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Introdu c t ion

SA BLE I s  • desi gn autosat ton syetoui currently being dev.loped at

S t a n f o r d  Un iv e r s i t y  t o  support s t r u c t u r • d ,  m ult i— level simulation of

comput,r dsi o gni. SABLE s tands fo r  St r u c t u r e  And Bahavlor L In king

Environment,  beca u se it Joi n s infor..t Ion •bout the interconnec t ovi ty of

co~~poro sri t e  w it h  algoritP.ietic spec i ficat ion, of their b.havi.r. The
user expresses Intercorinectiv *ty v i a 501 (Structural Design Language

IVCW I7I. which has faci li t i es for defIning .iiulti ple l eve ls  of physical

hierarchy . Component behavior is specff l.d in AOL 1$ CA Des i gn Language

for Ind icat ing Be havior ) ,  wh ich  is a sup.r,.t of the language PASCAL

I J (141 . A DLI B was dasigned to s’.pL
~~

fy tt’. descript i on of commonly used

conputer co.pon nts and to be compat ible w ith 501 and SABLE. A DL IB w as
never tended to be a peogr.mmi r’q l.ngu.g. completely by tt ..lf.

Th, manual is  divodad I n t o  three parts an introduct ion to ADL IB

w i t h  a ‘nfor ~~.I description of the ba sic fe •tures ; a more d.ts~ %ed

discussion of the structure of an ADLIB program . including scoping rule

and - “ n t c ~ u r  model ,; arid a summary of the key~4ords and ~vntax of t he

language . Secaus . documentat i on is w i dely ava i lable , t h is  manual w i l l

not repeat th d.t .iled feature, of PASCAL. However, th, basic aspects

of PASCAL w i l l  be descr ib ed br i efly , so tha t readers f a m i l i a r  w i t h  other

high level languages should bi able to  f o l low  the discu ss ion w i thout too

nu c h d i f f i c u l t y .

- ..-- ~~~~~~~~~
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CHAPTER I

BASICS OP ADLIB

1.1 PURPOSE OF ADL IB

The purpos, of an ADLIB descript i on is to define th, behavior of

one or more types of computer components. The SABLE system t h.n

combines thes, with nfor..t Ion that specif i es the number of components

used. and the way they are connec t ed . Thi, t opological infors.t ion is

expressed in 501 . For conven i enca the user may generate the SDL

automatically via an int eract lye graph ical structur, editor called SUOS2

(US,,) .

In ADL IB . the code that defines th, behavior of one t ype of

component is called a couootvop . There is no way of telling from an

ADL IB source how many components of sach cou.ptype . i f  any, w i l l  be used

in a cf.si gn. Eac h comptype written in ADL IB is a ep.cif cat ion of the
— • input t o  output  f u n c t i o n  of one type of component . Essentially all

informat i on that passes through a component must go through well defined

1/0 in terface s called “nets. SABLE later connects these nets to the

nets of other components as direc t ed by the user v ia SDL .

Be fore we enter into any explanat i ons of AD1lS nd SABlE. It might

be helpful to give a small, useless but comp lete example. We will

def n, a tiny systsm con sist in g of a dealer and a player . the dea ler

sends random integers to th . player , who Suet receives t hem and writes

the r~ su lt i on the tsrm in a l . The ADLIB code for this look s like :

~~~~~~~~ ~~—- - - -— -—- - - - -  ‘ - - — - - — -  
~~~~~~~
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PURPOSE OF ADLIB

P R O G R A M exmpl;

NE TTY PE
ritnet *int .geri

fin clud . rpak~~.dcl !lnclu de a HI. of routine declarations

COM PTYPE dea l e r;
OUTWARD
cardout : on in et ;
VAR
i i Inteqar ;
BED IN
WHILE true DO BEGIN

ASSIGN rn dlnt (I,13 ) TO cardout;
WA 1TFOR true DELAY 1.0;
END.

END;

CO?IPTYPE pla yer ;
1M~4ARDcardin : intn.t ;
BEGIN
WHILE true DO BEGIN

W A I T F O R  true CHECK cardin;
wr it elnC t ty. cord in )
END;

t s r .
BEGIN
END.

Th, structure of this system is show n b•low:

O(OLER
R*LPH

CmVOU? - - CA D!N

~ 
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PURPOSE OF AOL 1$

Th, SDL code to used describe th. interconnect ivi ty of th is  system is:

NAME ; TEST ;
T YPES :deal.r ,play ,r ;
dealer z joe ;
Play e r : ralph ;
END;
NETSECTIENT ;
net l z ;oa.cardout.ralph.card in;
ENDNETS;
ENDC ;
CEKD .

When t h i s  code Is compiled and executed . the result is a never

ending stream of random integers be tween I and IS C inclusive) direc t ed

to th. ter mina l. If the example make s sense , fine. If not, don ’t
worry .  The ramender of thi s paper wi l l  •otpl.in and elaborate

everything.

1 .2 INTRODUCTION TO THE NEW ADL IB CONSTRUCTS

Because A D L I B  i s  a super set of PASCAL, it includes all of the

PAS ’ AL cont rol statements. For readers not fan- liar with these

s tate m ent, they are summar i zed here.

I R ev ie w Of PASCAL Constructs

I . IF (bool•a n •xpr) THEN ‘ otmil) ELSE (s*mt2>

whic h rhi, ses ‘etween two a l t e r n a t i v e  statements ;

2. CASE .
~.opr) OF (valuet):(,t.tI)

(valu.2): (stat 2>

iN l’

wh ich s e l e c t s  erie of an arbitrar y number of statements, (similar to.
but mor, powerful t han a “sw itch” or “computed goto”);

3. WHILE (bool.an expr ) DO (stat )

which iterates a statement zero or mere times;

4. REPEAT (sint) U’~1I L  (bool.an •iipr>
wh ich Ici cle s a statemen t one or more time s ;

-—-- -~~~~~~~~~~~~~——~~~~~- -~~~~~~
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BASICS OF A DLIB Page 1— 4
INTRODUCTI C’M TO THE MEW ADL IB CONSTRUCTS

5 . FOR (ve riabl.)::(L.i prt) TO (expr2) DO (stmt ) 
*

wh ich  repetitively executes a statement as (var i able > ranges from
(.xprl) to (expr2>. (Similar to a FORTRAN DO loop.)

4. 0010 (label)

which transfers control to (label ) uncond :tion ...T ,’.

t. 2 .~ Addit ion a l A DLIB Constructi

The above si~ constructs are useful for defin in g the a l go ri the

incorpora ted w i th i n a component , but are not adequate tar dascribing

in ter-component control and data flow Ther .fere , the following new

constructs have been added t o  5011$:

1 2 2 . 1 ASS IGN <e.pr> TO m e t  nm—c > (tim ing clause )

Assign ev aLuate s u ’~~~) end store s the r,iutt away in a hidden

area. At a later ti m e , th i s value is retr ieved end .ssignad to t~ .e

s p e c i f i e d  net . Tim e del i - o may be s p e c i f i e d  in s•v •ral ways depending

on the nature of •he c i r c u i t  (,~~nchronous or asynchronous) and the

ebj e cti v e s of i t s  de si gner. The simplest way is  t o  define a delis y

d irectly, as for exam p le:

A 5S~ SN true TO out DELAY 15.3;

F i f t e e n  m ” i  three tenths simu lated time units after this statement Is

ew.~ u?.d . the net out’ s w i l l  be updat ed t o  the value Mtru .~~. T:~~a

di t eys need riot be con i t an t s ,  any real expression may be used. For

ex amp le. i f two p a r u l l el paths •~~i s t  t o  t h e  sane outward connect ion.  and

e i ther one is sI~~f t c i e n t  to drive it ,  then we could define the

comp onent’ s behavior as:

ITPi ~~ c o n s t r u c t  - s  currently out of  fash ion .

._
~~~~~~~~~~ - —~~~~-- --—.-- -- - ,-~----  - - ~~—- - -~- -- - -,~~~--
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INTP ~Tr1’C TION TO THE NFW A DLIB ONSTRUCTS

ASSIGN result TO out DELAY •lio(delay,.I. delay 2)

(m$ jnm i s a function t h t  returns the minimum of i t s  arguments.)

The expression in on 5551DM statement cay contain function calls.

For examp )e , in order to describe a i;~~ l generator. it is conven ient

t o  write:

AS C IO N sin (t ’m .5 f r equ.ncy ) TO signalout

Thu ,ti’~ ement ill u it ra fe , two othe r p oints a, we l l. In *0115, the

var i able “t iiu e’ always conta ni the current valu . of the tisula tion

t im e. When the sim u lation beg i n s , it ig equal to 0.0 . User as signment

to “I ‘~~e~ r esults iii a compilat i on e rr o r message. Also, th~~ sta tement

does not con ’ein an e x p l i c i t  DELAY clause The ADL IB compi ler therefore

treats i t a, i f DEt. A ’ 0.0 were ‘ipec ifi ed At f i r s t  glance. zero

propagat i on de l ay t imes may seen confusing. unre al istic. and potentially

hazardous . However, because o~ I t o  ru n t ia• erg*nizat ‘on of SABLE, this

op e r ation is unamb i guous and useful. During simul at i on , SAPtE c - .c l es

between a ex ecut i on of component ’s Sehavior de scriptions and the

u o d m t i n g  ol the net s c o n n ec t i ng  t hem . I i r s t ,  a ll components are allowed

to execute. then all nets mr~ updated, then al l components are a l l o wed

to exec u te again. etc. ~~‘e iterat tori of th is cycle const i tute , one

v~w~ L. It may hispp~ n tha t several  even ts  occur sequent ia l ly ,  but at the j
sa’xe sim ul a ted ti., . If one or more r~~..r~.r-~vrm t~~ ess ign to a set of net s

with a DELAY of 0.0. then al l  thos e updates wi l l  appear to occur

simultaneously.

“ hazar1s or races are int roduced by allowing zero prop.9at i on

cla Im , and there are ,.v.ral applicat~~~~. where it is in fact, necessary

and aprropriate For ex amp le , a de s ig n er may prefer to treat

co binat ’”- m l~~i’c as operating with zero t ime delay , to contrast it

with I’. ‘ior ii .ri t ial circuitry . A s an extreme example of this, consider

--—
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I MTRODUCTION TO THE NEW ADLIB CONSTRUCtS

a s-s t em implem ented w i th relays. We wish to express the i dea tha t a

voltage propagates through the contacts of • relay I miueasurab!y faster

(—eiou
~
w ’ i n nano-secorid,) t han the speed at which the ar ma tur e .‘-~~.os

(mea su red in •illt-seconds ). To describe a relay which operates as a

s ingle po le. double thr ow s w i t c h  ( l i k e  a one bit mult ip lex or) , we could

we u I a

IF armature p o sit i o n  up THEN ASS IGN input I TO out
ELSE ~SSIGM input2  TO Out

In the i i ” ve o.n--~-~~s. the exac t speed pf propøgat ion

Incalculable and irrel.~ .nt (in fi~~’ . it would probably be lost to

rOund~ o f i  error ). On th e oppos i te e treme are C i r c u i t s  w es e output

va l ues ti st be available ii ’ prec is e ly control led instants. i.e.

synchr onous c ir cu it s. For examp le , most m icro -controlle r s op erat e at a

pr ecisely constant speed independent of the mi cro-instruct ion ale (this

Is nnt generally true of -mrro -inst ructi ons) . S~.’h cont rolle rs and any

cir cu~ t r v d ir ectly connected wi th t hem are most cenv en ient ly defined in

ADLIB with the us. ot a CLOCK and It’. SYHC prim i tiv e . An *0115 c lock

•“-.- be t hou-;ht a t as a i un ct i cmn th.t map s simulation ti m e into positive

in t.-~.~ s. A t  I — .  0 a l l  clocks have value 0. 1, simu l ation time

progress es . the  clock s run through their phases r. r e titiv e l y :

,,I. ’,3.5,t ,2,3. r ,t .~~.5... e t c .  to r a f our n Asa clock . The p sru ’.d of

“•p et it ~~~n ‘s the param eter valu , spe cif ie d by th e use r in the clock

de tini t i e n  ota! .—e”t . The value of clock “cik .” defined as:

CLOCK clk (4 0.4);

, j h’m ,n in f i ,~~i- .  I .

By use of the SY NC operat or. I”. use’- can synchronize an operation

with a part icular leading edge of a clock . Fn r example. a

mi c rO-contraIl. .- m i ght ~.t, e to have several con t ro l lines ready at

pre cisely the l •adirg edge of the number one phase of c lock ‘al cre ,,c lk” .

‘hi5 could be written as

~

—

~

--- -  ~~~~~~-— - - - - - -
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4

CL.L
3 _ _ _  _ _ _

2 _ _ _ _

I •___
~
_.__ 0 - _____

S ~~~~~~~~ - -- - _________

I I a ~ 4 S 6 7 8 9
TI~~ — )

‘t’~pc Ii VOLUE Of’ CI~~(4.I.4)

r m icr cmst ore fm icro ip );
mi c ro ip ~: m i c r o  ip • I,
ASSIGR r.carrv TO I lne l SYNC m icro_clk PHASE I,
ASSIGN r .sh iItO 10 11 ,2 SYNC micro alk PHASE I,
ASSIGN r .s h i f t l  TO line3 SYNC micro _ clk PHASE I~ASS IGN r .sh j ft 2 TO linet SYNC micro _ cl k PHASE I;
A SSIGN r .clear TO lin.S SYNC mitro clk PHASE I;
(‘etc . ’)

A l l  of the above ASSIGN statement s w i l l  be effected at pre c i sely the

s,n~ simulated tir ’e .

The user may ~p~ c’f ,~ any nuu-h,r of independen t CLOCKs, eac h w i t h

their own period s and ni —ba r s of pha,,s, Unlik e some other simulation

e”vironm,nt s, clocks do not consume any computatio n resources

t he.selvas~ only when crud i f a component accesses the. i5 any

cal c -i~~st ‘on pe rformed.  The user may puark on. of th. c locks as bei ng the

d efau l t. Th i s saves him or her from writin g the clock’ s ni-me in every

sy.ic clause. Als o , i f no phase is specified , the co mpi ler as sume s th a t

phase 0 is intended. I t  i s  t h e r e f o r e  quite conven i ent to describe

system s tI ’ -,t maintain a singl e un iversal c lock , such as a plp .Lined

m u l t ip l i e r  that keep s each stag. in lock step with th. others . 

