed RESTed
off. If I’ARSI us ~is t a m  a S IR lUG to parse, t im e AlO f t PARSE—STRING is rebosimad to misc STRING w it lmin
t l uat i.~il. I F mis c ; ~~~~~~ !~~‘‘i’ .sru~s umm m ess t is ~ivcsi to PARSE , PARS E— TABLE is rebound to it witiu lus th at
call to PA P.~ L . Fimu , i i lv ,  PAI1SI ca ss l ike a io~h- 1’i ’ ~d CIIARACTER , wisicl m is treated as if it were
log icahl ’s t051t alu ’ us.stt ’ t I  In t u e  frou si of t h e  s(,,n~ be imm g parsed. Otlser argumueuts are described in
sect ions i i’  (~ ‘ ; ma u ul I ~.72.  —

IPARSI is e x a c t l y  l ike PA RSI , except t hat it tries to parse time whole STRING , returning a LIST of
tise objects ci e’.uteuI .

l7~!. I V A t  M,it i s ~s

Au IVAI sms,sci(I (it u k’s I ise ’ cosss ’ei m ie mmtc of a F IJtICT ION w it i mo us t time overhead of cailisig. SPECIALs,
etc. 1mm I In’ nuui p m it - m i S i’s sioli -“. spe c uai .pus spos c f us umc ti o mm timat is called ofteus by FUNCT IONs that will

— be cossm p ik’d as a gontu c , m m uuh idate for a um ETV A L ss ma crn.

17.2.1. Ill I IIAC .5 m a il I X I’A UIm

DEIMAC S ”tit’ I must mms , mt uum ”
~ is c v um lact  icaily exactly t h e  sa umse as DEF 1NE . However. iumsue ad of crratiasg a

FUNC I IOU , Pit  IA C  is  c i t e s  a ISACR O . A MACRO is of PRIMIYPE LIST ausd is m fact has a FUNCI ION (or
other AI’P( I CAI N I I YPI I as is; sism u~ he elei sme s ut .

A MACRO c ams i tse lf Lme applied to a rg ua si me u mts . A MACRO is app lied iuu a fu us us y w ay. however : it Is

17.1.3.2 - 17.2.1 Nacro.operations
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EVAL ed twice. ‘l ise fir st IVAI. causse s lime MACRO’s clem uscust to be applied to tise M~CRO’s arguunessts.
~V lm at es er t h at app iica t ioss retsss ’ss s (ms s ua lIy asmot iser FORM) is also EVALed. TIme resisht of time second
EVAL is a mi im ua is the m .’s us hl of app lyim ig u s e  MACRO . EXPAND is used to perforumm time first EVAL withuout
ti me ~ecosuil.

To as’oiti cou sap hic~mt i o u m s . t ha c first EVA L (by EXPAND , to create t ime object to be EVALed tIme secosmd tilmie
arousu(fl is ilitu me lam a tnp-h’vel es ivirosm s ume s st. Tlue result of tis is policy is tlmat two syntactically
ideust icai ium v nca ti n um s of a MACRO always ret usr um tim e sams ie expas ms ioas to be EVALed iii the secosmd step.
The first IVAL griu’sates two extra FRAMEs: one for a call to EXPAND , ammd omme f or a call to EVAL the
MACRO apI)lieat loss l am a top- level es is’ iro mm umses i .

Exaissp ie:

<I)F F I1AC iNC (Alt’t “OPi IONAL” (N 1))
#L)ECL ((VALUE ) FORII (ATM) ATOM (N) <OR FIX FLOAT>)
(FORM SET .ATM <FORM + <FORM IVAL .ATM> .N)>>S

ItIC
, 1NC$

~‘1IACRO (~ FUUCT ION ( (ATM “OPT IONAL” (N 1)) .,  .))
<S ET X 1)5

<It4 C X >$
2

2
<EXPAIJI) ‘<iNC X))5
(SET X <+ .X 1>>

Perh aps lime ism les ut loam is clearer if PARSE and % are used:

F 
< DEFUAC iNC (ATM “OPTIONAL ” (N 1))

~lJ1C L (...)
< PARSE “<SE1 %.A 1M <+ %.ATM %.N>~~>>

MACROs rea lly cxlu ihiit t ime ir advantages whets they are cousup iled. Time cosmipiler will siunply cause time
f irst [VA I nat loss to neesur (via EXPAND) amid coums pilc time result. Time siusg le elememmt of a counpiled
MACRO is aim RSUBR or RSIIUR-ij UJRy.

17.2.2. Exauiup k’

Suppose you wasmt to clsauuge time following sism uple FUNCTION to a MACRO :

< OhIJU F FIOUIII E (X )  ~f lECL ( ( X )  FIX) <+ .X .X >>

17.2.1 - 17.2.2 Macro-oper*tions

~~~. ~~~~~~~~ ~~~~~~~~~~~~~~ _ _
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You ssiay Lw tesiupted to ws’ite:

DFFMA C DOUBLE (X)  •DECL ( ( X )  FIX) (FORM + 
,
~ ,X>>

Timis MACRO wo rks . Inst os u l y w ia esa tim e argsa u us c amt does umot misc teuum porary biumdiumgs. Consider

<DEFINE IRIPI[ (Y )  (+ .Y (DOUBLE .Y))) 
—

If timi s I (INC lION js app lied, the top-level hiamdi ng of V is used. hot  t ime bimmdiusg just created by t ime
apphicat inm u. c : ( m m ss i s ul. ~m io ss ~f t I~is FLINC1 ION woss id probabl y fail , because time cos um pile r probably
would h ave no Inp •hc-’s’ci bis mihun g for V.  Well. isow abou t

1)EFt-IAC I~OUBLE ( ‘ X )  <FORM + .X .X>> ;“Tho DECL has to go. ”

Now t h is is umrns e like liar orit~inaI FUNCTION , becau se iso loumger is time argummm ent evaluated aamd time
resu lt e sa l muat c ’ci agal us. isuud 1RIPI E works. Bust usow consider

c D[ FTtJE INC-AND-DOUBLE (Y)  <DOUBLE <SET V <+ I .Y>>>>

~‘ou amui glmt h ope ti s a u

<INC-A ND-DOUBLE 1> -> <DOUBLE <SET Y <+ 1 >>>
-) <DOUBlE 2>
-)  <+ 2 2>
- > 4

Rust, w hen DOUR( I is app lied to t imat FORM , t h e  argumneust is QUOTEd, so:

( INC-AtJ [i-DOUBLE I> -> <DOUBLE (SET V <+ I .Y>>>
-> <IORM + (SET V <+ 1 .V >> <SET V <1 .V>)>
-) <+ 2 3>
— >  5

So. su si e t ime cs’ ,misu .i t inas (if D OIJII LE ’s a rg usm us eaut lsas a side effect, you simould eaisure tlsat the
eva iusat loss is d ouse exa ct l y ousec . say by FORK:

<D[VH AC DOUBL E ( ‘ANY )
<FORM PROG ( ( X  .ANY)) # D[C1 ( C X )  FIX) ‘< +  .X .X>>>

As a boa muas . tIm e ’ 01 CL cams osuce more be used.

Thm ic. exa u m u p ie is isa t esu ded to sh ow tl uat w ritimm g good MACROs is a little trickier thaus writing good
FUNCTiONs . fiat lim e cff ou-t smuay he wort h w h ile if time compiled program must be speedy.

17.2.2 Macro -operat ions



Time 7~1 1)1 Prn g ia ussums ism g Lasmg isage 159

Chapter 18. Machine Words and Bits

Time M 1)1. fat ’ i his y (or mhc ’ ahi smg w i t is uauiiutcr preted sm ia c imia s e words and hits imuvo ives two data TYPEs:
WORD auud hI 1S. A WORD is s iuu m p ly aim ussuisum e rpreted susac isisue word, ivlmile a BITS is a “poiuster to a
set of hits t n t  I mius a WORD. Opeua t ism g oam WORDs is ussm sa hly doume oam ly w hsess cosmupiled programuss are
umsed ~s Imap t e r 19).

18.1. WORDs

A WORD im s ML)L is .m I’liI’.lO m m s ac hmi uu e word of 36 bits. A WORD always PRINTs ium “
# fornmat ”. amid its

co ist e mut s ,mi-e .mlw.s ~ c pi- iuut ecl isa octal (h ucasce preceded asmd followed by *). Exaumip les:

~WO fl [a 0 ;“a f l  Os ”S
WORL) ~~~~~~~~~~~~

‘ WO RIS ““ mD~~ ” ;“ono bit l” S
~WOfl[) ‘0000OQOO 2 0Q 0~

~WO RI) ~~~~~~~~~~~~~~~~~~ .“every other bit. 1”S
“WORD * L ,7S2~ 2i~~

I.
~?57~

WORD is i t s  rmwus I’RIIIIYP( ; it is also uh me PRIIITYPE of FIX , FLOAT , CHARAC TE R , amid aus y other TYPE
sv hsici u cats fit i ts d a t a  imsto flume s uuaeiu iusc ’ um osd. - 

-

A WORD c.mu uumnt  Iii’ ai m a a - g us sase sm t to  + , - , or ismdeed auu y SUBRs except for C HTY PE , GE T B ITS , PUTBITS
au md scs i’s ai L mis -uum.m sm i p i m ia t  iu s m~ f u m uucs in ss ~. a ll to be described below. Tiuus aum y ar it ims u meti c bit
smi~ is ipua i.i I m u m  m ssumst he ilomue by CIII YP lisug a WORD to FIX , doimu g time ari lismsmet ic . and t iscu m CUTYPE Isug
back to W ORl u . I lo’ss ever , bit mma au si pm ula tios m cam s be dosue w it iso ust CHTVPE 15mg tIme t lm is mg to be played
wills in a WORD . ~u’ lnusg .us it is of PRIN T YPE WORD ; time result of tise smmaa s ipu lat io im will be of time
sas ime TYPE as lIme os - igism a l ob lect or cass be CIITYPEd to it.

IS - 18.1 Macl mism e Words amid Bits

~ 

~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~ . ~~~~~~~~~~~ ._ _ _ _
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182. RII~

Aum object cit 1YP~ 15115 is of I’RIMIYPE WORD , and PRINTs ju st like a WORD. Thur iumters sa l formmi of a
BITS is pm c~ m ’ . - Is i hs a t ol a I’i)P.lO ‘byte pois mtc r ”. w iuicis is, im s fact. j ust whuat a BITS is.

For pta ipoces of exp l.iinissu,’ ssl aa t a Ill iS is. as sssms se S isal tim e bits in a WORD are nuunbered Irons right
to he lm. st it Is t 1st’ mm -~ iii ma unt u hit sss um mm be reel 0 amid t ime ieft uumost smisuusbered 35, as 1mm

- 5 .  34 33 . . . 2 1 0

(Timis is mint t ime “c5 .tsuda sd ” orches isig: time “stamidard ” ouse goes frouss left to rigiut.)

A B 11S is mmu os t i’nsmr ea m ie au t ly reateu l via time SUBR BITS :

<Bu s ii -~~: / j  ) ( -  eo~:e: f ,x)

ret uiruss a i t t  I ‘. it u sc - h “poisu t s to ” a set of halts width wide, w itlu rigiats isost bit rig ht—edge. Bothm
arg mm mu cus us ussum ~t tic ’ of I YI’E F IX , a uud time secoumd is opt iommal , 0 by defausit.

Exassip les: lime issih i m ’ats ’d a pp hicat ioss of BITS rets iraus ass object of TYPE BITS wiuicim poluuts to time
iumd kaseul set of lmit s im s a WORD:

(BITS 7> 35... 76. ..0

(B ITS 4 1 f >  3 5 . . .  22 21 20 19 18 17 .,. 0

cU l l S  .5~ > 35 . . . O

18.3. GE1BI1S

<GE Till IS 1tOnu:prinut ~ pe-w ord b i ts)

wimere ‘~~~~~
- is ai m ob j ect of PRII- ITY PI . WORD , ret s srmm s a new object whuose TYPE is WORD . Th is object is

co umstr usc tvd isi tim e fnllnwiumg stay : (lie set of bits isa from poiusted to by bits is copied iumto time imew
object. rim~imt-aui jsistec i . lhs at is , l imseth sup aga iusst tIme righ t  cu d (bit sm us mssber 0) of time ssew object. All
t h ose bit s of l im e nest olm jec t stl mj el m .irc mint cop ied are set to zero. lum other words, GETB ITS takes bits
from im ass .mr t m i t m a m v  place l am t,~~’ri ausd pu ts t hse s m m at lime righms esmd of a usew object. Time from argument
o GETB IT S is sins .slfccted.

E~a s u p  Irs:

18.2 - 18.3 Machi inc Words amid Bits 

-~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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<G EIBIIS h WOItD * 7 7 7 7 7 7 7 7 7 7 7 7 *  <BITS 3))$
“WORD *000000000007 *
<GI 115115 *012345 1,70 123* <BITS 6 18)>$

WO RD *00 0000000 04 5*

18.4. Phuli
~kIs

<PU 1 BITS tø :pr ir i i t -i r ’e- w ord bits (ror i i :pr in il vpe- word>

wlmere tc ’ a s s ul “o’ - are of PR I Ml YPE WORD , re tu sr u us a 
~~~~ 

of to. modified as follows: t ime set of bits
its to sshs i c lu  ;sre pu’ isa tul to by h s  are rep laced by tIme appropr iate usuimnber of r ig iats usost bits copied
frousm fror. .  lopt inimai, 0 by delaumitl . In olimer words: PUTBITS takes bits froumm time rigiut euad of from
and stu s f fs  th esis is s lo ass as hit ra ry hrnsiti oua im m a copy of to. None of tiae argumm ieasts to PUTBITS is
affected ,

Examp ks:

<Pt J I II1IS *WO R(i * 7/ 7 7 7 7 7 7 7 1 7 7 *  <BITS 6 3)>$
~t4ORF) *777777777007*
( PUT BIT S ‘~WOP\O *c~6G777 O0OlII * <BITS 5 15> #WORD *123*>S
HW ORI) *~,(~(~7/6 3 QO1 11*
(PU1BI1S ~WOlUJ k7ô 543 2 107654* <BITS 18>>$
#~4Ø}~Li *76543 2 000000*

18.5. f l i iw ice Unnicaim Opes -at inu ms

Eaclm of mim e Shl itlt s AUDIt , ORB , XOI58 , and UQVII taLe s argu sme umt s of PRIMTYPE WORD as md retsurns a
WORD wlmic .-is is tifl’ b~tw ~ci’ Itonleaus “and ”. issclsssis ’e “or”, exchsssis’e “or ”, or “eqsaiva lea mce ” (inverse of
exc lussis ’c “os- ”i. recjn ’c mi s ’cly, of i ts ar~ uum m eis ts. Eac h takes aimy as uusumber of argusneusts. if no
args umu ie ,sS is t~i~- cum , a WORI) wi th i  a ll bits off (ORB assd XORO) or osm (ANOB amid EQVB) is retur umed. II
nms iy oust’ .is-~ sm i s ut ’ mmt is gise su , it is ret mtrsmc ’cI us ieh mas uged bust CI ITYPEd to a WORD. 11 snore tisaus two
argsu mu se u m u s ~m e t~is - vsm . t ime opel-ab s is applied to time first two . fl ucas applied to th at result auid the(lmird. Cli’ . lIe ssm re isot to c na mf uus c ’ AND amid OR wit is ANDB ausd ORB.

18,3 . 18.5 Machiute Words and Bits 
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18.6. it itsc ice S hii im im ~ Op e m a b  1( 1515

c 1511 1, ~‘ -pr :n,t . p e — w ’ r d  anio ur, f: fi .s )

reti srus s a i m w  WOR D ~ st atai i u i t ug time bits it s from , shifted tiue s su usssber ol’ bits specified by .,mount (usod
‘256. sa ys tin’ is asui w am e ) Zero bit s are broums ~Is 1m m at t ime eusd bc ismg vacated: bits shifted oust at tIme
ot imer em mul ai e limit. If ,w ount is positiv ( . s luift im ug is to tIme heft: If amount is Imegative. shifting is to
tIme righ t .  L-1~ a u ms p ks:

<15 11 8 u)i
#WORD *0 00000 1000 *
<[Si ,  U — (i)~~. 

i I
‘ WORI ) *~~~~~QQ() Q fj ~~~

cR01 ~, ~- - i ~-p, u: ,, t ’ , p r—tt - or d  .m,i,ou nl : l i s >

ret tmrus s a u u u ’ it - WOR D c o ust a i u u i lua ~ t lue hai ts iss from , rotated time smusm u m bcr of bits specified by amount (ussod
‘256. say s m is t ’  hsa am Iw aie ~. Rota t i o sm is a cyci ic bitwis e sluift wimer e bits sluifted out at osie end are put
bac k is a at ul~ ’ os ite m . If ,u, iiowi t is positive. rotat iosm is to t hur left: if amount is negative , rotat ioum Is to
mis c rig h t  F’sa ms mp lcs:

< R Ob H c~~
#W ORI) *~~() ~~5Q~ QQ~ Q Qfj *
<fbi B - E i > S
sWORD ~~~~~~~~~~~~~~~

18.6 Maclmlume Words auid Bits

L — - ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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- ;- Chapter 19. Compiled Programa

19.1. RSUBR (time TYPE)

RSUBRs (“re locataisl e cmu im ros mt ium es ”) are musaclslue.iamsguage programs wr itten to russ lus (hue MDL
essvir oa ium mc mm t . Time)’ are s us usa ih y produced by time MDL asse usm bher (ofteum froums oiatput produced by time
cosms piler) a lt lsnss gl m th u s is umot usecessa ry. All RSUBRs hmave two cosnpouieusts: tise “reference vector
asud time “code vector ”. las somma c cases tIme code vector is iii pisre storage. Timere is also a set of
“fixua ps” assoc iated w ithu every RSUQR , aithiousgis It assay not be available iii the ruuusmiuug MDL.

19.2. Thur Refereusce Vector

Ass RSUBR is basicall y a VECTOR th at imas beeas CHTYPEd to TYPE RSUBR via time SUBR RSUBR (see
below). Th is c~ -VE ClOR is time rc fereumc’c vector. TIme first tisree eleauseusts of the relereu ce vector have
predefismed uuurasuiuug s:

Time first cic ma ic smt is of TYPE CODE or PCODE aamd is time inupure or pure code vector respectively.
Tiuc seccm mmd elc ’uuuesst is asm ATOM amid specifics tIme umasuse of time RSUBR .
Time tluirul elc sumesm t is of TYPE DECI amid declares time type/structure of time RSUBR’s argusmseumts and

resiult.

The rest of tIme clesauc uits of time relercuiec vector arc objects Imi garbage-collected storage thmat the
RSUBR useeds to referesmc’e aumd ausy isumpuire slots t imat time RSUBR useeds to use.

W lseum tiuc’ RSUBR is rusumus immg. osse of lime PDr.l0 accumulators (with sysimbohic imasuie R) Is always
pointing to time rcfercsmt-c vector, to permumit rapid access to time various elcunents.

19. 19.2 Compiled Programs
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19.3. RSUBR Linki~g

RSUBRS cams call ass)’ APPl ICABLE object. all in a ums iforuss immaauiser. Iuu geiseral. a cai l to an F/SUBR is
h usked sip at asseusmbly/c’ousspilc tissue so th at time caihissg iuistructiomu (UUO) polasts directly at t ime code
1mm tlac’ iaaterprcter for time F/SU lk. h owever, time Iocatioams of most other APPL.ICABLEs are h ot
kminwm s at assrsmihui) ’/coummpile tiumm e. Tiucrelore, the calling UUO is set sup to poiumt at a shot its the
referetuce s ector (Is)’ issule~immg off accutmsmulator K). Tiuis slot initially comsta iuus time ATOM wimose
C/LVAL is (lie s’alied object. Time calling umecimaumissis (UUO hmaumdler) causes cosmtro l to be trauisferred
to t ime called ob ject asud. (Iepcssdiaug oum time state of (hue RSUBR-hiumk flag, time ATOll will be replaced by
its (‘~/ 1.VA I. (If thur call is of the “quick” var iety, (hue called RSUBR or RSUBR-EIITRY will be CHTYPEd
to a QUICK-RSLSIIR or QUiCK-ENTRY , respectively, before replacesuueuut.) Regardless of tise RSUBR-lInk
flag’s state . c.ihIs In FUNCTIONs are suever permusatuently linked. A call to a usoms-Subrouthue generates
ass ec t ra  IRAFIC , wiunse IIJNCT is time duauaassuy ATOM CALLER .

RSUBRs are iiud cd tngctluer for faster e’secutioum, but hisskiuug mmsay suot be desirable if t lse RSUBRs are
bc’luug uleiusut ged. amu ul s’arinuts s-cs’isinsus are being re loaded. A hisuked call will forever after go to the
sasus e code, regardless of time cusrrean C/ LVAL of flue called ATOM . Thus, whmile tcstismg RSLJBRS. you
uuuay wa uut to d isable ii.ukissg. by calhisug time RSUBK—L. INK SUBR witim a FALSE argunieuut. Caiiiimg it
w h i m  a sinus-FALSE arguumsme smt cumables hismkisa g th ereafter. It returns time previous state of thue ilaik flag,
citluer I or #IALSE C ). (‘.alliuug it witlu no argusuesmi returums time current state.

19.4. Psare asull l
~~~!sre Code

Time first elemuse sat of as s R.SIIBR is Our code vector, of TYPE CODE or PCODE . TYPE CODE is of
PRIMTYPE LIVECIOR , awl lime UTYPE should be of PRIMTYPE WORD . Time code vector is simply a block
of words t lmat are thu c ’ is ustr umcti nmss wiuiciu coumuprise time RSUBR , Siauce time code vec tor is stored just
hi ke a stas sda rd hlVh CIOR , it will be mmsnved arousssd b~ (I.e garbage collector, Tiucrefore, all RSUBR
code is reqs.ired In lie iecatiosm-iamseamsi tis’e. Time cos uspiier guarant ees time location-iumsensitivity of its
oust psst. ‘lime assc’mmub ler h elps to mmma ke time code Iocation-isusesssitive by defisuisig all labels as offsets
relative to t h e  Isrgim muu iuag of time code vector amsd causlusg iuustrulcliosms t isat refer to labels to iuudex
au utn uu ua t ic all )’ off t Ime Pl)P.lO accu ss sui a lafo r sys msboli cahly uma ussed II. Pt , like K . is set up by time UIJO
iuasudler, bust ii poismis to time code vector imustea d of the referesmce vector. Time code vector of an
RSUBR caas bc froieas (uss iimg t ime FREEZE SU8R) to pres’euut it fromas mmmovii mg duriuug debugging by DDT
its t ime sum pes ior opcr at iumg-systcumm process.

If lime first ekuumeust of ass RS%JBR Is of TYPE PCODE Cpure code’), t ime code vector of the RSLJBR is pure
aumd siaarable. TYPE PCOOE js of PRIPITYPE WORD. Time left half of time word specifies ass offse t into
ass isiterusal tabhe or purr RSU1IRs, aumul time rigiat half specifies an offset iuuuo the block of code where
t imis RS(JBR starts. Time PCODI prissts oust as:

%< PCODE ~‘.*me:string off set .‘fix>

193 - l~.4 Comuspiled Prograuns
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w iaere nat ir ’ uu au ,ues list ’ e sumr y isa time user ’s ptuu-e.RSUIIR tahie , and offset is time offset. (Obviosusly,
PCODE l’s .m lso time s u ; muuu c of a SWI g , w luicl a geumerate s a pu re code vector.) Pu re RSUBRs sasay also uurnve
aro ssus t i , bust fl ush ) Ii) L.e iumg ismclutled is a MDL ’s page sumap at dif leresmt places. Omace agaiuu M caum be
m u sed (‘N m I Iv as hvfos e In tin hoc-a l m um - i s ide 1)cs mdeast address rcfere usc iuug. Immdivid isai pure code vectors
ca um be “ssa u mss a p p ’ul ” (sisam-led as iwimsg mint 1mm pa im msa ry storage bust hum t iseir original puire.codc disk
f iles) if ti m e -space ium sto rage allocated for pumre code is ex haa iusted. Am a us uamm mapped RSUBR is mapped in
aga ium s ’ s ha ( ’ s i c s cs uscc.Icd . All  pisre RSUBRs are umsa umapp ed before a SAVE file is writteus. so tisat time
code is mint dsu plicatcd nsa disk. A purified RSUBR a mi sis t use RGLOC (“relative GLOC”) isistead of GLOC .
RGLOC ps’nttssu’e’s (mb j ects of TY PE LOCR isus s ead of LOCD.

19.5. TY PE —C amm ul 1 YP~ -W

h um order to i m a s adic us se r IJ [W TY P[s rcasnima bly, flue imate rs ia l TYPE codes for t ime nm luave to be able to be
differem ut f i- o ss s o m a r M1)I. rusum to aum os ise r. T imerc’fore , references to t ime TYPE codes susust be iii (hue
refereuice vector s -at ises - t l m a um t ime code vecto r. To iseip hsamsdle tiai s probleusm, two TYPEs exist . TYPE—C
(“ty pe code”) ama d IY P [—W (“ty pe word ”), boi ls of PRIMTY PE WORD. Tiaey print as:

%< T yp~: — C t~ p~’ pr i~~f)- p e:~stor ~>
%< TYPE —W t ypc  priml vpc :atora >

Time SIIRR TY P E -C procl usces aim ism te r s m ai TYP E code for time type, and TYPE — W prodsuces a prototype
‘ TYPE word ” (appessihix I) for an object of t laat TYPE . Time pr/ mt ype argiunsesit is optional. iuicludcd
only as a check a~ aim mst t Ime call In NEWTYPE . TYP E—V calm also take a th ird argisma lent . of PR IPI TYP E
WORD . w h ose rk~Im l h a lf is isiclusded its time gesierated “TYPE w ord”. If type is not a valid TYPE , a
NEWIYP [ is a tst n uu ma t i c a hl y (lone.

To be cosam plele. a c is su i l a r SWI R and TYPE slmould be ussesitiomsed lucre.

<PR IIII YP [—C t ’spe >

produces ass i ustc ~ss al “storage a hlo catioss code” (appesadix 1) for time type. Time val ise is of TYPE
PRIMTYP E-C , PRII-ITYP[ WORD. 1m m a lsm uost al l cases tlse SUBR TYPEPRIM gives ju st as ssuuich
iasf o rnmati nm u. excepI i m u thu r case of T[IIPLAT[s: all TYPEs of TEMPLATEs Isave t u e  saunc TYPEPR IM , but
t imey all ima c e d i l fe se sat PRIM1 YPE — Cs.

19.6. RSISB it ( t ime stmuti ~

(R5(5i1R [ -ode name dec! ref re f . . .

CUTYPEs its aum. ~uu uu a a ’ s ut to ass RSUBR , after cluec k im u g it for legahity. RSUBR is rarely called othuer timan

19.4 . 19.6 Cosuipiled Prograuns
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in the MDL Assemumbler (Lebhimug. 1979). It can be used if chausges m ust be made to an RSLJBR that are
prohmibiled by MDL’s bisi lt- iua safety umteciuasuismsis. For examsiple, if the GVAL of name is an RSUBR :

<SET FIX IT <CHTYPE ,name VECTOR))$

. . .(c hsamsges to .FIXIT)...

<SETG name <RSUBR .FIXIT>)S
#RSUBR [ . . .]

19.7. RSURR -EN1RY

RSIJBRS cams imas’ e ma ut s ht i ple emmtry poimits. Aim RSUBR-ENTRY calm be applied to arguments exactly like
ass RSUBR .

<RSUBR - EN 1 RY [rsubr -or -atom name:atom dccl ] of fset:fix)

ret urmms time VECTOR argu sul me ust CHTYPEd to atm RSUBR-ENTRY iusto the rsubr at the speL ucd offset. If
time RSIJ BR -ENT RY is to Isave a DECI (RSUIIR st yle), it should conic as simown.

<ENTRY-LOC rsubr -entry >

(“entry location”) relursms time offset immto tIme RSUBR of tiais eustry.

19.8. RSUBRs him Files

There are t lsree kinds of files t isat cast coutahus RSUBRs, identified by second names BINARY , NB IN
amid FIIIN. There is asotluimu g amsagic about Ilsese nasmies , but they are used by cousveuitlomu.

A BINARY file is a counpletely ASCII file comita ius iusg comsiplete iunpure RSUBR.S in character
repre setmtatio um. Eveus a code s ector appears as #CODE followed by a UVECTOR of PRIPITYPE WORDs.
BINARY files arc gemie raliy slow to load, because of all time parsing tisat mnust be douse.

Au NHIN file caulalus a sim ixt ure of ASCII characters amid binary code. The start of a binary
portion is signalled to READ by fl ue cisaracler cosstrol.C, so usaive readers of ass NBIN file on ITS may
iuicorrcctly assisai ie t hma t it esids before ausy biusary code appears. Aim NBIN file cannot be edited with

— a text editor. Ass RSIJBR is wr ittesi in NBIN forsmma t by beiuug PRINTed on a PRINTB CHANNEL. The
RSUBRs iii NBIN files are suot purified either.

19.6 . 19,8 Compiled Programs 
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Ass FBIN file is at ’tm s a hly part of a triad of files. The FBIN fihe(s) Itself is the immspu re part of a
collecl io,m of purified RSt1IIRs. It is sisuply ASCII atud cau u be edited at will. (Exceptiosm: lii the ITS
ausd Tops.20 versi o us s . t lse first object hum time file slsomuid umot be resumoved or chamiged In any way , lest
a “grins reaper pungr aau m for IBIN files ti m i mm k t laa t tlue otluer files l i i time triad are obsolete at ud delete
t isemt u. ) Time ~s ItIe ~ mde itself s-esides (isi mis c ITS amid Tops-2O versions) iii a special large file that
cou mta iuss all at m s e’ m m t iy.umst’ii puss a’ s’ode, or (1mm t iue Te isex versio us) its a file ism a special disk directory
w ith first s uasmue flue saumme as time ,,~ri,e au-gls smme sut to PCODE for time RSUBR . Time pure.code file is page-
usia pped dit-es- t ly  imato MDL storage u s rcad.omuly mumode. It cams be umsusmapp ed whelm flue pure storage
m ust br rechalsased , and it can be musa p ped at a dilferesut storage address wlmen pure storage unust be
coumi pacted. Tiucre is also a ~fi xs s p” file (see below) or portiosm of a file associated with the FBIN to
ro m mmsd out tim e triad.

An imui tial MDI. t’an have pmsr e RSUBRs ium it t lsat were “loaded” durimug time iumit iaiizatious procedure.
Time fu rs are not page.umuapped isu uus m t i i tlsey are actually smeeded. The “loadimmg ” iuas other side
effects. s u d s  as time crealiomm of OBLISTs (c imapter IS). Exactly wiuat is pre.loaded is outside the scope
of tia ls docuu mmicu st.

F 19.9. Fixss1~

Time puurpose of “f ix sspc ” is to correct refere uuces 1m m t iue RSUBR to parts of time isuterpreter tiiat clmange
frosts one m-c ieace of MDL to lime lieNS. Time reasom s flue f ixups cos mtai is a release nutnber is so that
t hey cast be oams plet c ) y ignored w lseu m an RSUBR is loaded iusto t iae sasne release of MDL as that from
w iulcis it was iast wr i l t es u oust.

Tluerc arc thus - c e for ums of fix uups , corresp omid iusg to tIme three kiisds of’ RSUBR files. ASCII RSUBRs,
found 1mm BINARY files, isave ASCII fixusps . Time fixups are cousta iuted hut a LIST that has the
fo llowimug fo ruasat:

( MDL-rel e.s•:c ’: i, .’s
nanip:,41o,n va!ue:f lk (u~e:fsx use:f,~ . . .)
namc:atorn value:f ix (use:tis use:f ix . .

Time f ixs a pc. is u I4RIN fi les amud tiuc fixu up files associated w itis FBIN f iles are hut a fast internal form at
t imat looks like a UV EC 1OR of PR IMTYP E WORD s.

Fixssps .ire uss mail y discarded after t h ey  arc ussed du ring u s e  lcmadiusg procedure. However, If. while
readimug a BiNARY or NR1N file time ATOM KE EP-F IXUPS ! - luas a umosu-FA LSE LVAL , time fixups will be
kept. via a sm ass oc iat ioum be lw ceum time RSUBR asmd t ime ATOM RSUBR . It simouid be noted tisat, besides
correctiu ug t hae code, t lae fixu ups t luc ts sselv es are corrected wisest KEEP-F IXUPS Is bound and true. Also,
the asseusmb lcr amsd comuspile r mmsa ke lisa’ sauumc’ associatious w imesu they first create aum RSUBR . so that It
caus be writt em u 01st wit h its fixups.

19.8 . 19.9 Compiled Programs 
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Iii tim e case of ~muure RSUBRs (f8 1N files), tisiusgs are a little different, If a pure-code file exists forthis release of MDI, ii is umsed isuumuuediate ly. and the fixups are cosispletely ignored. If a pure-codef ile for t ls is release (loesum ’t exist , time fixup file is used to create a new copy of th e file f rom an oldoume. and also a new rev is iomu of t Ime fixiup file is create d to go with the new pure-code fil e. This allgoes out a ult o m mma u ac all y bels im ud (hue user’s back.

19.9 Compiled Programs
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Chapter 20. Coroutines

Timis clua pte r r surpo rts to exp laisa lime coroust isue prisuuit ives of MDL. It does m ake soune attempt to
ex plaism co rouuu imses as siscl m. bust ously as required to specify flue prim itives. If you are uuifaunhiiar
w itim (isa’ basic cflsmce pts . coauususios i will probably reiguu.

A coroist imue j ut MDI. is iumip lem mmeu tt ed by asa object of TYPE PROCESS . Iii Iluis maumual, t h us use of the
word “process ” is disli.sguislued by capitalization from its umornual use of denoting an operating-
systei sm process (whai c im various systemmis call a process. job, fork , tas k, etc.).

MDLs bu si lt- iu m co ros mtiuie pr ims iiti s ’cs do msot imsciiude a “t iumme .slmar iumg system ”. Oumly one PROCESS is
ever rui uuuuiu u g at a tis s ue , amid cosu lrol is passed back amid fortim betweeum PROCESSes osm a coroutiuie-like
bas is. Thue primu iit ises arc ss s ffici cm s t , luowever , to allow time writim ig of a “tisne-shmaring systeun” j~ -

MDL. wi t la tis e add it iousa i usse of time MDL iuiterrlupt priuimitives. Thais iuas, in fact, been done.

20.1. PROCLSS (~Ise1YP E~

A PROCISS is au objecl wluicl u do ustaim is f lue “cusrreu st state ” of a comumputatioum. Th is luicludes the
LVALs of AlOtis (‘hisud imigs ”), dcptlu ” of fuumc t iosma l applicatioum. and “position” wi t isimu time application
of eaclm app lied fu m uctiosm . Sou se of thur timi migs wisiclu are umot part of any specific PROCESS are time

F GVALs of ATO Ms, associatio ns (ASOCs). asad t ise co umteu sts of OBLISTs. GVALs (wills OBLISTs) are a chief
mea mss of counmmsuhs ica t irns and shmaring between PROCESSes (all PROCESSes cast refer to the SUBR which
is time ( VAL of +, for instam uce). Note Ilsat ami LVAL imi osie PROCESS canmuot easily be directly
referenced fr ommm as sot lser PROCESS .

A PROCESS PRINTs as ft PROCESS p, wimere p is a FIX wlsicis ussiquely Ideuutifies the PROCESS ; p is the
“PROCESS misunsher ” typed out tmy LISTEN. A PROCESS ca umsuot be read in by READ .

Tiae tcru ii “riumi a PROC ESS” w ill be used below to msi eamm “perforusm sosmme computation, using the
PROCESS to record tIme ia itc rsum edia te states of tiaat comss putatioau ”.

N B.: A PROCESS is a rather large object: crea timsg ouue will ofteum cause a garbage collection.

20 20.1 Coroutines 
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20.2. STA lE of a PROCESS

(ST ATE process >

returns ass ATOM (ius the ROOT 081 ISI) which imsdjcafes time “State ” of the PROCESS process. The ATOllsw hich, STATE cas m reluarsu. auud their mneasuimtgs. are as follows:

RUNABI U (sic) -. proce~s lsas utever ever beesi rums.

R U N N I N G  .- proce’~ is curs-easily rsluuau iusg. th at is, it did flu e applica tion of STAT E .
REStIMAI3(( -- pro c-ess has beeus rusum , is not curresitly rmaamning, amid can rums again.

DEAD . pr~ c~’~~ imas breum rums, but t it cas u 5501 rumi aglius; it has “ termn lus ated” ,

In addit inn, ass iuiterruspt (cluapter 21) cast be esmabled to detect time fistic at which a PROCESS becomes“blocked” (wait issg for ter su mim mal iuaput) or “usublocked (terminal Input arrived). (The STATE BLOCKEDhas situ beeum iusupleus meumte~i.)

~ O~I PROCESS (t I m e SU8~

(PROCESS st?rler:, ppliceb/ e)

creates amud ref us ru is a maew PROCESS but does siot run it; the STATE of the returned PROCESS IsRUNABL ( (sic).

starter is soasueu lmissg applicable to one arguusseuu. wisich must be evaluated. sta ler is used both inst art ing amid “ Se rs isiusat ia s g ” a PROCESS . 1mm particular , if t Ime ~tart.r of a PROCESS ever returns avalue, that PROCESS becomes DEAD.

20.4. RESUME

The SU8R RESUME is mused to cas use a comus pulat ioum to start or to continue running in anotherPROCESS . Ass applicatious of RESUME looks like llsis

<RESUME rctv.~I:.mny process )

where r eIm ~,.il is ti se . rtqus r,ued v*Luc ” (see below) of time PROCESS that does the RESUME, amid process Isthe PROCESS to be slarlet] or coumfIuuused .

20.2 .20.4 Coroutines
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Tise proce cs ar g m a msue umt to RESUME is optiotsal , by default time last PROCESS , if any, to RESUME the
PROC ESS ism w ls icim t i mis RESUME is applied. If amid wime n time current PROCESS is later RESUMEd by
ausot iser PROCESS . t isat RESUIIE’s ret vat is returmsed as time value of this RESUME ,

20.5. Switciu ismg PRO CESSes

20.5.1. Slartisug Up a New ~ROCESS

Let us say t l mat we are rum ns mimm g 1mm souse PROCESS, and that this origiusal PROCESS is the GVAL of P0.
Sosmsew lucrc , we h ave cva hisated

<SETG P1 <PROCESS ,STARTER>)

whuere ,STA RTE R is .souume appropriate fumsctioms. Now, in ,~~Q, we evaluate - -

<RESUME .A ,P1>

and time foi lowissg isappesis: 
-

(I) In ~P0 f lue ar gsus tt emsts of time RESUME are evaluated: timat is, we get that LVAL of A which is
curremm u 1mm ,PO auid time GVAL of P1.

(2) TIse SlA t E of ,PO is cluasu ged to RESUMABLE amid ,P0 is “frozen” -ri ght where it is, in the
sit iddie of time RESUME .

(ti) TIme STATE of ,P1 is cimausged to RUNNING , amid ,STARTER is applied to ,P0’s LVAL of A in -
1fj . ,P 1 isow comm t isu use s oum its way, evaluating time body of ,START ER.

Time .A ims tiac RESUME could lmave beems amsyt isim ig. of course. The imuportant point is that, whatever It
is, it is cva lsuated ism , P0.

What lmappeuis msexl depends. of course, ous w hat ,STARTER does.

20.5.2. Top.level Return

Let iss iuu itiah iy ass u mma c thsat ,STARTER does ssot lsims g relatiumg to PROCESSes, but ismstead simply
returums a va lise -. say st.4rva!. W lsat Imappes us wiseas ,ST ARTER returns is th is:

(1) Time STATE of ,P1 is ciaamuged to DEAD . ,P1 casm never again be RESUMEd.

20.4 . 20.5.2 Coroutlnes 
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(2) Time last PROCESS to RESUME ,P1 is foussmd, umauisely • P0, and its STATE Is changed to
RUNNiNG .

(3) ct.~,v.uI is rett s rmu ed ism .P0 as t ime valise of h ue origissal RESUME , and ,P0 coustiusues where It
left off.

All imu all. t imis s ismu ple case looks j isst like aum elaborate versioms of applying .STARTER to .A In ,P0.

20.5.3. Symuau t ue tric RESUM Eim5g

Now ssappncc iluat wimiic still 1mm ,Pl time foilowiuag is evaluated, either in ,STARTER or In something
ca lled by ,STAR TE R:

(RESUME .BAR ,P0>

Thsis is wh at lmapi)eums :

(I) Time argis mm m cm ii ’ . of flue RESUME are evaluated 1mm 
~~

(2) TIac STAlE of ,P1 is chuasa ged to RESUtIABLE, asad ,P1 is “frozen” right in the middle of the
RESUME .

(3) Time SIA 1E of ,P0 is c isammged to RUNNING , asud ,P1’s LVAL of BAR is returned as t he value of

