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PRIM SYSTEM~ U 1050 USER GUIDE

INTRODUCTION
The PRIM system supports UlOSO program development and testing by providing an

emulated UlOSO tool embedded In an Interactive time-sharing environment. This emulated
UlOSO provide, powerful-debugging aids not found on an actual UlOSO computer system.

This guide consists of two sections, servIng distinct purposes. This first section is
an extended Introduction to the PRIM U1050 tool and Its capab ilit les It Is addressed to the
U 1050 user with no prior exposure to PRIM. It consists of an overview of the tool,
followed by a detailed discussion of a number of common or representative programming
problems with solutions Illustrated by means of transcripts of actual sessions with the
PRIM UlOSO emulation tool. The second section Is an append ix to a separate document,
Ti.. PRIM Sy.s.as Ussr R.f .rmscs M.i,uali that manual and the append ix together
constitute the complete reference document for the PRIM U1050 tool. (The PRIM system
supports a family of emulation tootst the Li.., R.f.rmsc. N.isuai covers the capab ilities of
the PRIM system as they apply to all the tools In general. )

PRIM Is available through both the NSW (National Software Works) and the USC-ISIC
TENEX system, which is a server system on the ARPANET. The user of PRIM Is assumed to

4 - have access to one or the other system and some rudimentary familiarity with its use.
Once PRIM has been entered, Its behavior is Identical in the two environments.

The PRIM U1050 tool consists of the emulated U1050 plus two separate command
interpreters , known as the exec and the debugger. At any time, PRIM I. either running
the U1050 emulator or processing user commands to the exec or debugger; the transition
between these states Is at the control of the user.

Exec commands are concerned primarily with the manipulation of U1050
environments and configurations. The elements of exec commands are keywords, file
names, and (decimal) numbers. Keywords include such items as command names, device
names, options, and parameters. They need not be entered In their entiret y; any
unambiguous leading substring of the desired word suffices for recognitiout (When a
keyword 1 term inated with an .ac.p, character , the word Is completed by the exec.) File
names refer to files In the ~ er’s fit, space (In either NSW or TENEX)~ and fo llow the
appropriate file name synt ax. Each Ill. sp.c if lcat lon requires the name, as appropriate, of
either an existi ng file (to be read or modIfied) or a new file (to be created and wr itten ).

Debugger commands are concerned with the detailed control of the emulated U1050.
The debugger includes th. functions available on the front panel of the UlOSO as a smafl
subset of Its capabilities. Each debugger command word consists of a single churacteri the
arguments to debugger commands are symbolic expressions Involving the elements of the
U 1050 (e.g., memory locations, Index registers, CC, or t trads)~ us.r-defln d names (e.g.,
program labels or debugger formats)1 or corstants.

4 .. Wit hin PR*4 certain ASCII characters have been assigned special functions when
Input by the user. These functions, which are described completely In the U~~ R.fm .,soa
Mami.l, concern command editing and PRIM (command and U 1050) control. The command

- L~~~~- 2 ~~~~L~ - — 
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editing functions are backspace (either the ASCII êecbapac. or c.ed-11 characters), backup
(..sd-W), delete (dii or rubasO, retype (casd-R), and question (qe.uieis-merk)i the
control functions are stat us (cissl -S) and abort (cisd-X). Backspace backs up over one
character within the current f ield of a command; It is acknowledged by a backslash (\)
fo llowed by the erased character. Backup backs up over th. current command field; It Is
acknowledged by a backslash (~

) followed by th. first character of the eraeed field.
Delete backs out of the current subcommand entirely (or out of the current command if not
In a subcomm.ndk It Is acknowledged by “XXX ’, fol lowed by a new prompt Retype
re-displays the current command or subcommand line. Question, when entered at the
beginn ing of a field, generates a summary of the input currentl y expected, followed bye
retyp e of the line.

Status causes PRIM to respond with the current status of the emulated U1050.
Abort causes any operat ion in progress to be terminated cleanly and returns control to
the top level of PRIM (to either the exec or debugger, depending on which one last had
control). The abort function Is used both to abort a command that is partially entered or
In process and to stop the runni ng UlOSO.

With this background we can now illustrate how PRIM can be used. Two examples
will be explored In detaili these examples will show how to~
1. Key In a small program, run It to discov er a bug, fix the bug, trace It to observe It,

operation, and save the results.

2. Load a program into memory from a card deck, interrupt and save the session, and j
continue it later from the same point.

Several further examples will be presented wit h considerably less detail to Illustrate a
number of way s In which the interact ive PRIM debugger can be used. These examples will
show how to:

• 1. FInd which Instructions ar• modifying a locatIon and which ones are setting It to a
designated value.

2. DetermIne how many times a code sequence I. executed and how many times a data
location Is referenced prior to a known condition occurring.

3. Trace a loop only once.

4 Find wh ich instructions In a program were sot executed.

5. Test if a data locat ion has changed over a code sequenc e.

6. Search a buffer for a given value.

In general, these examples will consist of transcripts taken from PRIM $sssions. The
transcripts typically will be embedded within a paragraph of text that guides the reader
through the example and explains or amplifies selected features of It.