~~~~~ - - ~
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1 .2.2.2 WA ITFOR <bool.an •epr <contro l clause)

WAITFOR cau ses execution of a component ’s coda to stop, and does

not allow i t  to continue u n t i l  <boole ari expr) evaluates to true. The

(control clause may come in one of two forms. Fir st, a < t i m i n g  clause )

may be used, just like the t i m i n g  c la u se in an *551G M stat ement . If a

de l ay clause i f used. the (boolaan •xpr~ ~ reevaluated pe r i od i ca l l y  at

the period specif ied in the delay clause. For example:

WA ITFOR current)0.001 DELAY sample _period ;

Th i s stat e—.’- t would check th. value of “currant tm every ‘sample _ p eriod ”

time unit s . u~~!i l  it exceeded one mi ll i amp.

I f SYMC is ,recified , the (boolean expr> i~~ reevaluated each t i m e

the specified clock ~oas t hrough t he spe ci ’ied phase . For eeampl.

WAIT FOP acknowledge :: SYNC bus_clock PHASE ~~;

Thi, state —ci t would not allow execution to continue until t h e net

“acknow l edge was equal to I on the lending edge of t he fourth phase of

clock “bus clock”

Alternatively, a control d ouse may take the form of a l i s t  of nets

t hat th component is to be sens iti zed t o .  Thu format I, called a

“cP’.ck l i s t ” , because whenever one of the nets mentioned in it i s

updated , the boolean •xp.ession is rechecked. By thi s means , it I’ easy

and efficient to describe asynchronous machines driven by the the nets

to wh iCh fh y are connec t ed. For examp le:

WAIT FOR data_rdy ~ I CHECK data_ rdy

This stat ement would put the component Into a p ass i v e  s ta te  until the

-‘a
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net “data_ rdy ” was updated to t he  value I . No simulati on resources are

consumed while the component is idl e (there is no TMbusy wa iting ”). In

particular . 4$ other Components ASS IGN to data rdy whatever v.lue tha t

it alreath’ contains the expre ssion “dste_ rdy = I” is  r o t  reeva luated.

Thi s is because SABLE automati cally deletes all such null updetes

~,2.2.3 Sensiti ze. Desensitize, and Detach

Tisk.ri collect ively, thes, provide a fac i lit y for direct control of

the operation of a component - They operate in a way tha t 5 simil a r to

WAIT FON . but at a l ower level and soaewh t more efficiently. Sensitize
— and desensit ize are predetine d procedures mal e a component receptive or

immune to changes on its t riw.rd nets. These procedures are always used
i n conjunct ion with the DETACH oper ator, which causes execution of a

compone nt to stop until one a’- more of the nets to which it is sensitive

is i r -i n i ed When an upd ate on a sen s i t i :ed net occurs, the component

w i l l  be •i..akened

Because of the f l e x i b i l i t y  of the WAITFOR construct, it ii

d i f f i c u l t  to th ink of an •ppl icat ton where DETACH is really more

conven i ent, and not mer ely ~~‘-e e f f i c i e n t . However , to illustrate it ,

use , we shall use it to describe a f i n i t e  stat e machine tha t recognizes

t h e  bit strings consisting of I s  and B’ s. The strings mu st match a

r.- ,ler exp ression t h a t beg ins and ends i,4 th I, and where any 0 mu st be

proceeded and followed by at l east one I (example taken from (U70)).

Th is machine is stimulated by a ret called “input line ” , which contains

— a data element “ CI~~ arid a strobe ‘i.ld ~~~ (In order to drive this

m a ch ine. it i s necessary to out the data value in the “dv’ field. and to

update ~Pug ~~~~~
“ f i eld. ) In *0111. one way to define the mutoa.ten is

_ _ _ _ _ _  ~~ -~~~-- - -
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s ena i t i .( i nput _ i m d i

1: detach; (‘i n i t i a l  state ’)
i f  ii,r t _ l ine.d : 5 then goto 3; —

2 : (‘accepting state’)
wr it sl n( out put . ‘ acc ept
detach ;
if input ,,,li ne .d : 5 than gate I ;
go to  2 ;

3: detach; (I t erm i nal stat.’)
gob 3;

When combined wi t h  the facilities avai lable in PASCAL , the  above

pr i ’ i i t i v e ~ are adequate to encode almost any con ceivable function among

a component’ s nets. However . be ’o -e a desi gn language will  be us ed , i t

must a pore than adequate, it must be conven i ent. Therefore AD L~~B also

incorporates th, concept of “subprøceisestm to fac i litat e encoding the

behavior of many common Computer a c t ivi t i e s. Each subprocoss perform s a

single fun ct ion and runs Independe ntly o’ the main body of the cor’rit ,-pe .

Th ere  are two types of subproces ,e ,. upon arid transmit.

1 .2.2.4 UPON (booloan evpr> <check l i st) DO (stmt )

Upon i~ used to define a set of act iviti ., to be performed

~i iq r. rde .u t l y  ot t h e main n c t l v i t i e s  o~ th e component . W he never a net

i n  (check l i ,~~) is updated. (bool.an exrr~ 4 s  r eeva luat ed . If it i s

true . t hen ~t— t u s  •~ecut.d. For example:

interrupt r (interrupt .pr ’ority ) current)
CH~~

’i~ riterru p t DO
BEGIN
pus h s(r ’acb~ru ._ st.te):
serv ice_ interrupt
pep(i.achln. stat.);
E 140;

TIs i~~ code would check the priority level whenever t he  interrupt net

ties updated, and serv ice the interrupt when necessary.

- .- .-~~~- ______ __ 
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1 .2.2.5 TRANSMIT (expr) TO (net) (timing Clause)

TR ANSMIT is more spe c ia li zed then UPON . A transmit subprocess

reeva luat es <expr ) whenever one or more of the net s in <net l i s t >  Is

changed. The result is then assi gned to <net name> •t the time

specified by (timing clause > . Transmit is very convenient for

describing combinat i onal circuitry. For example, a simple WAND gate can
be desc ri bed w i t h i

nand:TRANSMU NOTCa AN D b ) TO c CHECK a b  DELAY 15.0;

I.2.2.$ Inhib it And Permit

The name given to a iubprocess may be used to control it by means

of th, pr ocedures “permit ” and “ inhibit ” . A l l  subprocess.s are

ini t i a l l y  Inhibited , which means that no external stimulus can activat e

t hem . The mciii body of  a component may then permit some or alt of the

subprocesses t o  run , at which point t hey are reedy to respond to

st imuli Subproc.ss.s may be inh ib it ed at any time , w h ic h  returns them

t o  t h e i r  i n i t i a l ,  inactive state. For example, a computer may protect a

cr i tical region with:

:nhi b i t ( interrupt) ;
wr ite to (shared date);
permiT ( interrup~

’);

‘ .3 DESIGN ING AN ADLIB PROGRAM

To It us trate how ADLIB is used . we shall “desi gn” a small system

that play s Blackjack with i t s e l f . T his was inspired by a DDI. design

found in (00L751. but is somewhat more complex and complete. The ADLIS

system consists of one or more dealers and one or more players. Ne ts

sha l l  be used to represen t the f l o w  of cards f rom the dealers to t he

players . and to ~oordinaje their acti v itl~~s. to begin our desi gn

- . 
JI 
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process. we fir s t consider what data mus t  be transmitted (suit and rank )

and what control Inf ormat ion i5 needed (playe r is waitin g for card,

dealer Is waiting for pla y er. etc. ) We develop three t ypes of nets

(nett ~’p ’s) that de fine the structure of th. nets which carry

informet ion between componen ts . and associat e an Interpretat ion with

then. The de sign at this paint mi g ht be encoded as shown in f i gure 2.

The n ett y pes shown fall into two categories: structured nettypes , such

as “card bus” and simp le ones such as “display _ li ght s” and

“control lin e ”. Structured nettypes ire most useful whe n several pieces

c f i”form .t ion •r. logically affiliated ~ut need t o  be updated and

exam ined independently.

PROGRAM cardgese;
Tv Pt
s, it _ type (ctubs,hearts,diamonds, spades);
rank t~,pe = (ace .tw o ,thr e e.f ou r , five, six ,,eve n ,

eTght .n Inc. t en. nd’  . quasi’ ii ing )
NET Tv Pt
cCrd _ s RECORD

,u t  suit _ t ype;
ranl rank _ t ypo ;
END;

d isc~ r,’_ li ght s (hit.stond,broke);
- - ‘ -‘ ‘rol _ l ine (card _ rdv.c.ird_acc.pted);

CO~ P T Y P( dea ler. (‘ dad s out car d s ’)

(0 not y v t  designed ’)
ENt’ ;

‘r~~r I- ” r~ ola ~ e’- ; (‘accep t s cards , stands or goes broke a)
PE’ !N
( C  .

~~~~ 
,,,~~% designed’ )

END ;
BEGIN
END.

Fig -a 2 - Outli ne of Blackjack System

T h e  code in fi gure 2 specifies three nettypes but no control

protocol. We dec i de to use one control line botw.en each player and the

dea ler tha t serves i t,  and to  alternat , the va lue of  t h is  net between

“card _ rd~’” and “card _ accepted ” . The syncheon zailen mechanism can then

be .‘press.d t’~. th, code fra~v -ent s shown in f i ure 3. The first wait for

state -a n t shown causes the play er to wait until the card is ready , and

-a
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t he second causes the dealer to wait un t i l  the player has dec i ded what

- 
to do.

( C  pla yer , code C)

- W A ITFO R cnt r )  cardrdy CHECK cnt rl ;
( I  accept carde)
ASSIGN card_.ccepted TO cntrl;
( I  process card, go broke, hit or stand0)

( C  dealer ’s cede 5)
(I generate ne*t card C)
0 ass i gn neie tcard to cardbus C)

ASSIGN cerd_rdy TO;
WA ITFOR cr i t rt  ca rdaccep ted CHECK cntrl;

Figu re 3 Cod, fragment s for Coordination

W , are now ready to specif y the algorithes used by the play.rs and

dealers. For the purpose of thi, discussion , th. player just accepts
- ca rds u n t i l  it reaches its l i m i t ,  treatin g aces as I or I I  points as

needed. The AOL lB code for the player Is shown in figure 4, and will be
- 

referred to  later .

I.

_ _ _ _ _ _ _ _ _ _ _
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COMPTYPE player ;

( ‘  declir e the “te rmin als ” of this component’)
INWARD
card : card_ bus ;
OUTWARD
li ght s  display_ li ghts;
EXT ER P4A~
cntr l i control _ line;

(‘declare the storage needed by this component’)
VAR
score : 0. .27;
holding_ace i bo olean ;
BEGIN
WHILE t rue DO BEGIN
holdi ng _ ace a false:
score : 5 ;
REPEAT

REPEAT
ASSIGN hit TO lights ;
ASSIGN card_accepted TO cntr l ;
WA IT FO P cntrl:c.rd rdy CHECK entr l ;
IF card. rank < ~ac~ THEN score :

score • ord (card,rank ) • I
(‘ord returns an integer in 0.. 3*)
ELSE score score • 15 ;

IF (card. rark :ace ) AN D
(NOT holding ace )

THEN ~EGINscore i~~ score • 10;
ho ldl ng_ ncs :t rue END;

UNTIL score > up,er_ l i m i t ;
IF (score ~ 21 ) AN D hold ing ace THEN BEGIN

score score — t O ;
holding ace - : f a ls e  END;

UNTIL score )~~ upper l i m i t ;
IF score (: 21 THEM ASSIC,q stand TO li ght s

ELSE ASS IGN broke TO lights;
END;
END;

Fi~j r e 4: Definition of Comptype “P la yer”

In order to see i f comptype “player” works properly, it is

necessary to develop a dealer ” comptyps to drive it. There are several

possi ble wa,s to do t his , just as there are several ways to test a new

p iece of hardware. In ADLIB. it is easy to write a comptype that talks

w i t h  f lue terminal  fo r  i n t e r a c t i v e  tes t ing .  Another possib ility is t o

is,, a pseudo-ran dom number generator tha t w i l l  choose cards from an

i n f i n ite deck . * package of such generator routines called RNDPAK is

available to  ADL IB user s. Fina lly , the des i gner can write a comptyp e

that re ads the test da ta  f rom a fi le. Each of these approaches have

‘-I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



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

~~~
- 

-

I

BASICS OF ADL IB Page I -IS
DESIGNING A ll A DL IB PROGRAM

the i r  own r ie r it s  at d i f f e r e n t  phases in t ie des i gn process. Normally ,

interac t ye tast ing would be used for i n i t i a l  debugg ing, large numbers

of random un~ uts for extenglve testing. and prerocorded, specially

selected vatu e~ ‘or production .

Having specified the behavior of comptype ‘player ” end “deale r”, we

‘ are free to us. as many of each as we wish in our des i gn. Tha structure

of one possible cardgame is shown in f i gure 5.

cm~o
PLOVER

t.ZGII’S —

C~~’RI.

_________ - DEOLYCARD JOE
DEALER

_________________ LIGMIS

L__._ -C$TPLl

CA D  —4— J r - CNTQL2

Pt OVER
LI ~WT5

c~i ret.