~~~ 
origiusai RESUME . ,PO thae,m commtimss ies rigiut wlaere it left off.

Tlsis is t ime immt c r es t i ms g case . huecausse ,P0 cat i usow do ausot imer RESUME of ,PI; this will “turus off”
,P0 , pass a s alus e to ,PI aumd “tssrsa on” ,P1. ,P1 caum now agaiuu RESUME ,P0, wimich can RESUME
,P1 bac k agai mu. etc. ad imam m’.e .iuui . w iliu ever yt isis ug dosue lam a perfectly symnm miet ric manner. This can
obv ioissly aiso be itomme w i t h  Iimree or umiore PROCESSes isa (he saumme uumaus suer.

Note how this differs from siorsmi al functional appllcat iosm: you cansiot “return” from a function
witiuo imf destroy iuuu~ tIme state sisal f uu umc l ioam is lam. Time whsole poimmt of PROCESSes is that you can
“retursu ” (RESUME). remuucssmber imig your state, amid later cosutismu e where you left off.

20.6. E,tamaspic

20.5.2 . 20.6 Coroutlnes 
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“Init.uafly we are in LISTEN In some PROCESS .’
<DEFINE SUM3 (A)

•DFCL ((A) <OR FIX FLOAT>)
<REPEAT ( (S  .A))

#DECL ((5) <OR FIX FLOAT>)
<SET S <+ .5 <RESUME ‘GOT 1’>>>
<SET S <+ .S <RESUME ‘GOT 2’>)>
<SET S <RESUME .S>>>)5

SUM 3
;“SLJM3 , used as the startup functthn of another PROCESS,
gets RESUME d with numbers. It returns the sum of the last
three nmsmbers it . was given every third RESUME .’
(SET G SUMIJP <PROCESS ,SUM3>>S
‘PROCE SS 2
;“Now we start StJIIUP and give SUM3 its three numbers.’
<RESUME 5 ,SUtIUP>$
‘GOT 1”
<RESUME 1 ,StJMUP >$
“GOT 2”
<RESUME 2 ,SUt1UP>S
B

J nsf as a smote , by la kium g advau utage of MDL’s order of evalusatious . SUM3 could have been written as:

<DEFINE SUM3 (A)
<REPEAT ( (S .A ) )

#DECL ((A 5) <OR FIX FLOAT>)
<SET S <RESUME (+ .S <RESUME ‘GOT 1”> <RESUME ‘GOT 2 ’)>>>>>

20.7. Olimer Coro sstimuismg Featu res

20.7.1. BREAK-SEQ

<BR[AK- SU Q ~my process >

( break ev a is matio s u seqiseusce ”) reui urms s pro cess, w laicim mm isss t be RESUMABLE P after having mnodified it
so t imat w lscmi it is sie~ t RESUMEd, it wi ll first eva humate any amid tj~ i! do aim absolutely ssortuial RESUME ; - -

time valise retusrum ed by ~~~ is lisrowsm away. assd time va lue giveuu by time RESUME is used normally.

If a PROCESS is BREAK-SEQed asmore than osmce betwee n RESUMEs , all of the anys BREAK-SEQed onto it
will be reummemimb ered aumd evaluated wimem i thue RESUME is fiusahiy douse. The anys will be evaluated In

20.6 - 20.7.1 Coroutines 
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last- in first .osst ” order. The FRAME generated by EVALIng more than one sny will have as i ts FUNCT
time duusssusy AIOM BREAKER.

20.7.2. MAIN

Wimeum you iuuitially start up MDL. tim e PROCESS iii whmichm you are running Is slightly “speclar In
t imese two ways :

(1) Ass )’ att essu pt to ca usse it to becousme DEAD will be suet with an error.

(2) <MAIN> always retusr ius tisat PROCESS .

TIme PROCESS numumm iser of <MAIN> is always 1. Time issitial GVAL of THIS-PROCESS is what MAIN always
returums. #PROCESS I.

20.7.3. ME

<PIE >

retsmru)s time PROCESS imm wlsic’im it is evaluated. Thse IVAL of THIS-PROCESS in a RUNABLE (new)
PROCESS is whu at ME always returns.

20.7.4. RES IJMER

(RESUMER process > t
retursus time PROCESS w lmj ch s last RESUMEd proc ess. If uto PROCESS imas ever RESUMEd process, it returns
# FAISE 0. proces s is opt ioumal. <ME> by default. Note that <MAIN> does usot ever have any resumei.
Example:

<PR OG ((R <RESUIIER>)) ;‘not effective in <MAIN>’
#DECL ((R) <OR PROCESS FALSE>)
<ANt) .R

<:=? <STATE .R> RESUMABIE>
<RESUME T .R>>>

20.7.5. SUICIDE

(SUIC IDE relval process>

20.7.1 . 20.7.5 Coroutlnes
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acts just like R ESUME , biut clobbers time PROCESS (whicim ca usm mot be (MAIN)) in which it is evaluated to
the STATE DEAD .

20.7.6. 1STEP

<IST EP p rocess)

ret ursis proce ss , after piuttimm g it imilo “single.suep is:ode .

A PROCESS ism single.step mode, w lsessever RESUMEd, risums omuly until aim application of EVAL In It
begiuss or fisuishe s . At th at pou tt j u t time, the PROCESS that did time ISTEP is RESUMEd, with a ret vat
which is a TUPLE. If aim application of EVAL just began. the TUPL E coistaiuss the ATOM EVLIN and
t ime a rgmm m useu m t s to EVAL. If ama applicatio mm of EVAL j imst finished, time TUPLE comutaim is the ATOM
EVIOUT amid time ress uit of time eval usatiomu.

pr ocess wi ll ret ima iss 1mm siuagle .step imiode us iatil FREE—RUN (below) is applied to it. Until tisen. it will
stop before amid after eadm [VAL ism it. Exceptioum : if it is RESUMEd from am: EVLIN break with a retval
of TYPE DISMISS (PRIM! YPE ATOM), it will leave sisug le.step anode only until the current call to
EVAL is aboist to retm uru l T lm uus lower.ievel EVALs are skipped over without leaving the mode. The
usefusiuic’ss of t isi s usmode 1m m debisggissg is obvious.

20.7.7. FREE-RUN

<IR[E-RIJ N process >

lakes its arg usmms e sst osut of sisig le-step ustode. Omuly time PROCESS hiuat put process into single-step
unode cams ta ke it 01st of time auntie: if amtoUaer PROCESS tries, FREE-RUN returns a FALSE .

20.8. Suueaki ume~s witts PROCESSes

FRAMES . ENVIRON MENIs . TAG’ ., ausd ACT IVATIONs are specific to time PROCESS wimicit created them, and
each “kuso w s its nwms f3 t hmer ”. Assi SUBR w imic im takes timese obj ects as arguamiet mts cami take one which
was generated by 

~ !X PROCESS , umo mnat tc r wimere time SUBR is really applied. This provides a rather
sneak y mumea sus of cross isig hetw ec um PROCESSes. TIme various cases are as follows:

GO. RETURN , AGAIN , amad ERRET , give ma argum usesuts wh ich lie ium another PROCESS , each effectively
“restarts ” t Ime PROCESS of its ar g ums umeu it amid acts as if it were evaluated over there. If the PROCESS In
w hich it was exec mst ed is hater RESUMEd, it retusr uis a va lue j ust like RESUME!

SET . UNASSIGN , BOUND? , ASS IGNED? , IVAL , VALUE , amid LLOC , given optional ENVIRONMENT

20.7.5 - 20.8 Coroutines

~ 
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argusmiiesits wiultim lie in auso thu er PROCESS, w i ll gk’efufly change, or return, the local values of ATOMs
iii time oth er PROCI SS . The optiouual arguuus esmt cams equally well be a PROCESS , FRAM E, or
ACTIV A J ION Isu am mnt hmer PROCESS ; Lit t h ose case s, ,a~.lm uses time ENVIRONMENT wiulch is current In the
place specified.

FRAME , ARCS , amid F EJNCT will be glad to return the FRAMEs , argumneust TUPLEs, aisd applied
Suibroustiu se usa u ms es of as mo t lme r PROCESS . If ouie is giveus a PROCESS (isuchuding <NE >) as an argumnent
is istead of a FRAME. • it returns all or time appropriate part of time Iopsnost FRAME 0,5 that PROCESS’s
comitrnl s lack .

If (VAL. is applied 1mm PROCI 55 P1 wil Iu ass ~NVIRONt1ENT argusussemut frouss a PROCESS P2 , ii wifi do the
eva huma t tos s in P1 bust w ith P” s ENVIRONMENT (U. Th at Is, lime other PROCESS’s LVALs, etc. will be used,
biut (I) .imm y new I RAHE’. mieetktt iii tl mt’ cos urse of time cs ’ahus at lom s will be created imu P1; auud (2) P1 will
be RUNNING .. uunt P2. Nouc thuc fo ilowiusg: If time EVAL In P1 evesitusahly causes a RESUME of P2 , P2
could fi usmt ’t ious all y rem iss to below the Itolusi where time ENVIRONMENT used In Pt hs defined: a RESUME
of Pt as tIu~’. poi ust sv nss ld causse auu error dime to ass iuuvalld ENVIRONMENT. (Once again. LEGAL? can
be used In forestal l t im is. )

20.9. Fiusa l Nimie~

(I) A REStS MA UL E PROCESS can be smsed ium place of ama ENVIRONMENT lii assy application. The
“curreust ’ t NVIRONM[ NI of the PROCESS is ef fectively used.

(2~ FR/tNt .’. auud I NVIRONMI NI’. i’asu Ise CHIYP[d arbitrari ly to one aimother, or an ACTIVA TION can be
CHTY PE,J to eillucr of t i iesss . amid Ike resu lt “works ”. Historically, t hese differeuut TYPE s were first used
w itiu dilferetut SULIR’. f RAME witl u ERRET , ENVIRONMENT with LVA L. ACT VATION with RETURN —
imemsce tim e i sm me uu ti ou , of dsfferc,mt TYPEs witi u similar properties.

(3) flssgs isa u u mus l t i PROCI SS programsas is~mu aIl y e~hmi b lt a degree of subtlety and nastiness otherwise
uuikuiosv ss to t ime I ssu mm s ass mas lsa d. II wiucus att e us mpt ius g to work with ssiultiple PROCESSes you begin to
feel that you are rapidly going Insane, you are iii good company.

2O.8~ 20.9 Corout Inn
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Chapter 21. Interrupts

The l~-1DL im t tcrrumpt .Iaau idliu ig facilities provide time ability to say the fohlowimig: whenever “this
event” occurs. stop wlaatever is being domm e at time time amid perforuss “this actiomm ”; whemi “this action”
is f imsisised. co mst i t us m e w it ls w iaate ver was or igissally beium g douse. “Timis event” can be timings like the
typing of a clmar acter at a ter mn imsai, a tissue iuiterval endisug, a PROCESS becomnimig blocked, or a
progras um-defismed amid -gemicrat ed “eveumt ”. “This actiosi ” is time applicatiomu of a specified APPLICABLE
object to args ismme s mt.s provided by time MDL iuulerrupt systesn. Time sets of events and actions can be
cimams ged iii extreussel y flexible ways, wimic lu accouuits for both the variety of SUBRS and arguments.
amid thse ricim inlerweavimsg of time topics ism tisis cisapter. luiterrupt handliuig is a kind of parallel
processing: a program caus be divided into a “mnain.iever part and one or snore interrupt handlers
t hat  execute ously w huesu cos uditio s ms are ripe.

21.1. Definitio,is of T~’rmns - 
-

Ass iuiters tupt is lint ass object 1mm MDL, bust ratluer a class of events, for examnple, “ticks” of a clock,
garbage collectioums , time typ itig of a ciuaractcr at a termutimsal, etc.

Am s iuulerriupt is said occur w imesm oime of (lie events 1mm its class takes place.

Aim exterumal iuu t err us pt is osie wluosc occtsrrcsices are signaled to MDL by the operating system, for
example. “ticks ” of a clock. An in ter nal in ter rup t is one whose occurrences are detected by MDL
itself, for example. garbage collections. MDL cams arrange for t u e operating system not to signal
occiurresices of aum ex te rusa l iumterr ispt to it: thue ms , as far as MDL is comicersied, that iusterrupt does not
occur.

Eacla iumtc rr uspt imas a mi as ime Wim ich i is eith er a STRING (for exaunpie, “CC” , “CHAR” , “WRITE ”) or an
ATOM w itia t isat PM/tilE iii a speci~sl OBLIST , smanied INTERRUPTS! — . (Tisis OBLIST is returned by
<INT ERRUPJS) .) Certaimu uuass ies sul ss st always be furtiaer specified by a CHANNEL or a LOCATIVE to
tell ‘.‘.‘ aj cis iumterruupl by Ilsat uu aumae is saseau lt.

Whmeti ass isiterr iupt occurs, time lusterpret er looks for an associatiomi out the interrupt ’s name. If there
is an associatiosi. its AVAL IJ E sluous id be aim IHEADER , wimic im h eads a list of actioums to be performed.
1mm eacha IHEADER is lime uias sme of (hue interrupt witim wisichu time IHEADER is or was associated.

21 - 21.1 Interrupts
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Iii cads IIIEADER is ami e le isi esat te ih ius g w iuet iaer it is disabled. If ama IHEADER is disabled, tisen nosme of
its act m uss is pcrfoi muse d . Time opposite of disablej is emmabl ed. It Is soutietlmnes useful to disable an
TIIEADI R te uss poras il3 , bmst remamovi uig it.’. assoc iatious wi tim time iusterrupt ’s suamne is better thams long.
leruss disab hisag. l’imere are SUBRs for creatiumg aim IHEADER , associatiuug it with an imiterrupt , amid later
reunoviutg time associal ioss.

Its eac h IHIA DE R is a ~~~~~~ a FIX greater tisami 0 wisic lu specifies time luiterrupt ’s “importance”.
The proc es simug of a isi giser .priority (harger .mmumsmbered ) immierrupt will sispersede time processing of a
lower.prioritv (smuia ller .umusmssbere d) i sate rr ispt ui ust ii time iuigiu-priority iuuterrupt has beesu handled.

1mm cad s liii Aiti R is a (ptmssi lsly eami pty ) list of HANDLERS. (Thuis list is not a MDL LIST.) Each
HANDLER cn rscs pnmm ds to ass act m u m  to perforuum. Th ere are SUBRs for creating a HANDLER , adding It to
am s III EA D E R’s list, aumd later se msaovi usg it.

lii cads HANOI FR is a f nusctio um t ima t we will call a lsastdler (iii lower case), despite possible confusion,
because t isat is really time best us a s ume for it. Aim actiosu cosisists of applyiuug a luaumdler to argusnents
stupphied by time iss tcrrmm pt system . Time smumm iber amad meamuisig of time argtm unessts depesid on the usame
of time imuterr um pu. lii earim h ANOI ER is asm ehemneust tellimig imm wh ich PROCESS the action simould be
performased.

21.2. EVENT

<EVENT ,,.~rm,e pr i or i ty which>

creates ausd ret uu rsm s ass eusab led IHEADER w ith a iso HANDLERS. Time name unay be an ATOM in the
INTERRUPTS 081151 or a STRING;  if i t is a ST R ING , EVENT does a LOOKUP or INSERT In
<INTERRUPTS >. If tiacr e already is ama IHEADER associated witiu name, EVENT just returuus it, ignoring
time giveui p r i o r i t y .

which miu m a st be giveum oum ly for certaim s names:

It sus ius t Lu’ a (‘IIANNEL if asid ouml y if name is “CHAR” (or CHAR ! —INTERRUPTS). 1m m timis case it is
t ime iuu p u st CHANNEL froumu time (pseisdo.)terauuismai or Network socket wh ose received characters will
cause time issterr smpt to occu r. or lime output CHANNEL to time pseudo.tersniusai or Network socket
w hose desired m’har.’mcter.s wil l cause the in terrup t to occur. (See below. Pseudo-teruninals are not
available iii time Tessex asud Tops.20 versiomis.)

Time arg usm i meuu t mam ui st be a LOCATIVE if amid ously if name is “READ” (or READ I —INTERRUPTS) or
“WR li E” (or WR ITE ! - INTERRUPTS). 1mm t h m is case it specifIes an object to be “m onitored” for
u sage by (iuuterprrted) MDL programmi s (sectiomu 21.8.9).

If (hue Imute rruupt is exte rumal . MDL arrausges for time operatimmg systesit to sigumal its occurrences.

21.1 - 21.2 Interrupts 

-~~-- --~~~~~~~~~~~ - -~~~-~~~~-—-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ — -~- ---~~~~~-- _ _  



The MDL Pro g ramsmmmm iss g Lausgusage 179

21.3. HANOLI H (t ime S(P~~

<iIANDLUR ilue ~dcr applicable pr ocess >

crea tes a IIAND1J R , adds it to h u e  fs’osit of iheader ’s h ANDLER list (first action to be performed). and 
-

~ -

retu rums it as a valise. ~mpphc.il ’le amma y be aum y APPLICABLE object t isat takes time proper number of’
arg m ssum eumh . (Noise of tha t ’ ar gusuasemm t s calm be QUOTEd: they ummu st all be evaluated at call t iune.) process
is time PROCESS u s  wi mi c hs time iuaumdler will be applied, by default w lsatever PROCESS was ruuussing when
t he I mmterrsm p s oc - ’um rse d .

Time v ;s isse se tu ur s ue d by t I me hma umdk r i-s igimored, usm m )cs s it is of TYPE DISMISS (PRIMTYPE ATOM) . in
wi sich case none of the semilai umi ss g act iomm s iii time list will be performed.

Time proct ’ss ism~ of a u iss ierr u pt ’s act iosas cais te r is uimmate premumaturely if a h andler calls the SUBR
DISMISS (see below).

21.4. 011

<Oh F ,!7c~d.’r>

resmsov es t iue ass oc iat inum betw eems iheader and time msausme of its ismterru pt. amid timeui disables ihea4er and
returuis it. (Asi eruor occu rs if licre is iso a-ssociatiomi.) If (hue immterr uspt is external, MDL arramiges for
(hue operatis ug sys t eu um muot to sigisal its occurressces.

<011 rma,:ie whic h >

fluids time 1111/tIlE R assoc iated w ithu ~wme aumd proceeds as above, returning time IHEADER . which must
be giv rum only for c eut a imu ,ma, ;cs, as for EVENT. Caustiots: if you <OFF “CHAR” , INCHAN> . MDL will
becoumm e deaf.

<OFF h,mndflcr >

rett irias lm. ’ndler after se s aso s ’ i usg it froums its list of actiouss. Th ere is umo effect oil amm y other HANDLERS
1mm the list.

Now th at you kmrnw isow to rem miov e IHEADERs amid HANDLERs from their n orm u m ah places , you need to
km uow im ow to p mut t h ucasa back:

<[VENT ,hr,idt ’r )

If ihesch ’r w as prcv iouusi y disabled or disassoci ated froumi its uma smme , EVENT w ill associate amid enable it.

<HANDL ER i/ , e,m drr handler>

21.3 - 21.4 Interrupts 
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If handler ssa s pres iously remssos’ed fross u its list, HANDLER will add it to the front of iheader’s list of
actiotss. Note liat pr ocess camusiot be specified.

21.5. IIIEAD[R and HANDL ER (~lse TYPEsj

Botha these TYP Es as - c of PRIEIIYPE VECTOR , but thsey do not PRINT that way, sisice they are self.
refereumcissg . liustead (lacy PRINT as

~ 1’. pe’ rno• f - inter esting— elem ent

Time cosi teust s of IHEADERs at ud HANDLERs casm be ciiauaged by PUT , amid time isew values will then
detcrssi iisc t ime beluavior of MDL.

Before slesc ribisag time e leu su e m st s of these TYPEs iii detail, lucre are a picture and a Pattern, both
puurport immg to chuow how they look:

#IHEADER [rua mn: ato m or wh ich
disabied~
* > #HA NDLER [* > #HANDLER [#HANDLER []
prior ity] ( * + 

appflcab~e I appitcab le
process] ( + process ]

(IHEADER <OR ATOM CHANNEL LOCATIVE >
<OR ‘# 1051 0 ‘# IOS E -I>
< HANDLER HANDL ER <OR HANDLER IHEADER> APPLICABLE PROCESS>
FIX>

21.5.1. IHEADER

Time eleuuse sits of an 11W/tOUR are as follows:

(I) us a smue of iuut er r ms pt (ATOM , or CHANNEL if lim e smamum e is “CHAR” , or LOCATIVE if the name Is
“READ~ or “WRIT E”)

(2) smoss-zeu-o if and nsmly if ihisahk’d
(3) first HANOi ER , if as -m y . else a zcro-lessgths HANDLER
(4) prioriiy

If yosu lose track of aim IIIF ADIR , you casu get it via time association:

For “CHAR” iuulerruspts , (GET channel INTERRUPT > returuss (hue IHEADER or •FALSE ( )  If there Is

21.4 21 5.1 Interrupts

~
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sun ass oci ati num ; <[VENT “Ch AR” 0 channel > retus rsms time IHEADER , creatiuig It if there Is no
assoc iat m um.

For “REM) ” iuut c ur u s pts. (GET locative READ ! -INTERRUPTS > returmis time IHEADER or #FALSE ( ) If
tisere jc mm assos’iatioum: < [VENT “READ” 0 locat i ve> returuss the IHEADER , creatisug it If there is
550 acsociat m um.

For “WR I TI” iua le r suup t s, <GET locat ive WRITE! —INTERRUPTS > returns time IHEADER or #FALSE ( )
if t luere js  uso as so c iatio um : ([VENT “WRITE ” 0 locative> returuss time IHEADER , creati umg It if there
is sio association.

Oti ue ,wi sc . t Ime IH[AL)[R is PUT osi time miasmic ATOM witlu time indicator INTERRUPT. Tisus. for
e\a usup le. <G UT CLOCk 1 - INI[RRUPIS INTERRUPT > returns t he JHEADER for time chock interrupt or
# FA I SI ( ) ii times - - c is man ass ociatioum: <(VENT “CLOCK” 0> returmss time IHEADER , creatiusg It If
t imere is sin associat insa.

21.5.2. hIANOL ER

A HANDLER specifie s a ~j~~imiar act iosi for a particular imiterrupt. Time eiemnemmts of a HANDLER are as
follows:

(I) sme x t HANOLIR if ass y, else a zero .iemsgt lm HANDLER

(2) previou s HANOI ER or Slu t ’ IIIEAD[R (Thuuus tha t ’ h ANDLERs of a given immterrupt form a “doubly-
linked list ” cl m a i ms i u mg Luetwecui earls ot her amid back to time IHEA DER.)

(3) luauiillrr to be ap l)hiCd (a m syt iuim ug APPLICABLE thuat eval u ates Its argumsse umts -. the application
is tiosue mu ot by APP LY bust by RUNINT , w hmic is cams take a PROCESS argusuiesit : see mmext limie)

(4) PROCISS its w isi ci m t i me hm aus die r will be applied, or #PROCESS 0 , ums eauuisug w imatever PROCESS
w as r u umm u mi mi g wi m es m t ime isst e rstm pt  occtsrred ( lam tim e foruner case, RUNINT is applied to time isasidler
amid its 35’ m 4 s s um u ( ’ iu t S iui t hat ’ cmsru ’eu iily russu m uisig PROCESS , whaicim causes au APPLY lus time PROCESS
store(l iuu time h1ANI’Pt ER , w hs ic hs PROCESS mas im st be RESUMABLE . Time rummning PROCESS becomes
R[SL uMAIILF , 311(1 tIme stored PROCESS becomsies RUNNING, but uio otiser PROCESS variables (for
examm up le RFSLIEWR) are clmamsged.) 

- 

-

21.6. Ot iueu’ SEIORs

<ON rmat ~t’ applic a ble pr iori ts- :f iK process which >

is equivalent to

21.5.1 21.6 Interrupts
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<HANI ) LLR <EV E NT name priority which>
applicable process >

ON is a comus hiss atios s of [VENT aisd HANDLER: it creates (or finds) the IHEADER, associates and emmab les
it. adds a HANDLER In time frosm i of time list (first to be performed), amid retursis the HANDLER.

<DISABLE ‘h eader >

is effect ively < PEl t ihcxh ’r 2 # LOSE —1 > .  Actually time TYPE LOSE Is ummlmsuportamit, but the — 1
signifies tl m at iheader is disabled.

<IN/til l t: ~~~~~~

is effectivel y <PUT sheadcr 2 #LOSE 0>. Actually (hue TYPE LOSE is unlunportant. but the 0
sigssifics t lmat iheader is emiabled.

21.7. Priorities suid is mt c rruup t Levels

At any givcmi t i s use liucre is a defuned iluterrup! level. Timis is a FIX wimicha determines which
ismterr ms pts cats reall y ium ue rrs m pl ” .. t lma i is, cause time cusrre uit processing to be suspeisded while tiseir
wants are satisf ied. Norsisat . noss-isutcr rmmpl programs operate at ass iliterrupt level of 0 (zero). An
isste rrumpt is processed at asu iumte rrss pt level equal to t he iuiterrupt ’s priority.

21.7.1. Its Icrrt ipl I’s- nc essi s - mg

luuterr uspts “actuuahly ” occtsr ously at well.defiuied poiusts in tlmne: duriumg a call to a Subroutine, or at
critical places wm ti mims S i ubros ut i umes (for example, during each iteration of MAPF oum a LIST , which
m a y  be drcumlat) . cur while a PROCESS is “BLOCKED” (see below). No interrupts can occur during
garbage collect loss.

What act u ally Iuai)h)etlS wt se mi an enabled iustc rrmmp t occurs is tisat time priorIty of the interrupt Is
counl)ared w ith, t lmt ’ cm srr ci mt ium te rr sspt level, amid time fo llowimsg is doume:

If time priority sc gre.iter ~iu.- usa t ime cusrr esst ismterr us pt level, tim e current processing is “frozen 1mm its
tracks ” ass d prncessi smg of tim e actiosu (s ) specified for tima t imiterrupt begins.

If time Priority is less u s - am , or equ al to tim e cus rresst issterrupt level, time isuterrupt occurrence Is q~vued
t h at is . list’ fact that it occisrred is saved away for processiuug wimen the Interrupt level becom es low

enou g h .

W iieum tim e processismg of aim iuuterruu pt ’s acliosms is comuspleted, MDL usually (1) “acts as if ” the

216 - 21.7.1 interrupts



Time MDL l’rog ram ismssiumg [ .asmgusage 18$

prey ioum sl~ -~’~ ist iss~ imu uer ruu 1st Ievi’l is restored, amid processiusg cositis sues oms wh at was left off
(perisaps for mao t i mm s e ( lusrat iom s) : amid (2) “acts as if ” aum y queued interrupt occurreusces actually
occiurred right t l m e sm. isa their origiumal order of occurrence.

217.2. INT- I.LVF L

Time SUBR INT— ILVEL is issed to exaum u imme asmd chuausge time curresst imiterrupt level directly.

< 1N 1-L[V [ t>

simp ly ret urui.s time cus rremmt iumterr uspt level.

( INT-LIV I L Ii ~r >

chuaiiges lime im ute rr upt level to its ar g u m u mess u ausd ret usrums time previoissIy-e~ isti mmg iumterrupt level.

It’ INT— L[V hiI . loweis time is ut ei u ss pt level, it does macu t “really” retur ms usitil all queued occurreuices of
immt err ms pts of pi inuity huig hser t luaus tis e target priority iuave beesu processed.

Setting the J UT- LEV EL e~ m reme1y hi~ b (for e~anup1e. <T NT-LEVEL <CHTYPE <MIN> FIX>)) effectively
disables all iuut e sr u m pts (bust occisrreum ces of eumabled iimterr uspts will stili be queued).

If LISTEN or ERROR is called w lues m t hae INT—LEVEL is umot zero, t ises m t ime typeout will be

l ISTENIN G-AT- LEVEL I PROCESS p INT-LEVEL I

21.7.3. DISMISS

DISMISS I)eu msu i t s a huama dl er to relus rm s aim arbitrary value for as- i arbitrary ACTIVATION at an arbitrary
interrtupt lev el. Tise call is as follows:

(UI STi ISS i •th ie:a”~ activation ir, t—leve !:(i~>

whuere ouml y time value is u-cq usired. If activ ation is osmsit ted, return is to time place interrupted from, amid
value is igmiored. If s r uf -level is oum s it ted. t hat’ INT—L EVEL prior to the curresit lusterrupt Is restored.

21.7.1 217.3 Interrupts 
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21.8. Specific ltster rmmp~

Descri ptioum s of lime cl sarac t eristics of part icuslar “built-ism ” MDL iuuterrupts follow. Each is nauned by
its STRING mmas use . Expect Ilmi s list to be isscousspiete yesterday.

“CHAR” is t’umrr em uil y tha t ’ us most comump lex i)usi lt.ils isuterrusp t , because it serves duty In several ways.
Thuese d iff e resm u ssays will be described ims severa l differesat sectiouss. All ways are coiscerned with
characters or simaris isue words th at arrive or depart at unpredictable tissues , because MDL is
com nms u luum icati m ug with a persosu or ammo t lue r processor. Eaclm “CHAR” IHEADER haas a CHANNEL for the
elesi semst t laat suasmues time immt e rr us - p ( . ausd t ime ausode of time CHANNEL tells wlmat kimuds of “CHAR
imsterruupms necu su- to  be Isausdied t luro uug lm t iaa t IHEADER.

(1) If t lue CHANNEL is for is - a psut. “CHAR ” occ urs every t imume aus “immterestiu mg ” character (see below)
is received fuom u m time CHANN EL’s rea l termm uiumah, or asuy ch aracter is received from the
CiIANNI E ’s i seusdn- mei uamis - u a l , or a cimaracter or word is received froun time CHANNEL’s Network
socket . or isadeed (1 mm time ITS version) time operating systeums gesmera tes as-u imsterrupt for any
rca coui.

(2) if tha t ’ CIIAtIIIIL is for osu t p mst to a pseudo.terssiimmal or Network socket . “CHAR” occurs every
tis m se a character or word is wamuted.