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

- - - - _________

UlOSO User Guide Page 3

!P(TER AND DEBUG A SMALL PROGRAM • 

-

• To start, let us follow a complete stap-by-step sequence of Interactions In running
PRII’4 keying In a samp le program , running and debugging It, and saving the patched result.
In this and aM the remaining examples of this guide , user Inputs are In bold Italics with
aerlfs, whereas PRIM responses are In a light sans-serif font. Input control characters are
represented superscripts.

The session will start it the TENEX exec level (the prompt character Is “.“), where
the UlOSO emulator will be called in from the PRIM directory (the PRIM prompt character Is
‘).‘). A similar step would be taken to run the PRIM UlOSO tool under NSW. Then the
PRIM debugger will be called In (the prompt character Is “a’) so that a small program can
be keyed In. The debugger includes an assembler that can recognize U1050
assembly-language Instructions and generat . the binary equivalent.

ecPRINi1C~ SI U 1iICIS1.$av, $ ~U1S5$ ( 4/1V77)
.11 15EsUG -

IM.d. Instruc tion ~~~ á ’iTyp. 01000~~
01.11$ f t.  VT 0164,44\
cu ss, as • P00 01360046,7\
11112: is. SC 013606 ,033\
11117, ii • PD 013477,4\
11124i f t .  X V Otl,,,3\
.IftI i S• - XV O4O,O2OOO,$~sims u • X V ,02O00,,S~
*1043 ft • JC $.I0,43\
5155*: ii • J $-1O\
*1555 ii • PT 0161,44\ -

S11S2s S. • XV 022,,,3\
51167, SI • XV 040,0Z000,,3\
$1574, as • XV ,Oi000,,S\
lu ll Is • JC $.I0,43~
iiiis~ Is • I S—10\
51113, Ii • JO t.5~
I1121s SI • I 01067cr

,Co (to ) 010OO~’
—> IMlspIsa.ntsd Instruction ~t 55* ii I

The program was keyed In by typing location 01000 (In InstructIon mode) and specifying
repl acement (endi ng the command with an escap. character rather that a c.rrl.g.- r.ten.).
Th. first instructIon of the test program was entered as the replacement value, terminated
by a 6.ch-d.ah (“\“) to force a displa y of the next available location so that it, too, could
be replaced. The last new Instruction was terminated by a c.rd.g.-rasws, which
completed the replacement sequence. (At that point , the user mIght hav reentered the
type-with -replacement command so as to Inspect th. program , instruction by Instruction,
and correct any Input errors. ) The user executed the program by telli ng the debugger to
start at (go to) locatIon 01000. This command transferred control from the PRIM debugger
to the emulator , which executed the program until It encountered a condition that caused it
to stop execution -- In this case, an Illegal instruction at locatIon 0.

To determine how the program got to locatIon 0, the user will request a history
display of the last 32 jumps and find that the last jump occurr ed from loc ation 01036, an

—~~• —~~~ -~~~~~=.~--~ —
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XF instructIon. Since this Instruction Is not a program jump, the transfer of control must
have been caused by an interrupt, so the state of the Interrupt-InhIbit flop. (fRi 1R2 and
IRS) will be examined showing that a class-3 Interrupt occurred, presumably because the
one-second one-shot triggered by the Instruction at location 01024 had fired. Because
the channel-3 interrupt vector at location 0435 was never set, such an interrupt would
vector to location 0. This wIll be corrected by enterIng an Interrupt-return Instruction .t
location 0430 and the vector to It at location 0435. After checking the change, the
“CLEAR button’ will be ‘pressed’ (using the ~*t command) and the program Will be
reexecuted.

SJu~~-histsi g ~~
5155*--11135(31 ii... ) *1*31—N , T .  IRI:1R3°’

IRIs II 152: II 113* Ii 1Usd. Instruc tion ~~~ SST~p s .~s.ma
1431: 5154315 • I S°’

•I$Sr 043&,J~
1C p43$, $$ .ar

143$, 5$ • 4, 3ØCr
1 T ,  N43SCr
0435: 04311111 iS.. ~ .C~g~ Rcs

lG (to ) 0i0O0~’Salt dIsp IaV at 51113: JO 51125
——~ UlISI hal lsd at 11121, Said 1,13.1
d’~pp, D~Y.CWCKCr

OAY.CLOcKs 531313131355 S
Not. on the second line how the Interrupt-inhibIt flops were speclf led as a range of
locations, from IR? through IRS, and on the fifth line how locations 0435-0437 were
specified as a range-start and an increment. Note on the seventh line also how the
five-byte sequence of addresses from 0435-0441 was specified as the 30-bit-wide cell 

- 
-

M435. This time when the program was run It stopped where expected. The 
- 

-

contents of the day-tIme clock were examined and found to hav, been stepped twice since
being set to zero.