F~G t E  S I ST~~j~T~~~ OF A SIMPLE C~~DC*flI

— .—_.. ---—- ---- - -
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CHAPTER 2

TYPES, NETTYPES AND TYPE CHECKING

2.1 WiIAT DOES “STRONGLY TYPED” MEAN?

L ike its base language PASCAL, ADLIB is said to be a “stro ngly

typed” language lOE I78l . This means that each piece of data, each

function and all parameters must each be declared with exactly one t ype.
Whenever a varia bl , or net is used , it~ use must be t ype compatib le w i t h

it s declaration . In • well-written program . the t ype of a var i able
de fin ss the narrowest p oss ible range of values that it may attain .

While beginning programmer, may think tha t type checking is an arbitrary

— restricti on on their programming style, more exper i enced designers can

usually put i t  to very good use. Typing is .ssent tally a way for the

desi gner to exp re ss his or her intentions about the way i n  which a piece

of data should be used. The compiler can then au t oma tically detect when

t hose intentions are violated , which usually impli es an error In

languages that are not typeful, it is often easy to treat character

strings as real ,, or in t egers  as pointers. Even when this Is don.

intenti onal ly , it is very diffi c u l t  to read , understand and maintain the

resulting program . And when it is done unintention ally , chaos can

result. For a discussion of PASCAL typ ing and program reliab i lity the

reader is referred to IW N7S I .

2.2 TYPE CHECKING OF NETS
4

Tb. primary type checking mechan i sm in *0t h is the use of net types

for de’inlng the intended interconnec t ion mechanis. bet ween components.

- I i
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In SABLE , the nets t hat connec t components must be declared with

ident i cal net t ypes at each end. I f  t h i s  is  not so, an arror message i~~

p rin ted~ . T h i ,  n ettype checking i s considerably more thorough than

c~’ec~-, found in ,i’ost register transfer language ’s (RTL’ s), where it is

only necessary tha t the number of bit s must match. To il lustrate thi s

d i ffer enc e , consider a component t ha t produces two BCD (binary coded

dec i mal) digits en’4 another t h a t accepts eight bits of binary data.

Most RTL ’ s would allow t hem to be directly connected, since 8 b it s 8

bitt. Even simulation m i ght not detect this error i t  the  test set did

not hiu~’j ’~~n t~ include any values greater than 9. But the *0115 - S A BL E

env i r o n m ent would detect the m ismatch , since “lCD” is not t ype

comp atibl, with “bi nary”. Furt her e~ auipl es of type check, w i l l  be given

later in this section.

Bu t types should not be viewed )u st as a re strictio n . Compared

w ith other langua ges , *01.15 ( l i k e  PASCAL) offer s a wealth o f  useful new

‘~~res to choose Prom . The next section illustrates a f.w of  t h i, ways

tha t a designer can tak e advantage of t hem to educe errors iirid improve

r oi -i .ab i I ity.

2 .3  ( ‘A T A  T Y P E S  A V A I L A B L E  IN A P t  IS

‘ocause *01.18 ii a ,irarset of PASCAL. i t Inh er i t s  ~ll ~ the

PA SCAL t ype Construction mec han i sms. For the benefit of readers not

f .i ” i l i ,r w i t h  PASCAL, these er, li sted here:

‘Unloss a special TRANSLATOR has been provided . TRANSLATORS provide the
ab i l i t y  •o do multi-level sispulef Ion at the expanse of some
•vpe- check ’- o se uri ty and some loss of data pre cision . For a
d scu,s’on pf the i r  use see (H0D7911.

I 
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2 .3. 1 loolea n

Boo lean variables can attain th. values true or false . (Similar to

FORTR A N ’s LOGICAL.) For example If “st robe” were declared to be of t ype

boolean we could write:

strobe :: data rdy AND (bu s_clock = 3)

2.3.2 Integer

I.e. -IS, or 1024.

2.3.3 Real

I c.  3.14159 or 6.023,24

2.3.4 Enumerated Types

These allow a user to enumerate ( l i s t  oat ) a l l  the po ssible values

of a piece of data. For example:

log i c _ level (low , hi gh, unknown , hi gh_ impedance)

We have already seen several examples of enumerated types in the

cardgiii’ie program . Enumerated t ypes are also useful for describing the

instru ct ion sets of machips,,, •uch as the INTEL 8058 11 73lt

TYPE
instr~ tf_kind (lrr , Ira, 1.r,lrl,).i,

inr,dcr,~~dr,a~$,,,, (a etc a) );

In ADL IB . one can use a CASE statement to describe the executi on of

a machine in struct ion in a format very similar to ISP IBCG7II . For
exampl, :
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F UNCT ION decode * Instruct _kind ;
C ’  code omitted for brevity~~)

BEGI N (‘main body of program’)
CASE decode OF

Ire i C ’ load req to reg’)
BEGIN ( ‘  code omitted ‘) END;

rst : ( I  return from subroutin e ’)
SEGIN (‘ code omitted’) END;

(‘e te ’)
END;

2.3.5 Subranges

These spec ’,- tha t only part of a range of values is acce p table ,

for exanp ie-

reg iste r nu.ber S.,?

sp ecif ies not only t hat var i ables of type r eg i s t a r _ nuiiibsr are int egers.

but a l s o  that fh~~ must l i e  be tween 0 and 7 ( i n c l u s i v e) .  A s s igning a

value to a subranqo variable t h t  is outside its range i s au tc’—i t ca lly

detec t ed For example. in the *0(10 b lack~ eck machine the var i able

‘scor e was r~c - l a r a d  t o  range o c r  the values 0 to 27. the high value

b e ’- i epual t o  IA (the ) ‘ iQ~..st poss ible score before standing) • II

(value of an ace). By contrast, the DOt version merely declared the

~~~~ 
a t o  be a fiv e bit register . The AO L IS approach has two advantages .

it a l l ows  the designer to  defer any decis ion on the

r e n r p s e n ’ r t  ion 0~ data i s  f h ~~ ear l y stages of design . Second, end more

impo rt ant i , . ‘I encodes m o e  information: e.g. the fact t hat the  score

~~~~ never exceed 2 7 . Although this is not too cr iti cal here, it i, easy

to  visu a lize appl ication s where the range of data tha t a registe r holds.

it  known , can be used to improve the design . For example, n ine A Pt  IS
black la d , scores could safely be added in an I-b it elsa , since we Icnow

the to tal cannot exceed 243. On a more practical level, i t  m ight be
useful t O knew not only that me cory addresses in a DEC II are II b i ts 

-- -- -~~~-—~~~~~~ 
- -
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long, but als o tha t they range Pro. IA to 262144. (sinc, the first IA

addresses r~~f~~r to reg st.ri).

2 .3 .6 Arrays

ARRAY is s i e i lar to DIMENSION in FORTRAN. For example:

memory 2 AUAYIO ..10231 Or intege r

2,3 . 7 Recor ds

Records are useful for grouping related data, as for example:

complex RECORD
reel _pa rt, im.e~pert t

P5pst reg i ster trans f e r languages, in cluding DDL • prov i de mechan i sms
for m aking several names equivalent reference, to the same pi ece of

data . The usual e~ ampI e o 11 t h i s  i~~ an instru ct ion register , where one

~ f the b its is given ii mnemonic name such as “I” (for Indirect ) in

addition to bein g l~~l 0l. Th is can mak e parts of a program more

cedable. but can also l ead to confusion when a mnemonic is referenced

for the first t im e several pages away from I t s dec l ara tio n . Its.

strategy adopted %,
~ &DL~~$ i i  to use “var i ant” records fpr this purpose.

A var ian t record is essential ly a single dat , area t hat may have several

differen t data structure “templa te ,” applied to  i t .  At  an example ~ f

th i s. consider tts four ways t hat one can look at an HP 2116

instruction, as discussed in th. machine manual IMPS . In ADLIB, these

a l t e r n a t i v e  view s wi,uld be encoded as :

/

~~~~~~~~~ ~~~~~~~~~~~~~ -~~~~~~ - -~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~ - -—--- ~ -- -~~~~~~~~~~
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T Y P E

Inst r _vari.n t = (whole..eaory_ ref .reg ister _ref. t _o);
VA R
ir : RECORD CASE in str var i ant OF

who l e : (ARRAY IL .IS I OF b it)
e’,..~~ry r ef * C indirect : b i t

.iem _ in, tr i A RRA Y~ 0. A l OF b it~zer o * h i t ;
me.,i_ adcf r I ARIA YIS ..9J OF bit);

re q_ ref (gro up * A R RAY CO . - 3 1 OF b i t
mi cro : AR RAY II ..I Il OF b i t ) ;

i o  : ( io _qroup i AR RAY IO . .31 OF t i t
ic i nstr i A IRAYII -SI OP b i t ;
select : A R RAY IS . .~~l OF bit ;

Th u record inform s the reader (and the compile ) tha t the

i n stru ct i on re gi s ter ii- ’ may be vsewed in tour different ways, but it

s t i l l  in fact lust one register IA bits long. (Note th,t the total

number of b i t s in each var ian t is IA. ) A ccess to ir cam then be

performed us ’”~~ he mnemonic fields, as for example

ir .wt-.ole :

or

IF ir , indire c t I THEN cycle fetch ;

M - -
~.. the fi elds are cl ’-s o y a ssoc iated w i t h  the reg ister. and the r eader

i~~ (hopefully) less likely to misinterpr et t ham

~.3.$ Sets

A SET is an area of storage that i.n- 1 contain from 0 t o  a l l  of its

members i e .. ~~~~~~~~~~~~~ !,xtuall~’ . set s arc delimited by “I” and 9”.

•n~! •ac , l f i e t  are provided for set intersection ~AND), union (OR).

d iff e r e n ce ( - )  membership (IN), equal i ty C ’” ) . sizs co— g ’a r i so n  (“ <“ and

“ ). Since set s are norma lly packed int o m•chin, words . these

t~r .rat ions usual ly run very nui ck ly. Sets are conven l•nt for grouping

— relat ed s~,i~’hols , both visual l~ for the reader and logically for

s i m .,la t ,cr ’ . For ex amp le , in the 8008 we can expross certai n facts in

ma chin e readable form that a re  n ormally only shown on the data sheats.
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such as:

ndex_ instructsi llrr,Ir .,l_r ,% ri ,I.i ,inr,dcrl ;
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

As  an ex ampLe of t h e  use of set operato rs, cons ider the cod. that

describe, the timi ng of part of the execu tion cycle. It might contain :

IF instruct ion IN one cycle alu THEN
WAITFOR SYNC PHASE T;

2.3.1 F i l e s

the *0%. IS user may dsc l arø various t ypes of F ILEs to match the data
to  be stored in t h... Storing and retrieving that data  can then be
accomplished very efficiently. For •xample. it i s easy to describe a

core ima ge as

core _ ima ge : FILE OF integer ;

For convamience, special t aci lt ie , are provided for reading and writing

f i l e s  of text.

2.3.10 Pointers

PASCAL. (and therefore *0111) provides two independent areas for

st oring dot.. the ordinary stack and a heap. The heap is accessed only

v ia spec ial point er vari ables, which may irs turn point to other

pointers, etc. Thi s makes it conven i ent and efficien t to develop

complex data stru ctures. Pointers are denoted by the up arrow *S1h For

exacpl e. the data structures for d.scribirsg a virtual memory system

mi ght l ook like: 

---
~~ 

-
~~ 
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TYPE
page * A*RAY(0. .311~ OP integer ;

pags_ pir ‘page ; ( 0  sif ~m mean , “poi nter A.”’)

paq..t.ble ‘ ARRAY IS. .2551 OP RECORD

log i cal _ address : 5. .A42S3~
s iri core : boolean ;

nemory_ ref page_pt r;

END ;

New ele m ents are added to the heap by means of  the “new” procedure.

Using th i s , part of th. code to describe me.ory management m ight be

wr i t t en:

VAR p t pagemap ;

IF NOT pm% hi gb_b iti l . is _ m o o re THEN new(p..me.ory_ ref);

This wou ld  a llocate a new page oP ~s.ory from the heap if the

4,_ ncora” flag of page_ map “p— ’ were false.

Whereas the above types are part of both PASCAL and ADLIB , the

— follow ing two era available only in  ADL II.

2.3.11 Bit

This is a pred ,c l ar.d subrange .f inte ger . It may range ever the

values S t .
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2.3.12 Register

Th is is a pred.clared type that ii useful for RTL doscript ion..

Ptany speci al routines are prov i ded for manipulating variables of type

reg ister. such as exclu sive or. rotate. etc. Ar itha. tic may be

performed on registers in one s comp l ement, two’s comp lement , sign

•agnitud.. and unsigned formats.

2.~~.I3 A nother Example: RSZS2 Inter face

One can combine enumerated t ypes w ith records to create a very

strong. sp.cif tq definition of an interface . For ema.ple, consider the

*5232 connection standard. fi st RTL ’, would merely spicify i t  as a 2S
bit connect ion, which could be writ ten tn ADL IB as:

R5232 = ARR AY II. .251 OF bit:

However , this would not make best use of the f a c i l i t i e s  ava ilable. In

ADLZP. it would be better to w r i t e :

TYPE
wideran ge (neg 12V .pos_ IZV);
grounded C ieroT ;
NET I Yet
*S232 RECORD

fg grounded ; (‘frame ground*)
td : widerange; (‘transmit data’)
rd : widerang e ; (‘rece ived data ’)
its widerange i (* request to sends)
C~ etc. ’)
END;

If the not tty t _ l ne” were dec l ared to be of nettyp. 15232, then the

compi ler would accept

ASSIGN rseg_ 12V TO tty l_ iine.td ;

but would flag at an •reeri

- I ASSIG N S TO t t y t_ line .ierpiinal _rdy ;

F -
—.--- - -
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because of type incompatibility. 

--~~~~~ - -~~-, -



T T ~~~~ ~~~~~~~~~~~~~~~~~ 
— -