(3) If time CHANNEL is for ou tput to a term uuimsal . “CHAR” occurs every t imsie a line-feed character Is
otut pumt or (i mu time ITS versiom i) time operatimug systemu gemserates a screen-full interrupt for

- 

tI me terui iim sai .

21.8.1. “Ci1AR” received

A imaisdler for ama ims p ust “CHAR ” iu m merr uspt osu a real terusu issal unust take two arguments: the
CHARACTER w lmicl m was typed. am id time CHANNEL on wisich it was typed.

lus Use ITS ve rs ioss , lim e “imu t ere s tis - ug ” clmaracter s are tisose “esmabled for iuiterrupts” oui a real tersuinal.
umamimely AØ t lm rouug ls ~G , 

AK t iurou mgi a ‘_ , ami d DEL (tluat is. ASCII codes 0.7, 13.37, amid 177 octal).

Isi time Teuucx aus d Tnps-2O s’ersi osss . time operating systesu cams be told wiuiclm chaa~acters typed on a
te rsuu iuual shuo usid cam use t i mis iusterrss pt to occusr. by calling tise SUBR ACTIVATE-CHARS withs a STRING
arguussesst cns mt a i imis s g t im ose e lmara cters (mso naore liuam s six, all withu ASCII codes less timan 33 octal). If
ca lled withu sun a rgusumu c uit. ACTIVATE-CHARS returmis a STRING couutaimuiusg the c luaracters that currently
interruupt . im a iti al i y, os-sly AG , “‘S, as-md “0 iustcrrupt.

Am s iuiit ial MDL ahme ady Isas “CHAR ” ena bled os- u ,INCHAN witia priority 8 (eiglat), time SUBR QUITTER
for a imasidler. to u- isis isa # PROC ESS 0 (time rusmmsius g PROCESS); th is is how “G amid “S are processed. In
addition, every t iuume a umew CHANN EL is OPENed in “READ” mode to a termiuiusal, a similar IHEADER and
HANDLER are associated wit im t Imat miew CHANNEL autotmsat icahly. Tiuese automuat icaliy-generated
IHEADERs amud HANDL ERS use list’ stau mda rd lasacl simmer y. amid tisey cams be DISABLEd or OFFed at will.
llowcs’er. time Iil[AD[R for , INCHAN slsould hot be OFFed: MDL kmiows that $ Is typed only by an
Interrupt!

21.8 21.8.1 Interrupts

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Time MDL Progra iuumu s iuag Lamugisage 185

Examum ple : time foliowi mug causes time givess smues sa ge to be printed out whenever a AY is typed on
.INCHAN :

<SET H <HANOI ER (GE L . INC H A N I NTERRUPT>
#I UNCIION ((CHAR CHAN )

‘DECL ((VALUE) ANY (CHAR ) CHARACT ER (CHAN) CHANNEL)
(AND <::? .CIIAR ! \ “Y >

<PRINC “ [Some of my best fr iends are “Ys ] “))))>$
,IIAN[)LER *FUNCT 1ON ((CHAR CHAN ) ...)

2 “V [ Some of my best fr iends are “Vs.] 2>$
4 

L<Ol~ .11>5
#14 AN D( ER *FUNC1IO N (...)

Note tlsat occusrremsc es of “CHAR ” do smot wait for time $ to be typed. ammd time isaterru ptimig character is
ouis it ted fromas time i supuut .st ream um.

A “CHAR” imiterr ump u c asm also he associated wills asu imi put CHANNEL opetu to a Network socket (“NET”
dev ice). A imaum dle s - - gets app lied to a NETSTAT E arra y (wiuic im see) amid time CHANNEL.

1mm time ITS vers iosu . a “CHAR ” ismt e rr uupt cams also be associated wit im ass input CHANNEL open to a
pse umdo-Ie rsuii uual I “STY ” dev ice arni friends). An in terr upt occurs when a character is available for
input. Tiuese is s t c s - r u s p tc arc’ set imp ita exactly t h e  sauusc way as real.teruuiitsal iuiterrupts. except tisat a
luamidler gets app lied to null)’ oust ’ argum s ueu ut . time CHANNEL. Pseudo-ternuinals are not available in the
Teumex amid Tops-20 s’ersio mss .

For a ms y otimer flavor of ITS c i mamsmme i isstcrrupt. a huamidler gets applied to only argumnent , the
CHANNEL.

21.8.2. “CHAR” w an ted

A “CHAR” imu ue rr uupt caum be associ ated wi tl m ass osstp iut CHANNEL opems to a Network socket (“NET”
dev ice). A hmas udi e r gets app lied to a NEISTAT E array (which see) amid time CHANNEL.

1m m time ITS ve rciomm, a “CHAR ” imm terr mspt casm a lso be associated with aim output CHANNEL open to a
pseuido.tc ruuiissai (“STY ” device as -ad friesmd s). Aim is-mte rrupt occurs wimets the programn at time other end
needs a ciuaracter (a mud u se operatiusg .systeuui buffer is emuupty). A hsauudler gets applied to one
arguu m usemut , tim e CHANN EL. Pcessdo .tersumiuua ls are umot available ims time Tenex amid Tops.20 verslouis.

21.8.3. “Ch AR” for muew liume

A Isamud ler for a ma output “Ch AR” issterr upt 055 a real tersisis sal musust take one or two argusnents (using

21.8.1 21.8.3 Interrupts
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“OPTIONAL” or “TtIPLE”): if two arguments are supplied by time isuterrupt systeuuu, they are the line
umiumuuber (U IX) a i m s - I time Ch ANNEL 

* res pectivel y, amid t ime interrupt is for a hisme-feed; if osuly one
ar gs uu u ue uu t ~“ ~~~~~~ 

(omul y lam time ITS versiosu), it is time CHANNEL , asmd t he interrupt is for a full
termmsisua l screesu. Note: time smupplied limme mmisma iber cousues frosn time CHANNEL , amid it m a y  not be
acc usra me if list’ prog ramsu alters it in subt le ways , for exas sm ple, via IMAGE calls or special control
chsara ctc rs. (TImc prograuis cau m cosms peumsat c by PUltissg time proper line umusnber into time CHANNEL.)

21.8.4. “GC ”

“CC” occisrs j ust after every garbage collectiomu. Euuabliumg tiuis imuterrupt is time only way a program -
— cam i kaunw lisal a gasbage collect loss h as  occurred. A isamud ler for “GC” takes three arguanents. The

f irst is a II OAT it ud ica tis mg time siusmi sber of secom uds t ime garbage cohlectioum took. The secos-ud argum ent
is a FIX is - udi c at isug tise cause of t l u e garbage cohlectiosm , as follows (chapter 22~

0. Programis ca lled CC.
I. Movable suns-age was exi mausted.
2. Couitrol s lack overflowed.
3. Top-level IVA Ls overflowed.
4. GVAL v ec t o m overf lowed.
5. TYPE vectnr ov erflowed.
6. lt ,u ,s mns’ ahle garhmage-cnllected storage was cxluausted.
7. lusterusal stack overflowed.
8. hiotia co ms urol aum d intc rmsa i stacks overflowed (rare).
9. Pss-rc storage was exi uaus -stcd.
hO. Secossd , exi uau mst iv e garbage collec t iou occurred.

The timirc i argument is aim ATOM indicas ing what initiated the garbage collection: CC— READ , BLOA T,
GROW , LIST . VECTO R , SET , SETG , I R E E Z E , CC , NEWTYPE , PURIFY , PURE-PAGE-LOADER (pure
storage was e~ lsa uss te d) . or INIFRRUPT- IIANDLE R (stac k overflow , umsfortunately).

21.8.5. “Dlvi RT -A G C ”

“O IVERT-A GC” (“Au s i o suma t ic Garbage Collectiosm ”) occurs just before a deferrable garbage collection
that is umeectc’d beca usc e of ex h au sted movable garbage-collected storage. Emsab limug Iluis iumterrupt Is
time ouily way a prngramu u ca su ks - mow t h a t  a garbage coliectious is about to occur. A isamidler takes two
argum iues- ulc: a F I X  tehl imm g the uusa uuub er of smi ac his-se words useeded amid an ATOll telliusg wimat initiated
time garbage collect loss (see above). If it wishmes. a luamadier cami try to prevesmt a garbage collection by
cah iiumg BLOAT ss’it im time FIX arguisseust. If time peusdimm g request for garbage-collected storage caumnot
Ilmen be sati sfied , a gariuage co llectiomu occumrs ammywa y. AGC-FLAG is SET to T while the handier Is
rum u s-uium g. so t h a t  mmci v storage req usests do usot try to cause a garbage collection.

21.8.3 - 21.8.5 Interrupts 
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21.8.6. “CLOCK ”

“CLOCK” , wh meu u esuahled. occu rs every hma lf secosid (t ime ITS “slow-clock” tick). It is s-sot available In
u se Teuicx amid Tops.20 versions. It wan ts iaammd lers which take umo arguumsemsts. Examp le:

<ON “CLOCK ” (FUNCT ION ( )  (PR1NC “TICK “>> 1>

21.8.7. “ m OC KED”

“BLOCKtD” nccun s wimemse v er any PROCESS (usot cuus ly the PROCESS whmich snay be imu a HANDLER) starts
waitiasg for ue ruua iasal iusp m ut : th at is, ass occus - rresuce iusdicates thsat som ewh ere, soumuebody did a READ ,
READCHR , NI XIC IIR , 1YT , etc. to a ter muui s ma i . A hsauudher for a “BLOCKED” is-uterrupt sh ould take one
ar gu umm me nt . u ma uuue hy t ime PROCESS w lsic is started wait ism g (whmic lu will also be time PROCESS in whicim the
Imamudler m uss . if iso specific os -se is is - u time HANDLER).

Examauple: time fo hinwisa g will cause MDL to acquire a * promuiptiuug cisaracter.

<ON “BLOCK ED” #FUNCTIO N ((IGNOR E ) <PRINC !\*>) 5>

218.8. “UNBLOCKED”

“UNBLOCKED” o c usr s wl me um ev er a £ ESC) is typed osm a terus uimual if a program was hamugimig amid
wait imag for is s ps s t . or sc isesm a IYI call (whuic ia see) is satisfied. A hsaumdler takes ouie argumemst: the
CHANNEL via w imicl m tise S or ciaaracter is ius psut.

21.8.9. “READ” aum d “WR I IE”

“READ ” as- id “WRITE ” a le associated wit im read or wr ite referemsces to MDL objects. Timese interrupts
are .fteu i called “sumo nitors ”, amid emiabl imug tim e imuterr upt is oftetm called “smious ltorisug ” time associated
object . A “react refereimt-e” to at m ATOM’s local value iuucludes applyisig BOUND? or ASSIGNED? to (lie
ATOM ; s iussi larly for a global valise am ud GASSIGNE D?. If time INT-LEVEL is too higia wh en “READ” or
“WR ITE” occuus-s . a tm error occusrs. becausse occusrremice s of t hmese immterrup ts cams usot be queued.

Moumitor s are set sup wi l ls EV ENT or ON , lus ima g a locative to time object beiumg monitored as time extra
which argisuam esut . jim st as a CHANNEL is giv es a for “CHAR” . A iaausdler for “READ” takes two argumnents:
time iocative asm d the FRAME of the fussc tiomm application tlsat snakes time reference. A handler for
“WRITE” t ake s tisree ar gusu uue m ut s : t hat ’ locative, time uuew value, amid t h e FRAME . For examp le:

<SET A (1 2 3)>$
( 1 2 3 )
<SET (1 <Al .A 2))S
#LOCL 2

21.8.6 - 21.8.9 Immterrupts
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<ON “WR IlL” <FUNCTION (OBJ VA L FRK )
#DECL ((VALUE VAL) ANY (OBJ ) LOCATIVE (FRM) FRAME )
(CRLF >
(PRINC “Progr am changed “>
(PRIN1 .OBJ>
<PRINC “ to “ >

<PRIN1 .VAL )
<PRINC “ v i a  “ >

(PR1N1 .FRM>
(CRLF >>
4 0 . 1 3 > 3

~‘IIANDlh R #F IJNCTION (..,)
<1 .A 10>3
(10 2 3)
<2 .A 20>3
Program changed #LOCL 2 to 20 via IFRAME PUT
(10 20 3)
<OFF “WRITE” .13>5
#IIIL ADU R #LOCL 20

21.8.10. “SYS DOW1i”

“SYS DOWN ” occiurs w lues - m a system ;s-go isag.dow ms or systems i-revived signal is received from ITS. It Is
muo t avaiiah,k’ lam time Tesiex amid Tops-20 versios-is. If mmo IHEADER is associated as- id enabled, a
waru s is-ug is priustrcl osm t iue tc rmm s imia l . A hmausd ler takes omit’ argumsiemst: a FIX giving the nuunber of
t imir t i e t h u s of a secossd u mma t i l  time shm utdow um (—1 for a reprieve).

21.8.11. “ERR OR”

Is-i aim effort to s iusa p l if y error lm ammd l i m mg by pmograuuis. MDL imas a facility allowing errors to be
hsandled like im aterr i spt c . SETGiu s g ERROR to a usser f uiactios u is a distasteful muiethod, not safe if any
buugs are arousu ud. A m u “ERROR” iuster rupt wan ts a isauidler that takes any number of arguments, via
“TUPLE” . Wlsesu ama error occu rs. iuassdie rs are app lied to time FRAME of time ERROR call amid the TUPLE
of ERROR a rgssmsu e m uts . If a given h a am sd ler “takes care of time error”, it can ERRET wit h a value from the
ERROR FRAME , after lsa s ’ iumg douse <INT-LEVEL 0>. If no hamudle; takes care of the error, it fails Into
time s-uorsu ual ERROR .

If aum error occur.s at ass INT—LEVEL greater tlua~u or equal to t lsat of time “ERROR” interrupt, real
ERROR will be called. becauu se “ERROR” isu terrupus causnot be queued.

21.8.9 . 21.8.11 Interrupts
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21.8.12. “IPC”

“ IPC” occurs isi s e s m a s - muessa ge is received oum time ITS IPC device (chmapter 23). It is not available in
time Tess ex ams( 1 Tnps-20 s’ersi om ss .

21.8.13. “IN FE RIOR”

“ INFERIOR ” oc usrs ss iae m s ass imiferior ITS process isaterr um pts time MDL process. It Is uiot available In
t ime Tesse x amid Tops-”O versiomus. A isamsd le r takes omie argumnemut: a FIX between 0 amid 7 inclusive,
te llimu g wimi c im ismferior process is imsterr ms pti iag.

21.8.14 “RUN 1 “ a mud “Ri/U T”

Timese are smot ava ilable its time Temm ex amid Tops-20 versiosms.

“RUNT” , if emua bleci . occ ’murs os -ace, N sccouuds of MDL rumusmimu g tisuie (CPU tiane) after callimig
<RUNT IMER N:f ,s -or —t / o ~t> , wimi c hu ret i s s - ma s its ar giss uselat. A isas-udler takes tuo argunuesuts. If RUNTIMER
is called ss i t im sun ar gi sma ae usm, it ret i urss s a FIX , tIme imumusber of rums -tissue secotsds heft usutil time imuterrupt
occumrc , or WE A l  SI ( ) if time iss terr upt is suot going to occur.

“ REALT ” , if euaai,k’d, occurs eve ry N sec ommds of real-world tissue after callimug (REALTIMER N:fix -or—
float > , w h ich retu urm is its a rg m u issems t . A isausdier takes mao arguusieists. <REALTIMER 0> tells the
operat isug cys t eaum muo l to gemuesate se al- t it i s e imste rrupts. If REALTIMER is called wit im no argusnemit, It
retusrmas a F 1X , t ime m uss ss s t ue r of real-u s - u s e secomuds givesu ims time aumost recemut call to REALTIMER with an
arguua siems i . or #FAESE ( ) if REALT IMER ima s umot beems called.

21.8.15. “Dausgerrsssc” luuterrsspt s

“MPV” (“mmscssuor - y-p rot cc tioms s’inlatios i ”) occusrs if MDL tries to refer to a storage address msot it~ Itsaddress space “Pu Rl “ occlsrs if MDL tries to alter read.ouuly storage. “ILOPR” occurs if MDL
execumtes aum illegal isu cl rsu ctioms (“operator ”). “PA R ITY” occurs if time CPU detects a parity es- ror in
MDL’s address space. All of tises e reqtuire a isamad ler t laat takes one argum suemut: time address (TYPE
WORD) fohi owimag time isustr uct iosi t l mat was beimu g execusted at time tim use.

“b C” occuurs if MDI. tries to deal illegally witis aui I/O chuasunel. A isamidler snust ta ke two
argums uies mt c : a t isree -c les sst ’m st FALSE like oust ’ tl aat OPEN uss ighmt returuu , amid time CHANNEL that got the
error. /
Ideally. tlaese ju les -rump u s sisnuml d mae v er occu r. 1m m fact, isa time Tessex amid Tops-20 versions, tisese
im s terruupts a lways go to time sisperior operatimm g-syste usm process issstead of to MDL. In time ITS
versiomi, if asud wimesi a “dausgerous” iuat crruupt does occur:

21.8.12 - 21.8.15 Interrupts
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1? no JHE ADER is associated w ith the interrupt. then the interrupt goes to the superior
opera ii ug-sy stein process.

If an IVEADE R is associated but disabled , the error DANGEROUS-INTERRUPT-NOT-HANDLED occurs
(IILE-SYST[M-ERROR for “b C”).

If an IHFADF R is associated and enabled, but the INT-LEVEL is too high. the error ATTEMPT—TO—
DEFER-UNDEFERAItLE-INT ERRUPT occurs.

219. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

If the interrupt name given to EVENT or ON is not one of t h e standard predefined interrupts of MDL
they will gleefully create an ATOM in <INTERRUPTS > and an associated IHEADER anyway, making the
assuni l)tion that you are setting up a “program-defined interrupt.

Program -defined interrupts are made to occur by applying (lie SUBR INTERRUPT , as in

<INTERRUPT name argi ... argN>
where nam e is a ST RTN~, Atoti or IIIEADER , and argi through argN are the arguments wanted by the
handlers for I lie interrupt.

If (lie interrupt specified by INTERRUPT is enabled, INTERRUPT returns 1; otherwise it returns
#FALSE ( ). A ll 11w usual priority and quencitig rules hold, so that even if INTERRUPT returns 1, It
is possible that nothing “really happened” (yet).

INTERRUPT ca mi also lie used to cause “artif icial” occurrences of standard predefined MDL interrupts.

Making a prograiim4lefined interrupt occur is si m ilar to calling a handler directly, but there are
differences. Time value returned by a handler is ignored, so side effects m ust be used in order to
coninimun it ate iufnrniatinui hack to t h e  caller , other than whether any handler ran or will run. One
good use for a prrigramn.rirfi,mrd interrupt is to use the priority and queueing machinery of HIT—
LEVEL to control the execution of fumm ctio ns that must not run concurrently. For examp le. if a
“CHAR” handler ju st deposits characters in a buffer, then a function to process the buffered
characters shrnild prfll)ahly run at a higher priority level •- to prevent unpredictable changes to the
bui f

~ r during the processing -- and it is natural to invoke t h e  processing with INTERRUPT.

In more exotic app lications. INTERRUPT can signal a condition to be handled by an unknown
num ber of iuidepcuideuit and “uiamne less ” functions. T he functions are “nameless” because the caller
doesn’t know t heir names, only t im e uma mn e of the interrupt. This programming style is m odular and
event-driven. and ii is one way of i m p lementing “heur istic” algorithms. In addition, each HANDLER
has a PROCESS in which to ruimi its handler, and so the different handlers for a givemi condition can
do their thing in different environments quite easily, with less exp licit control than when using
RESUME .

21.8.15 - 21.9 Interrupts

_
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21.10. W a i t  i i i g  for l n t e r i i u p t ~

21.10.1. HANG

cIIANG p ’ e~d)

Slispeimils t \  t~ U I m u , u m ite s i mupt ib ly .  without cousumni uig any CPU t line, potentially forever. HANG Is
luamid y In, a pm og rant I bat cannot do any t h ing mint ii aim interrupt occurs. If the optional pied Is
given. it ic alna l es’ eiy time ii unte rr iuhit occurs and is dismissed back limb the HANG; if th e
resists of cv .ilmu.m t mum is not I Al SI • HANG isnhauigs am id returns ii as a va lue. If pied is not given.
t here had better Lie a named A CT IV A II ON somewhere to which a handler caim retur n.

21.10.2. SI II P

(St ii P t’’~v:(,~ - Ør - f Ioa t  p ’ed)

sus 1,e,mds eseciu t mnii • I uste rrupt ibly. wit hout consuming aum y CPU thne. for tim e seconds, where tim. is
non-m1c~ at ,ve. antI t hiesi returns 1 . pred is the same as for HANG .

21.10 . 21.10.2 Interrupts

—-  — —~~.—~~~~~~ -~~~~~~~~~~~~~~~~~ --  - -— ~~~~~~~~~~~
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Chapter 22. Storage Management

The reason t im i~ c tmai)ler collies SO late iii this document is that, except for special cases. MDL
programs h ave t hei r  storage ui~eds h andled auto m atically. There is usually no need eve mm to consider
storage mmlauma geul leut , esce pt as it affects efficiency (chapter 24). This ch apter gives some
explausation of wh y this is so. and covers t hose special means by which a program can assume
control of storage susauia gemimesit.

The MDI. address space is divided listo five parts, which are usually called

(1) imi ovable garbage-collected space.
(2) inimnovahic space (both garbage-collected and not).
(3) mmse r plume /page space.
(4~ pure.flS~iBfl umuapp i h g  space, and
(5) internal storage.

Internal stor age occu pies hinthi the highest and lowest addresses in the address space, and its size
siever chmaumges as M Efl. eSectute s . Time other spaces can vary in size according to the needs of the
exec lltimm g prograuli . Generally t h e  interpreter allocates a contiguous set of addresses for each space.
and each space graitusal ly fihl .s tip as imew objects are created and as disk files are m apped in. The
action takeim wh ets a space hecouses full varies, as discussed below.

22.1. Movable Carha nil 
_____

Most storage u sed e.~phicitly by MD L programs is obtained from a pool of free storage managed by
a “garbage collector ”. Storag e is obtained from this pool by the SUBRS which construct objects.
W h en such a SIJUR fiuid .s that t he pooh of available storage is exhausted, it autom atically calls the
garbage collector.

The garbage collector has Iwo al gorit h ms available to it: the “copying” algorithm, which Is used by
default. ausd the “nmark-swee p ” algo ri thmm m . Actua lly. one often speaks of two separate garba ge
collectors, the ( op)’is)g” one amid t ime “mar k-sweep ” one, because each is amt independent module that
is mapped iii to t Ime interpreter ’s internal storage from disk only during garbage collection. For
simplicity, this docu m ent speaks of “the” garbage collector, which h as two algorith m s.

22 - 22.1 Storage Management
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The garbage collector exauu mimme s bIt e storage pool amid marks all time objects there, separating them
into two classes: t h ose w h ich ca si m m ot possibly be referenced by a programmi , amid th ose which can.
The “cop y i  1mg ” a Igori u s  m um then copies t lie latter into one coimipact section of the pool. amid the
remaimider of t h e  1)001 is mmma dc avai lable for newly constructed objects. T he “m ark-sweep ” algorithm.
instead. puts all obj ects itt the former class (garbage~ into “free lists”, where the object-construction
SIJBRs call fimmd thens amid re-use their storage.

If time request for tunic storage still cam imio s be satisfied from reclaimed storage. time garbage collector
will attem pt to obtaim i immore total storage frommi t u e  operating syste m under wh ich MDL. runs. (Also.
if there is a gross sms perf luity of storage space, time garbage collector will politely retur n some
storage to time operati ng syste m.) Only whesi thme total system resources are exh austed will you
finally lose.

Thus, if you j ust “forget about ” aim object . t hat is, lose all possible means of referencing it. its
storage area is am tton m ati cal h y reclaimed. “Object” in th is context includes that stack-structured
stora ge space u sed in PROCESSes for functional application.

22.1.1. Sta ks anti Oilier Internal Vectors

Control stacks ar e used in MDL to control the changes in environment caused by calling and
bindimig. Eat Ii acti s e PROCESS h a s  its own control stack. On this stack are stored IVALs for ATOMs;
PRIIITYPE ItiPl is, wImi ch, are otherwis e like VECTORs: PRIIITYPE FRAMEs, wh ich are generated by
call itmg Smub routim me s: and ACT IVATTO1Is, whi ch a re generated by calling FUNCTIONs with named
ACT IVATIONs . PROG , and REPEAT. TAG and LLOC can mimake TAGs amid LOCDs (respectively) that refer to
a specific i)lacc on a specific comi trol stack. (LEGAL? returns I if and only if time portion of the
control stack imi wl uichi i ts  argument is found or to which its argument refers is still active, or if its
argulmuemut doesmm ’t care abom ut the control stack. Time garbage collector may change a umon-LEGAL?
object to TYPE ILLEGAL before reclaiming it.) As the word “stac k” im plies, timings can be put on it
amid reimioved from it at on ly omie end, called the top. It h,as a niaxiniumu size (or depth), and
attempt i mm g In i’~~ 

ton mmian y thiui gs on it will cau se overflow. A stack is stored like a VECTOR , and
it m ust be GROW n if amid w hie mm it overflows.

A control stack is act u ally two stacks in one. One sectiom i is used for “top-level” LVALS -- those SET
w hile the ATOll is mint hound by any active Function’s argumemit LIST or Subroutine’s SPECIAL
binding •- and time other sect iomi is mused for everything else. Either section cami overflow, of course.
Time top-level- LVA L section is below time other one, so that a top-level LVAL will be found only if the
ATOM is mint currem t ly bnuu mmd elsew h ere, miam ime ly in t h e  oth er section.

MDL also has aim ius t e r mial stack . used for calling amid te m porary storage within time interpreter and
comim pilc’d program uc . It too is stored like a VECTOR amid cam i overflow. There are oth er internal
vectors t h a t  ca mi overflow: time “global vector ” holds pairs (“slots ”) of ATOMs amid correspommding GVALs
(“globally botu mid ” or GBO(JND? mmie at is t h a t  t h e  A~~’Ø in questiom i is in this vector, w hether or not it
currentl y has a global valise), amid t u e  “TYPE vector ” hiolds TYPE miamnes (predefined and NEWTYPEs) and
how thicy are to be treated.

22.1 - 22.1.1 Storage Managemnent
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22.2. lnmnmos’ahlc Storage

22.2.1. Garba ge-collected: FR EEZ E

Iii very special cir cm m m mmsla mm c e s , suc h as debusgg iumg RSUBRS, you may need to prevent ass object from
beimmg mmmoved by t h e  garh iage collector. FREEZE takes omme argumemmt. of PR IMTYPE VECTOR , UVECTOR ,
STRING , BYTES or TUP LE. It cop ies its ar g ms mne nt im mto nom i-im movin g garbage-collected space. FREEZE
returns tim e copy CIITYPEd to its PRIIITYPE, except iii time case of a TUPLE . which is changed to a
V ECTOR .

22.2.2. Nous~gam’bage.cn hlectetj : STORAGE (t h e PRIMTYPE)

An object of PRIIIIYI’L S1ORAGE is really a frozen UVEC’IOR wh ose UTYPE is of PRIMTYPE WORD , but
it is always pnimmt ed in by s nuu met i mimig imitermia l to MDL asmd thus is never garbage.colhectibhe. The use
of FR EEZ E is alwa ys preferable, except wI sest for h istorical reasoims a STORAGE is necessary.

22.3. Otimer Stn~~~

User l)usre/ l)age space serv es two j~u poses. First, when a user program PURIFYs (see below) MDL
objects . t hey are copied ismt o t imi s space. Secomid, so-called hamid-crafted RSUBRs (assem bled but not
comnpilecfl c a mm call Oii time interpreter to snap pages of disk files into th is space for arbitrary
purposes.

Pure-RSUBR muappimig space is used by time interpreter to dynamimically mnap pages of pure compiled
program s imilo aunt omit of ti me MDI. address space. Pure code can refer to impure storage through
time “tramu sf e r ve c tor ”. ammou h me r immt e rna l vector. Th is space is time mulost vulnerable to being com pressed
in size by the long-term g mowt h of ot imer spaces.

Internal ‘lorage has hot), pu re amid imm mp m ure parts. Time imuterpreter program itself is pure and
sharable, w h ile immm pm mre storage is mused for iuiterm ial pointers, counters, amid flags. for exam ple.
pointers to lime bnms mmda ries of other spaces. h um time pure part of thu s space are most of the ATOMs In
aim initial Mtfl., alnumg wi t h  t h eir ODLIST bmmc kets (LISTs) and GVAL slots (a pure extension of the
global vector), where possible. A SET or SEIG of a pure ATOM automatically impurifles the ATOM and
as muctm of its 0111.1ST b ucket  as mieeds to be impure.

22.2 - 22.3 Storage Management
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22.4. G.t rhm .i~ e Co h Iecti om m 1)email s

Whemm e i t he r  of t iuc gartsage .colle’cted spaces (immovable or imnmmmovable) becomes full. MDL goes
timroug is the foihot~ log h)rPce(lsure:

(I) A “ t UV ERT-A (; C” i m i teurmu pt nccm sr s if t Ime garbage collect iomi cami be deferred temm iporari ly by
sIsi ft i ms~ lsniuu,d.i i icc ts t ’ Iwet ’ ps storage spaces sli ghtly . The imi terrlspt handler nay postpomue a garbage
col lect i sis hsy m iinv i mmm. ~ l’omuu mttar ies itself wit h a call to BLOAT (below).

(21 TIm e ~ at ls .sgi’ to lire tnu h’t~ sum s e\t ’cmut lout . The “co pyimmg algorith imi creates aim imiferior operating—
sys t e im u pros i c c  m u a mmucil  ACC 1mm t h e  IFS version ) whunse address space is used to huold time miew copies of
m mo mm- g au hat ~e n it j r t t s . M 1)1 s. a iuss access to t ime ituferior ’s address space throug hm two pages Cfrontler
amid “w i m m m Iow ’~) j i m i ts i umtermi al  s pace t h at arc slmared wi tb i time immferior , If t h e garbage collection
occmsrrcd ln’caiu cc umm nv a ls Ic garhuage .coh lected space was cx huaumsted . t luemi time “m ark-sweep” algorithm in
um migl s t be mused immst e.id (see below), amid m m imufe rior process is created.

(3) l’hue gai luat ~e collector mmia r kc all ob jects tluat camm possibly be refereuiced h ereafter. It begimms with
t ime (MAIU~ PROCISS a u t h  mi t e i ’ mmrremmtly r usslmm im m g PROCESS (ME> , comisidered as vectors containing time
comitrol s t a c k s . nh 1cet I~~ l m t em s iu u live reg isters. etc. Every object im i these “PROCESS vec tors” is
mmma rked “ai c sc i hsle ’ , asim i eve ry c lem nem it of thu c ’ sc’ object s (bim mdi m m gs . etc. ), amid so on recursively. Time
“copyim mg ” ahi nr i t l s uss s imove s obj ects into tI m e immf c rior process ’s address space as it muarks th em .

(4 1 If the g .iilsat~e cnilc ct iou m is “ex hua s s t iv c ” -- w lsic h is possible ommly iii h u e  ‘copyimig ” algorithmii ——
I lieu hot Is thu r s i sa  i ui of accn c iat inns amid top-level local/g lobal b’mm md immg s are e~ amn ined th orough ly,
w h ich tak e s  mi m e I iss m e [s mut is tu nic likely to umuucove r garbage tl mereimm. Iii a imormal garbage
collect m u  i hiece i ns i s t s  su et s a mc m mot t u eated specially .

(51 Fim iall y. m i m e “m u s u m  k- swee p ” alg o u it i im mi swee ps th iro mm g hu time storage space, adding umimnarked objects
to t lie h u t  ci u m i l  ft cc l is ts for later re-muse. Time “copy i mug ” a lgorit hismi m aps time inferior process’s
address space it uto MI)L ’c ow m m . replac ism g old garbagey storage with the new com pact storage. and
t ime iumferi or process is destroyed .

22.5. CC

cE,C r r ’J ~ ( ‘ sh ‘. t ,~~C-Or -~~nV rns-freq:f,.c >

cau ses t h e  t~arhage cohh cctor to ruin am m d rctu urs is t iuc total number of words of storage reclai m ed. All
of its a r gmmmmi emi t s a re opt inm ual: if thm ey are umot supplied, a call to GC si m ply causes a “copying
garbage cnllcct inm u .

If ‘ii’” is es phic it ly suipp lied as an arg ms me mit , a garbage.co lhectioiu param eter is changed per mna ime imti y
before t h e  garba ge collector rmm u ms. mm is time su mma lhe st smumnber of words of “free” (unclaimed,

22.4 - 22.5 Storage Managemnent
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ava ilable m i  use) s ,mos .ilmhe garbage-collected storage t ime garbage collector will be satisfied w ith
Imaviug *(tc ’t it is  stone each tune. tumsila lly ml is 8t9~� words, If the total aummousmt of reclaimed
storage us iesc t lma s u “.~~‘. time garbage collector will as k time operating system for enough storage (in
l01l-woi d hsioclcl  to sim ais e it mij ) . N 11.: mis c system im imiay be iumciv i i enough not to grant t hm~ request: in
t lmat ~~se. u s c  ga rbage ohhesior ss ill be co uu t e m ml wi ti m what it has . uiuless that Is not eulougis to satisfy
A ~!iiuiin ~~ meq iuec t for stoiage . Themi it will umiforsum you that it is losing. A large nwn will result in
fewer tof u ~~ hs,u gu. cniies’t inmss . limit h e y  wil l take longer sluice time *ot,l quantity of storage to be
dea lt si ills ~ iii gent- mail ) be large, Sma ller nuns result iii shorter , mmmor e f requent garbage collections.

e’~h’ te lls si luethsv , or mini mimic ga u bage coliettiomu shuoumid be “exh mau sh ive”. It is optiommal . a FALSE by
default. The duifetru is-r hctw rcm m mmo r mm mal ammd rsls a ussti ve “copying” garbage colicctiomms is whether
cer tau ui 1.. m u s Ic of sto m .uge t h a t  re’~uire conm~ulicated tr eatumment (for example, assoc tatlomus) are retialined.
A mu e~ h samsct si c ga m Ls.ugl- coilet’i mon occurs every eigh t h titmue th at time copyi.mg ahgorlthmm is used, or
w hen CC mc cahi rit is m u m  t h is a rgm si mm e m um tr u e, or whs~n a msor smua l garbage collection camm mmot satisfy the
storage res l imes m

m~~-’ rt ’~~ g uv e c  thur m mss m m s b e r of t imm ue s t ime mark.swre p” algo rim hmu mu sh ould be used hereafter for every
t immi e ti me muorm um.u i “u np’* mug ” algn r it hm m mm s used Giving 0 for iiss.fre’q mneauts u ever to use the mark —
sweep” a Igot miii um m . a mmd gas  h u g  Cii ryri (II iN> FIx > s ume asu s (e ffectively) always to use it. Time “ niar k—
sweep” algor m m %smm m muse s s’nsssitlt’rahlv less processor tim ume thamm time “enpy imug ” algorimh um si . but it muever
sun mu Is t hue Ii Ci ii (ii .ii~t’ [tool. am id iii fact the pooi casm bet’omime fra gumeuuted. Time mnark .sw eep
algn rmti mmmi ~‘om m lmt 1st’ u sef u l j im a prngrams m system (suc h as time com piler) where the size of time pooi
rarely cha umges . bu m objects are created amid tiurowmm away comu tiimuously.

2’.’ 6. BLO A I

LILOAT is mused to c ims ic a tem porary ex pa imsiomu of t h e  available storage space with or without
chma mi gu m i~ t ime gauh u ige -cohlecu inm i paramumeters. BLOAT is rarticuhanly useful for avoiding unnecessary
garbage cnlk-s’t unm m s is hie ms io .udismg a large file. it will cause (at most) one garba ge collection, at th e
end of mc huic ts time .us’asI .ubie stor age will be at least time am imoum ut specified iii time call to BLOAT.
(hJs mk’ss. cii enumu se. the operating syste m is cranky and will not provide the storage. Then you will
get a m m error . ci RI~FI I ~ frnuii t imi s error wili cause t h e  BLOAT to returmu 1, which usually just causes
you to lose .ut a later mim i me --  msiu less time operatimug sysue mmm feels u lcer wh emu the storage is absolutely
mm ecessary. )

A call to RI OA~ hooks like this:

<BLOAT Ire cIA tel ~lb Is p ~~ p stA
p/ c l  p~lb pt~ p imp pu.’ dpstA datA >

where all a rg tsm m ue m um s mm time first hi mm e above are FIX , optional (0 by defau1t~. and Indicate the
foihowimig:

22.5 . 22.6 Storage Managemen t
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ire ’: m m tsmi ii s er (ii 5% St ILt S  of f ree uuuos abIe stora ge desired (for I ISIs. VECTORs . ATONs. etc.)

~~~ mmu m u imh sei nt word s of free co,utrol.stacl , space desired (for functional applications and
biu muls ’ it .~ uf AlOilsi

l~ i: m mm mmm m h s e i of mm e w top-in n LVAIs for wluich to heave space (SETs of A1OMs whulcim are not
ciii remit Is tmn m s m sd (

~: it~: muu mm ulm er of ~~~~~ s for wh mcl u to heave space (h um the g lobal vector)

I. r: mumm um ub e r iii mmew I YPI ilefisi ltiomus for wim ic im to leave s pace (in time TYPE vector)

c t ’ . uumu m m m hscu oh si ords us mm m m umm ov atmle gas bage-cohtected storage desired

p . ..: mum u mum be r of ms muu its ss f fire immt cnmm .ul .stach. space desired (for READIsug large STRINGs, amid
ca ilhm ug rout  mm m cc is sthsm m he interpreter amid comp iled prograumms)

Ar g um m m u e m mts osm time cecommil t i sme above are also FIX amid optional, but (lucy set garbage-collection
para imueters lI ’t m u u um u c mut lv , as m I m ic s:

.is for ~C

nunutucu of slots for l..V~1s ashIest when lIst space for top-level LVALs is expamided (InItially
64)

i”~: I’: miii mmu hm e u of shots for ( VA Ls added wh me mi time global vector is grow uu (initially 64)

p1 ~‘: muummhe r of shots for TYPI c added wlmt - mi t Ime TYPE vector is growmm (Initially 32)

‘v .  muumm m u hi ’ r of scoids of im m m mm u ov able garbage-collec ted storage added whemi It Is expamided
( i mm it i iu lv lO’ fl

pur: nummubcu of s% ormic r(’secved for pmure compiled programs. if possible (im m ’st iahly 0)

dp’;IA: mmmo st ulesir,ihslt’ size for thuc im ite rm ua l stack, to prevemmt repeated shunhmukisig amid GROWing
( i m mi t i u l h v r,i)~

dst ’~: most sIecirabl~ size for tu~ com utsol stack (iumitIaUy 4096)

BLOAT rct umnu m ’. mis t ’ a ctu s al uumm umub c r of words of free m ovable garbage-collected storage available when
it is dosue.

22.6 Storage Management
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22.7. 61 OAT-STAT

BLOAT-STAT s’aum be mused w imim BLOAT to tu mue” the garbage collector to particular program
require ummeumi S

<B lOA T -STAT !eF ’:~th 2~ tj veclor >

fills time e. t.’’ ss h u m  h u b ,  mauio mm about time state of storage of MDL. T ue arguuneimt sh ould be a
UVECTO R of le mm u.~s i m ~7 amid tilYi’[ FIX.  If BLOAT-STAT does mmot get aim argum ent , it will provide its
ow im (lvi C 10K . l Ime u m u morumu i tm o im ret isr ume d is as follows : time firsi 8- ele-mi memu ts - immdica te tiue numumber of
garbage m iles tinm us m h m a t arc at iribm utab le to ce rtaium causes , asud time other 19 give information about
certain i i  ci ’ of sius rage . lii detail:

. umm i mm uher of gas iuige cn h lecm iom ms cimmsed by exh mau st iosu of immovable garbage-collected storage
2. ditto by os em floss ol cnuut ,oh sta sis (s)
3. ditto h) ni em ihn~s of to p- hevcl .L VA L sectiom i of comitroI stack(s)
4. d i t to b) os ci h o w  of global s~ector
5. ditto by ov erflow of IYPF s ector
6. ditto by e~ i uam m ’.t i nm m of i mm m nu osab he garbage-collected storage
7. dit to by ove rt low of im ute r nal sta ck
8. ditto by overflow of Lint Ii ss.ucks at thme sammm e timmue (rare)

9. mmm i mumber of ivoids of mnos’ahIe stora ge
hO. mum um im hs. -r of words of m um ov .ilule storage issed since last BLOAT—STAT
II. m’;.: ~ ii mm uuiu i mi usuu mber of words of smuo sable storage ever exi stimm g
I?. nmm uuulu -r of is n uu ts  of m umo va h u le storage u sed sluice MDL began rummuisig
13. m ima x imim uu m u s c u e  of iomm s ro l ‘tack
14. nu mm umber of words num cntm t rnh s ma ck iii use
15. mimi ’s i m m u mu iii ‘sir of m osutiol stack~’l ever rea cimed
16. sit usumbe r of slots for tnp.lrvel IVA Ls
17. im imm imbe r of mop- level I VAI s c’s istimig
18. mi uu mi mber of slots for CVALs hum global vector
19. imm imm ube r of GVA Ic ex ist imig
‘20. miu mm uuher of slots for IYl’l s iii TYPE vector
21. msu mmm mhcr of TYP I s exismi sig
22. miummiber of words of imiumuins ’able garbage-collected storage

‘23. mutumumber of words of immu ium os ’abl e storage smmuused
24. Silt’ of largesi msuu mmsed co mut i gmuo ums immuimiovable-storage block
25. mimummuber of words nmm im ite rmu a i stack
26. number of words ouu is mte u mial stack iii use
27. uima xi mmn mmm m size of imut e ruma l stack ever reached

22.7 Storage Management
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22.8. CC-MON

<CC-MON p ’cd>

(garhagr. ohiec tor sum om uit o r ”) dct crm mu imm cs w hmct hmer or muot the interpreter will hereafter pr int
iuu fo rmm uauinm u omu mist ’ ter i usiu s al whi m- sm a garhiage collcctiouu starts and fimuislues, accordisug to whether or
muot its ir gmmm m m e iut us mi- use. Ii retmsrm us time Previous state. Calliimg it with smo argumnent returns the
currcumm state. Time immit ial s tate is false.

W imem u ty pim ig m~ emiabk’d. the “copyimig ” garbage collector primits. w huen it starts:

GIN ~ ea~ oh cub’ . tl~4 -cj used:atorn

amud. w huem u it fi a mi sh mes:

60(5 1 ~e ond~ - ,,eeded

Time “ mu rk -sweep ” gas lmage coliector priuits MSGIN amid MSGOUT imustead of GIN amid GOUT.

22.q. Related cus l s ruumt imue s

Two SIhflRs. dccci iise,l mme ~ t. misc nmiiy part of the garbage-collector algoritium. hum order to fimid all
poimiters so ‘sum object. GC-IftI MP amid CC-R EAD , as t h eir msaumies imnphy. also use part in order to
t rau ms late Lmetsv eemi \h I’)L obj ects amid bis mary representations thmereof.

22.9.1. SUBSTITUT E

<SUBST IT UT E flCw.?”~’ old:any>

returns ~‘J, after s -amusin g a muiumiatu rt ’ garbage collection to occur, during which all references to old
are ci iimsgetl so as tn refer in nrw. Neit her ar g i mm s uemm t can be of PRIMTYPE STRING or BYTES or LOCO
or hive on tim e cnmitioi s tac k , i mm uless both are of tIme same PRIMTYPE . One TYPE siammie cammnot be
smubst ituitrul for aum o s ime r. Omit’ of tim e few legitim itate uses for it is to substitute the rigiut b ATOM for
thie “wromig ” nime. after 0111 ISIs h ave been j a m Hue wrong state. This is snore or less the way ATOMs are
inmpumrificd. It is also ussef us l for msiul immkisug RSUBRs. SUBSTITUTE returtis old as a favor: unless you
h ang onto old at t h at pninm. it will be garbage.

22.9.2. PURIFY

(PURIFY . w s - J  ., . ein~ -N>

22.8 - 22.9.2 Storage Mammagement 
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ret ms rmm s its  list a rgm smuu e uu s . after causi mu g a mimis miature garbage cohlectiom u timat results in all thear g uuu ume m mm s bt ’cn mmmimug i uire am md shuarab le, amid igmiored afterward by the garbage collector. Noarg ummm e. ut cams live omu time comut rol stack or be of PRIMTYPE PROCESS or LOCO or ASOC . Sharingbetweeum npcrat iss g .systemm u processes actuall y occurs after a SAVE , if ammd when the SAVE file isRESTOREd,

22.9.2 Storage Management
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Chapter 23. MDL as a System Process

Timis ch apter treats MDI. comis idered as e~ecuit imig iii aim operating-system process. and interactions
betweemi ML)L amud ot ime r operat iuig-syste msi processes. See also section 21.8.13.

.1. T itlE

T IME takes amsy mmuum i uh e r of ar g mu uuse imts . w h ich are evaluated but igmiored. amid returns a FLOAT giving
t ime smmumumb cr of semn mmd .s of CPU t i uu m e time MDL process lmas used so far. TIME is oftemu used in
mnac huiuie-les eI dc bts u~giu m g to exa mi m ium e t ime values of its arguments. by having MDL’s superior process
(say. DDT) plamit a brcak 1)oiufl hui time code for TIME .

23.2. Na mime s

<UNAt1E>

returuis a STRINC wh ich is time “miser m uamn e” of’ MDL’s process. This is time “umiamne” process-control
var iable imi t Ime ITS version assul lime logged-him directory in time Tenex and Tops-20 versions.

<XU NAtIE>

returns a STR ING wh ich is time “imitemided user sma nme ” of MDL’s process. Th is is the “xuname process-
control variable 1m m t ime ITS version aimd identical to <UNAME) iii time Tenex and Tops-20 versions.

(.JNAI1E >

returns a STRIIIG ss’huichi is time “job naimie ” of MUL’s process. Thu s is tiue jmianue” process-control
variable iii time ITS versio um amid t h e  SETNM name in time Tenex amid Tops.20 versiosms. The characters
belong to time “s i’sb it” or “primstii ig ” suubset of ASCII, namne ly those between <ASCII *49*> and
<ASC II *131*) inclu sive.

<XJNAME >

23 - 23.2 MDL as a System Process
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ret uurm is a SiR ING w h ich is time “imitemud ed job name” of MDL’s process. Th is is time “ xj si amne” process-
cosutrol variable iii time ITS ver siomu amid ideumtica l to <JNAME > iii time Temuex amid Tops-20 versions.

23.3. Exi t s

(LOCO UT>

atteiulpts to log om it mime p rocess imu w h ic h it is execumted. It will succeed only if time MDL is the to p—
level process . t h a t  is. it is r lum m uu immg ct isowmued or as a daem imomu. If it succeeds, it of course never
returims. If it mines mint , it rct uurums #FALSE ( ) -

<QUID

cause.s P.1 1)1, to stop I muimm u i s ug. in aim orderly imm aumner. lam time iTS vers iomm, it Is equ lva ieumt to a
.LOGOIh I I , ium ci t - mu ct io um, 1m m tIme Teu mex amid Tops-20 vers iomms, it is equivalemut to a control-C signal.

amid comutr ol passes to time smmperior process.

<VA LR[ I ctr in ~: - or

(“va lmue re t m mr s u ”) se im lomm i re lmur uss . It 1 2s5e5 coumtro h back up time process tree to time superior of MDL,
passing i t s  argument as a iuicssage to that superior. If It does return, the value is #FALSE (). If the
ar g us m i me mut is a SIR 1116, it is passc(l to time superior as comm imnands to be executed, via .VALUE 1mm the
ITS s’er siom m amid RSCAN ium time Tops-20 version. If thme argument is a FIX , it is passed to the superior
as lime “ef f ec t ive address ” of a .BREAK 16, imm str uct iom m in time ITS version amid igimored in other
versioius.

23.4. Immter-p rocess Comm nsmu unic at ion

All of time SUIIRs iii t i m ic secmi nmm are available omu hy iii time ITS version.

Time IPC (“himme r-p roce cs co h iimm i mm s mica t io n ”) device is treated as aim I/O device by ITS but not
explicitly Sn ~y MDI.: t lmat is. it is never OPENed. It allows MDL to comuimnunicate with other ITS
processes by means of sending and receiving messages. A process identifies itself as sender or
recipient of a i muesc ~mg e wit h aim ordered pair of “sixbit ” STRINGs , which are often but not always
<UNAIIE > au u t <JNAM [) . A immessage huas a “body ” amid * “ty pe”.

23.4.1. ..;END amid SEND-WAIT

<SI~Nfl ol!si ’rnl othern2 body type myname l mynamu2>

23.2 - 23.4.1 MDL as a Syste m Process
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<SEND-WA!! otherr ’ l othern2 body type mynarne i myname2>

bot h scu d ~mmm ii’( muut ’ssage to amiy pmocess t h a t  is iistemiimmg for it as otherni othern2. body uuiust be
eithier a SIR I N(1, or a (IV I t ’ mOR of olsj cs ts of PR ItT YPI WORD. t ype is a im optional FIX , 0 by default.
w isichs is part oh time ,m if nr im iaii num time other gu y rece~ves . T ue last ~wo arguuimemmt s are from whom the
umiescage is to be sem ut ‘l’ hmec e are nptiomua i . aumd (UNAME > amid <JNAPII> respectively are used by
defau lt St Nil me lu mu mis a FAt SE ii iso osue is iisteu iimmg. w imile SEND—WAIT hammgs umitil souneomie wants it.
Rotlu rei mm i is I if sneum ouue accepts the imucssa ge .

23.4 2. l ime “ IPC” lmu me mr ump t

~%‘Iuem m youus P.11)1 1iinccss rcs (’ i s ’es aim IPC imm essage. NIPCN occurs (chap ter 21). A hmammdl er Is called
w ith ci tim e r tour os si~ a rgm m iu ies its g ica mmed from time received ummessage . body, type, othernl , amid
ofhe’,t2 are ;ulways smu 1s1)iie (h . nmy~s.imeJ ammd rnynarne2 are supplied only if thsey are not this process’s
(UNAME ) a nut (JNAMI )

Th ere is a built-in J1ANDE I R for the “ IPC” immterrumpt . w itim a imasidler mmas mmed IPC—HANDLER amid 0 Iii the
PROC ESS slot. Time imaimuiler prints oust omu time te rm umi m. ai tim e body, wimomn it Is fromus, time type if not 0
amid w im ommu it is to if msot <( IUAM~ > (JNAM[). If t u e  type is I amid time body is a STRING , (lieu , after
time snessage iu mfou mm ua t i n m m is primmtc d oust , lime SIRING is PARSEd amud (VALuated.

23.4.3. 1PC-OF F

( IPC—O 1F) stops all hi s t cmmi m mg omi t h e  IPC device,

23.4.4. IPC-ON 
-

( IPC —ON ~~ F)~4,,)eJ f l) .,).4P)) t ’2)

caisses lis tcm mi ng oma time I PC device as mynansel myname2 . li mmo arguunemits are provided, listening Is
omi <UNAM[) (JNAML > . Wh uem i a umuessage arrives. “(PC” occurs.

MDL is ilsiiiall)’ listening as <UNAME> <JNAME) wit h time built-lu HANDLER set up omi time 9PC’
iumterrupt w it im a priority of I

23.4.5. DEM SIG

<D[MS 16 d ’, o,s:~tr,,t,~>
r

signals to Ii’S (dii c’ct I)’, mint v ia time IPC device) t Imat time daemmiomi mmammied by its argumnemmt should run
now. it ret us r um s I if time dac mmm ns u exists , #FALSE ( ) oth erwise.

23.4 .1 - 23.4.5 MDL as a Syat em Process

I
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Chapter 24. Efficiency and Tastefulness

24. 1. Effkt!!!cy

Actually, yous ,mm a kc Mt)1. program ims efficiemit by thu iuuk imig hsard about whuat they really make the
iuiterpreter tin, amid ums ak im ig mucu s do hess. Sommue guidelimues. imu order of decreasing expense:

(I) Free storage is expeuisive .
(21 Caih immg f m uumcti oims is expensive.
(3) PROG atud REPEAT are expemis ive. except wimemu com piled.

Exp iauuati num :

(I) Um mm iect ’ssas y misc of free d otage (cr eat i ng iieedless LISTs, VECTORs , UVECTORs, etc.) will cause the
garbage collector to runs mumo re oft eum . ‘I’lmis is expensive! A fairly large MDL (for example. 60 000 36-
bit wordsi am m lake temu secomids of F’DP.lO CPU time for a garbage cohlectlomm. Be especially wary of
co mis lruscu inums like (0)  . Every tim u me t h at is evaluated , it creates a miew one-elememit LIST; It is too
easy to write smmcl m t imimugs w tm emm they aren’t rea lly mmecessary. Unless you are doimig PUTs or PUTRESTS
on it, muse ‘ ( 0  ) imistead.

(2) Sad, bumt true. Also generally igimored. If you call a fussmction only omice. or if It is short (less than
omme line). )‘oum are u mmum s ii better off in speed if you substitute its body imi by huamid. 0mm the other
imamid. yomu m a y he su uu sclm worse off in iumoduuiarity. Timere are techium iques for com bining several
FUNCTIONs isut o omme RSLhBR (wit hu RSL1BR-ENTRYs), eiiimer durimmg or after compilation, and for
changimug EUNC I IONs iu utn MACROs.

(3) PRO G is ahu iso ct umeve r necessary, giveim (a) NAUX N in FUNCTIONs: (b) the fact that FUNCTIONs can
couita imm 3mm ) ’ simasmuh er of FORMs: (c ) time fact th at COND clauses can conta imm any nu m ber of FORMs: and
(di timr fact that mm ew s’arialilt’s cami be generated ammd initialized by REPEAT. However, PROG may be
usef iii wiue im a mu error os-c u rs, to estab lishu bimmdim mgs smeeded for cleamm imig thuiumgs up or interacting with
a hmusm uiam m.

The ussr of PROC muma y be setisibie whm emi time normimal flow of commtroh caum be cut simort by unusual
comid itinui s , so thm at time progra mmm wants to RETURN before rcac iuiui g time end of the PROG . Of course,

24 - 24.1 Efficiency amid Tastefulness 
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mmested CONDs caii accomi mp lisim time sa m e end, but deep nesting m a y  tend to m ake the program
unreadable. For exa uim p le:

<PROC (T[MP)
<OR <SF 1 lIMP <OK-FOR-STEP-i ?>>

<RETURN .TE MP>> -

<STEP-i )
<OR <SET T EMP <OK-FOR-STEP- 2? >>

<RETURN .IIMP>)
(ST EP-2 >>

could imistead be wu i t t emi

<COUD (<O K-FOR-STEP - i?>
<STEP- i>
<COND (<OK-FOR-STEP-2?>

<STEP-2>)>)>

By thur way , REPEAT is faster t liam m GO iii a PROG . Time (GO x> FORM has to be separately interpreted,
right? 1mm fact . if yomm orga mmize Ihmi m igs properly you y~~ , seldom need a GO; using GO is generally
considered “bad st yle”. but 1mm sonic eases it ’s needed. Very few.

Iii s n am my c . i ces, a REPEAT camu be replaced wit h a MAPF or MAPR , or aim ILIST , IVECTOR , etc. of the
for u m

<ILIST .N ‘<SET X <+ .X 1>>

w hmic im geuierales a mm N-elemi seuut LIST of successive numbers sta~~ing at X+1.

Wi iethmer a prngrammi is imiterpreted or comp iled, time first two commsiderat ions mentioned above imold:
garbage coilect iomi amid umm uucti nmm calling rcmnaim i expemisive. Garbage collection is. clearly, exactly the
samne. Fmmsi cti oi ; ca li imm g is u-e lative ly ssmor e expemusive . h owever , the comnpiher caretim not whether you
use REPEAT , GO , PROG , JU ST , MAPF , or w imatmiot: it all gets compiled into practically the same
tiiimig. Ilowes’er. time REPEAT or PROC will be slower if it iuas aim ACTIVATION that is SPECIAL or used
othmer t Itan by RETUR N or AGAIN.

24.1.1. Exasmi ple

Thiere follows asm e~aumi p ie of a FUNCT ION timat does mammy thmi mm gs wrong. It is accompanied by
comu mmemitary , 311(1 two better versioiis of (lie sam ime (luim g. (This function actually occurred I n
practice. Needless to say, miasumes are w i t hh e ld  to protect time guilty.)

Blunt c o i mm ms me mmt: t h is is terrible. Its pu rpose is to output time ch aracters needed -by a graphics

24.1 - 24.1.1 Efficiency and Tastefulness
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termimual to draw h u e s  comm u mectimug a set of poimmts. Time poimmts are specified by two input lists: X
va lues amid V s’a hum c s . ‘I’lie ouut pmmt c lma mumme l is time tim ird argummie umt. The actual characters for each line
are ret msrmue d i m m a 1 1ST by time fumict m u m  TRANS .

<DEFItIE PIOTVDSK (X V CI4N NAUX N I LIST)
(COND ((NOt <::? (SET I <LENGTH .X)><LENGTH .Y> >> 

-

<ERROR TMIENCTIIS NOT EQUAI >)>
<SE T 1151 (29))
<REP [AT ((N 1))

<SET LIST (‘.LIST ‘<TRANS <.N .X> (.N .Y>>)>
< COND (<C’ <SET N <+ .N 1>> .LXRETURN .N>)> >

<REPEAT ((N 1) (Ii <LENGTH .LIST)))
<PRINC <ASCII CN .1151)> .CHN>
<COND (<C? <SE T N <+ .N 1>> .U>

<RETURN HOONEN>)> >>

Couumunem mt c :

(1) LIST is omul y temmmp o rariiy imecessary. It is just created and themi th rown away.

(2) Wors e, time c omus t r m mct C ’  .LISI <TRANS ...)) copies time previous elemnemits of LIST every time it
is executed!

(3) Imidex imsg dow mu thur elemimemuts of LIST as in <.N .LIST> takes a losmg ti m e, if time LIST is long. (3
.> or <4 . . .> is mus t wort h worry luig about , bus t <10 . - .> is, amid (100 - - .> takes quite a while.

Eveum if time int le~ isig weu-e mint ph ased omit , t ime comump iler would be h appier with <NTH .1151 .N>.

(4) T he variable ChIN is muimmiecess a r y if OUTCHAN is bound to time arguuneuut CHANNEL. -

(5) It is ta ste fmuh to cali ERROR in thu r sam ime way tiuat F/SUBRs do. Th is includes using aim ATOM from
t ime ERRORS OBLIST (if ouue is appropriate) to tell wimat is wrong, amid it includes identifying yourself.

So, do it th is wa y:

24.1.1 Efficiency and Tastefulness 
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<DIIINI PLO IVO S K (X Y OUTCIIAN )
‘DICE ((O t h I C I hAN ) <SPECIAL. CHANNEL >)
<CONE) (< NOt ( :~~? <L ENGTH .X > <LENGTH .Y)>>

<IRROR V [CTO R- IE NGT HS-D IFFER!-ERROR5 PIOTVDSK>))
<PRINC <ASC I I  29))

< R E PEAt ( )
<CO NE) ( ( EMPTY? .X) <RETURN NOONEN>)>
< REPEAT ((OL < TRANS <1 .X> <1 .Y>>))

<PRINC <ASCII < 1 .01>))
(CONE) ((EMPTY? <SET 01 <REST .01)>>

<RETURN>)>>
< SET X (REST .X>>
<SF 1 V <REST .V>>>>

Of coumrse . if you kin-s w lmow long is time LIST th m at TRANS returns, you can avo id using the immner
REPEAT loop a um d hm .svc explicit PRINCs for eacim eleumieuit . This cam s be done even better by using
MAPI , as imu t ime t me x t  ver s i ou m , w hu ic im (hoes exactl y the saumie thm ium g as the previous one, but uses MAPF
to do time R[Sliuig amid t ime cu d  comm d it io imah:

<Dc l INC NOIVDSK (X V OUTC HAN)
-mH -C t ((OtI [CIIAN ) (SPECIAL CHANNEL >)
< CONI) ((NOl <: : ?  (LENGIH .X> <LENGTH .Y>>>

<ERR OR VCCTOR-1(NGTHS-DIFFER !-ERRORS PLOIVOSK>)>
<PRINC <A SCII 29>>
<MA PF <>

ØFUNCIION ((XE YE)
<MAPF <> #FUNCTION ((T) <PRINC <ASCII .T>)) (TRANS .XE -YE>>)

“DONE”)

24.2. Cruat iu ug a UST iii Forward Order

If yomu mulct em -cafe t h e  e iemu m em mt s of a LIST in seq uuemmce from first to last, you ca ms avoid copying
earlier ou r; w l meum adul iuig a later omme to t ime emmd. Oume way is to u-c MAPF or MAPR w ith a first
ar g u mu u mcsm t nf ,L IST:  the elenucu mis are put oum time co mmtro i stack rallier thami ~iu free storage. until the
f iuiah call t o LIST ,  If yoms kumow how niammy elc unem its th ere will be. you camu put thuemn omu the couutrol
stack yourself . iii a tupt F bu ilt for t h a t  pmsrpose. Aumothuer way is used when REPEAT is necessary:

24.1.! . 24.2 Efficieumcy amid Tastefu lmmess 
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< RE PEAT ((l1RSI (1)) (LAST .FIRST) .. .)
•DECI ((VALUE FIRST LAST) LIST . ..)

<SE T LAST <REST <PUIREST .LAST (.NEW)>>>

< RETURN <REST .FIRST>)
. . .)

Here, . LAS T a lwa)  ~ l)nhu uts to the curremmt hast ehe immemit of time LIST. Because of t ue order of
eva hu uati o ms . time (SE T EAST .. .> could also be wr ittemi <PUTREST .LAST <SET LAST ( .NEW) >) .

24.3. Read-only Frm s ~‘.mriaLjks

If a Fuuu icti omm umses thur value of a free variable (<GVAL unrnars(est:atom) or <IVAL special:atorn>)
wit huoumt cliau mg imm g it. t ime com uip iled s’ersiomu m a y  be m ore efficiemit if the value Is assigned to a
diu mmuu mu y LIIISPE C IAL ATOM iii time F um m ictio m u ’s NAUX N list. Th is is true because amu UNSPECIAL ATOM gets
couuipiled iu uto a slo m on time coumtro l stack , wh uic hs is accessible very quickiy. The trade-off is
probably wor thu wh m i le  if a ~~~~~ is rcfcreuiced mimore lu au mmcc, or if aim unmanifest Is referenced m ore
t l ma u u twi ce. Exa mm u p ic ’ :

<DE FIN I MAP-LOOK (IP (Th INGS “AUX ” (DU ,DATA-BASE))
a DF Ch ( (VALUE ) V ICTOR (THINGS DB) <UNSPEC IAL <PRIMTYPE LIST>>)
SMAPF ,VECIOR <FUNCTION (T) <MEMQ .1 .DB>> .TH INGS>>

24.4. Global amid L ocal ~‘ahsuc s

Iii thur iumme r pue t c r u l m e seq ume muce ,X .X ,X .X is slower thm a u m ,X ,X .X .X because of interference
betweemi thu r (‘IVA I a mmm l 1 VAt. mmi ech mammi si m is (appeiidix I). Thus it is uuot good to use both time GVAL and
IVAL of time sa ium u’ ATOM freqmuc m itly , mmm ml ess referemuces to t ime IVAL will be comumpiled away (made into
control stack ref ere mmt -cs) .

24.5. Makin~~Of~~ct c or At -~~y,,~

It Is oftemu time case ti uat you want to attach sonic uumeimmimmg to each elememmt of an array and refer to
atm c lesmiem it ium uh’pcmm des mt ly of ot her eleu mm cu mt s . Firstly, it is a good idea to use uuauuies (ATOMs) rather
t iuami imitegers if IXes or eveu m On SETs ) for offsets imito time array , to uum ake future chamu ges easier.
Secomidly. it is a good idea to muse time GVAIs of time uma umie ATOMs to remnemiuber the actual FIXes, so that
t ime ATOlls cauu be MAN lIE St for mi me comum piher ’s bemuefit. Th irdly, to estab lish the GVAIs. both the

24.2 - 24.5 Efficienc y and Tastefulness
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isute riHeter auud the couum pik m will be happier with (SETG name offset) rather thams (DEF 1HE nani
(“TUP U T )  ~~~~~~ ! . 1> ) .

24.6. Tables

Thmere au- c’ ~‘v u’u m l ~ .iv’ 1m m MDI. to sto re a table . Imat Is, a collection of (names amid) values ti mat will
be seati-h med. I m i” umi pi is imm g hy . dmoos immg (lie best way is often dictated by the she of time table and/or
I huc’ umat um mc of time ( mm a mus e ; a mmdl values.

For a s um sahl table, t ime mm as iiv c amid vai use s caum be pumt iii (separate) strusct iures •. time ch oice of LIST or
array hic iuum ~ iletm’i mm sim m mil  b~ vo latilit y amid lu m imi ma b il it y —. wl m ie hm are searc h ed ussi mig M[MQ or MEMBER.
Thm is uiwth mnml is s m - t v cpaie- ef f kiet mt . If thm e table gets larger, amid If the eleumients are completely
orderahhe. a (t u imi lnu mmml s ector ma im be used. kejit sorted, amid searchued w ith u a binary search.

For a l,irm~e i .m hml c . lucre iea~nmi.s hIy ciliciemmi searches are required. a imashmhtig scimem ime is probabl y
best. ‘rwo tuie t hmot hs m um ’ as-a ,Lshle iuu M L)L: ass o ci atiomis amid OB L ISTs.

lii time lu st umme tlu nit . PU I PROP amm d (“I I PROP are used. w lmic lu are very fast. Tiue m m m s m u ber of hasiuimug
bumcl . cts is I i~ ed. Dmm 1s h i ca m es ire ehi mm ui m sa te d by is? (estimi g . If it Is muecessar y to use 1 test itig. or to
fluid .ill time s-u utri i ’s iii mime table . yomu i-aim du plicate lime table iii a LIST or array. to be used only for
t hose i uurlmo;e; .

h um t he sci-n iu ml mmi e mhotl . INSLRi ausd LOOKUP cmi a speciali y .bmmilt OBLIST are used. (If time names are
mint SIR INC;. thm c y casi be cnumver led to S1RINGs Imsimig U. ’PARS E, which takes a little time.) The
mmumuibt’r of hm. m ;hui s ig hmm ckrms ca mm l)e chuose mm for best eff ic ieumcy. Duplicates are eliminated by •?
testing. MA l ’FIP. i-au be used to find all time euutr ies iii (he table.

24.7. Ncsiimm ~

Time he,iumts m u mie rp is -uirste mi enu ut mo l str uuctm s rcs im i a simig le FUNCTION is defiumitely 1mm time eye of the
beholder. tPl’RlNT • a pre.Inadc’d RSLIBR , uimids t)uem ui tr yim ig. However, time compiler often produces
better code luommi m h m c mm u.l It you don’t like excessive umes m imu g. t hmes u you will agree timat

sM I  X ... )

<CONE) ( <0? .X ~ . . . ) . .
looks better tls ,imu

(CONE) ((0? <SE T X .. .>> . . . )  - . .>

aumd th at

24.5. 24.7 EffIciency amid Tastefulness 
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<R EPEAT
<CON E)

( . ..  <R ETURN . . . > ) >

looks better t h masm

<REPEAT
(CONE)

( . . .  <RETURN . . .> )

( ELSE . . .) )

You cam u see time ima um ire of time choices. Nest immg is still amid all better than GO. 

~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A ppendix 1. A Look Inside

Timis appesiuli~ tells ,ib..m mum t h e  mum appi m ig betw eemu MDL objects amid PDP.l0 storage -. 1m m other words,
t ime ss iv thu m mg s look ‘t im t ime iii sidC N. Noume cii th is i umfor nuat iou is esseumt ial to k now i mmg how to
prog ra mmu ai m Mill . i muu t II does gus e somume rea somms for capabilities ammd restrict ions th at otluerw ise you
lm,m s’e In umu’mm moi i~c lime m mo t .m t m u  m mm d uermuui mmo log v gem a little awkward 1mm this discussiomm, because we
are iii a 1w u h g hut m ime LmeRs t’cm u time wm hIs ci M 1)1. objects amid of bit pattermis. lam general time words
and ~~~~~ .~i~~i-.m m ium g sim thu.m ~ raums s icier to bit patteruis mm cl MDL objects. A lower-case word (like

mup l el  mef i ’i s to list’ stnu. uge ncc um pieii by ami object of time correspomidiuug PRIMTYPE (like TUPL~~.

First sommu e t ru mii i m im u hm u t: mired; ds~e us ss u o m m Time simme qusa m mcmi of am my I~t DL objec t Is a ~~~ of 36—bit
couis pm.tm’I is ~i its h um g cisc r,u l. lists co mm s is t of pairs cimaiumed togem huer by poimiters (addresses), amid
sec tor s s-oi m~usI h f  m. om it m g m iomss bloc ks of pairs. ? essentially tests two pairs to see whether they
comutaiui the samum e him p.iu Cm ii;.

Time fiu s i (lots i’m - .imhm lm t’s;ettl s% nm ti of a pair is called time 1 YP E word , becaumse It couitaiuis a umumeric

~~~ 
comic tlm .i t ut .pue scsmts t h e ob lm’~t ’s 1 YP[  . Time secomsd (h igh er-addressed) word of a pair Is called

ti me v.ilu um ~s m um ml imm’ .umsse it c mu umt .iuu u s t isas i of or thuc’ bc’giimusi iug of) tIme data part of the object . The
TYPE ss cud t .s uumi snuiui ’uimsies t h e  v .uhume word) is comisidered to be mmmade of a left hmalf amid a right half.
We will puc t uuu e a pair like this:

I I’mPI I I
I I
I v i lue  I

where a c ut  i— u ham- m u m the mumidd le of a word meau ms t h e  word’s Ima lves are used imidepeumdentiy. You
c-aim ‘cc tl m.it tlm c i~~ri t~mumic is t-osif ,umed to t imc ’ left h alf of time TYPE word. (Half .)word s are somimetimnes
smubdisideil im ito f i t - ImI ’.. .mppunpriate for time cou utcxt: fields are also pictured as separated by vertical
bars. Thur u ig hut h alf oL time I YPE word is ussed for differemut pu rposes dependiumg oum time TYPE of the
object amid at- u usa I lmu cam loam of ike vaiue.