~~~

—--- -

~

- - ----

~~~~

CHAPTER 3

A CONTOUR MODEL FOR ADL IB

— The chapter is Intended to be an inform al but unamb i guous

def in i tion of the behavior of system s specified In A DLIB and Sot . and

simu lated under SABLE. Th, defi n i t i o n  consists of thre, parts : a

stat ic contour mode l or ADL IB programs, a dynamic contour model for

their execut ion under SABLE. and a simulat i on structure that define, the

the var i ous *0115 pr imitives. For readers unfamiliar with contour

model,, an introductory tut orial is available in 1J 1J7 1 1. Also of

in terest is SI~~UL.. fsg n  IBGII’3l which is tuned to SIMULAAT , and OREGANO

130 71 1. 4ci .~ev•r , the basic princip les of contour model s are fa i rl y

s i—o l e , and this description wi l l  avoid the more compLex issues.

3. I CONTo~~R “ODELS

A contour model uses rectangl es to represent scopes of program

‘dent i fier , as defined by the user . A stat i c contour model represents

the way in which these scope, are nested in the source program. e.g.

procedures withi n  procedures, global ari d l ocal variables etc. Such a

drawing cam be used to answer quest i ons about i denitfi er v i s i b i l i t y .

nami ng con 4 l ,c t s .  and data hi ding. The set of i d e n t ifiers v i s i b l e  at

any point in the —ccfe t Is determ ined by examin ing  eac h enclosing contour

in turn. Ident i fier s inside of non-nested contours can be accessed only
t hrough “access po inters ” (an ’s) tha t l ink one scope with another.

Atc,s, pointers are used extens ive ly in SIMIJL* $7 to perform a “remote

1~
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access. ” which is where one process re.sches into another and may

directly alter internal attributes of it. This facility is not

av ailable to the *0113 user directly because it invites hard-to-detect

si de effects and bad code structurin g.

3.2 STRUCTURE OF AN ADL IB PROGRAM

The st a t i c contour mode l for an *0111 program is illustrat ed in

figure I .

3.2.1 Global Ident i fiers

The model shown in figure I is not much different from the contour

mode l of a PASCAL program . In Abs upper left hand corner of each

rec t angle appear the user defined l abels , constants, end t ypes and also

the use r declared var i able s *. In additio n, more rectangles may appear

within a rectangle representing nested scopes.

I
‘ In the out ermost contour is  the predac l arod variable “tim e ” wh i ch

rep resen ts the simu lation time . User assi gnment to this var iable is

i llegal arid is detected at during comp ilation . Contour 2 in fi gure 1 is
the global level for th, user . In it are found the user ’s globa l

l abels , constants , types , net typ.s clock s , variables , rou tin es ” and

co’otypes. The meanings of l abel s , constant and t ype definitions. are

unchanged from PA SC AL . There is also an a lgorit ha associated with th i s

•X n  t h is  report, i t e m s t hat do not consume storage at runt ,me are said
t o  be “defined” , and items that do are said t o  be “d.cl.red”. In
~iirt i cul ar , ite m s t hat are defined do n,t appear inside of contours in
the d~~ii~~ i ic ‘~ ‘c~v l s.‘“Th roughout th is paper, the word “routine” is taken to mean procedure
or f uncj ic r i .
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contour that could be called the “main body” of the program which can be

used for initia liz ation of the global var iebt.,. rs~.tt:ng 1~~)e~ and

such. This main body may not contain any *0t h c~ ”tr cl ;;: m i t  yes such

as detach or wa itfor. and may not access any component or net. During

the execut ion of the programs’s main body , tim e and all clocks are

i dentically :oro. This code block nov call global routines that call

furthe r routine s recurs ivel y, just like the main body of en ordinary

PAS C AL program.

Tb . ~nc lus ion of globa l var i ables into AO L IS is a concession to

pra ctic a lity and user convenience !d.ally, a desi gn should not have

any . sinc e t hey mi ght represent intar- component connections t ha t have

no physical correspondence. No :4ever , there are also many applications

~or globa l variables that do not vi ol a te the intended structure of

SABLE. For example, data collection and interpretation can be

sii. .ptifi,d i f each component calls a routine tha t accepts intermediate

result , and sti~ir.s them nw~y in a global area f o r  Later analysis. On

t i e  ot her i’~i~’d, globe) var i ables should not be used for intercomponent

communicnt ion . Tb,~ is what nets are intended for. just as parameters

are in tende d for comm unicating with routin .~ . It may be possible to

detec t tuch clrr- c~ast no component intera ction during comp ilat ion and

prohibit i t ,  just as there have b•en propo sals to ensure that routines

no ‘ ii~ f~ effect,. However , such mechani sms can generally b.

defeated and are invar i ably unpopular with prograamers. The decision of

hew t o  use global v a riables i , th .r.fore left t o  the uswr.

3.2.~ Nets And Nett ypes

‘~o t t i - r i . def i ni t i o n s  are simil iar t o  type de finition s , except that

t hey infr ’rm the compiler t hist it must be prepared to h*ndle nets of this

type. Nets are a cnncept that is uniqu e to ADLIS . simi ll ar to but not

the same as ordinary program variables. Nets are allocated in a

-m 
-~~~~ -~~~~~~~~~~~~~~~~~
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diffarent way from var i ables. and are interconnacted with other

components and with the simulation support system . Th. various nettypes

thus define the ways tha t the components are able to interact. The

Importan ce of this for error detection and verification I, discussed in

IHDD7S-I l. During simulation , the support system generates new dat a

i tems of the various nettypes, compares t heiu, does assignments to t hem ,

end dynamically regener ates the storage alloted to t hem . N etty p es (as

opposed t o  ordinary types ) must be used whenever nets are declared

inside comptypes or are used as parametmrs to routines. Function, may

not r*turn nets. and nets may not app,.. on the left side of assignm•nt

(“ - : )  statements. To update a net , the ASSIGN statement and the

TRANS M iT subprocess faci lities are provided. (This is somewhat like

SIMULA 67. where updating a pointer requires a special syntax.) Any

expression assi gned to or compared w i t h  a net must be type compatible

w i t h  the nett y pe of the net . Within a comsptype , two types or nottypes

are compatibl, if they are subranges of the same base t ype ”51 .

Whenever a net appears where an expression is called for, the

current value of the net is used, in the same way that a program

var i able normally refects its value . When a net is used as the sub ject

of ~n assign or transmit state m ent , I t s referen ce value i s  used. When a

net i s de cla red as a yj,~ parameter to a routine (i.e. the keyword var

is used •rs the parameter declaration ), the routine may assian to it. If

the ne t i~ not marked as ~~~~~~~~ t hen the routine may access. but not

update the value of the net.

•~~ U Th i s ii not true in connections between components, because SABLE
consider, each nettype to be incompatible with all the other net types.

r
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3.2.3 Clocks

Followin g the nettype definitions, an *0113 program may contain one

or more clock def in itions . These create funct i ons tha t map the

simuZat ion t ime to an unsigned int.q.r . Their syntax m~~:

CLOCK (clockniame) ( (period) , (nump hases> ) I DEFAULT)

Syirb olically . the function is :

(clkname>

(tlme/C<period>/ numphes,s>) ) MOD <numpheses)

A clo ck f unction may be invok,d anywhere that a var i able integer

e *r r essio n is allowe d . Clock s may also be used In timing clauses, wh ich

are c ,lained in the next section.

32. 4 Timi n g Clauses

T i r s irig clauses may be used in assign , transmit and weitfor

,tat.ment~ throughout an *DLI3 program. * tim ing clause yields a time

value at each evaluat ion . 1 h i ~~ time value i5 used in v ariou s ways as

described later . There are two form, of tim in g clause: sync and del ay .

3.2.4.1 SY”C

The syntax for a sync timing clause iii

SYNC I <clock name) IPHASE (integer phase numbe r>l)

If (clock niame~ is omitted the clock marked “default ” i, used . It phase
i~~ omitted, phase 0 is assumed . The value returned by thu, sync timing

clause is the neic t t im e when the specified clock will go through the

—

~
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specif ied phase. Symbolically , this can be written as:

SYNC <clock name) ~HASE <i nteger phase number>

mm c (t’ : real I ( A ’  ) time ) AND
<clecknaiuie> (t’) (integer phase number>)

3.2.4.2 DELAY

The other tim i ng expression u ,ad i n  ADLI B is the delay clause which

has the syntax :

DELAY (real delay t ime)

This evaluates as:

t ime 4 (real delay time>

3.2.5 Routines

Global rout ines are represented as in PASCAl . and may include more

routines nest ed w i t h i n  t hemselv es. These routines may be freely called

from inside any cosiptype, •nd may conta in assign statements to  net

parameters. Nøw~ v~ r , rout ines may not contain waitfor or detach

state ment ,. This restriction allows an enormous ,m p li ficat ion and

acc .leratip~~of the 
- runt me support ,  because it sharply reduces the i ced

T for dynamic storage reclamation (“garbage collection ”) found in some

simulation languages, (for exa m ple SIMULA 67). Since *0113 provides

n!her f a c i l i t  es such as subproc.sses and better inter p ro ce ,s

co”—unlcet ion . it i~ hoped this restriction will not be overly

constraining.

3.2.6 Compt’,p o Definitions

F o l l ~’ ,c i r.~i the globa l rout ine def init ion section i~ the “raison

d etre ” for the whole *0113 ~~~~~~~~~ t he component ty pe dot i n i t i c - ’ n s

(co mptypes). Tiesi are the only part of an A DLIS program visib le to

SABLE. Compt ypes are sim il iar to rout i ne definitions in that they

r 
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d efine a l gor i t lei s for data man i pulat i on l’s fact, some functional

simuL.t i on systems such as BUILD 11771) use ord inary rout i ne d e f i n i t i o n s

to describe the behavior of coaporment,. However, it was felt that this

was too inconvienen t for the user, and in many cases , the result ing
routine was not easily readable. Therefore, *0111 provide, several

,pecia~ features for defining comptypes . The structure of a cemptype

d e f i n i t i o n  is outlined in fi gure 3, and it include, parameters.

defaults. net declarations, lab els , constants , types , var i able ,.

routine,, subp roce ,ses and the “ma in body” of the coaptype..

3.2 6.1 The Head ing O f A Coapt ype

-‘ 
A corptype s parameters are s i m i l a r  to  those of a routine, except

•ha t th~y may be set onl y in the structure definition language. For

example. ccrs~~~ ps “nandgate mi ght have a parameter “ri ,et me”. T h i s

i4OuId enable m n - i.,- in stances of the niandgate to be allocated by SABLE.

~~
i fP, each one pot entially having a different ri set ime. This is simpler

and -.-ro e ff icien t t han requiring sep arate mode ls for eacim. The d ef a ult

t.-mion . which fo l i r i i  immediately after the parameter l i s t ,  may be used

to spec ’ 4 default values for any or all of the parameters. The

rare.’.e!.rs l i sted in  the default section do not have to be in the same

order as in the parameter l i s t .  A l l parameters to co.iotypes are

considered c~,iIl by value , and po inter , f i le. and structured dat. t ypes

are proh ib ited .

3.2.6 2 Net Declara tions In A Comptype

Following th, p arameter defau lt sect i on is the declaration of the

nets used by the comptype . Yhese act as the interface between the

conponent and i fs environment . Nets must be marked as one of the

• follo w ’nq : INWAR D (rece ive data only), OUTWARD (transmit data only ),

_ _ _  
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EXTERNAL (both raceiv. and transmit) or INTERNAL (receive and transmit

but only w ithin the component). It is illega l to assi gn or t ransmit to

an i nward net , or to access the velue of am outward not . In addition it

~ il legal to sen si t :e an outward net , or to place an outward net in a

check l i s t .  The intention here is to ensure tha t informat i on never

flows from a net marked outward or to a not m.rk•d inward. If both

fermi pf access are needed t im. net should be marked external.

3.2.6.3 Internal Net s

I N T E R N A L  neti møy be examined and man i pulated by a component ‘ust

l i k e  external ones. Hewever , inter nal net s are part of the behavior

specification only . and do not appear in any structural description

~h0-. are u seful to help specif y the behav i or of a component with

i n e r t i a l  de l ay, or othe r interna l timing character istics. For example.

consider a combinat i onal c ircui t that imp l ements the function ~(a’b)Gc”

by means of  a 2 - ” r u t  AND gate and a 2- input OR gate. If the exact

‘ :--.t t o  output t i m i ng  r e l a tiO n  were important, an internal ret m ight be

used to help code th i s circuit’ s behavior . In ADL IB . this could be done

a, in Figure 4.

C O ’ lr f ’ E  combin~

a.b .c boolnet ;
- 

- OUTUARD
d : boolne t~IPITERMAL
x I boolnet ;

SU V R DC E $5
•ndgci, *I4S”~~T (a AND b) 10 x ~t1*Y 13.S~orgate T°~~4~~ - t T  Cx OR c) TO d DELAY 14 .1;

oermi t C andgat ci
p e rm iU orga te ;
END;

Fi gure 4
Combinationel Logi ct D~ (Aa3)4C

- -.-. -
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The intern al net x represents the intermediate value (a0b). The

t ransmit subprocess “andgate” causes the va lue of a°b t o  be t ransfered

to net x with a de l ay of IS t i.a units. The expression “a AND b” is

reevaluated whenever net a or not b is updated. and if a new result is

obtained a net update takes place. The “orgate” subproce ss operates

.synchrono~,sl , so tha t whenever x or c is updated, an assignment is made

to net d. The ove rall i-~~~ult 5 that a change in ne t s  a or b is

reflected at net d after 29 %l ~~a units , while a change in net c is

r e f l e c t e d  after only IA t i — a  un its.

Labels. constant~ types, var i ables •nd routines in comptypes are

unchanged f r o m  PASCAL , and again the.. routines may be nested

arb itrarily. Following the norma l scoping rules, routines have acce ss

t o  all IPe irf ent i f i ~~rs inside the comptype , and to all these defined at

the global level 
-

3. ~. 4 Suborocesses

The ne. t part of a cemptypa defin ition is the subprocess

declaration section . Subproces,es are like “ li t t l e  components” that run

sJ~ onomously fro ’ f e  ma i n  component body , but under its control. They

~~~~~ be used , for example, to de scr ib e the direct memory access

cpw r rie!, in an I31 370. Th eir purpose is to simplif y the code ii- the

sin ‘~ody of the comptype by taking care  o f  secondary function,-

Pe caus e lb s suborocesse s are i4atchin ; for i n te r rup ts  and other low level

a c t i v i t i e s ,  t b Q t~~e “ a m  body of a compt ype can concentrate on the high

level s irerv isory tasks ~~~f the component , resulting i n  a less cluttered

arid eas er to  read p iece of code. Subprocesses are less powerful than

‘‘“ body o~ t h~ comptype for two reasonsi t hey execute a fixed

algo r ithe to complet ion each t ime they are activated. and the c r it e r io n

‘or their activat i on is fixed at compi le t ime, unlike the main body of

ft’• corsptvpe which may be stimulated in  differen t ways •t different

- —---~- ~~~~ --
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po int s n its execution. Subprocesses may be controlled by the

pred efined procedures

inhib it ( <subprocess name)

and

permit t <subprocess name>)

The former disables a suborocess from running . and t i’. latter enables it

t o  run . These procedur, calls may appear anywhere inside a comptype

defin i t i o n , end do not need to textually follow the subprocass named i~
t hem .

3.2.6.$ The Main Body Of A Cou’pt ,’pe

The mai n body of the compt~~pe de scribes the fundamental activities

r~ that t yp, of cr’-rr.,.unt . In addition to ass ign i ng new values to nets.

and permitting and inhi biting ~uhproce,,as, the main body may a l so  p l ace
i %s~~% f i n 4 o a wØil siCtO, where it stay s unt il some stimulus i~~ received

or some condition is met .

A complete and unamb i guous d e f i n i t i o n  of these and all A DL IB

p r i m i t i v e  in  terms of denotet tonal semantics wi l l  be availab l, in

t Nt~t ’ ’9- 2I

r
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CHAPTER 4

*0111 SYNTAX

Thi s summary of *0111 syntax is derived f r o m  the appendices of the

PASC A L User ’s Manual and Report 1Jk72) with the additional *0115

constru cts inc l uded where necessa ry .

A l LOW LEVEL SYN T A X

The basic format uf 
- 

*0115 programs is pat t erned close ly •ftsr

PASCA L . Ho~iever a few point s of clarification and difference exist.

I . Identi fiers may include the underscore “ ,
“ , and the use of upper or

l ower case characters is in significant .

2. Tn order to shorten the code. reduce programmer effort, and

e l i m i n ate transcri ption errors, a user may inc lud e ” fi les into his

or her A DL IS se rce The syntax is (starting in column I),

Si n cl ud e filenam e

“F il en a m e ” must be a valid, unamb i guous f ile name . It syntax m y

depend on the operating system employed .

3 Comments are delimit ed by “ ( I ”  and “‘)“ and cay be nested to any

depth . In additi *n , a second ~omm,nt ~pnvention is supported . Any

text be tween an ex clamation point . “‘“ , and the end of a source l in e

t s ignor~~$~ Ti~e excla m ation poin t is ignored inside a (0 0) p air ,

and the ,ymbols (S and U )  are ignored between an exclamation point

aid th e end of a line. The f ollow i ng is therefore syntat l eal l y

AL

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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correct i

(‘this comment is
garbage! notice exclamation is i gnored
her. ! I )

* :* but net here, so ( 0  is ineffective
17.2 (0 more comment’) ;! again Is effective

and ii syntacti cally eQuivalent to :

~ :: 17.2;

A . In order to pass t hough the parser, comptype names and net names

rust be valid ADLIS i dentifiers. But this can l ead to conflicts

sinc e desi gners usually prefer tO use names mean ing fu l to their

app ! cat ion. For example. on, could not define a comptype nam•d

“and” o r a net named “ I n ” because these conflict with reserved words .

To remedy th i s situation , *0111 allows a programmer to specif y a

second name for comptypes, nets and parameters to comptypes . This

nn— e is ip ec if led immed iate -,, after the va li d ADLIB name and is

enclosed by double quotes. SABLE w i l l  see only the name enclosed in

quotes. For example:

co.i~ t ype and~ ste “and” (propdeln .- “delay ” :
rea l);

inri et “ in ” * boc inet ;
(~~ d c ’)

~

-

~

- -

~ 

---p- -~~~~- - - - — ~~~~~~~~~~~~~~~ -



- ~~~~~~ - - -
~~~
—-

~ - - - - - 
~~~~~~~~~~~~~~~~~~~~~ ::~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~

“ .—,,-—-- 
~~~~~~~

*0111 SYNTAX Page 4—3
SUMMARY OF OPERATORS

A .? SUMMARY OF OPERATORS

An aster i sk indicates those that are in  ADLIB. but not PASCAL .

operator operat i on operand re sult

ASSIGN’ n,t assignment expression,net ,
timing clause

assignment any type
— 

except f i l e

ar i t heat ‘ci
•(unary) i dentity integer same as

or real operand
-(unary) sign inversion

• a d d i t i o n
- subtr.c t ion
• mu l t i plicat ion

integer Integer integer
div is ion
modulu s Integer

I real division integer real
or r eal

r elat lana I
: equality sca lar.st rlng , booleen
C) inequa lity set or pointer

less t han scaler or strin g
> greater t han

less or equal scaler or s t ring
-or-
set inclusion set
greater or scalar or string
equal -or-
set Inclusion set

in set member~ h4p scaler , and set
logieah

negat i on bpolean boolean
2.C disjunc tion

Conj unct ion

se t:
• un i on any set type T T
- set d iff e r ence
• int e rsection

___ - —‘U

- ---,~~~-—- -—- - - - - -—--~~~~~~- -~~~~~~--
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4.3 STANDARD IDENTIFIERS

The follow ing are the standard. prede finad i dent ifiers i n  ADLIB. A

user is free to  use redefine any of t he., and imp lementors are at

liberty to include additional prsdef%n.d constants, types, var i ables,

and routines wherever they mi ght be u seful. An aster i sk ind Icates those

that are in ADLIB , but not PASCAL.

I . Constants:

false . true, maxi n%

2. lypes:

bit ’. boo l ean . char . integer , real , reg ister 0. text

3. Files:

input. outpu t

A , Function s:

abs. arctan chr . cos. sot, •oln, exp . ln. odd, ord, pred .

round, sin , sqr, sqrt, succ, t ime0, trunc

5 Procedure,:

desens it ize~ . datach a , get . i nh ibit U , new , pack. page . permit 0 .

put, read . readln, reset . rewrite, sen sttis.U , stops 4a~ .

unpack, write. w rite ln

~

—--— -

~

- ---
—- 

~~~- - -—-~~~--~~~~
—---

~~~~~~~~~~~
- -- -— - - - —  

_ _ _ _ _ _



_______-- - 
—~~~~~~~~~~~~~ - - -~~~~~~~~~~ 

J--~~
- - :::--;;-- ~~-~~~~ - —~~~TL~U -

ADL IB SYNTAX Page 4—5
RESERVED WORDS

4.4 RESERVED WORDS

An aster i sk ind i cates those that are in *0111. but not PASCAL . A

pl us sign Ind i cates DECIS pa scal extension.