A ctmu ah h y thi r 1$- Imit 1 ‘m i’l luelul is fmmu - mh m c ’ r decoded. lIst’ hmi gh.order (left m ost) bit is the m ark bit, used
e~~his;iuciv h~- ti me g .uuhiag e eohlc~tnr ss im emm it ru um ms . Time mm ex t two bits are mimom ultor bits, used to cause
“READ” mmmd “WRI 11 N i sm Ic ir sm 1uts cmi read amid si-rite refe remmces o time pair. Time mmcxl bit is used to
diffc reumt i.ume bet us m’e um list ek’ mu iem it ’. au md s ector dope words. Time mm cxl bit is umumised but could be used
im m t h e fuut m u u e for m um rxem -umt e ” msm nm u itn r. Time rcm siaium iuig 13 bits specify the actual TYPE code. ~Vhat
CHTYP( does is to t.npv tim e p.uir amid put a muew TYPE code iii the umew pair.

Eac im data TYP I mpmedei iuu rd amid Nt W 1YPL s~ mmi uust belomug to omie of abouat 25 storage allocation
classes~ (rnimi~lm iv t ouu e sp nmm m himm g to MDL. PRIM1YPts~. Times e c lasses are ci mara cterized pr imuiar ihy by
t ime m mia m m m m c r mit isimi ch time garbage collector treats th em. Soumme of these classes will miow be described.

Appeumdi x I

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - ~~
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iuie Word”

Thmis c lass imuch mules all data Iluat arc mm cl poiumters to somne kimmd of structure. All external (program-
available) TYPEs iii th m is class are of PRIIITYPE WORD. Examimple 

I

‘Two Wnrd

Time imicuumbers of iii is class are all 18-bit pointers to list elemnents. All external TYPEs in this class are
of PR IIITYPE LIST. Examm uphi’ :

I L I ST I 0
I I

0 1 pointer I

w hmerc P0 enter is a iioimitrr to the first list elenmeumi. If th ere are no elements, potnter is zero; thus
e m p ty objects of PRIIITYPE LIST are ::? If th eir TYPEs are time samne.

“Two N Worth”

Members of th is class are all “cossntimig poimiters” to blocks of two-word pairs. Time right half of a
coumutiuig po imiter i~ an address, and time left Imalf’ is time negative of the number of 36-bit words in the
block. (Th is form imat is tai lored to tim e PDP.1O AOBJN imistructiomi.) The miuinber of pa~rs in the block
(LENGTH) is half t h at uiuuumm ber . sluice eachm pair is two words. All external TYPES in this class are of
PRIMTYPF VECTOR . Fxa mmm plr:

V FCTOR 0 I
I I
I -2 length I po inter I

where length is time tENGlil of t he VEC T OR and pointer is the location of the start (the element
select ed by aim NIH arguiuume umt of I) of time VECTOR .

Appendix I

L ~~~~~~~~~~~~~~~ :~~~~~~~ -
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“N Word”

Timis class is m im e ;,amm ie as time j)res ioass flume, except th at time block commtai ums objects au of (hue satne
TYPE is a t h u o u ut ums ih i ’. i ml m s a h TY P[ is-nuds. l’lme TYPE code for all time elem mu.emmts Is 1mm vector dope words,
w h ich are at a m lml uc s ’ . rs ju st larger l u a u  time bloc k itself. Timus , amm y object th at carries iumfor mnation in
its TYI’L ss’ont c a u mu m om go iii time block: PRIMIYPEs STRING , BYTES , TUPLE (amid time corresponding
locat ives LOCS , I OCB , LOCA). FRA M E . as md LOCD. All exte rmiai TYPEs in this class are of PRIMTYPE
UVEC IOR . Lxa usi ple :

I UV[CIOR I 0 I

I -~~eru cjth I pointer I

wiucre length s is time I [NGT1I of time LIVECTOR amid pointer poim uts to time begimm muimm g of time UVECTOR .

“Byte Stri uug ” amid “Charactem- S tu imm g ”

Timese two i lasces ate ahm iios t id emu tica l . Byte stri mu g s are byte pointers to strimm gs of arbitrary-size
bytes. PR lfl I YPE IJY If S is thu c nail) ms iems i be r of t h is class. Ch aracter striuigs are byte poiuuters to
strings of ASCII chma m - ac t e rs . PRIMTY PE STRING is thme only uumem umber of th is class. Both of th ese
classes c~flmickt of a le mu g t h m and a PI)P-IO byte pointer. h um time case of chmaracter strim igs. time byte-size
field iii time byte po imut er is alwa ys scs’cmi bits per byte (hence five bytes per word). Example:

STRING I length I

bytc-point cr

wlsere letnut .h is ti me LINGIII of tIme STRIN G (imi bytes) am id byte-pointer poiumts to a byte just before
t he be g itm u mimi g of lime str imm g (aim ILOB imu s tru mc tio um is mseeded to get time first byte). A mmewly.created
STRING a lway s luas “0 10700’ in time lef t iu alf of byte-pointer. Ummiess the str imig was created by
SPNA11{ , byte-pointer po imttc to a mmvector . wb mere time elestiemits (cimaracters) of Out’ STRING are stored.
packed toget her five to a word.

‘Fra mis c ”

Th is c lass guves tIme aus c r programu l a hma mi dle cmi its cot mtrol amid var iable-refere umce structures. All
extermual TYI’ I s 1m m thm is class arc of PRIMTYPE rRAM E . Timrce tuusmmbers are needed to designate a frame:
a utuiqmue 18-h it ide mit ify ing mumsumuher . a pout mtcr to time fra m e’s stora ge on a control stack, and a
poiuuter to tIm e PROCESS associated wit h time frauime. Exaumm ple:

Appemidix I 
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I } RAII[ IPROCESS-pointer l
I I
I un ique-id I frame-pointer I

w h ere PROCfSS-p~ inter PoimuIs to time dope words of a PROCESS vector, amid unique-id is used forvahi(lat imlg (tes t la ig I LGA I ?) tim e frame-pointer , wimi chu points to a framuie for som e Subroutine call
Oil (hue (‘omit m i  s mack.

‘Tup It’’

A tupie hm n im mt e r is a c o um u mti mm g l o iuuac r mc a vector on time couutroi stack, It m a y  be a poimuter to theargismemuls in a Sisim ro mm t i muc or a Polluter geuserat ed by tIme TUPLE’ declaratioui 1mm a FUNCTION , Like
objects in time Isres unums class , t h es e objects contain a umsi que identifyimig number used for vaiidation.PRINTYPE ILIPLL is h u e omm l y mume mm ube r of t h is class. Example:

tt hP( E I uni que-id I
I I
I -?‘length I pointer I

Other Storage C:uasses

The rest of lime stora ge classes ium c hu mde strictly iumt erm ia l TYPEs and pointers to special kituds of listsamid vectors like locative ’ .. AT OMs amid ASOCs. A pair for ammy LOCATIVE except a LOCO looks like a
‘

air for tIme cories pnmm dim ig stu u m ctm mr e , exce pt of course tIm at time TYPE is different. A IOCD pair lookslike a tm m ple pa iu mmm ii mucei ls a word amid a luaU for its value; tIme unique—id refers to a binding on thecontrol stac k or to mime “global stac k” if zero. Th us LOCOs are in a sense “stack objects” and are more
restricted lu au other localises.

Amu OFFSFT is stored usi t im mim e INflUX in time right h alf of time value word amid time Patterus in time left
h ail. Sluice t Ime Pau t e rmu c a m , be eith er aim ATOM or a FORM , time lef t imahf actumahly points to a pair.whmic iu po itm is to time at’tum al i’alme rm i . Time Patterm m ANY is recogmuized as a special case: tue left-halfpointer is zero, amid sun pair is used Th u s. if you’re making time production versiomi of your program
amid wam it to save snmmm e storage, yous camm do sommu etimim ig like (SETG FOO <PUT-OECL ,FOO ANY >> for
all OFFSET’..

Appendix I
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Basic Dama Stmmm c tmmres

Lists

List eleim ies stc are Pairs limiked to get her by time rigimt hmalves of timeir first words. Time list is
terin immate d by a zero j am the righ t  h alf of time last pair. For examnple time LIST (1 2 3) would hook
like t h is:

I L I SI  I 0 I
I I
1 0  I >I FIX I >I FIX I >I F I X I O I

I — — — — I I — — — — I — — — — I
I 1 I I 2 I I 3 I

T ue m mcc of poi mmt e rs to lie tngc t imc r el e m ume m uts ex p la im ms whmy new eleumiemits cams be added easily to a list,
Imow sim a r immg aimd circularity work, etc. Time links go iii oumly cu e direction thmroughm the list. wh ich is
wh y a list ca u mumot be BACKed or TOPped: t lme re’s no way to f immd tlse RESTed elements.

Since sonic M1)1. values reijuire a word and a half for the value in t he pair, they do not fit directly
in to list e let imemit s . T hmis Prnhlemii is solved by imav iuug ‘deferred pointers”. Instead of putting the
datum mi directl y into time list el emum em it, a poimuter to ammothier pair is used as time value withm the special
iii term ual TYPE DEFLR , amid time real datum is put j am the deferred pair. For example the LIST (1
“hello ” 3) wou ld look hike this:

I LIST I 0 I

I 0 I >1 FIX I > I DEFER I  > 1 FIX I 0 I
I — — — — I I — — — — I — — — — I
I 1 I I I 3 I

ISTRINGI 51<-
I — — — — I
I byto-pntr I
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Vectors

A vector is a block of cnuitigumous words. More t han one pair camm point to t Ime block , possib ly at
diffe reumt Places j am time block; t h is is how slmariti g occurs amnoamg vectors. Pointers that are different
ar ise from mi REST or GROW/BACK operatiom is. Time block is followed by two “dope words”, at addresses
Just largcr than time largest address in time block. Dope words h ave the followimmg form at:

I /
I I
I I

type I grow I

I length I gc I

Time various fields h ave lime fo llowimm g measmi migs:

type -- Time fo uu rthm bit from time left (time “vec tor bi t’, 40000 octal) is always oust’, to distinguish these
vector dope words froumi a TYPE/val ue pair.

If t ime hsiglm.nr(ler bit is zero, t im eum time vector is a UVECTOR , amid time remaimling bits specify the
uiiif o rmmt TYPE of tin’ elements. CHIJTYPE ju st puts a new TYPE code iii tiuis field. Eacim elem ent
is i iummiie d to a one-word val ise: clearly PRIMTYPE STRINGs and BYTESes and stack objects can’t
go imi uuiu i lorm mm vectors.

If time hui ghm-oad”r ~m it  is omie amid time TYPE bits are zero, t hse im tis is is a regular VECTOR ,

If t h e  highs- nader bit is oiue am id tIme TYPE bits are not all zero, thme n th is is either aim ATOM , a
PROCESS , am i ASOC , or a TEMPLATE . T ue special imiterm ual format of thmese objects will be
described a little later jut this appeumdix .

length -- Time hi i m ~im-oiik ’m bit is time uu iam -k bit , used by tIme garbage collector. Time rest of this field
specifies time amuu mmb e r of words. in time block, including time dope words. This differs from the
length given iii Pairs po im i( imm g to tIm1 ’ vector, sluice such pairs m a y  be the result of REST
operatiomms.

grow -- Th is is actum al l y two nine-bit fields, :pecif yiuig eith er growth or shrinkage at both the high
amid low ends of time vector. Time fields are usually set only whmen a stack must be grown or
shrummuk. -

gc -- Th is is used by time garbage collector to specify wh ere timis vector is moving during
coummpa ct iomm.

Exam ples (numtnhers in octal): time VECTOR (1 Nbye w 3] looks like:
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I V~CIOR I 0
I I
I — (  I >1 m I X  I I

I I
I 1 I

I SiRING I 3 I
I I
I byte poInter I

I F I X  I I
I I 

I

I 440000 I 0 I
I I
( 1 O ( 

Time IJVI CIOR ‘[-1 / -4! 1 looks hike:

I UVt C IOR I 0 I
I I
I —3 I >1 — t  I

I 1 I

I -4

I 40000+F1X I 0 I
I I
I S I I

At o imm s

Imut era m ai hy. .l to mmac are speci.m I vei Ior.liIc ob j ect ’ . Aim alom um co muta laus a value cell (time first two words
of time block, filled iuu w hm e mme m er tha t ’ g lobal or local sa lute of time ATO M Is referenced amid Is not already
there), aim 081.1St po isem er , amm d a primu t m m amuu e (PNAME), lam the foIIowi~g formmiat:

Apprmmd ix I
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type I b ind id I

I poiP~er-to-va1ue I

I po~nter-to-OL3LIST

print-name
/ /
/ /
I (A S C I I  w it h Ntil padding on end)(

I AlOll valid-type I
I 
I hOfl Q th I qc I

If time t.yI)f’ field correc pnau (hs to TYPE UNBOUND , t imemu tIme ATOM is locally atmd globally ummbound.
(Th is is ih if f t ’ rcu st frn uau a pair , w here time satin’ TYPE UNBOUND is used to mumeam i uaiassi gmmed.) If it
correspoamuls to TYPE hO C I (amu ism ter um ah TYPE), t i me a m time va lise cell poimuts either to time global stac k , if
bind id is 1cm , oa to a kmcai cnmatr o i stack , if bindid is amoam-zero. The bindid field is used to verify
whie thm er time Inca h va lime pos muted to by tI me value cell is valid imu time curremmt eam v irommmi me m mt. Time
pointer-t .o-0111 1St is e i t her a c o umamtiaug po imm ter to aim obhist (uvector), a positive offset immto the
“tra u msf c r vector ” (fm pimre ATOMs), or zero, m u meammimi g iluat th is ATOM is not on amm OBLIST. Time val id—
type field tells wlactlmer or mint time A1OM represeuuts a TYPE amid if so th .e code for that TYPE ; grow
va lises are miever amecde(l for atommi s .

A sso c ia t ioams

Assoc iah iou u’. are also special sector - l ike Oi)jeCIS. Time first six words of time block contain TYPE/value
pairs for time h E M , INDICA1OR amid AVALUE of time ASOC . Time mmcx l word coumtai ums forward and
backward i~

nias tcr s iii time c isaimu for tima t bucket of tIme associa tiomm h ash table. The last word
coimt a iam s forward auud backwa rd pointers u s t ime clmai mi of all time associations.

Appendix I
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I ITEM I
I I
I pair I

I INDTCA1OR I
I I
I pair I

I AVALUE I
I I
I pair I

I bucket-cha in pointers I

I association-chain pointers I

I ASOC I 0 I
I I
I l2 octal I gc I

PROCESSes

A PROCESS vector looks exactly like a vector of TYPE/value pairs. It is different only in that the
garbage collector treats it differemitl y fromu a tmormmial vector, amid it contains extremely volatile
inforniatiomu whucum tiuc PROCESS is RUNNING.

Temuplates

In a te m plate, time mmis mn bea - iii time type field (left h alf of first dope word) idemmtifie s to which “storage
ailocatiotm class ” t l mi s TEMPLATE belommgs. amid il ls used to fluid PDP-lO iuustructio ums iii immlermma l tables
(frozen msvect ors ) for perforimming LENGTH . NIH , and PUT operatioums on ammy object of tiuls TYPE .
Time prograauis to h,iaild t lmese tables a re no t par t of time immter prcter , but time interpreter does ktmow how
to use t imea s m properly. Time cotmip iler cams p1st time.se imistr isctions directly in com piled programs if a
TEMPLATE i.s never RESTed: otherwise it must let the interpreter discover time appropriate instruction.

- t Time va hume word of a temi mp lale pair coamtains , m~ot a couumtia ig poiumter, but the numnber of elements
that h ave beram RESted off iai time left imaif amid a pollster to time first dope word in the right half.

Appemmdix I 
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Time Comit,ol Stac k

Accummii umhat or s w imlu symmu boh ic usame s AU , 18, amid he are all pointers Into the RUNNING PROCESS’s
cnimtr ni stack. AU (“ar g m im suet mt base ”) is a pointer to time argusmi emut s to time Subroistimme miow beimmg run.
it is set up Imy time Sumbro ustim ie .cah h mmued iator. and its old value is always restored after a unediated
Susbroast lame call re t am i mm ’ .. TB (“temumporarics base”) poimm s to time fraamme for time running Subroutine amid
a lso seri es a’ ,‘ stac k base pniumtcr. Time TB poimiter is rea ”y all thaa t is miecessary to returmi from a
Sumbr outimm e .. t~ive m m a sa ims e to returmi, for e~amiiple by IRRET .. simice time frame specifies time entire
state of mime calhim m t~ roust iame. IP t ”leummporaries poimuter ”) is tiue actual stack pointer amid always points
to time casra cult toj) oh’ tIme comitmol stack.

~Vh i le we’re oh time subject of accmm mm mmmh a lor s , we imm igh mt as well be complete. Eacim accumulator
contain’. t h e  value woiti tsf a pair. thut ’ co m respoiidimmg TYPE words residimug iii time RUNNING PROCESS
vector. Wlmcmm .1 PROCESS is mint RUNNING (or when the garbage collector is rumm uting), the accumnuialor
comi tei mt ’ . are clos e d j ul tIme sector , so m ima t t h e  objec ts tiuey pohus t to look like elements of the PROCESS
amid h u m ’ .  are not ga m Image-col lectible

A ccu summm u i,ito rs A , B , C , P. C and 0 arc tmsed ah mmuost emuirely as scratch accummiulators. amid (hey are
mint s.is ed or restored ae,n’s Sts hrom mt i u me calls. Of course list’ imiterrupt machmimmery always saves timese
and al l otimer ; uc c m m mmuaa i ator s . A amid B are imsed to ret ts ram a pair as time vahue of a Subroutine call.
Other tba uu t ia at specia l (eatmare , time)’ are j aus m like time oth er scratch accum mmuu lator s .

M amid Il are mm’ed 1 mm ra m m ums i amg RSUIIR’.. 11 is always set up to point to time start of’ t ime RSUBR’s code,
w h ich is a t tu m a h hy ju st a um imif om nm vector of imm str ucti ous . All j usmips amid other referetices to time code
use M as atm iuude~ r(’gicter. This imiakes thm~ code Iocation-imssemm sitive, wlmich is umecessary because the
code umv ccmor w ill mim ic a,oimnd. R is set imp to point to time vector of objects miceded by the RSUBR .
Timis ac c msm miu hato r is uuecessary because objects in garbage.coUected space cami move aroumid, but time
poimm ter s to tim e mm u itm mIme rcfereiice vector are always at time saute place relative to its begimimilmig.

FRM is time ia mt i ’ rm ial frau iie poimim er . mused j am commipikd code to keep track of pcndiuig Subroum titie calls
wimemi the cauit ral stack is heavily mused. P is time iimterumal.stack poititer, used prim arily for internal
calls i am time imm te rprem c r.

One of lime muj cr ’ .t Ie .mtum ,c”. of t I me Ni 1)1. eimv iromtaiie ;mt is t lmc ummi ifora uiity of tIme calling amid re urmdng
sequesmee. Mi Snhrusu miimies .- bo hu built .ims F/SUI1Rs amid coamup iled RSUBR( — ENTRY)s -- are called In
exactl y t he same way and retm mi mt h it ’ same way. Argummmem m ts are always passed oiu the cosmtro l stack
amid result’ . always cmiii imp iii the sasuse accumulators. For efficiemicy reasomis. a lot of Imuterima l calls
wi thii mm thi~ iu mt ci 1iceter ci rcu umm ms ’esmt t h e  calling seqmsesscc. Ilowever. all calls made by the histerpreter
whmem m rum mm mm is mg asser progra mams go t lmro umgi m (lie staaudard cahiimig sequence.

A Smm hr n u mtimm e call is imu it ia t cd by asic of three UIJOs (PDP.IO lamstructIoams executed by software
rat her tima i m imardwa,e) . MCAI L (“MIlE ca ll”) is used when time miumber of arguments is known at
assem uu ble or coms upile tim m m e , amid t ia is mm mi auuber is less th uam m 16. QCALL (“quick call’) aimay be used if’, In
addition, aim RSUBR( -ENTRY) is bcimmg called tisat ca mm be called “quickl y” by virtue of Its having
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special immf nrm ,mati nmm iii its reference vector. ACA LL (“accuum ulator call”) is used otimerwise. The
gemme rai umuethund of s’ahlin g a Smmbr oi mtimme is to PUSH (a PDP.hO imistruct ion) pairs representing the
arg is um ueamtc nim mo time comutrol stack v ia TP amid t huet m either (I) NCALL. or QCALL or (2) put time mtumnber of
arg us m u ue umtc. imito aim act um mmmmsh a t o r amd  ACALL. Upoau retls rmm tim e object retiarmmed by time Subroutine will
be im m ac c im muiumla tnr s A amid B , amid time argu ss m meuuts will imave betas POPped off the commtroi stack.

Time ca lh umuediat or stores time coa it emm t s of P amid TP amid time address of time callimig Imistructiomi in the
current fr .mnme pninted to by TB~. It also stores MDL’s “blmmdimm g poimiter ” to t ime topmmmost bimidimig in
time i’ommtr ol smask .  (Time lm im smhi um gs are lisiked toget h er tiurohsg im time cnamtro l stack so that searc hmimmg
t lmrouughi th m e tum is mi m i-c effi c iem it th aam Ion&iuug at ever y object oma time slack.) This fra m e now specifies
t ime emit ire state of time caller wl meim time call occurred. Time ummediator tlme mu builds a muew fratt ie oti time
control st as k amid stores a pnu mmtcr back to time caller ’s frat ume (time cis rremmt commt es its of TB). a poimmter to
time Sumhium sut u se  be iamg called , amid t h e  new commtea us of AU, w isicim is a coutitimig poimmter to the
ar gumm um eu ui s asm d is cosm ipuste d from time iu ufor ummat io mu ia u time (WAL L or QCALI imistruction or the ACALL
accu uuima lator. 113 is then set up to point to time new frame, amad its left half is I.mcremnented by one,
makumig a mmcmi ian sqi mo - id. Thue smiediator timeam trasusf ers commtroi to the Subrouthmue.

A commtrol stack fraumue luas ses’eai words as sluowam:

F N1RY I callect-addr I

I Un ique-id I prey frame I

arçjiamcnt pointer I

I saved b~nd~ng pointer I

I saved P I

I saved lP I

I saved cal l ing address I

The first three mm’nui’. ,lre set imp during tim e call to ti me Subroimtiume. The rest are filled In wimesm th is
roust ims e call’. .ummntl sea - Sisbmou ati im e . Time left luau of TB is immcre uu iem mted every ti m e a Sisbroutiuse call
occu rs amid is u sed ,as the tin iqu e— iii for time framime, stored ims fram e amid tuple pairs as mn emmt iosmed
before. Otiv inu sils- th is id is mint strictl y m msmiq ue. simice cads 256K calls It wraps aromuuid to zero. The
riglut h alf of hR is aiways heft po i mm m ia m g omie word past time savcd.callimig.address word in time fraimie.
TP is also left po immt u mm g at t im a t wo md, s ia ice t h a t  is time top of time control stack at Subroutimie emitry.
Time arg utmm ie a s tc to time cah lcd Simbronu lame are below tim e frame on tIme cositrol stack (at lower storage
addresses), amid time temporaries for time called Stsbrouitimie are above the fram e (at higher storage
addresses). T lmese a rg usum memit s amid tr uumporarie s arc j iust pairs stored ott the coamtrol stack while needed;
t hey are all t h a t  mem uia i u m of (JNSPECIAL valises iam coumupiled programmis.

A ppesmdix I
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Time following figu re shows svimat time controi stack might look hike after several Subroutine calls.

/ /
I I

I I
I args for S~
I $

I frame for 51 I 
< —. -

I I L
I temps for Si I I

I I

I I I
I artms for S2 I I
I I I

I frame for 52 I 
( 

I I I
I tem~s for S2 I I
I I I

I arqs for 53 I

I friume for S3 I 

I I
I temps for 53 I
I I
I I

(top )

The abas e f igumrc shmomi s time fra m es all himmkcd together throusgh time control stack (the “e,cecuuion
path”). so that it is easy to retum r mm to the caller of a giveui Subroutine (ERRET or RETRY).

Sumbro usl imme es it is acco mm m pli’.iued simmup ly by t ime call mediator, which loads the right half of TB from
t Ime previoums f rammm e usoimuter, resto res time “binding poimiter’, P, amid TP , amid transfers control back to
t ime imss tr a m rt ks am (ollowiumg the saved cahh imm g address.
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Var iable itt mmdiam gs

All local AiO(I s’aiaae’ . are kept mm tim e com mtro l stac k of time PROCESS to wh ich timey are local. As
dts’.s Ibed before , time Maims contai s us a word that polauts to time value omi time control stack. The
poimuter is ,uit imahlv to a s ix-word “biaidiu mg block” aim time commt ro i stack. Bimsditmg blocks have the
fohiowimmg forusuat :

I UINO or UBIND I prey I

I pointer to ATOM I

$ value I
I I
I pair I

I dcc l I unique- id I

I previous -bind ing I

where:

BINU mi st-aim s th is is a bimm diui g lou- a SPECiAL ATOM (ti me omuly iciamd used by cotimpiled programs),
amid 1111 1 NI~ m imca mms timi ’. is a bimud im m g for amm UNSPECIAL ATOM -. for SPECIAL checkimmg by the
imiterp remer:

prey 1)01mm ,’. to time t’hnsest I rev iouas bimidiaug block for amm y ATOM (time “access path” -. UNWIND
ob ject’ arc also h ailed iii t h is chiaimu)

decl poi amt ’ . to a I1ICL assoc iated w it h t h is biamdimm g, for SEI(LOC ) to check:

tin s qi me— id is mmsed for s’a hidat io mm of tl mis block: amid

pr cv b us— Li sa id i n~i I)oh mmt s to t lie closest pre%’iohIs bimmdiuig for this ATOM (used iii umibimudhuug).

flim,diumu~s are t~euic m- .itetl h-i .imu imut e rmmal smmbr oast lame called SPECUIND (umaume comes fromsi SPECIAL). The
ca ller to SPI CU INtl PLaStic’ . ~om ms~t- um t lye si~ -wnr d blocks oumto time comitrol stack via TP before calling
SPECUINFu . ‘Flu e f i r s t  ms-nu t of eat-li block c’ou mt a imms time TYPE code for ATOM 1m m its heft h alf amid all
omies s um i t s  ri~:Imt Imalf , SPtCRIN t) misc’ . thm is bit pamteram to idemimif y time blsmdimmg blocks. SPEC8IND’s
caller also fill’. iii mhm e a me~ m t him ce words amid leaves tim e last two  words emmi pty. SP(CBIND fills iii the
rest amid leaves t Ime ho iuuiiuii~ ~~~~~~ poimmti umg at time topmmiost bismdimmg ass time control stack.
SPECU iNtl also stor es a poimitcr to tIme current bismd s mm g iam time value cell of the atomm i.

Appeamd ix I
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Els mbims ui im ug is aii’ ns im ph is hm c- d dut r ism g Sumhr oumt is mt’ ret mmr um . W imemi time previous framume is beismg restored,
tim e call mam cml i .mtnr duet-k’. to see if time saved “bim md i m mg pointer ” amid t ime current oume are differen t: if
they art- , SP[CSIORI is caiicii. SPECSTORE ruu mu s mlm rousgtm time bimmdiumg blocks, restoring old valuej)nhl itc m c 1m m .itoaiis iaam t i l  time iuimmdiumg poi mmter ” is equal to time omue saved 1mm tIme framime.

Obs ioussl~’ sat iab le biuid iamg is mumoa ’e coummphcated thuam i th is, because ATO Ms cast have both local andglobal sal l ies ,u m mil es ca m (lif fcu (’mit lot-al va lises im i dif fe remmi PROCESSes. Time sohst iosm to all of t h eseadd it iouaal i~ nhletmus lies iii t Iu~ h indict field of time atom um . Eaclm PROCESS vector also contains ac u mrr e m mt h iuid id . Wl memmev er aim A tOM ”. loi-al val ise is desired, t he RUNNING PROCESS’s bbndld isch ecked against t hi ;mt of I lie a in m um: if time)’ are time sammie . time atomm m poimm ts to time curt-emit value: if not,time i- usr re m mt PR OCESS ’s comitrol stack nmust be scarchmed to f imid a bimidimug block for th u s ATOM . This
bitHl i mm g ct lmr nme m u ~ Itt he called “slta hlosm ’ bim mdimm g ”. Time searc imimig is facilitated by h aving all
b ium diam g hInt- is limi t cmi toi et h mer. Referrimig to global variables is accomnphisimed in a simi lar w ay.
uI si smm~ a V ICTOR tlu .i t is u-elem red ma as time “global stack” . TIme global stack has omuly amu ATOM amid ava lue slot lot eadu variab le, sluice globa l va lises Imes’er get reboismud.

EVAL s~it l m i-espect to a mil f f er e ma m esuv irom uu ,mes tt cau ses sou se additional problems. W lmemtever th is kindof EVAI is i b m ’ , a im, .i mm ii umew b ind i d is gemmerat ed. forciiig all current local value cells of atom s to ¶
appear imm v a i i ul . I nt-a l m’ .s ls te s s mas us t siow be obtained by searchimug time comitrol stack, which isiuieff ic ie mmt i’ nmsspa ,em h to j m i sm ls ms llu t s g t lmea si o mmt of t h e  atot ums. (‘rise greatest isuefficiemicy occurs wh en
a m m ATOM ’s t VAt ss smev er u sed t ms’ice imu a row lam tim e sammie emuvir omm memmt.) A special block is built ontime comit mnl st, st k mm m d bailed itato the bimudiuig-block chain. This block is called a “skip block” ore m iV i ro us usie a ut splice ”, amid it divert’. t hu c “access patim ” to t ime amew esmvirosmmiient , caus ing searches tobecoumme relative to t lm is mmcmv eauv j roultmielmt .

A ppendix I
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Appendix 2. Predoftned Subroutines

Time fo llosv iamg is a s’ery brief de’.cr ipt iomu of all time prinmitives (F/SUBRs) cumrrea it iy available in
MDL Th ese deccri pt inmms are im u ama way to be considered a defimsitiomm of the effects or values
produced by tIme pri mm uiti m ’e c. They j ust try to be as comnplete and as accurate as is possible in a
s imm g le .c tat e smmea ut descriptious . However , because of tIme complexity of m ost primnitives. many -

isu ip rm rtaa m t assuuuu tp t 10mm’ . atm ul restrictiomis Isave beeam osumitted . Evemm th ough all prim itives return a
va lise. sonme de’.c ript iomus m nc amti o a i omm ly lime side effects produced by a primusitive, because these - -

primn it lie’. are mimost rmftea s imsed for thmis effect ratimer thmami time value.

A descript inam is giv cam iii thm is form suat:

— name (ar ~ sirnrnt ~;)

t deci
English clescript m u m

Th is fortum at is ,usteamde d to look like a FUNCTION defim mitiomi , ouls itt immg time call to DEFINE and all
imitera sah variables amid code. Time name is j ust time ATOM that is used to refer to time primitive. The
smam is es of t h e  ~r~ ur e,,t~ a re i am t emmdc d to be muu mseammom s ic or suaggest ive of thmeir mnearsilmgs. Time deci is a
FUNCTION-style D[Ch (c ’ lmapte r 14) for t ime l rim smitiv e. h um some cases tIme DECI may look umiusual,
because it is im ute maded to cotmv ey ima for samatio um to a iersoit abou t time uses of argsmntesmts. not to convey
ium formmmatiomm in time MI)1. interpreter or comim piler. For exams iple, <OR FALSE ANY) is fumictiomsaily
eqimivah cm mt to AUY , but it iimd icatcs that only the “trsi t la ” of lime argument is significant. Indeed, time
[OPT . . . 1 c ou s ct ruact io m m is often u sed illegally. iv itim otluer elemnemits following it: be warned that
MDL wosuhl mini accep t it. An argument is included in the same LIST with VALUE (time value of the
primitive) ouml y if t ime ar g u imm iem im is actually returmued by t h e primitive as a value. In otimer words,
#DECL ( ( V A L U E  ARG)  . . .)  ins plies <==? .VALUE .ARG). - 

-

* (NTUPL [uf IAC 1ORS)
#DECL ((VAl UE ) <OR FIX ROAT>

(FA C 1ORS ~ <T UP LE [REST <OR FIX FLOAT>]>) -

mumlti plies all arg u mismemit s together (arit lmmmmetic)

+ (NTUP( E~ TER M S )
#D ECL ((VALUE) <OR FIX FLOAT>

(TERMS) <TUPLE [REST <OR FIX FLOAT>]>)
adds all arg mu m ise aits toget h er (arit lumumetic )

A ppemmd ix 2
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— ( 00P 1 IOt4Ah “ MlNtftNli “IIIPLE SUBTRAHENDS )
#DECI ((VALUE ) <OR FIX FLOAT)

(MINUCIID) <OR FIX FLOAT>
( SURTRAIIIIJDS ) <TIJPLE [REST <OR FIX FLOAT>)>)

subtracts oilier ai g mmms uet m ls from first argmsu nemmt ~arithmmnetic)

/ ( NOPTIONALIS DIVIDEND ‘TUPLETM DIVISORS )
•OECL ((VAl or ) <OR FIX FLOAT>

(DIVIDEND ) (OR FIX FLOAT>
(DIVISORS) <1L IPLE (REST <OR FIX FLOAT>]>)

divides first arguumst euut by ntlscr argummnem uts (arithmet ic)

0? (N SJ M B I R )
#DECL ((VALUE ) <OR ‘T ‘#FALSE Q>

(NUMBER) <OR FIX FLOAT>)
tells wime ih mer a ammtmher is zero (predicate)

I’ (NUMBER)
ØDECL ((VALU E ) <OR ‘1 ‘IFALSE ()>

( t4UtiRlR) <OR F I X  F LOAT))
tells wImetluer a uuumsiuber is omme (predicate)

ISTEP ( PROCESS )
•DECL ((VAL U E PROCESS) PROCESS )

causes a PROCESS in easte r single-step mode

:~ ? (OBJECT-I OBJ ECT- ?)
#DECL ((VALUE ) <OR ‘T ‘#IAISE ( ) >

(OBJ ECT-i OBJECT”2) ANY)
tells wh e th er two objects are “exac t ly ” equal (predicate)

=? (OBJECT-I OBJECT-?)
#DECL ((VALUE ) <OR ‘T ‘#FALSE ~j >(OBJECT-i OBJECT-2) ANY)

tells wheth er two objects are “struscttmra hly” equal (predicate)

ABS ( NUMBER)
•DECL. ((VA l UE) <OR FIX FLOAT>

( t3Um-rnr R) (OR FIX Ft OAT))
returns absnhmse vahute of a muumber (arithinmetic)

ACCESS (CHANNEL ACCESS-POINTER)
ØDECL ( (VA1 .UF CHANNFI ) CHANNEL

( ACCE SS-POIN IER) FIX)
sets access poimmter for Iuext 110 transfer via a CHANNEL

Appendi~i 2
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ACT IVA I [-CI I ARS (“OP 1IONAL” ST RING )
‘DCCL ( ( V A u lt SIRING) STRING)

sets or retuma mi ’ . ima m e a lui pt c im a rac me rs for termm uisma l typ iasg (Tems ex amid Tops-20 versions only)

AGA IN ( “O PT IO NA L ” (A CT iVATION .LPROG\ !-INTERRUPTS ))
# D[C L ( (VA i m mi ) ANY

(A C T T V A J I O N ) A C T I V A T I O N )
resum uies e\ie um ti nmm at time u~ivem u ACT IVAT ION

AI L TYP U S ( )
•DFCL ( (VA U Nt ) <VEC T OR ( REST ATOM]))

ret u mru ms time VEC IOR nf all t ype isam umes

AND ( “AR GS” ARGS )
•DECL ( ( V A t  LII ) <OR FA LSE ANY >

( ARG S ) L I S T )
coinpumt cs Ini~ i~aI “.i mm d ’

~ of t rum l lm-va lum es , eva lmmat ed by u s e Subroutiase

AND’ (“ ILIPlI” l( iPIL)
#D CC L ((VA L UE ) <OR F ALSE ANY>

(IUPII) itaPLE ) 
S

comn pustes loL~sea h .~tmd
” of tuuuth.vahies, evaluated at call tissue

ANDI3 (“TLmPL [” WORDS)
#D(CL ( (VA l UE ) WORD

(WORDS) <INPU t [REST <PRIMTYPE WORD)]>)
cosnpu tes bit us ise ‘~auid” of mu mac ltimie words

APPLICAB U ( ?  (O BJE CT )
# DECL ((VAt (H) <OR ‘I ‘‘FALSF ~~)

(OBJ ECT) ANY)
te lls wimetimer argum miucait is app licable (predicate)

APPLY (APPLICABLE “ 1UP LE” ARGUMENTS )
# DECL ( ( V A L U E ) ANY

(APPLICABLE ) APPLICABLE (ARGUMENTS ) TUPLE)
applies first a rgamts s e m mt to time ntlmer argulmuieasls

APPLYTYPE (TYPE “OPT IONAL” 110W )
#DECL ((VALUE ) <OR ATOM APPLICABLE ‘#FALSE 0>

(TYPE ) ATOM (110W ) (OR ATOM APPLICABLE>)
specifies or ret min is how a data type is app lied

A ppeuudi x 2
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ARGS (CA l l )
#DEC L ((VAILIL ) TUPL E

( C A L L )  <OR FRAM E ENVIRONMENT ACT IVATION PROCESS>) S

returmus aru~m ammmeI at s of a g iven ulam-ne tua ram ed Subrouliame call

ASCII ( C01 1 -OR- CIIARA CTE R)
•DECL ((VA L U E ) (OR CHARACTER F IX>

(COD[ - OR -C1I ARA CI [ R) <OR FIX CHARACT ER>)
returns CIItsRtsClI R with 5~iveam ASCI I code or vice versa

ASSIGNED’ (ATOM “OPTIONAL” ENV)
•DECI ((VAl UE ) <OR ‘1 ‘‘FAIS[ ()>

(AI OI-t ) AT OM ([NV ) (OR FRAME ENVIRONMENT ACTIVATION PROCESS))
tells whether ~iui AtOll has a local value (predicate)

AS SOCIAI IONS ( )
‘DECL ( (VA u lt ) <OR ASOC ‘EFAL SE ~~

))
retu mrum s time fir st tmlij t~~( in the association cha in

AT (STR(ICIUR FD “OPIJOUAL” (U I))
•DECI ((VAU Nt ) lOCA TI VE

(SI RUCT (.IRED) STRUCTURED (N) <OR FIX OFFSET>)
returns .s losa t i se to rime Nib elenmeami of a structure

A lAN (NLIflFUE R) —

•DECL ((VA LUE ) FLOAT :1
( NUMBER) <OR FIX FLOAT))

returns src tauigem it of a mmm s mmmbe r (arit humset ic)

ATOM ( PNAME )
ØDECI. ((VALUE ) ATOM

( PUAtII ) SiRING )
creates aim AT OM w it h a giveum ima nse

AVA L UF ( ASSOCIAT ION )
#DECL ((UIAu 1U ) ANY

(ASSOCIATION) ASOC )
returns the vahme” field of aim association

Appendix 2
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BACK (SIIUICIURI “ OPTiONAL ” N)
•D[CL ( ( V A L UE ) ¼0R V EC 1O R T UPLE (JV ECTOR STORAGE STRING BYTES TEMPLATE>

( ‘ ‘ )  l i x
(SIRUC T URI ) <OR <PR IM IYPE VECTOR> <PRINTYPE TUPLE>

\PRILITYPE UVECIOR> <PRIMTYPE STORAGE >
<PR INTYPE STRING> (PRIMTYPE BYTES>
(PRI MTYPE TEMPLATE> ))

replaces sommu t ’ el em u m e amtc reum uoved fromm m a mmo ms . Iist structu s re by RESTing and ch~~g~s to primitive data
IYI )e

DINE) ( “A RC.S ” ARC,S)
•DECL ( (VA I NI ) ANY

(ARCS) <LI S1 [OPT ATOM ] LIST [OPT DEC11 ANY))
execu tes sequm emiti al c\prcssioams w itl m o umt pros’idimmg a boummd ACTIVATION

BItS (W IDtH  “O Pt IONAL ” (R IGHT-EDGE 0) )
‘D(CL ((VALt’[ ) BItS

(541(1111 RIGIII - EOC[ ) F IX )
creates a hit mum a sk for I’UlH 115 and GET BIT S

BLOAT (“O PTIOIIA I
(I P E E 0) (SIA U. 0) ( lOCALS 0) (GLOBALS 0) (TYP ES 0) (STORAGE 0) (P-STACK 0)

MIN (; R054 - IOCA( ( .RO W- CI O RAL GROW-TYPE GROW-STORAGE PURE P-STACK- SIZE STACK-S IZE )
#DECL ((VAIIIL ) FIX

(FREE STACk LOCALS GLOBALS TYPES STORAGE P-STACK MIN GROW-LOCAL GROW-GLOBAL
GROW-TYPE CROW-STORAGE PURE P-STACK-SIZE STACK-SIZE ) FIX)

a llocates ex tr a storage teumi pora rily

BLOAT-STA T ( “ OPTiO NAL ” STATS)
#DEC I ( ( V A l UE ) < (IVICTOR [ 2 1  IIX1>

( S l A T S )  < UV ECIOR [27 ANY] > )
gives gartsage.eoliesio r ama d stora ge statistics

BLOCK (LOO K- l aP )
#DE CI( (VALLIE t OOK-UI’) <OR OBLIST <LIS1 (REST <OR OBLIST ‘DEFAULT>]>>)-

SETs 081151 for lookimug imp ATOMs dumrim ig READim ig amid PARSEiumg

BOUND? (A t O M “OP t IONAI “ INV)
•DECL ((VALUE ) (OR ‘F ‘‘FALSE ())

(ATOM ) ATOM ([NV ) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>)
te lls w lmetimer aim ATOll is locally Lrnuisud (predicate)

A ppemud ix 2
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BREAK-SEQ (OBJECT PROCESS)
#OECL ((VAlUE PROCESS) PROCESS

(OBJECT) ANY)
modifies cxccntiomm ~eqmm eim ce of aumot luer PROCESS

BUFOUT (“OPT JONAL .” (CHANNEL .OUTCHAN))
#DECL ((VALUE CHANNEL) CHANNEL)

wr ites omit all iam iera ia l MDL bu ffers for aim output CHANNEL

BYTE-SIZE (BY 1LS)
#DECL ((VALUE ) FIX

( B Y T E S )  BY IE S)
returns s u e of Isytes u s  a by te-str iumg

BYTES (SIZE “TUPLL ” ELEMENTS )
#DECL ((VALUE) BYTES

(ST / F ) FIX (E LE MENTS) <TUPLE [REST FIX)>)
creates a byt e-strimig fronm exp l icit argunleasts —

CH ANL I ST ( )
#DECL ( (VA t  liE ) <LIST [REST CHANNEL)>)

returuss a LIST of c mmr remmt l y opeum I/O CHANNELs

CHA NNEL ( “OPTIONAL ” ( MODE “READ”) “TUPLE” FILE-NAME )
• #D ECL ( ( V A l UE) C h ANN E L

(MODE) SiRiNG (FILE-NAME ) TUPLE)
create.s an mmnopemicd 1/0 CHANNEL

CH TYPE (OBJECT T YPE )
#DECL ((VALUE ) ANY

(OBJECT) ANY (TYPE ) ATOM )
makes a usew pair uvith a giveum data type froumm ami old omic

CHUTYPE (UVECTOR TYPE )
ØDECL ((VAI•U[ UVECTOR ) (PRThTYPE UVECTOR)

( 1YPE ) MOM )
changes the data t ype of the elements of a uniform vector

CLOSE ( C H A N N E L )
#DECL ( (VA t  1W Ch ANNEL) CHANNEL)

closes aim I/O CHANNEL

Appendix 2
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CLOSURE (FUNC TION “TLIPEE” VARIABLES)
•OECL ( (VA L UI: ) CLOSUR E

(FUNCT ION) FuNCTION (VARIABLES) <TUPLE [REST ATOM]>)
“binds” time fI(’e va t- la liks of a FUNC T ION to current values

COND (“ARCS” CLAIISIS)
#DECL ((VAI NI ) ANY

(CU MIS(S) < (151 (LIST (OR FALSE ANY>> [REST <LIST (OR FALSE ANY>)]>)
evaluates -niudit antis aumul selected expressioms

CONS (N IW- i lititUl LIST)
•DECL ((VALU E ) 1 151

(HEW-I ILl- lENT) ANY (LIST) LIST )
adds an clcmn v mmt to lime frnmm t of a LIST

COS (NUM BER)
# DECL ((VA L UE ) FLOAT

( NUMBER) <OR FIX FLOAT >)
retuurtm .s co~imie of a u m a m mmu tier (a r it imuame tic )

CRLF ( “OP UOIIAL” (CHANNEL .OUICHAN))
ØD ECL ( (VAl UE ) ‘1

(CIIA N II F I ) CHANN I I. )
primmts a ca ari age-r etumr mm amid limme.feed via aim output CHANNEL

DCCL-CIIt CK (“OPTIONAL” SWITCH)
IDECL ((VAl UE ) <OR ‘1 ‘iFALSE 0>

(SWITCH) <OR FALS E ANY >)
enables or disables type-declaration check imug

DECI? ( )tUJ FC T P A I U R N )
#DECL ((VALUE ) (OR ‘1 ‘ØFALSE () )

(OBJECT) ANY (PATTERN) <OR ATOM FORM>)
tells w Imet im~r as s ob ject msmatdscs a type declaration (predicate)

DEFINE ( ‘NAIIE “ARCS” ARCS )
•DECL ((VAL UE ) ATOll

(tUslLl. ) AN Y (AR~;S) <L IST [OPT ATOM) LIST tOPT DECL) ANY))
sets time i~lnbal ‘a lum e of an AtOll :~ a F UNCTION

OEFMAC (‘HAiti “ARCS” ARCS)
•DECL ((VAl UE ) AtOM

( NAM E ) ANY (ARCS) <LIST [OPT ATOM] LIST (OPT DECI] ANY>)
sets time global val u e of aim ATOM to a MACRO

Appendix 2
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DEMSIC (HAItI )
•DECI ((VAI (li ) ‘~OR ‘1 ‘~ FAL SE ( ) >

(NAM E ) S I R i N G )
s igmma ls aim ITS dacum momu

DISABI E ( lN lf- URl ii’ l
ØD (CL ((VAL UF INUITRUPI) 1HEADER)

disables aim interrupt

DISMiSS (VA t “O PILO PIAL” ACTIVATION INT-LEV EL)
•DECL ((VAL UE VAL ) ANY

( A~ 1 IVA 11ON ) ACTIVATION (INT-LEVEL) FIX)
dis,muisses a mm ia s ue a r mm pt nccu mm-m-ea ice

(CHOPA1R (IN 0(11)
#D[CL ((VAL UL IN) CiIANI4[L

(0(11) (‘IIANNE I
coordimuates I/O CIIANNI I s for eci moiamg ctmarac ters osm rubout

EMPTY? (Ofl~1EC1)
IDEC%. ((VAI TH ) <OR ~1 ~II AtSt: ~~)

(OBJ EC1 ) SIRLICTURED )
tells whet h er a ctr u a c tmmr e h as zero clemim eamts (predicate)

ENABLE ( I N T E R R U P T )
•DECL ((VALUE INIIRRUPI) 1HEADER)

eumabks aus iumte ruui~~

E N O BLOCK ( )
IDECI ((VALUE ) <OR 08(1ST <LIST [REST <OR 061151 ‘DEFAULT>]>))

restores time .OBL 1ST t lmat existed before correspouidlmmg call to BLOCK

ENTRY-LOC (INIRY)
#DECI ((VALUE ) FIX

( ENT RY) RS UBR- LNTRY)
returau s time offset iii time code vector of aim RSUBR-ENTRY

EQVB (“ I(IPLE” WORDS )
#D(C( ((VALUE ) WORD

(WORDS ) <TUPU [REST <PRIIITYPE WORD>)>)
computes bitwise “eq;iivak’mmce of usmacimimme words
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ERRE T (“OPT iONAL ” VAL (FRAME .LLRR\ ‘-INTERRUPTS))
# D[CL ( (VALUE ) ANY

(VAt ) ANY ( I RAM E ) FRAME )
comml iuim ses e~ .iIuma t iomi fr o mum t ime last ERROR or LISTEN or fromim a givemi FRAME

ERROR ( “ l t m PLE ”  INFO)
#DLCI ((VAl UE ) ANY

( INI 0) IliPh F)
- t stops amid iam Io .mm ms umsem- of aim error

ERRORS ( )
#DECI ( (VA 1 III ) 0111 151)

• ret umr s ms time OBI. 1ST wh ere  error mmm essa ges are located

EVAL (ANY “OP IIOUA L ” [NV )
# DECL ((VAl UE ) ANY

( [NV) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>)
ev alu m at es aim express iomu iii a g is-e mi eam s iroumimuemu t

EV A L T Y P E  (TYPE “OP ITONAL ” 110W)
ØDECL ((VALIaL. ) <OR ATOM APPLICABLE ‘#FAISE 0>

(TYPE ) ATOll (b low ) <OR ATOM APPLICABLE>)
specifies os ret mi n is how a data type is eva lumated

EVENT ( NAME “OPT IONAL ” PR IORITY WHICH)
#DEC( ((VAI tar ) liii AD [R

(NAli l ) <OR STRING ATOM IIIEADER) (PRIORITY) FIX (WHICH) (OR CHANNEL LOCATIVE))
sets um p aim i am tc mr ump t

EXP ( NUM BE R)
#DECL ((VAt U t )  FlOAT

( NUMBER) <OR FIX FLOAT ) )
retuurims ‘e” to the power of a msumi mm ber (ar lilmamme lic)

EX P A ND ( A N Y )
# DECL ((VAult ) ANY

( A N Y )  A N Y )
eva lumates i ts am g s mmuic i mt (omuly nmmce if a MAC RO is immvo lved) his the top-level envirom muumemit

FILE-EXIS T S? ( “ TU P L E” FILE-NAME )
#DECL ((VALUE ) <OR ‘1 <FALSE STRING FIX>>

(I I l l -NAM E ) IUPLI)
tests for e~ istent’c of a file (predicate)

Appeaud ix 2
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FILE-LEN GTH (INCII)

•DECL ( (VAl UE ) I IX
(iNCH) CIIA NNEE)

returiu.s time syctemum-pro v ided lem mgt lm of a file opemm oiu aim input CHANNEL

FILECOPY (“OPTIONAl. ” (INCH .INC iIAN) (OUCH .OUTCIIAN))
# DECL ((VALUE ) FIX

(INCH OUCH) CHANNEL)
copies dmar actcrs froumm name Ch ANNEL to aasollmer ummt ii eimd-of-fi le oh the input CHANNEL

FIX ( N U M B E R )
# OECL ((VALU E ) FiX

(N UMBER) <OR FLOAT FIX>)
retura ms imiteg em part of a ms um miulme r (arit hummiet ic)

FLATSI ZE (ANY MAX “OPTIONAL” (RADIX 10))
# DECL ((VA LUE ) <OR FIX ‘# FALSE ( ) >

(A NY) ANY (MAX RADIX) FIX)
retur ns m uua mmm hei of c luaracte rs mmeeded to PRIN1 aim object, If msot greater than given maximum

FLOAD (“TI 1PI [ “  Eli  [-NAM E -AND-LOOK-UP)
•DECI. ((VAL LIE ) ‘“UONL”

(iI1E-NAIIE-AND-LOOK-UP) TUPLE)
reads a mmd eva lu a tes all objects its a file

FLOAT (Nill- IBIR)
#DECI ( ( V A L U E ) FLOAT

( NLIMQE R) <OR FIX FLOAT >)
returns flo a ;imm g-p nimmt v.slume of a asumsmber (aritiuusmetic)

FORM ( “ T L I P LE” ELEM E NTS)
#DECL ( (VA t U[ ) FORM

(FIl l-tEN T S) 1L1PU [)
creates a FORM fromum explicit argummue nts

FRAME (“OPTiONAL” (FRAME .1(RR\ !-INTERRUPTS))
# DECL ((VAL UL ) I RAMI

(FRAME ) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>)
retuurmus a previous Sumbrousl iuse call

FREE-RUN (PROCESS)
#DECL ((VALUE ) <OR PROCESS ‘# FALSE ~~>

( PROCESS ) PROCESS )
causes a PROCESS to leave siamgle-step mumode
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Time MDL l’nog r a ma m mm u imu g La mug usage 255

FREEZE (S liTl ac 111141
#DECL ( (VA I II[ ) <014 VEC T O R IJV ECTO R STRING BYTES >

(STRUCTURE ) <OR (PRIIITYPE VECTOR ) <PRIMTYPE TUPLE> <PRINTYPE UVECTOR)
<PRIMTYPE STRING > <PR IMTYPE BYTES>>)

mms a Les copy of a m g sm amu el ut iii mmouu -u m mo vi ng garbage-collected space

FIJNCT (IRA11F )
#01 CL. ( ( \IAI (ml ) ATOM

( I  RA MI ) <OR I PAl-li: ENVIRONMENT ACTIVATION PROCESS>)
retu i ram s S mm br oi mt i m ue mm a mm m e of a givemi previous Simbroutimie call

FUNCTION (“ARGS” ARCS )
ØDECL ( ( VAL UE ) F u NCT I ON

(ARGS ) <LIST [0P~ ATOM ] LIST ~OPT DECL] ANY>)
creates a FUNCTION

G=’ ( NIJMIII 14—1 NIlti(TER—2)
#DECL ((VALUE ) <OR ‘T ‘#FALSE Q>

( NUl-1hL[R-1 NUMBER-?) <OR FIX F LOAT>)
tells wh et h er first a rg mmnse m ut is greater t lsam i or equal to secomid (predicate)

G’ (NUIIBIR- ~ {4UtiBE1~— 2)
# DEC( ((VAl UE ) <OR ‘T ‘# FALS E Q)

(NiltIlIl R- 1 I JUI IRF R — 2)  <OR FIX FLOAT >)
te lls w h et her  first ar g im iuu e imm is greater than second (predicate)

GASSIGNID ? (ATO ll )
#D ECL ((VALUE ) <014 ‘T ‘#FALSE ~~>

(ATOM ) ATOM )
tells whether 45mm ATOM Imas a global value (predicate)

GBOUNU? (AtOll )
#D ECL ((VAult ) <OR ‘T ‘#FALSE 0>

(AToll ) ATOM )
te lls wim et hmer au ATO M ever had  a g lobal valise (predicate)

GC ( “OP TIONAL” filM (EXHAUS IIVE ? <> ) MS-FREQ )
#DECL ( ( V A L UE )  F IX

(H IM Its-I RI Q) IIX (EXHAUSTIVE?) <OR FALSE ANY>)
causes a gaa (sage collect inma amid d m a miges garbage-cohlectiomu parameters

GC-DUMP ( ANY P R I N T B )
#DECL ((VAl UE ) <OR ANY <UVUCTOR <PRDITYPE WORD>>>

(ANY) ANY (PRINTB) <OR CHANNEL FALSE>)
dunmp-s aim object so t h a t  it caa i be reproduced exact ly
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GC-MON (“O PU O II A L ” SWITCH )
#DECL ( (VA l a W )  <OR ‘I ‘lIAISE 0>

(SWIICII ) (OR IAI SE ANY>)
t imrm ss garbage.eiihiecm loam mimnimitorimu g off or on

GC-R (AD (REArM “OPTIONAL ” ((OF-ROUTIN E ‘<ERROR
•DECL ( (VAl UE ) ANY

(RE AlmS) CHANNEL ( EOF-ROUTI NE ) ANY )
im mp m mts amm ob j ict t h a t  was previously CC—DUMPed

GOECI (“A RCS” ARCS )
# DECL ( (VALUE ) ANY

(ARCS) <LIST [REST <LIST [REST ATOM)> <OR ATOM FORM>]))
declares the type / st ru ic t tm re of time global value of ATOMS

GET (ITEM INDI CA TOR “OPIJO NAL ” (IF-NONE <)))
#DECI ((VAI.Ut ) ANY

(lI EN ) <OR S1R(ICTUR(O ANY> (INDICATOR ) <OR FIX OFFSET ANY> (IF-NONE) ANY)
does NT H or GET PROP

GET-fl EEt (AT OI- %- OR- O[FS IT)
#DECL ((VAI Ill ) ‘~OR ATOM FORM ‘#FALSE C ) >

(ATOM-OR-OFFSET) <OR LOCD OFFSET>)
gets t ime lype ileclar4m t ion for aim ATOM’s value or aim OFFSET

GET BITS ( h P O H  1 1 1 1 0 )
#DECL. ((VA LUL ) WORD

(I ROll ) (OR <PRIMT YPE WORD> <PR INTYPE STORAGE)> (FIELD) BITS)
returam ’. a hi t fiehl of a immacim imse w ord or STORAGE address

GETL ( IT EM INDICATOR “OPTIONAL ” (IF-NONE (>))
#OECL ((VALUE ) <OR LOCATIVE LOCAS ANY>

(I 1[ll) <OR STRUCTURED ANY ) (INDICATOR ) (OR FIX OFFSET ANY> (IF-NONE) ANY)
does AT or Cli Ph.

GETPL (1 1tH INDICATOR “OPTIONAL” (IF-NONE <>))
#DECI ((VAl UE ) <OR I OCAS ANY>

(ITEM INDICATOR IF-NONE ) ANY )
returns a locative to aim assoc iation

GETPROP ( ITEM INImICAIOR “OPTIONAL ” (IF-NONE <>))
#DECL ((VALUE ) ANY

( I T EM INDICATO R IF-NONE ) ANY)
ret urns the vahu associated w h im amm item umamder aim indicator
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• GIOC (ATOM “OPTIONAL” (MAKE-SLOT <>))
#DECL ((VALUE ) LOCO

(ATOM) ATOM (MAKE-SLOT) <OR FALSE ANY>)
returmss a locative to time giobal-value cell of an ATOM

GO ( LABEL)
•DECI ((VALUE) ANY

(LABEL) (OR ATOM TAG>)
goes to a label amid cosuletmues evaluation from there

GROW (U/VECTOR END BEG)
#DECI ((VALUE ) <OR <PRIM IYPE VECTOR> <PRINTYPE UVECTOR>>

(U/VECTOR ) (OR (PRJMJYPE VECTOR> (PRINTYPE UVECTOR>> (END BEG) FIX)
increases time size of a vector or uimiformn vector

GUNASSIGtI (ATOM)
#DECL ((VALUE ATOM ) ATOM)

causes aim ATOM to have iso global value

GVAL (ATO ll)
#DECL ((VALOE ) ANY -

(ATOll ) ATOM )
returns time global valume of an ATOM

HANDLER ( IHEADER HANDLER “OPTIONAL” (PROCESS #PROCESS 0))
IDECL ((VALUE ) HANDIER

( IIIEADER) IHEADER (HANDLER) <OR HANDLER APPLICABLE> ( PROCESS) PROCESS)
creates an iimterrumpt HANDLER

HANG ( “OPTIONAL” (UNHANG (>))
#OECL ((VALUE ) ANY

( UNHANG) ANY)
does mmot lmimmg. limlerriaptibly, potentially forever

IBYTES (SIZE LENGTH “OPTIONAL” (ELEMENT 0))
#DECL ((VALUE ) BYTES

(SIZE LENGTH) FIX (ELEMENT) ANY)
creates a byte-stritm g from imsmphicit arguments

IF0RM (LENGTH “OPTIONAL” (ELEMENT #LOSE 0))
#DECL ((VALUE ) FORM

(LENGT h ) FIX (ELEMENT) ANY)
creates a FORM frousi im plicit argumuemits
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ILIST (L(NGIH “OPTIONAL” (ELEMENT #LOSE 0))
•DECL ((VALUE ) LIST

(LENG T H) FIX (ELEMENT) ANY)
creates a LIST frommm implicit argum ents

IMAGE (CODE “OPTIONAL” (CHANNEL ,OSJTCUAN))
#DECL ((VALUE CODE ) FIX

( C H A N N E L )  CHANNEL)
semmds ams insage-mumode character via an output CHANNEL

IN (POIN EER)
#DECL ((VALUE ) ANY

(POINT ER) LOCATIVE )
returns lime object pniimted to by a locative

INDEX (OFFSET)
#DECI ((VALLmE ) FIX

(OFF SET) OFFSET)
fetches time imm ieg ral part of ams OFFSET

INDICATOR ( ASSOCIA T I O N )  - -

#DECL ((VAUILi ) ANY
(ASSOCIATION ) ASOC )

returims the “imsdicator field of an association

INSERT ( PNA ME OBL IS1 )
#DECL ( (VALUE ) ATOM

( PNAPTE ) (OR ATOM STRING) (OBLIST) OBLIST)
adds amm ATOM to aim 081 1ST

INT-LEVEL ( “OPTIONAL’ NEW-INT-LEVEL)
#DECL ((VALUE ) FIX

( NEW-INI-LEVEL) FIX)
returims amid/or sets current interrupt level

INTERRUPT ( NAME “TUPLE’ HANDLER-ARGS )
#DECL ((VAL UE ) <OR ‘T ‘SFALSE ())

(NAME ) <OR STRING ATOM IHEADER) (HANOLER-M65) TUPLE)
causes aim imsierruipt to occur

INTERRUPTS ( )
ØDECL. ((VALUE) OBLIST)

returns time OBLIST on which interrupt msamnes are kept
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IPC—iIANISI I R ( flODY T YP E OTII FR- NAII[- i OTHER-NAME-?
“ OPTI ONAL ” (MY - NAM E-i <UNAME>) (MY-NAIIE-2 <JNAME>))

•DECL ( (VA l UE ) ‘ 1
( RO ImY) <OR STRING UV[CTOR ) (TYPE ) F IX
(01111 R-NAt1I -i O llhi - R-NAM F-2 MY-NAME-i MY-NAIIE-2) STRING )

is time hum i It - is a iua amdle r for “ I PC” (ITS versioiu ommly )

IPC-Or r ( )
# DECL ( ( V A t  Ut ) ‘ I )

stops all list emil a i m~ nam I lie I PC ilev ice (ITS versiomm oas ly)

IPC-ON ( “Oh~lIONA i ” (MY - NAM E- i  <UNAME>) (MY-NA ME-2 <JNAPt E>))
IDECL ( (VA !  lit I ‘I

(MY—M A NE — I NY—NAM E— ?) STRING)
histe ims oms t lie I I’C ilev ice ITS versinam oamly)

ISTORAGE (LIN ; IH “OPTIONAL” (ELEMENT #LOSE 0))
•DECL ((VALUE ) sior ICE

(lEN G T h ) E l ([1[tl[NT) ANY)
creates a mmomu-ga r l )aI~e.i illecteil STORAG E fromm m iisup licit argumm iemm is (archaic)

ISTRING ( L E NG t H “OPTIONAL ” (ELEMENT !\A @) )

•D(CL ( ( V A l UE ) STRING
(II NGI1I ) l i x  ( [ Li  M INT) ANY)

creates a ch ma rac t e r- st r im m g fr nmm u iimmphcit ar guimueamts

ITEM (ASSOCIA1 ION )
ØDECL ( (VA t  IN ) ANY

( ASSOC I A T iON) ASOC )
returims t he “ileumi ” fie ld of aim asso cia tiomm

ITUPLE ( U N G m U  “O PIT O NAL” (LLI .MFNI #LOSE 0))
•DECL ( (VA t i~1)  1UPLE

(LENG TH ) FIX ( ELEMENT) ANY)
creates a 1 ian i frouum imsip licit ar g um msuc mmt c

IUVECTOR (L ENGTH “OPTIONAL ” (ELEMENT #LOSE 0))
#DECL ( (vA i ur ) (1V [CIOR

( l E N G t h ) l i x  ( I  I I M L N T )  ANY)
creates a UV EC IOR f oimm immm plici t ar gmmments

IVECTOR ( L E NGT h!  “OPTIONAL ” ( ELE MENT #LOSE 0) )
#DECL ( (VA !  Ill ) VF C 1OR

(LENG TH) FIX (E LI M INT)  ANY)
creat es a VECTOR f ro ium iimmp lic it a rg u mmume m mts
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JNAME ( )
•DECI ( ( V A L UE ) SIRING )

retur ums time “1oh mm.~m m m r ” ni Ml)! ‘s process

1=? ( NLIPII1L K— 1 NU1IET I R— ? )
•D(C1 ( ( V A t  U t )  ‘OR ‘ 1 ‘#FA IS[ ( ) >

tJtIMfl l K — I  NtflIBl R—? ) <OR FIX FLOAT >)
tel ls w Ise tIm e r f .m si ar g sa ai ie ait  m s less timamu or equal to secomud (predicate)

I’ ( NUPIBI K — I  usaunr K— ;’ )
•DECI ( (VA I UI ) ~OR ‘I ‘~ F Al SF ()>

(N IINR LR- t NIa M HER— 2) (OR FIX FLOAT ))
tells w h et her f i rs t  art um mmme ut is less thaus secousd (predicate)

LEGAL’ ( s1Ac ~ -olhs Ic1)
# D(CL ( (VA l ISE ) cOR ‘I ‘FALSE ( ))

(ST A CI~-O[iJICI) ANY)
tells whuethe i a m iZ limsiemmt (wi m icl m iuu iglmt live oum the control stack ) is still legal (predicate)

LENGTH (OBJ E CT )
•D(CL ((VALI aL ) FIX

(OR~1t C T )  SIR(hc IUR(O)
retsirsu’ time smuuimher of clemmiesuts in a structuire

LENGTH ’ ( 013J1C1 MAX )
# DECL ( (VA l t~t ) 0R ( T X  ‘4IA IS[ ( ) >

(O BJ ECt)  St RUC t UR ED (MAX ) FIX)
tells w im~t Iucr leum m~thu of st ima t usr e is less than or equal to an immteger (predicate)

LINK (EX I’R I’NAUI “OP T tONAL ” (ORE 1ST <1 .OBLIST)))
•OECL ((VAL UE (XPR) ANY

( PHAPIE ) STRING (OBL IST) ODL TST )
creates a symsiholme I TN~ In asmy csprcssiomu for READiimg

LIST (“T (5 PLI”  E L EME N T S )
•OECI ( (VA L UE ) LIST

(Ill  MINTS ) TUPLE )
creates a I 151 tun m im e~1~Ikst arguments

LISTEN (“T UPLE ” T NFO)
aDECI ((VA ult ) ANY

( INIO) iLIPl E )
stops a mmd iamformi s s miser that M D L  is liste imism g
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hO C  (ATOM ‘OPTIONAL’ (NV )
#DECL ((VALUE ) LOCO

((NV) <OR FRAME ENVIRONMENT ACTIVATION PROCESS))
ret urmms a locative to the local-value cell of aim ATOM

LOAD (CHANNE L ‘OPTIONAL’ ( LOOK-UP .081.1ST))
ØDECL ((VALUE ) ‘“DONE”

( LOOK-UP ) <OR OBLIST <LIST (REST <OR OBLIST ‘DEFAULT)]>>)
reads amm d evaluiatcs all objects via an input CHANNEL

LOCATIVE! (OBJECT)
IDECI ((VALUE) <OR ‘T ‘#FALSE U>

(OBJECT) ANY)
tells whmetimer aim object is a locative (predicate)

LOG ( NUMBER)
#DECL ((VA l u E)  F LOAT

( NUMBER) <OR FIX FLOAT))
returns imatuiral logaritlmumm of a imu mmimber (arith s mieti c )

LOGOIJT ()
#OECL ( (VA LUE ) ‘#FALSE ())

logs out of time operatiimg systcm mm (useful for backgrousmd processes)

LOOKUP ( PNAME OBLIST)
#DECL ((VALUE) (OR ATOM ‘#FALSE ())

( PNAIIE) STR ING (OBLIST) OBLIST)
returims ams ATOM foummud nus a g iveim OBLIST

LPARSE ( “OPTIONAL’
(STRING .PARSE-STRING ) (RADIX 10) ( LOOK-UP .OBLIST) PARSE-TABLE LOOK-AHEAD)

IDECL ((VAl UE ) LIST
- (STRING) SiRING ( RADIX) FIX ( PARSE-TABLE ) VECTOR ( LOOK-AHEAD ) CHARACTER

( LOOK-UP) <OR OBLIST ‘LIST (REST <OR OBLIST ‘DEFAULT>])))
returns a LIST of tIme objects parsed frommm a STRING (sectIons 7.6.6.3, 15.7.2, ~7.I.3)

LSH ( WORD AMOUNT)
•DECL ((VALUE ) WORD

( WORD) <PRIMTYPE WORD> (AMOUNT) FIX)
shifts bits ilm a simaclmine word

IVAL (ATOM “OPTIONAL’ ENV)
ØDECL ((VALUE ) ANY

((NV) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>)
returns time local value of aim ATOM
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MAIN ()
#DECL ((VALUE ) PROCESS)

returns #PROCESS I (the mimalum PROCESS)

MANIFEST (‘TUPLE ATOMS)
#DECL ((VALUE ) ‘T

(A TOMS ) (TUPIE (REST ATOll]>)
declares the global values of ATOMs to be coimataut

MANIFEST? (ATOM )
•DECL ((VALUE ) <OR ‘T ‘#FALSE U)

(ATOM) *1CM)
tells whet h er time global value of an ATOll is constant (predicate)

MAPF (FT NAL-FCN LOOP-rcN ‘TUPLE’ STRUCTURES)
•DECL ((VALUE) ANY

(FINAL-FCN) <OR APPLICABLE FALSE> (LOOP-FCN) APPLICABLE
(STRUCTURES ) (TUPLE [REST STRUCTURED]>)

mnaps function omito ekmssents of structures

MAPLEAVE (‘OPTIONAL” (VAL T))
#OECL (

(VA L ) ANY)
leaves time lusost recent MAPFIR witim a value

PIAPR (FINAL-FCN LOOP-FCN ‘TUPLE’ STRUCTURES)
#DECL ((VAl UE ) ANY

(F INAL-FCN ) <OR APPLICABLE FALSE> ( LOOP-FCN) APPLICABLE
(STRUCIURES) <TUPLE (REST STRUCTURED]>)

m aps fuimctio,u nub RESTS of structures

MAPRET (‘IUPLE’ ELEMENTS)
#DECL (

(ELEMENTS ) TUPLE )
returns a variable mmuii,mber of objectz to the current MAPF/R

MAPSIOP (“TUPLE’ ELEMENTS )
ØDECL (

(ELEMENTS ) TUPLE )
MAPRETs. tlietm stops looping of MAPF/R amd causes application