lat~el

p *ttvoa’
kI~ iL~£111

ot~iar,•
outt:ard~ac

oroce dure

~c~ niQ re~ or
iii. ~~~~~~set
t~ Ltr.n

a 1~~~Lii. 
_ _ _ _trans lstgr 0
jr.nsmitW

until
ii ~~2n
in y.~c

wait for e
int,rr~aIs _____

I



-~ - .TT~~~~. -_ - 
~~~~~~~~~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

__
—-.i.

ADL IS SYNTAX Page 4-6
SYNTAX CHARTS

4.5 SYNTAX CHARTS

These charts were automat ice) y drawn by a program called Syndla,

using a SP4F- like notation for input . Documentation on Syndia is

available in I CWE7~~-2l.

Field dent, net i dent, t ype dent . subprocess i dant . clock

dent, nettype ident, constant i dant , and var i abi. ident are all

syntact ica ll y equ i valent to ddflt . 

~ -- -----~~~~~~ --~~~-
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APPENDIX A

ROUTINE PACKAGES

A ma jor goal of A lLIS was that the language itself should remain

smal l but be easily ext ensible by the user or implementor. This Is done

by add ing new data types and nOw routines. Not e that this does not

imply any syntax changes or ewte n~~Ions , and does not require the user t o

— ~~
- learn about featur es not relevan t to his or her own area of work (I.e.

• user can not “trip over ” an extension that he or she was not aware

of .)

In part icular . ~wo fairly large packages of routines are available

to the ADLI S programmer : Rgpack . which prov i des bit man i pulat ion

facili ties not directly avail able in PASCAL or AlLIS; and Rndp•k , whl;-h

prov i des a set of random number generators with various distri but i ons.

If the implementor did not predec l are t hee,, t hen the user must declare

t he. in hi s or her source program in order to access them. The easiest

way to do this i f with an “include ” statement. i.e . :

Sinc lude rpaks.dc l

The f i l e  “rpak s dcl” is assumed t o  contain the routine headers of .11

t he procedures and function s listed be l ow . Note t hat a l t rgp ck

routines start with the letters “rg” end a l t rridpak routines start with

the letters “m d ” . This should help avoid naming conflicts. 
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A ,I RGPACK

This set of routines i~~~ intended to be used wi t h  PASCAL and AD LIB

programs for describ ing the bit man i pulat i on features of computers.

Thi s has the capability of performing many common hardware m a nipulations

not ord inar ily ava il ab l e i n higher level languages, such as exclusive

or . rotate. etc. They mak e use of the t ype “register ” arid “b it ” , both

of which are t i pe compa t i b l e  t o  “ in teger ” .

Register integer

b i t  Q • ,)

There is no difference bet we en reg ister values and integers for

posit ive values. Ne-~ it va va lues are stored in the ar ,propriata format

for the negativ e encoding selected. i .e. one or two ’s comp l ement, sign

mag nitud e. or unsigned. Re~~ sters are stored in one machine wo rd (l i ke

integers) and b i ts to the left of the most significan t bit are always 0.

The routin es are l i st ed below by class.

5. 1 _ I I n i tial i zation

I. ~‘~~~CENPE rgsatuo (l eastsig . moit sig . for.’.i’i t ntege r )~

R gsetup ‘ - j s t  be called p rior to calling any other rgpeck routine

(except the i/o routines), The f i r s t  two arguments specify th. b i t

numb.’- of the least aid most signific a nt bits. T he third argument

specif i es t he f c ’ r— i s t a ’ n e gat iv e numbers.

t w o ’s corplei-ent - 0

or e ’s comple me nt -

sig n ma gnitude 2

unsigne d - 3

For example, to discribe ~~ n HP2IM~ computer one would call

rgsetuo (0. S.O). Unfortunat ely , the curran t imp l ementation supports no 

—--5—— - —
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f 
mar. thsn 34 bits, since i t  uses ordinary DECSYSTEPI—IS PASCAL arithe. tic

operators, and must avoid machine interrupt s on addition ,

* 1 .2 Conve rsion

2. FUNCTION rgtoreg ( i t integ.r)i regi.teri

*gtorag accepts an integer and converts it to register format . An
— error message w i l t  be printed If I is out of range .

3. FUNCTION rgtoint (r : regiitor)i integer ;

Igto int convert, a register to integer format .

* 1 .3 Arit he e t i c

Th, following routines perfor, most of the co~~oon computer

a r i thom at i c operat i ons in the various formats specified in rgsatup . Two

of the routines, rgadd and rgsub also effect bits internal to rgpack

itse l f , so t hat the user can easily determ ine if th, last addition or

subtract ion caused en overflow or carry.

4. FUNCT ION rgadd (argl. arg2 : reg ister) reg ister;

Rgadd~ adds it two arguments and returns the res u l t , t runcated to

he nu’ t~a’- of b i ts in reg isters. It sets the overflow if the result is

toe b ig for th, number of bits, and the parry f l a g  if there was a carry

out of the hi ghest p osition . Note that such a carry does not
necessarily .~pl v t ha t the result was too  large for th. specified word

5 i 2e~

9. FUNCTION rgsubCergl. .rg2 i register ) , register ;

_ __  ‘S

- -.--

-I
- 
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Rgsub returns argi — arg2 and sets th. overflow and carry flags.

6. F U N C T I O N  rgovrtlew i bit ;

lgovrflow returns a one if the overflow flag is set , otherwise

zero .

7. FUNCTION rgcarry: bi t ;

lgcarry returns a one if th, carry flag is set, otherwise zero .

A .1.4 Shifts

8. FUNCTION rgshift (iource : regi ster ; amount : integer : reg ister;

Rgshift returns it s •rgum•nt shifted the spec if ied number of b i t

pos it ions. (Positive is t oward most si gnifican t b it.) Padding is with

zeros.

S. FUNCTION rgrot.te(source : register ; amount : integer ) *

reg ister ;

A grotat . returns its argument rotated th. specified number of bit

positi ons. (Pos iti v e is t oward most siqn ific~nt b i t . )

10. FUNCTION rgrotlong (,ource :regisf,rs amount :integ .r ; VAR

carry b it ):r .giitar;

Agrotlong is sim ili a r to rj~otate •xcept t hat an extra b it.

specifi ed by the user , 5 included in the rotation .

II. FUNCTION rgarshi ft (source : register ; amount t i nteger):

rd i ster ;

Rgiir~ hi ft r.turn~ its argument shifted the specified number of t

posit io ns . (Positiv , is t oward most significan t bit.) The arithm et ic

iign ef negative numbers i~~~ extended in right shifts.
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12. FUNCTION revtranslate (res integ er ) t I n t eger;

beg in if res (msbpos then re, 1 •sbpos — I else it res >

b .sewordmlnusl then res i~~ b.sewords i ze;

*. t . 3  S i t  Accessi ng

13 . FUNCTIO N rgbit(r :reg i.ter ; pos * integer ) * b i t ;

Rgbit returns the b i t  located at pos ition “po.”. relative to the

least and most si gnificant bits specified in setup. For example , i f

msbnum 16 and l sbnum = I t han rgb t(t.3) wi l l  return the third bit

fr*m the r i ght (lib) side , which is I. since 6 is represented as

00t~0000000000lIO in binary .

*4 . FUNCTION rgbits .t (r- reg isfer; P0, * integer; newval : bit )

reg i st er;

R gb i t set s th, bit located at position “pos”. relativ e to the least
and most sionif i cant bits specified in setup to “nowval” and returns the
result.

IS. FUNCT ION rg fiold (r :reg ister; left , right integer) : register ;

Rgfiel d rOturns the b i ts located between posit ion m lef tN and

“right ”, relativ e to the least and most significant bits specified in

set up . For examp le , if m,bnun *6 and lsbnum S I t han rg field (6.4 ,2)

wi l l  return 3 (OI l in binary.)

16. FUNCTION rgfldset (r:reg ist,r; le ft. rlght Integer; nawval

reg ister ):regi ,ter ;

RgfId~ et set , the b i ts located between and including positi on s

“left” end “r ight” , t o  “newval” , and returns the resu lts.

— ,-.,,- ~ --..- - _
~~•5
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$7 . FUNCTION rg fdrl(rg : register ) * integer ;

Rgfd rl finds the ri ghtmost I in a risgister . and returns it s b it

positi on i n  the coordinates used at setup time. If no one is found, the

bit number of the bit to the l.ft of the most signific ant bit is

returned.

*8. FUNCTION rg fcfr0 (rg * reg ister) : integer ;

Rgfdr0 finds the r i g I-xsost 0 i n  a register, and returns its bit

Pos it i on in the coordinates used at setup time. If no one is found, the

bit number of the bit to the left of the most significant bit is

ref urned -

I S . FUNCTION rg fdl l(rg reg iste r) integer ;

Rgfd ll I inds the leftmost I in a rsgister , and returns its bit

po~~i t .~ ’n in the coordinate, used at setup t ime . If no one is found, the

b i t nu.’- bar of the bit to the ri ght of th. le ast significant bit is

returned.

20. FUNCTIO N rg fdtO (rg : register ) : nteger;

Ag fd lO finds the le ft”c ,t 0 in a reg i s ter . and returns its bit

posi t ion in the coordin ates used at setup tim e . If no zero is found.

the bit number of the bit to the right of the least significant bi t is

returned .

5 . 1 ,6 Logical

21 . FUNCTIO N rgand (erg l.arg2 : register) : register ;

Agand returns the b itw isa AND of its argu..nts.

- - - -- - - - --- - - - - --- - 
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22, FUNCTION rgnand(argl,arg2 rog ister) * register;

Agnand returns the bitwise NAND of i ts arguments.

23. FUNCTION rginv( argl: register) : regist•rs

Iginv returns the bitwi se INVERSION of it, argument.

24. FUNCT ION rgor (argl.arg2 : reg i ster ) : reg ister ;

A gor returns the b itw isa OR ~ f i t s  arguments.

2S. FUNCTION rgn or (argl,arg2 : register) : reg ister;

ignor returns the bitwi sa NOR of Its arguments.

26. FUNCTION rgxor (argl .arg2 : register ) : register;

A gwor returns the bitwise EXCLUSIVE OR of its arguments.

27 . FUNCTION rqnxor (arg t .arg2 : register ) register ;

Rgn*or returns the b itwi se inversion of the EXCLUSIVE OR of its

arguments. (which i s als o cal l ed the equivalence rel a t i o n

A. I .7 ~or— ~’ittad I/O

28. rL’M CTION rgrdoct (VAR f text) : inte ger ;

R grdoct reads a (si griedl octal number f rom the specified file arid

returns i t as an integer . This can be assi gned directly to a variable

of t~~pe re gister . i f desired .

2S . FUNCTIO N rgrdhex (VAR I : text) t intege r ;

Pgrd~ ct reeds an Isign•dJ hexadecimal number from the specified

f i l e  i’nd returns i t as an Intege r . This can be assigned directly to a

varia ble of type re g is t er . i f  desired .
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30. FUNCTION rg rdbin (VAR f : text ) * integer ;

Rgrdoct reads an lsignad l binary number from the spacified fit. and

returns it as an integer . This can be assigned directly to a variable

of type reg ister, if desired.

31 . PROCEDURE rgtitoct (VAR f:t.xt ; i .widt h integer);

*gwtoct wr ites i into f i l e  f as an octal number padded on the left

wit h blank s so t hat “width” characters are printed . Max width 40.

32. PROCEDURE rgwtbin (VAR f:text ; i ,widtPi * integer);

Rgwtbin writes i into f i l e  f as a binary number padded on th. left

with blank s so tha t “width ” characters are printed. Max w idth 40.

33. PROCEDURE rgs4thex(VAR f :text ; i ,width : integer );

Rgwt hax writes i into f i l e f as a he,~adecima1 number padded on the

left w i th blanks so t h a t “width ” charact ers are printed. Max width :40.

A .2 RNDPACK

Rndp.ck is a set of fa ir ly random number generators uieful for

stochastic simu lati ons. They are listed balow .

5.2 . 1 Setting A New “Seed”

I . PROCEDURE rndset (newsead in teger ) ;

Rri d~et resets the internal random number generator mechan i sm

according using “newseed” . I t  is only nacessary to call rndset if

multip le simula tion runs are to be performed using diff erent “random”

i nputs.

_ _  -~~~~~~~~~~ ~~~~~ -—-— ~~~~~~~~~~~--- -- -----_ ~~~~~~~~~~-- -— ~~~~~~~~~~~~~~~~~~~~~~~~
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* 2.2 Random Drawing Functions

2 . FUNCTION rnd0 l a real ;

RndO I produces a random number between 0.0 and 1,0 by using one

random number generator to scramble the results ef another, t hereby

l owering the autocorralat ion.

3. FUNCTION rndnexp (ta.bd. * real) r real ;

*ndn.xp returns a number drawn from the negat ive exponential

distribution with mean and standard deviation 1.0/lambda (lamb, must be

posit lye).

4. FUNCTION rndorlang (lambda * real; k * integ er ) : rea l ;

Rndelr.ng returns a number drawn from the Erlang distri bution with

mean (I/lamb .) and standard deviat i on I’(sqrtCk)’lambda). (I$inicium k:l ,

hig her k makes for a tight er distr ibution.)

5, FUNCTION rnctnormal (mean, var i ance : real) eat ;

R rictnori..) returns a number drawn frp. the Normal distribut ion with

the mean end var i ance specif ied. The distributi on i~ approximat ed by

su~~~in9 36 uniformly distributed random va lues.

6. FUNCTION rnd in t(low , hi gh * integer ) * integer ;

A r id in t produces an integer evenly distributed among the number s

f r~~-, low to and Includin g high.

7. FUNCTION rnddraw(p i eel) boolsan ;

Rnddraw retu-ns true w ith probability p.

I.

__________________ 

~~- - - ~~~~~~~ - - -  -~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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A.2.3 Data An aly st s Fa c i li ty

8. FUNCTION rnduniform (l ow , high rea l ) real;

Pndur,iform produces a random real number uniformly d i stributed

between low end high . (Note t hat the probab ility ol returning a va lue

exactly equal to low or high ij vani shingl y smal l. )

S . P RO CE~~JR ( rndhist~~(data real; command in teger);

Rndhisto collects, analyzes and p lots a random var i able. It

produces a histogram au t omatica lly scaled to the i1i dth of th, paper .

Max i mum number of bins : 200. Its “commands” are as follows :

0 reset all tallies. end data values
I set high l i m i t  to “data ”(d e f a ul t = *0.0)
2 set low l i m i t  to “data ”(default S ‘O -O )
3 set nu”ber of bins t o  data” (default : 20)
4 accept “data” as a po int t o  be plotted
S plot result , in f i l e  “output”
6 plot results at tt y
1 set prper w idth to data”(dafau lt * 70 co l umns)
$ reSOt a ll para meters to default values

~he pr int ~ut inc l u desi the number of points , the value of the highest

and L owest p o int s ,  the number of point s out of range high and low (if

any). the mean , variance, sum , standard dev iati on , sum of squares , and

the auto cover- once end autocorrelat ion of  adtacen t eras. The

fol % oi~iri g triv i al program %hO*45 an examp le of i t ~~ u’iet

progrr~ v ;

v~~r i - i-iag er ;
•unction rnd,rlang (la...bda : reel; Ii t in te g er ) real; exte rn ;
procedure rnc4hi sto (data * real; command a integer);exterri ;
beg in
for i ~: I to 1000 do rndhisto (rnderlang(3.0.*).4);
rn dPiisto (O,O.5);
end.

Thi s r~~’duc.s the output i ”~’wn

i*i:iiiai~iiii.ii_iiii.iri___aiaii._wi_.ii_.__~___.. ~. ~~~~ , ~~~
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-0
~ 5S000 0>

¶-
_ 

‘ —1.50000 I>
-7.50000 0)
—6 .50000 5>
—5.50000 0)
-4.50000 I)
—3 .30000 0>
—2 .30101 I>
- 1.50000 I>
—S .00000E-S l 7
5.00000E-0I l34>XXXXXXXXXXXXXX
1.51001 2S7 >Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
2.50000 262>XXXXXXXXXXXXXxxxxxxxxXxXxxxxx
3.30000 IS4 XXXXXXXXXXXXXXXXx
4.50000 12>XXXXXXXXX
3 .50000 32 > X XX
6.50000 17)X
7.50000 8>
8 30000 6~0 .5 000 0 0 >
NL’M POINTS= 1100 LOWVAL : l .826466532E—Il
HIOHVALUE : 1 . 17$417452E•SI
I POI NT(S) WERE TOO HIGH S POINT(S) WERE TOO LOW
MEAN : 2,~~7436$00S VARIANCE : 2.363632474
SUPI: 2.S763ê8000t~ 03
5131155: I .122203304E404 SUM PROD: 1.854801416E.83
STD 0EV: 1 .338061276
AUTO COV*RIANCE :-6.70242611ff-I3
AUTOCOR IEL*T !ON :.2 .$7 t2~~3S02E-03

The code for this routine is not vary complicated, so the user may wish —

to copy i t  and modify it far his or her own spec i al applicat i on.

I.

L
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APPENDIX B

REFERENCES

In addition to those references specifically sited in th is  manual ,

so”a additional works in the areas of language , simulation , and design

au t omation are included here for the int .r,stad reader .

I A?1’7) Abr amov ici . 11.. l1.A. Breuer , K . Kumar . “Concurrent F a u l t
S ’ u lat ion and Functio nal Lev el Model ing ,” Proc. flth D.s~en A u t o m a t i o n
Cor~fe r.nep. New Orl.an~ . l577.pp . 121-137 .

1807 11 Berry. D.. “Introduct i on to Oregano,” Simolan Not ices, Feb .

lO l l ,  pp. Ill .

1OCt.71) Bel l . C. 0.. 5. Newel l. Comout j Structures : Readings m d
£x~Mo1si. McGraw Hill. New York . 1 071, pp. 22-55 .

~~~~‘3I ~~~~~~~~~~~~ 0. 11.. O-J Dahl , B Myhrheug. K. Nyg.ard, UNUIA

1t.Gl~i. Suerbach Publishers, Inc.. Philad elphia. Pa. 1573.

1CS0761 Ch.ra’all, S.C., P .R . Marion. J. F. Pelleg rin. A . 5chowe.

“Functional Simulation in the Lomp System,” Proceed inei 
~
j 3,.~~ L3.ib

Dsii.n Autom~ (tpn Conference, San Fr.nci,co. 1076, pp 42 47.

1C Y741 Chu . Yaohan , lntreductng CDL .” Comout.r, December . 1074.

1CP4D741 Cop l anar , N . D.. and J. A . Janhu . “Top Down Approach to LSI

Sys tem Design .” Comoutar D.si~~i Vol . II. Ne. 1. Aug 1074 . pp. 
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143-145.

lCW~~7~~) tory. W . € - .  .1, R . Duley . W. N . vanC l eemput, ~~
Ij’it roduction j~ jfl~ DDL-P l anguage, Computer Systems Lab . Technical

Report No, 163, Stanford Untv arai ty . Stanford , Ca. March 1070.

(CWE’q - 2l tory. W. E ., Syndia ~~~~~~~~~ Quid, System. L.b. Technical

Report No. 1 7 6 ,  Stanford t ’u ’ -~e.~~it y, Stanford, Ca, August 1979.

100.170) Dahi , 0. .1.. 8. Piyhrhoug end K, Nygaard . ~~im u1a Common 
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t~~”o~aq~ . Norwegian Computing Ceit e r . Oslo. Publ i cation 5-22. Oct.

l 9’~~.