MAX ( ‘TUPLE ’ NUMBERS)
•DECL ((VALUE ) <OR FIX FLOAT>

(NUMBERS) (TtJPLE (REST <OR FIX FLOAT>)))
returns time greatest of its arguments (arithnsetic)
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M[ ()
#DICI ( ( V A l IS E ) PROC ISS )

retu rims t I me cum u re s ut PROCESS

MEMBER (OBJECT STRUC TURE )
# DEC I ( (VA L lii ) \O R StRUCTUR ED ‘SFALS[ ( )>

(OBJ ECT)  ANY (ST RUCTURE ) STRUCTURED)
tel ls wl m e t l m~r . um m ohjccs is ~sbr isc tusia lIy ” equal to sou se elemume sut of a structure (predicate)

MEMQ (011.11 C l SIRI iCTIIIT I
•DECL. ( ( V A L UE ) <OR SI RUCIUREL) ‘# FALSE ~~>

(O BJIC1) ANY (STRUCTURE ) STRUCTUR ED)
tells si h m ett m e r an nh jc ..-t is “c~ a - t l y equal to sou se eleusmetit of a structure (predicate)

M I N ( “ T U P L E”  ilItflBER S)
SD(CL ( ( V A L UE ) cOR FIX FLOAT >

(NIPPtI~I RS) < lhIPl I [RUST <OR FIX FLOAT>]>)
returas s the leasa of i ts a rg s amm ie mmt s (a ritim imietic)

MOUL 151 (NAIII “OPT tONAL” (LENGTU 13))
•DECI. ( (~JflI a u ) 0111 1ST

(NAIIE ) A TOM (LENGtH) FIX)
creases i~r s.~ess an Ot% L 1ST

MOO ( NUPIBI K LIODUI his )
•DECL ((VAL UE ) lix

(UUEIBL R MOL~UL 155) FIX)
retuu r ii s nu m u m ber-i hmeo ,et Ic sc nm a i isder (fi~ed.poiuut residue) (aritimsuetic)

MONAD ? ( OL1JE CT )
•0EC1 ( ( V A U L )  (OR ‘T  #FA ISE ( ) >

( OIT J I C T )  ANY)
tells win ti mer aim nhm p’t -t is eii lier uu mm st ru uctm m red or an esa upty structure (predicate)

Nz=? (OB~T [C1-t OR~WC1-?)
IDFCI ((VAlISE ) <OR ‘T ‘ .r ALS ( ()>

(OBJECT-I ORJl Cl-? ) ANY)
tells whmether two ob jects are NOT “exactly ” equal (predicate)

N~ ? ( O BJS C I - )  O h tJ i C I - ? )
ODECL ((VAlUE ) <OR ‘I ‘ ‘fALSE U>

(O BJE CT- I  O BJEC T - ? )  ANY)
tells wh eth er tw o ols ~ct - ts  arc NOT st ruuct ura ily ” equal (predicate)
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NE TACC (u ’hI fltfl~h I )
#1)1 CL ( ( VAI t a t ‘

, ~ OR I IIAN NE L ‘ #F ALSE ( ) >
(15 IANNI ( ) C1 I AN NI 1)

accepts a an’s w s a  L i’nuu ma cc t ioai

N E T S  (~ I1ANNI#1)1 Cl ( ~lAI UI C SIA NNI I ) CIIANN I I
forces opri .mt i am i ’ -sv sie m u i am e t w nak- C 1IANN F I busf ier to be scuit

NE TS 1 A l t ( C1IANNI I

#L)FCl ((VA IIiI ) <L IV ICIOR lix I IX FiX>
( ( SIANN S I ) (‘IIANNI L )

retmm rim s si ate it s Ins mm m at inmi fo r a ta d wor k CHANNEL

N EWl YI’I (UI W — I V l’t Oh 11— I Yl’t “OP I IONAL. ” PAT TE RN)
# Dt Cl ( (VA I  IlL 111 W— I YPL ) AT Oll

(OI L1 -l Y l’ L ) A IOM (PATtERN) <OR ATOM FORM>)
defi ame s .m mie w d,i t a I y

N EXT (A S SO CI A I I O N )
#DE CI ( (VA I LII ) <OR ASOC ‘aF ALSE ( )>

(A SS O CI A I IO N ) ASOC )
retur ns lie m us ~ t umb lrc t i mu th ur a ssnc iat m u m  dma j a m

N [XTC IIR ( “ O P t IONAL ” (C IIANNI L .INCIIAN ) ((OF-ROUTINE ‘(ERROR ...>))
# DUCl ( (VA I  Ill ) ~OR ( I IA RAC IL K I IX>

(IIANNI I ) CIIANN I I (I 01 — ROU1 I NI ) ANY )
ret uir uu. t ime t- hmai - acu t’r l hm at sv ill aue~ t be mead via amm im m puu t CHANNEL

NOT (OU~tI (: 1 )
#01 CI ( (VA I a u ) <OIl ‘1 ‘~ t Al Si ( )>

(OUJI i i )  (OR IAL SE ANY > )
couiupuutes Inm. i i  a I “as ot ‘ of a l i m i t  hm-vai uie

NTH (S I RLIC 111111 Ii “OI’ I tONAL ” N)
# DEC L ((~lA 1t fl ) ANY

(U) (OR l i X  01 1 51 1 ‘)
fet~ imes Slur N ti m eh ’ iu meum I of .1 sI rume t uure

0131151? (A lOt i )
•D[Cl ((VAl lu l ) <OR 0111 151 ‘#IA I SE ())

(A hO t i ) (t hO M )
retuur ai s .smm A l OMs 081 1St o fa lse if smom me (predicate)

A ppemmd a~ :
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OFF (IN T I hTRIlI’ 1 “OP 1 IONAL” WIll CII)
# DFC L ( (VA I III ) <OR IIANL SL FR IILI ADLR ‘#FALSE ( )>

(1NIL I1 ITL a P I )  <OR HANDL ER 1IWA DER STRING ATOM > (WHICH) (OR CHANNEL LOCATIVE>)
reumloves aim 1151cm a ma p t IIAUDL ER or destroys aim interrupt

OFESI 1 ( U  P A T T I  UN )
#DECt ((VAI (II ) 01 1 51 )

(N) l i x  (PAT u RN) <OR ATOM FORM>)
creates aim i sm i rr ej ~ it Ii at I ached t)’pe declaratiomu

ON (NAME AP~ I I CAIII I i’l~ 1011 1 T Y “OPT iONAL ’ ( PROCESS 0) WHICH)
‘DL CL ( ( VA I (II ) IIA Utfl ER

( NA t t l  ) ~OK S1R1t ~ A T OM ) (APPlICA BlE) APPLICABLE (PRIORITY) FIX
(l’ROCi 55) ~OR LI X  PITOCI sS> (WHICh ) (OR CHANNEL LOCATIVE))

umc sss oai aim I mit e s a uip t amid cm rates an iimterru m p t HANDLER

OPt N ( ~0h’ II OMIt! “ (110111 “RI AD” ) “ IUP1I” U ILL—NAME )
# DIC1  ( (VAI (II ) <OK CUANN I I <FAL SE SIRING SIRING FIX>>

(IIOUL ) S tIl l 1U ( F IL I. — i~AME ) ItIPIE
t~reat es amid ~s 1 sm auc a im i/i) Ch ANN EL

OPEN—UK (“01’ 11 OUAI “ (MOOl “RI - AD” ) “1 lJPI h ~ fit
_ i—NAME )

#D[CL ((VAI It I ) < Oil EllANIl LE <IALSE STRING STRING FIX>>
(MOth ) SIR II4U1 (I IL (-NAM [) TUPLI)

S creates amid npeass aim 110 Ch ANNE L without dm aum g iim g file’s refercisce date

OR (“ARGS” ARGS)
iDECI ((VA1 LII ) <OK IA I SI ANY>

(AR (S) I1SI )

~ oimupute s log icat I asdu asi v e “or ” of t .ut im-vaiues . evaluiated by time Subroutine

OR? (“TU I’It “ ILIPI I )
#O(C~ ( ( V M  Ut ) ~QK ( Ill St ANY>

( ILIPI I )  IUPI I )
cntut 1,tstcs lo~ i.i i I sit hi she “or ” of trust ha -v a lues, evaluated at ~aII time

ORB (“IL IPI I” WOhtllS )
#OE CL. ((VAI LIL ) WORD

( WORDS ) <I IIPL [ I K[51 <PRIHTYPE WORD>)>)
comnpuu Irs hit w ise i uui ’ lmis ive “or ” of mm iadu I sue words

OVERFLOW (“OPTIONAL ” SWITCH)
#DI CL ( (VA t  Ilj ) (OR ‘I ‘‘I AI S[ ( )>

(SW I It ’ll) \OK ANY FALSE ))
enables or ~Iisahics os ci flow m ’s ins (aritlmmetic)
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PARSE (“ OP T lOlIftI ”
(.STRIN (1 .PARSI -SJRING) (RADIX 10) (LOOK-UP .OBLIST) PARSE-TABLE 100K—AHEAD ) 

- -

#O(C1 ( (VAL UE ) ANY
(STKIN(1 ) SI141 NG (RADIX) FIX ( PARSE TAB LE ) VECTOR (100K-AHEAD) CHARACTER
(100k-UP) <OR OBLIST (LIST E~REST (OR OBLIST ‘DEFAULT>])))

parses a S iR ING iuut n .sa m oh ArcS (sect m iss 7.6.6,2, 15.7.2, 17 1.3) -:

PCODE ( NAMI O i l 511 )
#DECL ( ( V A t  LII ) I’COD[

( NAME ) S iR ING (OF FSET)  F I X )
creates pn immt m’ r to l~~ T RSUBR comic

PNAME (A T O l l )
# DECL ( (VA l UE ) STR ING

(Ato ll ) A TO M )
retu rns lIst’ pri imt - s s amm me of ais AlOft as a distinct COPY

PRIMTYP [ (OB.1LCT)
•DECL ((VAI ill ) ATOM

(O BJ ECt )  ANY)
ret us rams time pti mmsi t lye dala type of aim object

PRI I I T Y P I  —C ( IY l’I )
#D(CL ((VAL UE ) PIIHIIYPI:-c

(TYPE ) ATOM )
gels a “storat~e allot-atio im coule” for a data t ype

PRINI (OBJEC T “OPT T ONAL ” (CHANN E L .OLmTCHAN))
fOEC E ( ( V A L UE OB J E C T )  ANY

(CIIANUF I ) CHANN EL
prints aim nIs~evt v i a  ass inmi pu t CHANNEL

PR INC (O BJECT “OPTIONAL ” (CIIANNEL .OUTCUAN))
•DFCI ( (VA !  u mi o11 ,mFcl) ANY

(CIIANNI , I ) CIIANNI 1)
pr iusts amu obje ct v i a  bums nialpiut CHANNEL w ilimout STRING or CHARACTER brackets or ATOM trailers

PRINT (011.11 Cl “ OP T )  0MM “ (CHANNEL. . OUTC H AN))
#DECL ( ( V A l U E  OBJ ECT) ANY

( C H A N N E L )  CI IAU IIF L)
pri mm t s aum object via aim ola lpuat Ch ANNEL bctweeis new liime and space

Appemudix 2
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PRINTU ( 111111CR Ch ANNEL)
#DECL ((VAl 5W IIIJFFER) ((OR UVECTOR STORAGE> (REST <PRINTYPE WORD>]>

(CHANN EL)  CHANN EL)
writes bismary iuifor ,mmat iomm via aim output CHANNEL

PRINTSIRING (BUFFER “OPIIONAL’ (CHANNEL .OUTCHAN) (COUNT <LENGTH .BUFFER>))
#DECL ((VALUE COUNT) FIX

(BUFFER) STRING (CHANNEL) CHANNEL)
writes contents of a STRING via aim out put CHANNEL

PRINTTYPE (TYPE “OPTIONAL” HOW )
#DECI ((VALUE ) <OR ATO M APPLICABLE ‘#FALSE ()>

(TYPE ) ATOM (110W ) (OR ATOM APPLICABLE >) H
specifie.s or ret tun is Imow a data type is printed

PROC ESS ( S T A R T U P )
#DECL ((VAl UE ) PROCESS

(STARTUP) APPLICABLE )
creates a new PROCESS ~v i ttm given startup function

PROG (“A RGS ” ARGS )
#DECL ( ( V A L U E ) ANY

(APGS ) <LIS T ~OPT ATOM ] LIST (OPT DEC13 ANY>)
executes seq useist Ia I e%prcssioums

PURIFY (“TUPLE ” TIJPLE )
#DECL ((VALUE ) ANY

( TLIPLI: ) TUP E E
purifies objects for sliaritig by different operatimig-systein processes

PUT (ITEM INDICATOR “OPTICNAL’ VAL)
#OECI ((VALU E ) ANY

(ITEM) <OR STRUCTURED ANY> (INDICATOR) <OR FIX OFFSET ANY) (VAL) ANY )
stores into slnmclum re or does PUTPROP

PUT—DECL (IDENTIFIER PATTERN)
#DECI ((VALUE IDENTIFIER) <OR LOCD OFFSET>

(PATTERN) <OR ATOM FORM))
changes time type dec larat iomu for an ATOM’s value or an OFFSET

PUTBITS (TO FIELD “OPTIONAL’ (FROM 0))
#DECL ((VALUE) (PRIIITYPE WORD>

(TO FROM ) (PRIMTYPE WORD ) (FIELD) BITS)
sets a bit field in a snacim iume word

A ppeimdix 2

__________________
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PUTPROP (ITEM INDICATOR ‘OPTIONAL VAL )
#DECL ((VALUE ) ANY

(IT EM INDICATOR VAL) ANY )
(dls)associates a value with an miens under an indicator

PLITREST (hEAD TAlL)
#DECL ((VAL UE HEAD) (PRINTYPE LIST>

(TAlL) <PRINTYPE LiST))
replaces time rest of a list

QUIT ( )
#OECL ((VALUE ) ‘# FALSE ~~

)
exits from MDL gracef silly

QUITTE R (WAS-IYPE L) CHANNEL)
#DECL ((VALU E WAS-TYPED ) CHARACTER

( CHANN EL ) CHANNEL)
is time immtcrrum p l haiudler for AG amid AS quit features

QUOTE ( “ARGS’ ARCS )
#D(CL ((VALUE ) ANY

( ARCS ) LIST )
returmms time first argumumesst umievaluated

RANDOM ( “OPTIONAL’ SEED-i SEED-2)
#OECI ((VAUIF ) FIX

(SEED-i SEED-2) FIX)
generates a uimiforum i pseuudo-rasmdomms integer (aritlminelic)

READ (“OPTIONAl ”
(CHANNEL .INCHAN ) (EOF-ROUTINE ‘<ERROR ,,)) ( LOOK-UP .OBLIST) READ-TABLE )

#DECL ((VALUE ) ANY
(CHANN EL) CHANNEL (EOF-ROUTINE ) ANY (READ-TABLE ) VECTOR
( LOOK-UP) <OR OBLIST <LIST (REST <OR OBLIST ‘DEFAULT)]>>)

reads omse object via aim immpumt CHANNEL (sectiouus 111.1.1, 11.3, 15.7.1, 17.1.3)

READB (BLIFFER CHANNEL “OPTIONAL” ([OF-ROUTINE ‘<ERROR ., >))
#DECI ((VAL UE ) FIX

(BUFF ER) <<OR UVECTOR STORAGE > (REST <PRINTYPE WORD>]>
(CHANNEL) CHANNEL (EOF-ROUTINE ) ANY)

reads binary information via an inpist CHANNEL

AppendIx 2
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READCHR ( “OPtIONAL” (CHANNEL JNCHAN ) (EOF-ROUTINE ‘<ERROR ...)))
#DECL ((VALUE ) (OR CHARACTER FIX)

(Ch ANNEL) CHANNEL (EOF-ROUTINE) ANY)
reads osme cimaracter via aim ismput CHANNEL

READSIRING (BUFFER ‘OPTIONAL’ (CHANNEL INCHAN) (STOP (LENGTH .BUFFER>)
((OF-ROUTINE ‘(ERROR ..->))

•OECL ((VALUE ) FIX
(BUFFER) STRING (CHANNEL) CHANNEL (STOP) <OR FIX STRING> (EOF-ROUTINE) ANY)

reads iuuto a STRING via ass imipul CHANNEL

REALTI1IIR ( ‘OPTIONAL’ INTERVAL )
#DECL ((VALUE ) <OR FIX FLOAT ‘#FALSE ~~

)
( INTERVAL) <OR FIX FLOAT))

sets or fetches imute rva l for real-time interrupts (ITS versiomm only)

REMOVE ( PNAME “OPTIONAL’ OSLIST)
#DECL ((VALUE ) (OR ATOM ‘#FALSE ~T)

( PNAM[ ) <OR ATOM STRING> (OBLIST) OBLIST)
removes au ATOll frommu au 081.1ST

RENAME (‘TUPLE’ FILE-HME/S)
#DECL ((VALUE ) (OR ‘T <FALSE STRING FIX>>

(FILE-NAME IS) (IUPLE (OR STRING CHANNEL>))
remmanmes or deletes a disk file

REP ( )
•DECI ((VALUE ) ANY )

is the buuilt-iti fusisetion for READ-EVAL-PRINT loop

REPEAT (“ARCS’ ARCS)
#DECL ((VALUE) ANY

(ARCS) <LIST [OPT ATOM] LIST (OPT DECL] ANY>)
executes sequsemmi ial expressions repeatedly

RESET (CHANNEL)
#DECL ((VALUE) (OR CHANNEL <FALSE STRING STRING FIX>>

(CLIANNEL) CHANNEL)
reopemus aim I/O Ch ANNEL at its beginning

REST (STRUCTURED “OPTIONAL’ (N 1))
#DECL ((VALU E ) STRUCTURED

( N )  FIX)
removes time first N eIemesmts fromss a structure and changes to primitive data type

A ppemidlx 2
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RESTORE ( “ OPTIONAL ’ NAME-i NAItE-2 NAME-3 NAME-4)
#DECL ((VALUE ) “RESTORED’

(NAME-i NAtiE-2 NANE-3 NAIiE-4) STRING)
restores MDL’s state I rommi a file

RESUME (VAL ‘OPTIONAt ’ (PROCESS (RESUNER>))
#DECL ((VALUE ) ANY

(VAL ) ANY (PROCESS) PROCESS)
transfers execution to another PROCESS

RESUMER ( “OPTIONAL’ (PROCESS (NE>))
#DECL ((VALUE ) <OR PROCESS ‘#FALSE CI)

( PROCESS) PROCESS)
returns the PROCESS that last resumed the given PROCESS

RETRY ( ‘OPTIONAL’ FRAME)
#DECL (

(FRAME ) FRAME )
retries a previous Subroutine call, usuall y from the error level

RETURN (‘OPTIONAL” (VAL 1) (ACTIVATION .LPROG\ !-INTERRUPTS))
•DECL ((VALUE ) ANY

(VAL ) ANY (ACTIVATION ) ACTIVAT ION)
leaves a PROC/REPEAT wi tl m a value

RGLOC (ATOM “OPTIONAL’ (MAKE-SLOT <)))
#DECL ((VALUE ) 10CR

(ATOM) ATOM (MAKE-SLOT) (OR FALSE ANY))
returuss a locative to time global-value cell of an ATOM for pure-program use

ROO T ( )
#DECL ((VALUE ) OBLIST)

returns time 081 1ST comutaiumiumg names of primitives

ROT (WORD AMOUNT)
•DECL ((VALU E ) WORD

(WORO ) <PRIMTYPE WORD) (AMOUNT) FIX)
rotates bits in a maclilume word

RSUBR (CANDIDAT E )
#DECI ((VALUE ) RSUBR

( CANDIDATE ) (VECTOR (OR CODE PCOOE> ATOM DECL [REST ANY]>)
creates aim RSUBR
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RSUR R- 1NIRY (CANL I II mAT E OFFS ET)
COEd ((VA[U[) RSIIBR- (NTRY

(CANI UDA IU ) <V ICTOR <OR ATOM RSUBR> ATOM DECL> (OFFSET) FIX)
adds am i emits y po imut to aim RSLIRR

RSUBR-LIl15.~ ( “OPT IONAL ” SWITC H)
•D1CI ((VAu lt ) ~.OR ‘t ‘‘FALSE ( ) >

(SWl I tu I )  ~OR IA ~SL ANY >)
emmables or disables l Im e aum t om uma lic RSUBR Iiimkiiig feature

RUNTNT ( TkiPI I ” iNN F )
# DECL. ( (V AI LII ) ANY

(1 tiPLI ) IIiP[[ )
app lies immt e rs impi luatuttler Ifor im mt er s ma l misc oniy)

RUNTIMI R (“OP 1 IONAL” INIIRVAL)
•D[CL ((VAL ( i L ) (OR FIX I LOAT ‘# FA LS E ( ) >

( I N T L  KVAL ) (OR F I X  FLOAT >)
sets or fetelses im u i cs sa l  for rm ui i-timi se iimterrmmpt (ITS vers iosm omm ly)

SAVE ( ‘T tmrL [”  F IL[ - UA L%L -AND - GC ?)
COCCI ( ( V A t  (ii ) ‘“ SAV ID ”

(I I t I .-tI AMF-ANL)-GC?) <TUN E (OPT STRING] (OPT STRING]
[OPT STRING] [OPT STRiNG] (OPT <OR FALSE ANY>]>)

wr ites time c im u im c s lat e ul M UI to a file

SEND (Ol iN- R-UA ITI -1 01 IIFR-NA MF-? BODY
“OPIIOflAt ” (TYP E 0) (NY-NAME-I <IJNAME>) (NY-NA ME-2 <JNAtIE>))

#D ECL ( (VAL (it ) <OR ‘I ‘~ rALSE ( ) >
(01111 R-NA FI (-l OTIIIR-NAM [-2 MY-NAME-I MY-NAME-2) STRING (TYPE) FIX
(ITONY) (OR SIRING STORAGE (UVECTOR (REST <PRIMTYPE WORD>]>>)

seimds aim I I’C i imes~at~e ~l l’S m ess iouu nmm l y)

SEND-WA T T (O IIIIR-N AMI - 1 OIIIIR-NAtI [-2 BODY
“OM T OI4AL ” (TYPE. 0) (MY-NAME-I <UNAME>) (MY-NAME-2 <JNAME>))

# DECL ( (VA L UI ) ‘1
(OHIIR-NAM [-l OThir. R-NAME-2 MY-NAM E-I NY-NAME-2) STRING (TYPE) FIX
(BONY) <OR STR ING STORAGE <UVICTOR (REST (PRIMTYPE WORD>)>>)

semm ds am u I PC sumessa~ c amu il waits for it to be received (ITS versioim only)

SET (Atoll tVAL “OPTIONA L ” (NV )
#OECL ((VAlt il I VA I ) ANY

(ATOll) ATOM (I- NV ) <OR FRAME ENViRONMENT ACTIVATION PROCESS>)
clm amm s~rs time loi~aI val ise of au ATOM
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S(TG (ATO M (WAL )
~DECL ( (VA l UE GVA I ) ANY -

(A1O;l) Ato ll)
cluammg es time ghibal s’aluue of aim ATOM

SETLOC (PO INI I R OBJ ECT)
#DECL ((VALUE OBJ [C1) ANY

(P O IN 1 I R )  LOCATIVE )
cha,mges time to mit rui t s lioimutcd to by a locative

SIN ( NUMB ER)
#fl(CL ((VAl UE ) FLOAT

( IJIUII;I R) <OR I IX F LOA T >) - 
-

returns si mme of a nm mmm mbcr ( am i mh mmm mcs ic)

SLEEP (c OR rix FLOAT ) “OPTIONAL’ (UNHANG <>))
•DECL ( (VA h tlh ) ANY

(UN UA tIG ) ANY )
does mm o t i mi mug. i i m teui uipt ibly. lime givcuu miumimber of seconds

SNAMI . ( “OP I tONAl NI RI C TORY)
COC CI ( (VAL UE D I R E C T O R Y )  S I R I N G )

sets or retu s s - im s time direcm ory mias u ic mused by default for mmew I/O CHANNELs

SORT ( PR I D  ~J Y-SIRL IC “OP1IONAL” (RECORD-LENGTH 1) (KEY-OFFSET 0)
“TUPLE” OTHER-SIRUCS-AND-RECORD-LENCTHS)

COCCI. ((VALUE kEY-SIRUC ) (OR <PRIMTYPE VECTOR) <PRIIITYPE TUPLE> <PRINTYPE UVECTOR>>
(PULL ) ) cOR I ALSE APPLICA BLE ) (RECORD-LENGTH KEY OFFSET) FIX
(01 III .R-S I RtiCS-ANU-RI CORD-LENGTHS )
<II IPL E [REST (OR <PRiH~YPE VECTOR> <PRINTYPE TUPLE> <PRINTYPE UVECTOR>) FIX)>)

sorts e lemime uits of a ss ru mcum ur e amid rcarrasmg es otimer structures

SPEC 1AL-C lIL CK (“OP 1 tONAl. ” SWi T CH)
#DECL ((VALUE ) <OR ‘1 ‘#FA ISE C ) >

(SWI1CII) ‘~OR ANY F ALSE>)
t us rmu~ luulerpreter sIlec ial clueeI isig omm or off

SPECIAL-MODE (“OPTIONAL” SWITCH)
COECI ((VAl UE ) (OR ‘SPECIAL ‘UNSPECIAL)

(SWITCh ) (OR ‘SPECIAL ‘UNSPECIAL))
sets specialt y decia ral inmm umsed by defamuit
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SPNAME (AT OM )
COCCI (( VALUE ) STRING

( A T Oll) ATOM )
retursis t imc pnmst- iuanue of an ATOM by siuarimm g it

SQRT (NLuLIB [R)
COCCI. ( (V A I  lii ) F l OAT - -

(l4LlM~ R) <OR FIX FLOAT>)
retusrim s squsa. e snot of a suuu mumb er (ar iti umumet ic)

SQUOTA (SYMBOL )
COCCI ( (VA I NI ) (OR l ix  ‘CFALSE C ) )

(SYMBOL ) <PR 1MTYPE WORD> )
gets time addiecs of ass internal interpreter symbol (for internal use only)

STAC KI ORPI (“AIu;S” AUGS )
OD~CL ((VA LUE ) ANY

(ARGS ) I 1ST)
app lies a fuum u~t m um in stacIc(I argsum lm eumt s (arch aic)

STA T E ( PROC ESS)
‘DCCL ((VAI LII) A T OM

(PRO C I SS) PROC I SS)
returuus a PROC(SS s emirre umi stat e

STRCOMP (S i R ING-I  SiRING- ? )
# DLCI ( ( V A i l l i  ) (OR ‘1 ‘0 ‘—I>

(STR IN G-i  STRING-?) <OR ATOM STRING >)
coumipares two cl ma mac te r .str i i mgs or tWO pri imt- flamm ses

STR ING (“  lUPl I”  I L  FMFNIS )
#DECL ((VAL UE) STRING

([L [ITFNTS) .TLJPLE [REST (OR STRING CHARACTER>]))
creates a cisa ,ai - tei - s t r im i~ froni ex plicit arguuncmmts

STRUCT URI D~ (OBJECT)
#D(CL ((VAl UE ) OR ‘I ‘CIALSE ()>

(O B J E C T )  ANY)
tells wimet huer amu ob ject is strus ct imrcd (predicate)

SUBSTITUT E (NI W OLD)
COCCI ((VAL UE OI L)) ANY

( NE W ) ANY)
substitu tes nime object for aimot hier j im tIme esutire address space

Appem idix 2
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SUB STRUC (F ROM “OP T IONA L ” (R EST 0) (AMOUNT <- <LENGTH .OBJECT) .REST>) TO)
COCCI ((VAI LU tO) (OR I 1ST VECTOR UVECTOR STRING BYTES>

(FROM ) (OR <PRIMTYPE LIST> <PRINTYPE VECTOR> (PRINTYPE TUP LE>
<PRDITYPE UVECTOR > (PRIMTYPE STRING> (PRINTYPE BYTES)>

(R E ST AMOUN T )  F I X )
copies (past of) a .s t iu ic tu sr e im uto auiothucr

SUICIDE (VAL “OPTIONAL .’ (PROCESS <RESUMER>))
•DECI ((VAl UE ) ANY

( V A L )  ANY (PROCESS) PROCESS )
causes the cs mrr euuu PROCESS to die amid resu mmmes another

TAG ( t A h i t I )
#DECL ((VALUE ) TAG

(LABEL.) ATOM )
creates a TAG for imse by GO

TERPR I (“OPTIONAL ” (CHANNEL .OUTCHAN))
COCCI ((VA LUE ) ‘CIALSE ( )

(CIIA NNIL) CHANN EL)
primits a carriage-return aimd line-feed via an output CHANNEL

TIME (“JUPIL” IGNORED)
COCCI ((VAL UE ) ILOAT

( 1GNORID) T U N E )
returns time elapsed execution lime jim secoimds

TOP (SIRUCTURI )
CDECL ((VAult - ) (OR VECTOR TUPIE UVECTOR STORAGE STRING BYTES TEMPLATE>

(STRUCTURE ) (OR <PRIM 1YPE VECTOR> <PRIPITYPE TUPLE)
(PRIMTYPE UVECTOR > (PRIPITYPE STORAGE>
<PRINTYPE STRING> <PRINTYPE BYTES> <PRIPITYPE TEMPLATE)>)

replaces all eleum em mt s resumov ed from a umouu .iist structure by RESTing and changes to primitive data
type

TTYEC II O ( CHAN I T I E  S W I T C H )
COCCI ((VALUE CHANNEL.) CHANNEL

(SW ITCH) <OR FALSE ANY >)
tuursi s ec)moiiug (of ch aracters typed ouu a ler mi um a l) omm or off

TUPLE (“TU PLE’ ELIFI ENTS)
CDECL ((VALUE ) TUPL.[

(ILIFIIIIT S ) TIJPL()
creat es a TUPLE frnumm exp licit arguments

Appendix 2

-



The MI)L l’rogramm m;msism g Language 255

TYI (“OPTIONAL” CHANNEL)
CDECL ((VALUE ) CH ARACTER

(CIIA NtILL) Ch ANNEL)
imsputs a CIIA RAC TER Cm iii a termiuual iissimuediate ly

TYP E (OBJECT)
COCCI ( ( V A L U E )  A lOM

(OBJE C T )  ANY )
retu rmm s t he d~st a t ype of aim object

TYPE—C (TYP E “OP lIO NAL ” PR1MTYPE )
CO CCI ((VALUE ) TYPE-C

( IYP E PR I M TYPE ) ATOM )
m akes a data - t ype code for puire-program use

TY PE— W (IYPE “OPTIONAL ” PRIMTYPE RIGHT-HALF )
CDECL ((VALUE ) TYPE-W

(TYPI: PRIM 1YPE ) ATOM (RIGh T-h ALF ) <PRIMTYPE WORD>)
makes a ilata-type umu ac h im s e word for puure-prograin use

TYPE? (OBJECT “TIPPLE” TYPES)
#DECL ((VA Iill : ) <OH ATOM ‘#FALSE ~~>

(OBJECT) ANY (TYPES) <TUPLE ATOM [REST ATOM]>)
tells wh e th er amm object ’s data t ype is one of tIme given types (predicate)

TYPEPRIM (TYPE )
#DECL ((VALUE) ATOll

(TYPE ) ATOM )
returns a data type ’s primitive type

UNAME ( )
#DECL ((VALUE ) SIRING)

returns t h e “mi ser muamn e ” of Mill’s l)m0cCSS

UNASSIGN (ATOll “OPTIONAL” ENV)
#DECL ((VALu E ATOM ) ATOM

(FUV ) (OR FRAME ENVIRONMENT ACTIVATION PROCESS>)
ca uses am i MOM to imave m m local valu e

UNMANIIEST (“TUPIC” ATOMS)
COCCI ((VAL U E) ‘T

(ATOMS ) (TUPLE [REST ATOM]>)
declares time global values of ATOlls mint to be coms st asmts
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UNPARSI (OBJICT “OPtIONAL’ RADIX)
#OECL ((VALUE ) STRING

(OBJECT) ANY (RADIX) FIX)
creates a STR ING rcpreseumtati oum of aim object

UNWIND ( ‘NORMAL ‘CLEAN-UP )
COCCI ( ( VA L U E ) ANY

(NORMAL CLEAN-UP) ANY)
sped lies c lea iii mig - m ip (Imm u i ug imomu —l ocal return

UTYPE (UVICIOR )
COCCI ((yAP lit ) ATOM

(UVICTOR ) (PRIMTYPE UVECTOR>)
retursms time data Iyh)e of all ele mmme umts of a ummiformu vector

UVEC1OR (“TLi PLL” [Lit-TINTS)
COCCI ((VALUE ) I5VEC1OR

( E L E M E N TS) TUP LE )
creates a (mVECIOR I mo us m exp licit ar g um m mm e mmts

VALID-TYP E ? (TYPE )
#OECL ((VALUE ) (OR TYPE-C ‘#FALSE ()>

(TYP E ) ATOM )
tells whether a mm ATOM is the miam ne of a type (predicate)

VA IRET (MESSAG E )
COCCI. ( ( VA l Et! ) ‘ ‘FAL SE ( )

(MESSAG E ) (OR STRING F IX>)
passes a immessage In time smiperior operati mmg-systenm process

VALUE (Al Ot-I “OPT TONAl “ FWV )
COCCI ( (VALU E ) ANY

(ATOM ) ATOM ((NV ) (OR FRAME ENVIRONMENT ACTIVATION PROCESS>)
returns t Ime local or vlsi’ time g lobal value of an ATOM

VECTOR (“TUNE” ILIHINI S )
#DECL ((VALUE ) VECTOR

( E L E M E N T S) TUP EE )
creates a VI C1OR from ex plicit arguummeumis

XJNAME ( )
COCCI ( ( V A L U E ) SIRING )

retursms time “ismt emm ute d job namim e” of MDL’s process
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XORB (“T (ht ’ LI i ” WORDS )
COCCI ( (VA l UE ) WORL)

(WORFIS) <TIM E [REST <PRIMTYPE WORD>]>)
commu pum ues hitwise excl ums ive “or” of mmma ciu imme word!

XUNAME ( )
•DECL ( (VAL UE ) SIRiNG)

retursms time im mt em uul ed miser mma mm m e of MDL’s process

Appem dix 2
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A pprnIClLX 3. Predefinod Typsu

(iii t lurse t ~s u Im~us :es ~% .m t able shm nw imm g each, of M Dl’s prcdeIluued TYPEs. its primumit ive type if
ilil Ii’, e m m i . a mm ml m m u” us s flags: S m r  51 RImE 1 LIRI. D, I für I VAL TYPE muot QUOTE , •mid A for APPLICAB LE

X mimi- u m is i lu,u I as m si l l  i’’ si t  ths ,u t I YPI eam m um o t be CMI YP Ed to ammd Iueuice cami m iot be READ In (if
at teuuup t s ,h . .u m AN ‘I t~hI I YI’h — INTO ems-or is um smmal ) .

B umm ea mi s t i m  .ii a mm oh 11, I ni I h at I YPI i-a h u n t  be RI AD 1m m (II at temumpted , a STORAGE — TYPES—DIFFER
error us m m s u m .m IL t h a t  im m sus mui it is L m u uihs by time hmuterprete r or CHTYP (d to by a program, amid that its
PR TNT eul i mp s  m’ semm I at in m u muu.m kes It look as I imousg is Its TYP E PRIM were diffe remmt.

Y. mume.u mis t ls at .u mm muim psi of I im at I YPI is PRINTed umsi mu g S siotatio um amid ciii be READ iii only that way.