100L751 D*etm e-,.r . 0. L .. and .1, P. Duley , “Regist er Transf er

Languages and Their Translation. ” in Otaital 
~~~~~~~~~ 

Deslon Automation.

— ed ite—4 by M . * Br~ uer , Computer Science Press. Inc.. Woodland H i ll s ,

Ca.. *0 75. pp ‘17-218,

tFD7Sl F errar i . Domonico, ~~~~~~~~~~~~~~~~~~ Systems eir.j in.~., (valuaUon.

P r e n t i c e -  H i l l ,  Inc. Englewood C Ii ~~~~. New Jersey . 197$,

IGRT’ ’I C.a’dner , Robert I., “Mult i - L evel Modeling in SARA. ” Prec. 21
p~ Dei ion Au tor~ation and Nlcrooroc.,sors, Pale Alto. Feb .

24-25. 1977 , pp. 63-67 .

(HP) Hewlett-Packard, 
~ Pocket Q3L.LdI 12 Pt.wlett-Pickard Comout.rs. Pale

A J t p .  ra

1HPP77) Hansen , Per Br-inch, flag Architecture gj Concurrent Proarawi,

Prenitice-N .Il, E’iql.wood Cliffs. N*w Jersey, *577,
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($0075-b) H i ll ,  Dwight D. and W. Pt. vanCleemput, “SABLE * A Tool for

Oenerat ing Structured , Mu lti -level Simulations ”, Proceedin. . 21 Lb. ilL!

D.stan Automation Cent erencm, San DIego. C..

IHOD7S-2l H i l l .  D.D., Multi-level Simulator j~~ Comcut.r Aided Dasion.

Ph. 0. Thesis. Center For Integrated Systems. Stanford U.. 1,70.

IH~ J73 ) Hil t .  Freder i ck .1. and Gerald R. Pete rson , Di g ital System

Hardware Oroan i zat j~ n ~~~ Des i qj.~ John Wiley and Sons, 1q73 .

1173 1 In te l , ft,L1 ~ 1..j ~. Parallel £f.Q Users Manual, Santa Clara. Ca,

‘“3 .

(JK74I Jensen. K . and N. W i r t h , Pascal ~La.g.c Manual end R.oort,

Spn in ger-Varleg.N,w York , 1574 .

IJB J 7I I Joiwi,tc,n, John I., “The Contour Mode) of Block Structured

Processes. ” Sioa tg~ Notices, Feb . I~~7I, pp. 55.
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IEPJIS) Ki v i a t . P .J.’ P. Vill.nueva, and H. Markowiti, J~
g 3 5 ~~~P~

LI Progr..mekrt g Lancuage. Prentice Hall. Inc.. Englsweod Cl i ffs. N.J.

1965 .

(KZYOI Kelsavi. Zvi , SwiJchins Ift d Finite Automate Theory. McGraw- H i l l

Soda Company. San Francisco. Ce.. 1570.

ILT’5 $ Lan gl et . 1 .. pr ivate communicat i on , Burroughs Corporation ,

Mis *ion Vi alo . Ca. ~~~~

RP7SI Lo g lebe n . P.. Desion Validat i on j .~ Hierarchical Systems, Proc

12th Desi gn A utomat i on Conference, Boston , 1075. pp. 431-438 .
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APPENDIX C

INDEX

“routine ” . 3—2

Access point ers s-i
A ssi gn 1— 4

Bcd 2-2
Blacklack I-Il

Check l~~~t 1-0
Clock 1-6, 3— 5
Comb i national circu try 3-s
Corptypa 3—6
Ccmptyp .

def aults 
net dec l aration 3..7
paramek.rs 3 7

Computed gob 1-3
Contour models 3-I

Dd) I - I l
Delay I-S . 1-8. 3-4
De s e n s i t i z e  I-,
Detach I-S
Do lo np

Even t (informal ) 
External 3 7

Fi,’.t . state machine 1-5
Furictic’n,

Glob *l ide ”tif j ..- s 3-2
Global v,ri.-’~, l es - 3 - 3

Ibm 360 channels 3-5
Inhi bit 1 — I l ,  3 5
Interrini 5.7
Inw erd 5.7

N e ts 3 ,3
Netty p e 1-12
Net ty pe co i ’oat ib i l i t y 3.4
N e t t ~’,-o, 3-3

Outward 3-7

Pascal 
1—3 
I — s

11I~ I~i:
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9010 1— 4
i f I—s
repeat 
while 1-3

Permi t I - l I .  s’.,
Phase i-i

Ra.’dom I—IA
Reia ~’ 1-6
Rout nes

restri ctions 3-4
scopes 3-9

Scope, s - i
5,nsi t i ~~e i - s
Si gnal  generator 
Siu,iu i øê 7
Suborocess I—I l , 3—9
Suzig2 I— I  

i- s
Sync 1-6, 1-8. s-s
Test in g I— I A
Tin e 3-2
T imin g clauses  

I—I l

Ur~~n i — t o
Wait state 3-1 0
W•i~~for

Zero I i ~~ e delsi - ’

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I



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

~~~~~~~~

J8!P RZ~~)RTS DISTIll BUT ION LIST

Department of Defence

Director Commandant
Nat i onal Security Agency (IS Army Command 8 G eoral Staff Colleg e
Attn~ Dr. 1’. J. B.ahn Attn :  Acquis ition., Lib. D iv .
Fort George G. Meado Fort L..avenworth, Kansas 66027
Maryland 20755

Commander
Defense Documentation Center ( 12) VS Army Communication Command
Attn~ DDC-TCA (Mrs . V. Capoato) ATTN CC-OPS-PD
Cameron Station Fort Huachuca, Arizona 85613
Alezindria. VirgInia 22314

Commander
Dr. George Gimots VS Army Materiel. and Mechanic.
Act ing Assistant for Researc h Researc h Center
Depu ty (‘aider Secr.tar~- of Defense Attn Chief ‘iater1s~s Sd . Div .

f or Researc h and Engineering ~atertoen. Massachu setts 02172
(Research è Advanced Technolo(y)

Room 3D1079. The Pentagon Commander
va.hington , D. C. 20301 L’S Army Material Development and

Rea di ness Command
Mr. Leonard P. Wo tebe rg Attn Technical L1brar~ Rn. 7S 35
Office of the I.’nder Sec retary of Dat, 5001 Eisenhoe-.r Avenue

fur Research ~ Engin.erl,sg/EP8 Alexandria , VIrgin ia 22333
Reos 3D1079, The Pentag on
Washington. 1 . C. 20301 Coemander

I’S Arm~ Missile P 1. 0 Command
Defense Advanced l~osearch Attn Chief , Document Section

Protects Agency Redstone Arsena l , A labama 35809
Atto: Dr. R . Reynold s
1400 ~i1son Boulevard Commander
Arl ing ton, Virginia 22209 ~S Army Satellit e Comnunlcstlon. Agen~~

Fort ~~n’~- i~~th , Se~ Jerse y 07703

Department of the Army Commander
I’S Army Se~ur1t~ Agency

Commandant Attn : IARD’T
‘S Arm y Air Defense School Arlingt on Hall Station
A t t n :  ATSAD-D-CSM Arling ton , Virgi n ia 22212
Furt Rli.. Texas 79916

Project Manager
C ommander Army Tactical Data Systems
“S Army Ar’aament R L D Command EAt Building
Attn DRDAR-RD W est Long Branch, He’ Jersey 07764
Dover . Hew Jersey 07501

Commander
Commander Atmospheric Sc iencos Lab. (ERA DCOM)
US Army Bal l ist ics Research Lab. Atto : DRSEL BL DD
Attn DRX RD- BAD White Sands Missi le Range
Aberdeen Proving Ground N~~ Mexico 88002
Aberdeen . Maryland 21005

T~xrF : One (1) cocy to each addresse, unless othervise indicated .

1 

- -- ~~~~~~~~~
- - - - - --

~~~~
-- -

~~~
- - -- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—
~~ 

---- --
- 

-



Director Director
US Army Electronics P & I) Command US Army Electronics ft & D Command
Night Vision 8 Electra-OptIcs Labs Attn : DELEW (Electronic W arfare Lab. )
Attn: Dr. Ray Balcerak White Sands Missile Rang.
F or t B lvo ir, Virginia 22060 Nee Mexico 88002

Commander Executive Sec retary. TAC/JSEP
L’S Army Communications K & D Command US Army Research Office
A ttn : DRtICO-Cc~~ C (Dr. H. S. Bennett) P. 0. Box 12211
Fort Monmouth, Nee Jersey 07703 Research Triangle Park . N. C. 21709

Commander Ctmmander
US Army Risesrch Office US Army Missile K & D Command
Attn DKX RO— MA (Dr. Psul Boggs ) Physical Sciences Directorate
P. 0, Ro.x 12211 Attn DRDM!-TER (Dr. if. 0. Fahey)
Research Triangle Park , ‘~ C. 27709 Redst ne Arsenal , Alabama 35809

Comm*nd.T Commander
IS Army ~Iissil e H 8 1) Conmand IS Army Missile P & 0 Command
Physical Sciences Directorate Ph%-eicsl Sciences Directorate
Att n’ DRDMI-TKD (Dr. Charles Hoeden) Attn DRDIII-TPO (Pr. W. I.. Gamble)
Redst one Arsenal , Alabama 35809 Redstone Arsenal, Alabama 35809

D i rector Commsnder
rRI-TAC ~h1te Sands Missile Range
A ttn 11’— A P (Mrs . Br ill er ) At ”-- STE~ S—I1)-SR (Dr . A. L. Gilbert-)
lort Monmouth . He’ Jersey 07703 WhIte Sands M i s s i l e  Hang. ‘ 

-

Hes Mexico 8s002

Co.”. n ler
US Army M i ssile H L D Command Protect Managet
A dvanced Sensors Direc t orate Ballistic Missile Defense Program Off.
Att n DROMI-TE R (Dr . Don Burle.ge) Attn: DACS-D%IP (Mr. A. Gold)
I~, ct.~n,’ Arsena l , A labama 35809 1300 W jlso~ Blvd.

Ar lington . VirgInia 22209
Co.’it.nder
US Ar-s ~~ec ~ronics ft I D Co-~~and C - -~~snr1er
Night Vision 8 Electro-C)ptics La bs US Ar ’~ Commun ications H & 0 Command
Attn DELV , (Dr. Rudolf G. Bus.r) Attn CENTACS (Dr. t~. Harat a )
F ort v~niouth , Hew Jersey 07703 Fort Monmouth. Ses Jerse~ 07703

Director Commander
IS Ar-i v F’lectronics ft 8 0 Ct-.’~mand Harr% Diamond Laboratories
Nt i~ht V ision & Flectr ’-t’pt ice Labs Attn Mr. John E, Rosenberg
A ’tn~ Ur . John Dehne 2800 Poeder ‘1l1 Road
For t Relvoir . ~‘trginia 22060 Adslphi , Maryland 20783

Direc tor HQDA (DAMA ’~’AR2’ A )
t S Army Electronics K & 1) Command Washington. D. C. 20310
‘~ight Visi on 8 El.ctro—Optlcs Labs
Attn Dr Wil liam E a l v  Commander
P’ ’rt Relvoir, Virgin ia 22060 L’S Army Electronics H & 0 Command

Attn : DELET’-E (Dr. J. A. Kohn)
Fort Monmouth , See Jersey 07703

2

- - - - - 
— 

-l



Commander Commander
US Army Electronics Techn. & Dev. Lab. US Army Communications ft & D Command
At t n: DELE1’- EN (Dr. 8. Kroenenberg) At tn~ CEWTACS (Dr. D. C. Pearce)
Fort Monmouth, New Jersey 01703 Port Monmouth , New Jersey 07703

Commander Director
U S  Army Communications P 8 0 Co~~~ nd US Army Electronics P & D Command
Attn: CENTACS (Mr . P. kulinyl) Night Vision & Electra-OptIcs Labs
Fort Mommouth, Nsa Jersey 07703 Attn : DELNV-ED (Dr. John Pollard )

Fort Belvoir , Virginia 22060
Commander
US Army Communications P 8 0 Co~~~ nd Commander
Attn: DRDCO”TCS”BG (Dr . £. Lieblein) US Army Research Office
Fort Monmouth, New Jersey 07703 Attn DRXRO- EL (Dr. W . A. Sander)

P. 0. Box 12211
Commander R.s.arch Triangle Park . N. C. 27709
(IS Army Electronics ?ochn. I 0ev. Lab.
Attn : DELET’-~~4 (Mr. N. L.ipets) Commander
Fort Monaouth. New Jersey 07703 US Army Communications H & 0 Command

A t tn: DRDCO~”COM-RH- I (Dr. F. Schwering )Direc tor Tort Mon.outh, New Jersey 07103
I’S Army Electronics ft 8 D Command
Night VIsion & Electra-Optics Labs Commander
A ttn: Dr. Randy Longihor. L’S Army Electronics Tochn. & 0ev. Lab.
Fort Belvotr , Virginia 22060 Attn DELE1’-! (Dr. C. C. Thornton)

Fort Vonmouth , New Jersey 07703
Commander
US Army Electronics P 8 0 Command i’s Ares’ RSMarch Office (3)
Att n : DRDFL-CT (Dr. W , S. McAfe.) Attn Librsrv
2800 Powder Mill Ro.d p. (1. Box 12211
Adeiphi. Maryl and 20783 Researc h Triangle Park . N, C. 27709

Commander Director
L’S Army Research Office Division of Neuropsychisirs’
A t t n  DRX RO— El., (Dr. J. Mink ) W alter Reed Army Inst . of Researc h
P. 0 Box 12211 W ashington, P. C. 20012
Researc h triangle Park . N. C. 27709

Commander
Director USA ARRAIXX)M
(‘S Army Electronics H & 0 Command Attn DRDAH-SCF—CC (Dr. N. Coleman)
Night Vision Laboratory Dover . New Jersey 07801
Attn~ DELItV
Fort B.lvotr , Virginia 22060 Director

US Army Signals Warfare Lab.
Col. Robert S.-’ce A ttn : DELSW-O5
Senior Stsndardtaation Representative Vint Hill Firms Station
L’S Army Standardiaatton Group. Canada Warrenton , Virginia 22186
(a nadlan Force Headquarters
Ottawa. 0nta~ jo, Canada KIA )K2

Department of the Air Force
Con’~.nder
Harry Diamond Laboratories Mr. Robert Barrett
At tn: Dr. P. Oswald . Jr. RADC/IS
2800 Powder Mill Road Hanscom APR. Massachusetts 03733
Adelphl , Maryland 207*31: 3

L. _ _ _ _ _ _  

_ _ _  _ _ _ _L --



______________________

Dr. Carl E. Ba um Mr. P. D. Larson
AFWI. (ES ) AFALJDIIR
Kirtland AFB, New Mexico 87117 WrIght-Patterson APR. Ohio 4S433