TYPE. I YI’I PR TM S I A m’o mmmmm se nts

AC T I VA I ION I MAtH X
ASOC B s ic: omsly osme S
A T OM
11115 WORI)
UY l i S  S
CIIANNI I V i (‘ t OM S X
CIIA RAC It B WORI )
CL 05(1111 I h~~h S A
COD! IIVI C lOB S
DICI l I st  S
DISMISS A TO t I  ciii be retuirmied by immterrupt hammdh er
INVIRONNI NI 1 RAIII II
IA I S!. I 1St  S
F IX WORI) A
FLOA T WORFI
1 0KM I 151 S I
I RAHI U
I SULIR WOI~lm A X
F (1NCT ION I 151 S A
h AN o I I N W i t  lOB S X
Tilt AU! N Vt i iON S X “imm te rr m m p t hseader”
It t E ( A 1  WOul X (;ai tuage collector mm u a y pimt t hm is on mmo mm .LEGAL ? object.
TNT I RNAI NIl RNA I - I YPI X sisoushd lint tie seemu by programs
I. IN I.. A lOll X for t e rm u mimmal shorthamid
1151 S t
LOCA II loca t ive to TUPLE

Appem idix 3 
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LOCAS B locative to ASOC
LOCh hi hoca tive to BYTES
LOCD S locative to G/LVA L
LOC L 13 locative to LIST
10CR S locati ve to GVAL. iii pure programim
tOES B locative to STRING
LOCT B locative to TEMPLATE
LOCU LI locative to UVECTOR
t.OCV B Iocadve to VECTOR

I - I 051 W O Rt m a place h o lder
MACRO L IS t S A
O ULIST IIV EC1OR S X
01 15(1 OIlS! T A S
PCOI)I WORi) S “pu re ‘odc”
PR IMTY PL -c WOI1I) ~ 

“
~r immmt yp ~ code”

j PROCESS B
QtmICi~-[ NIRY VL CIOR S A S aim RSUBR-ENTRY th at imas beemi QCALL.ed and RSUBR—

LIN Ke d
QUICK-RSIitLR VICTOR S A 5/13 aim RSUBR t h at has  bee.m QCALLed and RSUBR-LINKed
R[A DA I NAME X iii cof slot duirihug recu rsive READ via READ-TABLE
RSUIIR VFC IOR S A S/B if code vector is pure/imumpure. respectively
RSUI4 R- INtRY V IC t OR S A S
SEGM EN1 1151 S [
SPLICE 1151 S for re t l mr s mim m g hum asmy t iuisugs via READ-TABLE
SIORAGI. S If possible. use FREE ZE SUBR ismstead .
STRING S

- ! SUITR WORD A X
TAG VECTOR S X for minim- local GOs
TEMP O A ll S Ii Time immterprcte r itself can’t build omme. See Lebhing (1979).
TIM !- WO Nt) isseil im ute r um a hl y to idemmt if y FRAMEs
TUPL 1 S B vector omm t ime control stack
TYP E- C WORD S “t ype code”
I YPE -W WO Nt) S “type word”
tiNI3O(114L1 WO RI) X va luse of usmiassigned bust bound ATOM , as seen by locatives
UVEC lOB S E “m smm i f ormu m vec tor ”
VECTOR S C
WORD

- t
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Appendix 4. Error Messages

Th is is a list or all ei r n r-mm a m n i mm g ATOlls ism itia hly iii t h e  ERRORS OBLIST , iii tim e left -hu am id column,
asmd appropriate e~ ams mp Ies or elusc idatiom us, w h ere umecessary, in the right.hmand columnmm.

ACC (SS- FA III IRI ACC ESS , RESTORE (Tesiex and Tops-20
versions omm ly)

ALRE ADY-lull IN[I)-1 RRIT-NON-FALS [-TO-REDEFJNE
APPLY- OR-S1 A ( ’KI URN-OF -1 51111K First argument to APPLY . STACKFORM.

MAPF /R doesn’t EVAI all Its arguments.
ARG-WR ON 1.-lYRE
ARG ( iMIN 1-Otl1- O F-RA NGE <ASCII 999> S Secoimd argument to NIH

or REST too big or summahi .
ATOM -AL READY— h u R t  <INSERT ‘i (ROOT>)$ (LINK ‘I ‘T

<ROOT>>S
ATOM- NOT- I YPI -NAN [-OR-SPECIAL-SY1I8OL DECI problemmm
ATOtl-ON-FIDIIRIIfl-OlItlSl INSERT , L I NK , REMOVE
ATTEMP I- 1O-BRI- AK-OWN-SEQUENCE <BREAK-SEQ I <ME>)S
ATTEMPT - TO-C1IANGI -MANlIEST -VARIABLE
ATT (MPT-1O-CEOS [-)TY-ciiANNEL <CLOSE ,INCHAN>S
ATTEMP I - 10- 1) 111 R-LINFII 11 RAtT LE - I N T E R R U P T  “Umudeferable ” interrupt (e.g. ‘ERROR’)

wh ile INI-LEVEL is too high to handle it
ATT EM PT- T O -GR OW-V [C IOR-T OO -M UC II GROW argumnemmt greater thasm <* 16 1024>
ATT EMP T- I O- t l I I r J r ,-Al Ot’Is- l’NAME <PUT <SPNAME T) 1 !~ T>5
ATT EMI’ l —TO- MLING -P tIIl i -S T RUCTURE attenupt to write immto pure page
ATTEMPT -TO-SIJICIDE-IO-SEIF <SUICIDE <ME>>S
BAD-ARGUME NT-LIST <GOECI (“HI’) SIRING>$
8AD-A SCJ I -C IIA RA CT FR A cimaracter with wroumg byte size or

ASCII code more than 177 octal has been
read (iuow?).

BAD- ITYTE S-DECL
BAD-CIIALILlI I.
BAD-CLAUSE Ar gsummue umt to COND Is nomm.LIST or emnpty

LIST.
BAD-D id ARA I ION-I 1ST DECL iii bad foru m
BAD-Oil AI lI 1 -0111 IST-SPECII-ICAT ION bad use of’ DEFAULT iii LIST of OBLISTs
BAD-ENTRY-BLOCK RSUBR-ENT RY does not point to good

RSUBR .
BAD- (NVIRONM ( NT
BAD-F IXUI’S
BAD-FUNARG CLOSURE in bad form
BAD-GC-READ-F IL.F

A ppeumdix 4

_  ~~-~~~~~~~-. - -~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _
~ ‘ L - ”-~~

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—~ —-~ 

-  -

Time MDL Programmi s mmimm g Language 2~1

BAD-INPUT-BUFFER (for a CHANNEL)
BAD-LINK (GUNASSIGN (CHTYPE linA ATOM)>
BAD-MACRO-TABLE .READ-TABLE or .PARSE-TABLE is not a

vector.
BAD-OBLIST-OR-LIST-THEREOF Alleged look-up list is not of TYPE O8LIST

or LIST.
BAD-PARSE-S TRING non-STRING argument to PARSE
BAD-PNAME attempt to output ATOM with missing or

zero-length PIIME
BAD-PRDITYPFC
BAD- TE1IPIAI (-DATA
BAD-TYPE-COD E 

-

BAD-TYPE-NAt-IC ATOM purports to be a TYPE but isn’t.
BAD-1YPE-SPECIFICATION DECL problem
SAD-USE-OF-BYTE-STRING #35
BAD -USE -OF -MACRO
BAD-USE-Of -SQUIGGLY-BRACKETS US
BAD-VECTOR Bad argument to RSUBR-ENTRY
BYTE-SIZE-BAD NET’ CHANNEL
CANT-C HTYPE-INTO <CHTYPE 1 SUBR>S
CANT-FINO-IUIPO ATE att emmipt to GC-REAO a structure containing

a TEMPLATE whose TYPE does not exist
CANT-OPEN-OUTPUT- FILE SAVE
CANT-RETRY- ENTRY-GONE attemsmpt to RETRY a call to an RSUBR—

ENTRY whose RSUBR cannot be found
CANT-SURSTITUTF-WI1H-SIRING-OR-TUPLE-AND-OTHER (SUBSTITUTE ‘T’ T>$
CAN\’T-PAR SE <PARSE “>5 (PARSE ‘)‘>$
CHANNEL - CLOSED <READ (CLOSE channel>) S
CONTRO L-G’
COUNT-GREAJFR-1HAN-SIR ING-SIZ( (PRINTSTRING “ ,OUTCHAN 1)5
DANGEROUS-INTERRUPT-NOT-HANDLED (See section 21.8.15.) (ITS version only)
DA TA-CANT-GO-IN-UN IIORM-VECTO R t(’STRING’ ]$ I[(FRME>)$
DATA-CAN \ ’  I-GO-IN-STORAGE FREEZE ISTORAGE
DECL-EIUILNT -NOT-FORM-OR-ATOM
DECL-VIOLATION
DEVICE-OR-S HAME-DIFFERS RENAME
ELEMENT - lYRE-NOT-AT OM-FORM-OR-VECTOR OECL probkmn
EMPTY-FORM- IN-DECL
EMPTY-OR/PR IMIYPE-FORFI (OR) or (PRINTYPE) in DECI
EMPTY-STRING (READSTRING “>5
END-OF-F LE E
ERRET-TYPE-NA IIE-DESIRED
ERROR-IN-COMPILED-CODE
F ILE-NOT-FOUND RESTOR E
FILE-SYSTEM-ERROR

AppendIx 4
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262 The MDL Programming Language

FIRST-ARG-WRONG-1YPE
FIRST-(1EMENT-OF-VECTOR -NOT-COOE RSU8R in bad form.
FIRST-VECTOR ELEM(NT NOT-REST-OR.A.FIX #DECL ((X) (LIST (F003>)
FRAME-NO-LONGER-EXISTS (unused)
HANOLFR-ALREADY-IN-LJSE
HAS-E1IPTY-BOOY (#FUNCTION (IX)) 1>5
ILLEGAL
ILLEGAL-ARGIJII[NT-BLOCK attempt to PRINT a TUPLE that no longer

exists
ILLEGAL-FRAME
ILLEGAL-LOCATIVE
ILLEGAL-SEGMENT Third and later argunment s to MAPF/R

not STRUCTURED.
ILLEGAL-TENEX-F lIE-NAME (Temmex and Tops-20 versions only)
INT-DEVICC-W RONG-TYPE-EVALUPTION-RESULT function for ‘INT’ input CHANNEL

returned non-CHARACTER.
INTERNAL-BACK-OR-TOP-OF-A-LIST iii compiled code
INTERNAL- INTERRUPT (unused)
INTERRUPT-UNAVAILA BLE-ON-TENEX (Temmex amid Tops-20 versions omm l y )
ITS-CUANNFLS-FXIIAIJSTED Interpreter couldn’t open an ITS I/O

- channel.
MEANINGLESS-PARAMETER-DECLARATION bad object 1mm argument LIST of Function
MESSAGE-TOO-BIG IPC (ITS version only)
MUDDLE-VERSIOUS-OJFF(R RESTORE (version • release)
NEGATIVE-ARGUMENT

• NIL-LIST-OF-OBLISTS <SET OSLIST ‘()> 1$
NO-FIXUP-FILE MDL couldn’t find fixup file (section

19.9).
NO-ITS-CHANNELS-FREE IPC-ON (ITS version only)
140-MORE-PAGES for pure-code mapping
NO-PROCESS - TO-RESUME (OR (RESUItER) (RESUIiE>)$
PIO-ROOt1-AVAILABLE MDL cou ldn’t allocate a page to map in

pure code.
NO-SAV-F lIE MDL couldn’t find pure-code file (section

19.9).
NO-STORAGE No free stora ge available for GROW .
NON-6-BI T-CHARACTER- IN-FILE-NAIIE
P4014-APPLICABLE-REP (V ALUE REP> not APPLICABLE
NON-APPLICARI (-TYPE
NON-ATOMIC-ARGUMENT
NON-ATOMIC-OULIST-HAME 11-35
NON-OSK-DE VICE (unused)
NON-EVALi)A1EAITIE-IYPE (unused)
NON-EXISTENT-TAG (unused)
NON-S TRUC TURED-ARG- TO- INTERNAL-PUT-REST-NTH-TOP-OR-BACK in compiled code

Appendix 4 
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NON-TYPE-FOR-PRJMTYPE-ARG <PRIMTYPE not-type) imm DECL
NOT-A-TTY-TYP [-C1IANNEI
NOT-HANOI ED First argument to OFF not ONed.
NOT-IN-ARG-L IST TUPLE or ITUPLE called outside argument

LIST.
NOT-IN-MAP- lUNd JON MAPRET , MAPLEAVE , MAPSTOP not within

MAPF/R
NOT-IN-PRO G <RETURN >$ <AGAIN >$
NTH-BY- A- NEGA I IV[-NUIIB[R 1mm compiled code
NIH-REST -PUT -OUT-O l-RANGE in commipiled code
NULL—Si RING zero-Iemmgth STRING
NUMBER-O UI-OF - RANGE 2E385
ON-AN- OBLIST-ALR [ADY (INSERT T <ROOT>>$
OUT-Or-BOUNDS <1 ‘0>5 BLOAT argument too large
OVERFLOW <I 1 0>5 (‘ 1E30 1E30)S
PDL-OVERI LOW- BUFFER-EX IIAUSTED Stack overflow while trying to expand

stac k: use RETRY.
PROCESS-NO T -R I SIJMAIR L use of anotimer PROCESS’s FRAME , etc.
PROCESS - rIOT -RUNARL E -OR-RESLIMAB LE
PURE - LOAD - FAL LURE Pure-code file disappeared.
READ [R-SYUT AX-ERROR-ERRET-ANYTIIING-TO-GO-ON
RSUBR-FNTRY-t lNt •INKt •() RSUBR-ENTRY whose RSUBR cannot be

iou mid
RSUBR-l h BAD-FORMAT
RSUBR-L AC~S-1IXLJPS KEEP-FIXUPS sh ould have been true when

RSUBR was imiput.
SECOND-A RS WRON G-TYPE
STORA GE-TYP ES-PIIF[R <CHTYPE 1. LIST>$ <CHUTYPE ‘!(l]

LIST> S
STRUCT URE-CON IAI NS-U NDIJMPA BLE-TYPE <GC-DUMP <ME> (>)$
SUBSTITUTE-TYPE-FOR-TYPE <SUBSTITUTE SUBR FSUBR>S
TEMPLATE-TYPE-NAME-NOT-OF-TYPE-TEMPLAT E attempt to GC-READ a structure containing

a TEMPLATE wh ose TYPE is defined but Is
miot a TEMPLATE

TEMPLATE-TYPE-VIOLATION
T IIIRD-AR G-WRO NG- TYPE
TOO- FFW-ARGtII’1I NIS-SUPPI lED
TO O-MA NY-A RGS-T O-PR Jt1 ]Y pE- DEC L <PRIIITYP E any ...>
TOO-HANY- A RGS-TO-SPEC IA L-UNSPEC IA L- DECL <SPECIAL any . . .>
TOO-MANY- ARGUHINTS-SUPPLI(O
TOP-LEV FL- I- RAIII: <ERRET> <FRAME <F RAME (FRAME>>)$
TYPE-ALREADY-EXISTS NEWTYPE
TYPE-MISt - lATCH atte lmm pt to make a value violate its DECL
TYPE-UNN:IINED
TYPES-D IFI-ER-IN-SIORAGE-OBJECT ISTORAGE

Appem idix 4 
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TYPES—I II IIFR—1N- LIN IFORM_V (CTOR ‘(I <)] S
UNASSIGNI (1-VARiABLE
UNAT TA CII I D_ PA1II_LAHE_S (PARATOR -S
UNBOUND-VAR IABI C
UNMATCIII Ii ENOBLOCK w ithm mmo mnatc hmimm g BLOCK
UVECTOR - I’UI-TY PI:-V IoLAIION PUT , SEILOC , SUBSTRUC in comnpiled

code
V C C IOR- L(SS- I I IAN - .~- I t1M ( NT S •DECL (( X) <LIST [REST]>)
WRONG- DIRICI ION -C J IANN I L <OPEN “MYFILE’>S (Mode m issing or

mnisspelt.)
WRONG-NUMBE R-OF -ARGUMEN TS
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Appendix 5. Initial Settings —

T he va riou% ~w iidies amm d useful var iables iii MDL are initially set up with time following values:

‘A CIIVA II-C IIARS <STRING <ASC II 7) <ASC II 19) <ASCII 15>>)
;‘Tenex and Tops-2 0 versions only’

<fl 1C L -C hE CK 1>
(UNASSIGN <GUNASSIGI4 DEW >>

~GC- MOtI ~ ) ‘
cSI I INd IAN <SI IG INCHAN <OPEN ‘READ” ‘TTY: ’>>>
<UNA SSIGN l~iU’-~ IXUPS)
<IJUASSIGN (GL INASSIGN NM) >>
< IINASSICIN <CUNASSIGN NM2>>
<SI 1 ORI 151 ~S ETG OBLIST ((MOBL IST INITIAL 151> <ROOT>)>>

~SE 1 OtIICIIAN <SEIG OUTCHAN <OPEN ‘PRINT’ ‘TTY:’)))
cOV E RI LOW I
<IINASSI[;N RIOFUINI >
<RStItiR —titJ~ 1>
<SE 1G cLINASS IGN SNM> “ wotlcing-director y ’>
<SPECl A L- ChlU Cl~ < > >
<SPEC I At -~ OtW UNSPECIM)
(SE T JIII S-PR OCESS (SEIG THIS-PROCESS <MAIN>>>
<ON “C hAR” ,QL IITTER 8 0 ,INCHAN>
<ON “IPC” ,IPC-IIANDL[R 1) ;‘ITS verston only’

A ppendix S
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Topic Index

Parenthesized words refer to other itemmms in th is index.

argumuemm is ‘OPTIONAL’ ‘TUPLE’ ‘ARGS’ (paramimeter)

ari thmetic + - * / ABS EXP LOG SIN COS AlAN MIN MAX RANDOM 0? 11 •s7 L? Gi 1*?
C:? N::?

arra y VECTOR UVECTOR TUPLE STRING BYTES TEMPLATE

assigimm imem it SET SETG DEFINE DEFMAC ENVIRONMENT (value parameter binding)

binding BOUND? GBOUND? ASSIGNED? GASSIGNED? LEGAL? (assigimment value parameter)

bits WORD BITS PUTBITS GETBITS BYTES ANDB ORB XORB EQVB ISH ROT

block BIND PROG REPEAT BLOCK ENOBIOCK OBLIST MOBLIST OSLIST? !-

booieamm FALSE COND AND AND? OR OR? NOT (comparison)

bugs (errors)

call FORM APPLY APPLICABLE? EVAL SEGMENT

change PUT-DECI. PUTPROP SET SETG (side effect)

ch aracter CHARACTER STRING ASCII PRINC READCHR P4EXTCHR FLATSIZE LISTEN PARSE
IPARS E UNP ARSE

circu lar PU1RES T PUT LENGT H? FIATS IZE

comsmma GVAI SEIG

comm imimemits ; FUNCTION ASSOCIAT ION

commiparison :r? N*:? a? N:? Cl La? Li Ga? 0? 1? MAX PUN STRCOMP FLATSIZE LENGTH?
(hooleamm)

commditio ,mah COND AND OR (booleami)

Topic Immdex
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concatenation SEGMENT STRING CONS

coroutimme PROCESS STATE RESUME SUICIDE RESUMER ME MAIN BREAK ..SEQ ISTEP FREE-RUN

data type TYPE TYPE? PRIMTYPE TYPEPRIM CHTYPE UTYPE CHUTYPE NEWTYPE PRINTTYPE
APPLYTYPE EVALTYPE ALLTYPES VALID-TYPE?

decimal .

do (loops execute call)

dump SAVE (output)

errors FRAME ARGS FUNCT ERROR ERRORS ERRET RETRY UNWIND

escape \ A~ A5 .~

execute EVAL APPLY QUOTE FSUBR ‘ARCS’ (call)

exit RETURN ACTIVATION (goto)

file syste mmm FILECOPY FILE-LENGTH RENAME OPEN OPEN- NR CHANNEL FILE-EXISTS? NPI1 NM2
0EV SNM SNAME

gob GO TAG UNWIND PROC REPEAT AGAIN RETURN ACTIVATION ‘ACT’ (loops)

graph ics STORAGE IMAG E

identifier ATOM PNAME SPNAME LINK LOOKUP INSERT REMOVE OBLIST SPECIAL (parameter
vahime)

if (commditio.mal)

indeximig NIH OFFSET GET PUT BACK TOP (loops)

input READ RCADCIIR NEXTCHR READS READSTRING READ-TABLE GC.R(AD ECHOPAIR
OPEN ACCESS LOAD FLOAD RESTORE RESET

integer FIX (aritl mnmetic)

interrupts EVENT HANDLER ON OFF ENABLE DISABLE INT-LEVEL DISMISS INTERRUPT

iteration (loops)

leave (quit)

Topic Index 
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loading FLOAL) SAVE RESTORE LOAD

location (poi,mter)

loops REPEAT PROC RETURN GO ACTIVATIO N AGAIN MAPF MAPR lu ST IVECTOR
IUVECTOR ISTRING IBYTES IFORM

macro % %% LINK READ-TABLE PARSE-TABLE DEFMAC EXPAND MACRO

mimommitor ‘READ’ ‘WRITE ’

mult i-proce%sing (coroutine)

octal *

output PRINT PRIN 1 PRINC PRINTS PRINTSTR ING IMAGE CC-DUMP ECHOPAIR FLATSIZE
SAVE TERPR I CRLF OPEN ACCESS RESET BUFOU T NETS

parameter FUNCTION ATOM LVAL SET SPECIAL UNSPECIAL (identifier value)

parentheses LIST

parse PARSE LPARSE PARSE-TABLE UNPARSE

period LVAL SET READ

poimiter LOCATIVE AT IN SETLOC LIST

predicate (booleaim)

prinmitives SURR FSUBR ROOT GVAL. SETG

procedure FUNCTION DEFINE DEFMAC GVAL CLOSUR E

quit AG AS ‘~O QUIT VAIKET LOGOIJ T RETURN (loops)

real FLOAT (arilimmetic)

recursiomm (always assumed amid built in)

searchm MEMO MEMBER *7 z ?  (cosmiparison)

sharimmg SEGMENT GROW SUBSTRUC

side effec t PUT PUTREST SETLOC SUBSTRUC (change)

Topic Index
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sixbit JNAIIE XJNAIIE SEND SEND-WAIT IPC-ON

storage CC BLOA T BLOAT-STA T FREEZE TUPLE ‘CC’ (structure)
struct ure LIST VECTOR UVECTOR STRING BYTES TEMPLATE STRUCTURED? EMPTY? MONAD?LENGTH LENGTH? (concatenation)

subroutine (procedure primmmitive)

tem porary ‘AUX’ BIND PROC REPEAT

ternminal (thy)

text (character)

trailer ‘- OOLIST

true (hooheass)

tty LISTEN AL “6 A9 AD rubout ECHOPAIR TTYECIIO TYI ‘BLOcKED’ ‘UNBLOCKED’ACTIVAT E-CHARS (character)

unbinding (biimding)

value IVA L GVAL VALUE IN SET SETG ENVIRONMENT ASSIGNED? GASSIGNED? BOUND?GBOUND? ‘BIND’ ACTIVATION ‘ACT” (parameter) RETURN (quit loops)

Topic Index
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Name Index “NET” 114
“OPT” 7886137
“OPTIONAL’ 7881 86 137
“PARITY” 189

Aim ummiherccoreil p~ge mimmu mber refers to a “PRINT” 101
primary descripi ioim: ami unadorned page “PRINTB’ lOt

~mumuber re Ier% to a ~ecrnmdary description. “PRINTO” !.~
j

“PURE” 189
N 61 “QUOTE’ 137
‘S I? “READ’ 101 105 184 187 211

• 67 “READS” 101
! Ii!! “REALT” 189
-# FALSE ( )  I 13 “RUNT” 189

67 206 “SAVE”
6b 206 “STY” 112

!> 66 “SYSDOWN ” 188
!( 5-i ‘TUPLE” 79 87 105 137
!\ 64 100 “UNBLOCKED’ 187
] 54 ‘VALUE” 137

‘WRITE’ I!! 211
N 24 55 100

24 ~~ 46 100
“ACT ” 8 4 8 7
“ARGS ” 8.! 87 $ 4 16 98 113 184 185 187
“AIJX” 81 87 103 lOS
“BI ND ” 83 86 24~~~
“BLOCKED” 18:! 187 152
“CALL” 83 87
‘CHAR” 18.1 ‘ 24 57
“CLOCK” 187
“DIVERI-AGC” !.~~

l95 ( 24~ f
“OSK” $0’ 108
“ERROR” 188 ) 24 54
“EXTRA” 81 8 7
“CC” ISfi * 23 28 151 159
“ILOPR” !~~‘“ INFERIOR” 189 + 28 151
INPUT” JO )

“INT” 11 3 2431
“b C” 189 

—

“IPC ’ 189 203 - 28151
“MPV” 189
“MUD” lfl~ . 23 24 32
“MUDDLE” lOB
“NAME” 848 7 -

Nam e Index
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/ 2fl 151 BlOAT 186 196
BLOAT-STAT 198

0’ 71 BLOCK 142 145
BLOCKED 170

1? 7:~ BOUND? 79 175 $87
ISTE P l7c BREAK-SEQ 173

BREAKER 174
7-I $0 BUFOU T 101 III 115

BYTE-SIZE
BYTES 55 65 66213

77 711 CALLER 164
a? 77 93 CIIANLIST 103

CHANNEL 65 101 102 103 104 122
) 7-I CHARACTER 64 $00 154

CHTYPE ~~ 211
ABS :‘~i . CHUTYPE 64 216
ACC ISS 10$ Ito CLOSE 103
AC TIVA IF-C HA RS 181 CLOSURE 88
ACT IVA I ION 8 1 150 $83 $93 205 CODE $64
AGAIN M~ ‘10 (50 (75 COMMENT
ACC-F (AG $86 CORD 75
A LLTY P[S -16 CONS 59
AND 7~ 76 185 COS 40
AND? 7.1 93 CRLF $00 101
ANDB 66 16$
ANY l7~ DEAD 170 170
A P P L I C A B I  t 1 75 DECL 124 223
APPL ICA BLF’ 7.1 DECL-CHECK 134
APPLY 48 $~R DEC11 135
APP IYTYP 1: IS DEFAULT 14$
ARCS 11 $ 176 DEFINE 39 147
ASCI I l;~

, DCFMAC 156
ASOC I7~ 1 69 218 DUISIG 203
ASS ICNFO’ 76 79 175 187 DCV ~~~265
ASSOCIA TIONS l’3 DISABLE
AT 117 DISMISS 175 179 183
A lAN In
A 1CM 1:! tOO 143 194 217 ECHOPAIR 101 113 146
AVAI I.N l’l EMPTY? 74

ENABLE 182
BAt ’ 1.41715 INOBLOCK

$1.4’ ENTRY-IOC 166
• ~~‘ ‘4% ENVIRONMENT 378384
If IMI EQVB 161

Nammie Index
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I RHI I I’) I IM $75 272 CCII 117
I RROR IS I $7 (83 706 GETPL 117
[RROR S ( $ • ) (.$7 206 GLIPROP (2$
[VA t “1 1$ 83 (75 GIOC $17 165
[VA I IYP E -l~ GO 96175 205
EVEN1 17$ $79 $81 GROW GO $86
[VI. IN l7~ GUNASS IGN 32
[ViOti l I7’~ GVAL 31 39 41 117 169 193 194 208
tX p  -II
IXPAND $57 HANDLER 178 179 179 ISO 185

HANG $91
F ALS[ 71
IBI N Ihi IBYTES 66
F LIE — IF N (,IH 10$ 110 IFORM 58

F lIE -L XIS 1S’ l 0 :~ IHEADER 177 ISO
ITIC COPY 101 III 11151 57 205
FiX ‘I 7.’ 73 53 (35 ILLEGAL 193
FIA TSIZI $00 IMAGE 101 107 186

Ft OAO 1$ 76 (10 ISO IN 116 (18 119
FlOAT 7! 73 INC H AN 103 146
FORM 77 33 58 71 INDEX 136
FRAMI: $17 l s ~ 176 193 213 INDICATOR (23
FREE-RUN 175 INIT
FRE[1E 16.1 (86 (94 INITIAL 141 265
FSAV L (OR INSERT (43 145
FSUBR 78 3$ 39 39 56 74 74 75 89 90 INT-LEVEL lBS

~It; 131 147 ISO INTERNAL 258
FUNC I 14 $ 176 INTERNAL-TYPE 258
function 77 INTERRUPT 181 190
FUNCT ION 35 39 78 83 Mi INTERRUPT-HANDLE R 186
Function 8-I INTL RRUPIS 142 (77

IPC-HANOLER 203
G/IVAL $18 IPC-OFF 203
Ga? 77 IPC-ON 203
C’ 7) ISTORAGE 239
GASS1G NFO? 7’) $87 ISTRING 57 64
GBOUNO? 79 (17 $93 ITEM
CC ($6 I9~ ITS (7 18 102 lOS 1(2 1(3 ((4 05
CC-DUMP lOt (07 (99 $66 167 184 $84 187 188 189
GC-MON (89 (89 (95 202 202
CC-READ (UI (07 186 $99 ITUPIE
COCCI 131 IUVECIOR
GET ~.3 (‘I IVECTOR 57
GET —l f l CL  III (36
GEI6ITS (GO

Name lsmdex 
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JNAME 701 NAPE 91 92
NAPL EAVE 95

KEEP-1Ixup~ 167 765 MAPR 9192
MAPRET 94

1-INS I (6 MAPSIOP 95
1-OUTS (.16 MAX 28La ? 7:! ME- 174 195
1? 7) MEMBER 73
LAST-OUT (16 NI NQ 73
LEGAL’ 80 85 97116 11$ 176 193 214 MIN 28
LENGTH 

~~
_ )  75 MOBLIST 140 $44

LENG 1H? 7$ MOD 28
LERR\ I-I S 151 MONAD? 74
LIN K I~ 3 MUDDLE I8 I08~~~LIST  

~i57 57 59 68 72 I86 204 2I2
715 Na:? 72

L ISTEN 1 1 6  (- 19 $69 183 N~ ? 73
LLOC ((6 175 193 NOIN 166LMA P \ N E TACC 115
LOAD 101 109 NETS 101 115
LOCA 11 7 NE TSIATE 115
LOCAS 117 NEWTY PE 46 133 (65 186 193LOCAl lyE I’S 2(4 NEXT 123
lOCATIV E ? 1(7 N F XTCHR 96 99 10 1 187
LOCB 11 7 NM1 102 265
LOCO !16 117 193 214 NM2 102 265
LOCI !17 NOT 73
10CR 165 NIH 52 88
LOCS !I~LOC T OFILIST 100 139 141 146 169 194
LOCU Ii~ OBLIST? $40
LOCV 1 17 OFF $79
LOG ‘I! OFFSET 135 214
LOGOLIT 70’ ON 181
LOO~dIP I 11 OPEN (0$ $05 Ill $13 $14 184
LOSE 5$ 61 64 OPEN-NR $02
LPARS [ 

~~~~ (43 153 (56 OPT 127
L.PROG\ 90 OPTIONAL 127
L.SH I I;:! OR 74 76IVAL 

~7 37116 119 (69 175 193 208 OR? 74 93
ORB 161

MAC RO 90 (56 OUTCHAN 49 (03 128 $46
MA IN (7 1 17-I 19S OVERFLOW (SI
MANIFEST 131
PIANIFUSI? $3.’ PARSE 65 143 143 153 156 157

Nam ime Immdex 
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PARSE-STRING (56 RESUMABLE 170 - 
-

PARSE-TAB LE 153 RESUME 170 173 173 190
PCODE (64 RESUMER 174
PNAME 22 144 217 R E TRY ~ Q 222
PRIMTYPE 44 RETURN 85 90 175
PRIMTYPE-C (65 RGLOC 165
PRIN 1 991 01 112 ROOT 141 145
PRINC 100 10$ (( 2 ROT $62
PRINT 20 23 48 99 101 1(2 141 RSUBR 147 j

~~ ~~~~~~ 194
PRINTB 101 (06 RSUBR-ENTRY (47 166
PR I NTS T R I N C 101 I~~ RSUBR-LINK $64265
PR IN TTYPE 48 rubout 37 98 313
PROCESS (46 169 (70 190 193 219 RUNABLE 170
PROG 84  89 204 RUNINT 181
PURE-PAGE-LOADER !86 RUNNING $70
PURIFY 108 186 (94 199 RUNTIMER 189
PUT 53 566888 120
PUT-DECL !~!.± 136 SAVE 108 108 165 200
PUTBITS 161 SEGMENT 66 72 154
PIJTPROP $20 SEND 202
PUTREST 59 69 SEND-WAIT 202

SET 32 37 175 186 194
QUICK-ENTRY 164 259 SETG 30 37 186 194
QUICK-RSUBR 164 259 SETLOC 116 1(8 119
QUIT 202 SIN
QUITTER 184 SLEEP 391
QUOTE 56 82 83 SNAME 110

SNM j~~ $08 110 265
RANDOM 29 SORT
READ 20 22 99 101 122 $40 142 153 SORTX 62

187 SPECIAL $27 156 193 223
READ-TABLE 153 SPECIAL-CHECK $34
READA (54 SPECIAL-NODE 128 134
READB 101 (06 SPLICE $54
READCHR 96 99 $01 (05 1(2 113 187 SPNAM E
READSTRING (01 (06 112 SQRI 40
REALTIMER (89 SQUOTA 253
REDEFINE •IO 265 STACKFORII 96
REMOVE (43 145 STATE
RENAME 101 III STORAGE 194
REP 146 STRCOMP 73
REPEAT 84 89 205 STRING 55 576465 100 154 213
RESET 10$ 102 10 112 STRUCTURED (25
REST 52 56 75 3 26 219 STRUCTURED? 74
RESTORE (08 (09 SUBR 28 31 147

Nam e Immdex
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Subroutine 78 ( 4 7
SUBS1I1UTI !99 XJNAME 20$
SUBSTRUC 5 ( 5 6  XOR B 161
SUICIDE (74 XUNANE 201

7’ ( 24 54
TAG ‘)$~ (93
TEMPLATE 55 $~ 25 ~~ 100 (54
Tenpx ( 7 (8 102 108 (13 (14 114 115

(51 (67 178 (84 187 388 (89 ) 24 54
(89 (89 (89 227

TERPR I  71; !~~~ 
101 A 4 (07

THIS-PRO d SS 171 174 17 58 98 113
TIME 74’I AD 17 98113
TO W 

AG 17 150 184
TOP 1.11 )15 ‘L 37 98 113
TOP LEVI L 115 ‘.0 $7 151
Tops-20 17 (8 (0:’ lOS 1(3 $ 14 111 115 AS 17 146 j~~ $84

(SI (6 7 17$ (84 (87 $88 189
IS’I 189 189 227 1 24 ~~

TTYEC$IO 101 113 (46
TUPIE 80 80 193 214 24~~
TYI  (01 $13 (87 (87
TYPE ‘0 44 74 94 193 211 218
TYPE - C
TYP E-W (65
TYPE ? 74
TYP E PR I M I S

UNAMI 201
UNASSICN 3% (75
UNBO U ND 7(5 759
UNMA NIFESI (3:!
UNPA RSE t~ 1 1 4
UNSPCCIAI. (‘7 271 2~~
UNWIND ISO 773
UT Y PE 63
UVECTOR SI 57 57 63 65 204 213 2(7

VAL IO- YPI: ? - (6
VALPE F
VALUE 33 (2 1  (7%
VECTOR 5 $  57 57 63 (86 204 212 2(6
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