Dr. F. Champagne Dr. Edward Altshuler
AFAL/DH RADC/’EEP
Wright-Patterson AFB, Ohio 45433 Hansco. AFB, Massachusetts 01731

Dr. H. P. Dolan Mr. John Mottsmith (W~I)
RA[X’/ESR HQ ESD (AFSC)
Hans~ us APR. Massachusetts 01731 Hanscos AFB , M assachusetts 01731

M r . W . Edwards Dr. Richard Picard
AF Al /DR RADC/ET’Si.
Wrig ht-Patterson Al’ll. Ohio 45433 Hanscos AIR. Massachusetts 01731

Professor H. 1 , l ontana Dr. J. Ryles
Head, Dept. of Electrical Eng ineering Chief Scientist
AuI r

__
t~s~ AFAL/CA

~r~ght—Patteraon AIR. ~~h t t ’  45433 Wright - Patterson APR, Ohio 45433

Di’ . A lan (-.r~tadden Dr. A l lan Schell
AEAPL/i”D RA PC/EF

~right—Pstterson AFR, Ohio 45433 Hanscos APR. Massachusetts 01731

SAl European 011, of Aerosp. Re.. Mr. H. F. aebb , Jr. (IScP)
M m ’  Ma -f or .1. Gorrell Rome Air Development Center
H”~ 14 Criff Is. AFB, Sew V ork 13441
3-~~~~~ . New ~ork 09310

Dr. ft. Kel ley
L1~’ Richard J. Goe’en Air Force Office of Scientific
Department of L’lcctricsl Engineering Researc h , (AF SC) AFOSR/NP
I~SAF Academy , Colorado 80840 Rolling Air Force Bass. 0. C. 20332

‘.Ir. Murray Keuelman (ISCA ) LTC C. McKemie
Rome A i r  Development Center Air Force Office of Scientific
r tff iss AIR , New ~ork 13441 Researc h , (AF SC) AFOSR/N3I

Rolling A ir Force Base . 0. C. 20332
Dr. G. Knsusenbe rger
Air . .~ Member, 1’AC
Air }c-rc e Office -f Scientific Department of the Navy

Researc h. (AF SC) AFSoR.NT
Rolling Air Force flaae. D. C. 20332 Office of Nava l Research

Attn : Codes 220/221
Co~ . H . V. Comes 800 North Quincy Street
A ir i -rce Member. TAC Ar lington, Virginia 22217
Air P-- rce Of f i ce  of Sc ient i f ic

Researc h , (M’Sc) A}50Rf3(E 01 lice of Naval Research
Roll ing Air Force Base. D. C. 20332 Attn Code 427

800 North Quincy Street
Arlington , Virginia 22217

4

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

~~~~~
- . ---~~~~- - -~~~~~~~~~~~~~~



Office of Nava l Research Director
Atta: Coda 433 Office of Nava l Research
$00 North Quincy Street Branch Office
Arl ington , Virginia 32217 495 Summer Street

Boston, Masaachusatts 02210

Naval Research Laboratory
Atta: Coda 1408. Dr. 5, Tattler Director
4555 Overlook Avenue , S W . Off ice of Nava l Research
Washington, 0. C. 30375 New ~ork Area Office

715 Broadway. 5th Floor
Naval Research Laboratory flew York . N.~ York 10003
Atta: Code 2627 Nra. D. Folen
4555 Overlook Av nue. S W , DIr’ ctor
Washing ton , D, C. 20373 t~ff 1ce of Naval Research

Branc h Office
Naval Research Laboratory 536 South  Clark  Street
Att n Code 3200, A. Brodginshy Chicag.’. flh in ’ls 60605
4555 Overlook Avenue . S W .
Washing t on. 0. C. 20375 Direc t or

Off ice of Nava l Research
Naval Researc h Laboratory Branch Office
Attn: Cod• 5210 J. F. Dsvey 1030 Fast Creen Street
4555 Overlook Avenue , 5,W, Pasadena California 91101
Washington, D. C. 20315

(~ff ic-e of Nava l Research
Naval Research l.aborator~ San f ranc Isco Area Office
Attn : Code 527f), B. 0. NcCo.b. 7~5() Market Street . Room 447
4555 Overlook Avenue , S.C. S.n Francisco , s llfornia 04302
Washington , 0. C. 20375

Nava l Surface Weapon. enter

~.t’al Research Laborstor~’ Att n Technical l ibrary
At tn Code 5403. J. F. Shore Code DX-21
4535 nverlook Avenue, SW . Dshlgren . V irgin Ia 22448
WashIngton. 0. C. 20375

Dr . J. H, M ills , Jr .
Nav al Research Laboratory Nava l Surface Weapons (enter
Attn Cod.’s 3484/3410, J. 8. t*vtp Code 1W
1S33 Overlook Avenue . S.C. flshlgT’Pfl ~‘irgtn*a 22448
Washington, 0. C’, 20375

Nava l A ir Des’e lnprent ( .rnt.r
Naval Research laboratory Attn Code 01 :‘r . ft t ’bb
Attn (‘ode 5510. ~ I Fa ust Johns~’ille
4555 Overlook Avenue , S W . Warminster. Pennsylvania 18074
wa~ hiflgtofl. 0. C. 20378

Nava l Air Development (enter
N aval Research Laboratory Attn Code 202, 1. Shopple
Attn Code 7701 . J. D, Rr~~n Johnuvtlle
4555 Overlook Avanue L W . Waruinsier, Pennsylvania 1*974
sa.hingtoe. D. C. 30373

Nava l Air Development Center
Technical L brsry
Jnhn svt lie
Warmlnater . Pennsylvania 18*74

3

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

___



--———-~ —~ ---~ --~ - - - 
- -—-

P,rY~

\

Dr. Gernot M. P. Winkler Naval Weapons Center
Director , Time Service Atta: Cod. 8515. N. H. Ritchte
US Naval Observatory China Lake , California 93555
Mess. Avenue at 34th Sir. , N. W.
Washing t on, 0. C. 20390 Donald I. Kirk

Professor k Cha irman, El c. Engit~,
Dr. C. Gould S;,-304
Technical Director Naval Postgraduate School

~avsl Coastal Systems Labor tory Monterey. California 93940
Panama City. Florida 32401

Mr. J, C, Frenc h
Or , C, A. V onW inkle National Bureau of Standards
Aason’tate Technical Dir , for N’chn. Electronics T’echnol~~~’ Division
Naval Vnderaat.r Systems Center Washington, 0. C. 20234
flew London, Connecticut 06320

Harris 8. Stone
Naval Undei~~at er S)’stema Center Office t~f Research, Development.
At m ’ J. Merrill ‘lest 1 Evaluation
Newport, Rhode Island 02840

The Pentagon, Room 5D760

Technical D*r.ct-r W ash Ington. 0. C, 20380
Naval t’nd.rwster Sy stems Center
.ew L o ndon . Connecticut u~ 32~ Dr . A. I. Stifkoaky

Cod. RD-I
Na ml Research Laborator~ 

Headqusrt,r~’ Mari’e C~-rrs
(‘ndarwater Sound Reference Div . ~ashiflgti ’n . 0. C. 20360
tc hntcsl Librer,- -

P. 0. Il..x 8337 Dr. H, .7. tj i , e l l er
r land .- . Flo rida 3.~i~~•; Nava l Air S~ mt,aa Command

Coda 310. JP .1
‘s al ocean Syat.t s Center 1411 Jeffers on Ds~ is Na’.
A t t n  C- - i. 0% H. 1 Vtlo~.d 

Arl ington . V i rg inIa  20360
San Oteg. , Ca l i forn ia  92 152

Mr. larry Sumn,~
Naval i~ ean Systems Center Nava l Electronics Svstews Commend
Att n (‘ode 015, P. C. - %.tcher Code 038. Nt II
San Diego . Ca lif ’rn ta 12152 2311 Jefferson Davis Hwy.

Arling ton. VirginIa *0310
Na-. 1  (~cean System ~~ n te r
At tn (‘ode 9102, C, 3, .~e 1ka Nava l Sea S stema Co.mand
San Diego. CalifornIa 92152 Attn Coda 03C. J. H. Ruth

~~ ‘3
N aval Ocean System . Center 2531 Jefferson Davis *7.
A ’tn- Code 922, N. 74, Wiac1~ r Arling t wi , Vir ginia 20302

San Diego, CalI’ - - rnis 02152
Off i cer in Charge

Navel Ocean Systems Center Attn Code 522.1 , Technical Library
A t t n  Coda 532 , J . H. Richter Carder~~ k laboratory
San Diego. (a ~ ifo rnta 921~ 2 David Taylor Naval Ship Research

I Development Center
Nava l Weapon. Center Sethesda , Me ryland 20084
At tn  Cod 601. F. C. Fas ig
China Lake. Cal ifornIa 93555

I

r 
_ _ _ _ _ _



n~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~~~ _ 
~ 

- .~~~ : .: .j :  ~‘

7

~fftcer in Charge o.’. Dean Mltch .11
Att n Code 1$ , 0. H. Oleiasn .r Program Director, Solid-State ~~y sIcs
Carderoc k Laboratory Division of Materials Research
David Ta~ lor Naval Ship Research Nationa l Science Foundation

I. Development Center 1800 6 Street
Bethesda. Maryland 20054 Washington, 0. C. 20550

Nav al Surface Weap ons Center Mr. F. C. Scheenk , RD- I’
At tn  Code WX-40 , Technical Library Nationa l Aeronautics & Space Adam .
W hite C~ k Washin g t on. D. C. 20546
Silver Spring . Maryland 20910

‘.! . Zane Thornton
Nava l Surface ~espon. Center Deput’. ~i r,ctor , inst itute for
Attn (‘ode aR-303 , P. S. A liga ler Computer Sciences & Technolog%’
W hite Nat iona l Bureau of Standards
Silver Spring . Maryland 20910 WashIngton , T. C. 20234

Nata l Surface ~eapons Center Hea d
A t t n -  Cd . WR- 34. H. P. Ried i Electr ical Sciences & Ana ly sis Sec .
Whit. (‘5k Nationa l Science Foundation
Silver Spring , Maryland 20910 1800 C Street. N W .

asshin~ ton , t C’ . 20350

t her G~ vern ’~.ent A~enc is’s
N o n- - . - . .‘rn-~~nt  Agencies

~r, ~ ..wari W~ Fu el
Deputy Director Director
Divi.i .~r. ‘f Yaterial. ResearcI~ Col-imbis l’a1:s’ -t.~n taborator’.Nsti .ns l Scienc .- Fo~ r~1at( on Columbia rivera it ’ .
l$UO C ‘-tree t 33$ kest ~~~~ Stree t
~ashing ’~~~, 0. C. ~~~~~ ~~~~~ 

•
- orb~ ~

,.‘I ~ork 10027

~r. .1. C. French Di rect
National Rure•u of Standards I - - - ri a’ ”~ Sc ience lah ’rp ’ r’
Elec t ronic. Technology Division 

~n~ t ’e reitv f Illir’ — ls
~ asNtng t n 0. C. 20234 Urbana , 111 m b:’ ~1801

Or . Jay Harr is Oirec~~or
Pr c r a -  Direc t -r 

~‘ivi5jefl o~ rng ine.rtng &
Device. a~i1 Waves Program App l iei  Ph ’ . s t cs
Na~ jonal Science Foundation Harvard tn t ve r ait ’ .
~~~ C Street Pierc e Ha l l
~a’~~ na~~n. ~~~. C. 20550 Cambrid ge. ‘.~asasch. gett, 021’%R

Los A las- s Sc~~s’n~~IfIc 1aborat.~r~ DIrector
~~~~~

‘ Reports Librar~ ~~.:tr’-’niCa pet-arch Center
P 0. RO~~ 1663 The Univera~ ty ‘f r ewas
Lou A~as- , ‘.~s’~ ‘icx~ co $7544 p. o. Ro~ 772 e

A ustin . Texas 7$~~I2

_________________



—
~ -~ -~ - ~~ 

- _,. -~ -~ - -- - -~~~~~~~~~~~~~

Oirector Dr. Roy Gould
Electronics Researc h Laboratory ~xecutiv Officer for Applied Physics

University f &alifornia California Institute of Technology
i3.rke1e~ California 94720 Pasadena. California 91125

01 rev t or
Electronics Sciences Laborat.r’ .
tn t -. i’r .sity of Southern C.lif rnta
Loa Angeles. all fornia 90001

Di r*c  t or
lIlt’ruma..’ Researc h ln.t *t .t* ’
Pol’.~~.chn1c ln stm ~ ute of N~’t ~ork
333 Ja Stree~
Brookl.n , ~‘m York I1.’ 1

Dii ’ - . m r
F(t’.carch Lsbora~ or’. f 7~ leci r. n m .  s

~Iaauach- ,;s”~ t, Instit ute f Technolo~ %
t m’-i.rtdge. Massachusetts ()2119

Director
tanf rI i- lectr--n:cs 1.ab. rat -ry

Stan f .r i ~nivers ity
S snf r Calif ornia 94305

C

Director
— S anf.’rd Gm a t - n I.*h -rat r’.

Stan ’ ri L’nI ’ersi’y
Stanford . Ca ll f .’ rnta  ~‘-* 3

-v L,a’tter ~a st-sn
School - ‘C E11ctrical 7ngin .’~~~~ .~

-- m i ll t nt~ ersitv
lth a .a. Noi - -

~~~~

C~ia1rnan
D.part’ss’nt -f Elec trical Fngtni.’rlng

.- - r~ ia Institute of Is’ ~n..1ogs
,~‘%anta, ~s~~rgta 30332

Dr . (ar li n ~sl ter
F i r troScience Laborat..r’,
The ‘‘u . Stat . I’nivers itv
C’ol~r’.hus. C m i ’  U12 12

Dr. Richa rd Sacks
Department of Electrica l Engi neering
lens. tech n I;~~r stt ~
Lubb *~k. ~~~~~ 7’-

~-$’~~

p 

C

_ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