The program now appears to cycle, but to verify that successive Interrupts ire
being handed properly, the debugger will be Instructed to break execution on every
Interrupt and the program will be contInued.

I& sac (at) INTer
IC. Ct .) ~~
——. Salt dI.pIa~ at •1U3: JO 5112$

UlISI haltsd at 51125 Used 5*14.5
ST~,. De1Y.CWCIC°~
asY.a.ICE, $31313131316 I

Instead of breaking, however , the program halted again at the ID Instruction with the dock
having advanced once more, without an interrupt having occurred. -

The program will be cycled one more time and found still not to generat. an
interrupt. The Interrupt- InhIbit flops will be examined, showi ng that dass4 Int.rrupts are
Inhibited. ~~aIlzing that the Interrupt-return Instruction In location 0430 should have

• reset IRS, the user will modify It to clear the inhibit flop~ Then the System Clear
‘pushbutton’ wilt be .,t and the program restarted.

J

- 
— - —•- -

~~ 

— 
~~~~~~~
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sO. Ct .) C
—~ Salt  dl.,laU at 5111$: J O 51125
—~ VlSI. ha lt ed at 5112$, Used 1,55.1
ST~,. DAY.CWCKCr

omv.c* ocx . 131313535357 IT’d.. IRI:1R3’
1*1, 55 112. IS 113, Il SNids Insti ustlsn ~~~ SST’dps 143 SN
543$: 411 $431 • IC s,.a,er

SSst S.CLLlR~’sO. Ct.) OI000C?
—~ Class 53 h*tsrrupt ST~p s DAY.CLOCK ’
O*y.ctocx , 135313131154 ITp. IRS~
113: 51 gIl

—-~~ 1In~ I .—.lep at 143$: JC 51543,531 S~~’
113, IS IC. ~~ cr

—~ Class 53 ln tsrrs~pt IC. Ct.) ~~
—~ Salt dlsp l ig at $1113: JO 11121
—~ VIII. Pielts4 at 51125, Used 1,17.1
f Tgp . DAYCLOCk~’

ORY.ctOcx , 131313531355 IC. (to) cr
--~ Class 13 Int.rriipt S

This time (on line 10) the interrupt occurred. After examining the clock and IRS, the
program was single-stepped (by enter ing We.-f..d as a debugger command) and iNS was
reexamined to verIfy that It had been cleared. Note on lIne 13 that by enterIng eel... as a
debugger command the last location displayed by the user was redisplayed; type-outs
produced by breakpoints do not change what Is considred to be the last location displ ayed.
ContInuing the program showed that It was interrupting correctly.

The program now appears to work correctly. To demonstrat~ this, the user will
next trace the execution of the program to follow the Interrupts as they occur. This w il l
be done by clearing all existing breakpoints and then setting an execute-break on every
instructIon within the program and •t the Interrupt-return Instructionj to avoid tracing
through the two Idle loops (Instructions at loca tions 01036-01054 and 01074-01112), the
execute breaks set for them will be deleted. In order to produce a trace, a sImple
break-tIme ‘debugger program’ will be entered for each breakpoint that Is set ; by
term inating the break command with an •acepi rather than a e.rr~sg.-r.asrs, a
break-subcommand mode will be entered (an extra prompt character Indicates this )
wherein debugger commands can be supplied that are to be executed automatically at the
time the break condition Is detected by the emulator. This break-time program, in effect,
wilt state: “print the contents of th. cell pointed to by OLDCC as an Instruction and
continue’ (breaks occur aft.’ the CPU cycle In which the condition is detected, so CC has
already been advanced)~

SDuir.at (Iris ) ~~~ a ll (~~~f f r ).’
SPer..i (at)  •I000IlISO , O43O~~ (a lt er de l**g) X.cut e •C

ssM.as instruc t Ion -:: iSiTgp e .OLDCCCV
nO. Ct .) .‘
Sac,
#r.pa. nu~ sr a tlh SDsa,uc (Iris) It 36~OlOS4, 01074s11112.’
S

Note on the second line that the execute-break locations were entered as a list (the range
01000-01110 end the location 0430) and that entering en ‘emptY’ s.~ command (.wIsg ,-
r16sri~ by Itself) on the fifth line terminated the br.ak-subcommsnd mode end the break

______- - —•--— 

—— -~~ — -
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command. Every nsw break-tIme program Is assigned a unique sequence number ,~~ that
it can be dssignated easily this number was reported on lh. aixth Hne after the comsiand
had been accepted. Note slso on the slxth ilne thatalist of two r.nges was used tO
remove breakpoints from both dl. loops with the same command. And note on the third
line that the operator ‘~“wu used to get the value contained In OLDCC (the value of CC
b fore It was advanc.d) as • Is the normal TIP Intercept character, users accessing PRIM
via a TIP should redefine the Intercept character.

A display of existi ng breakpoints will be requested to verIfy that they had been
specified correctly. After a system clear, the program will be reexscuted. (It should be
noted that ‘pushing’ a console ‘button’ only sets a function bit for the emulato~ the
implementation of the function does not occur until th. emulator Is run next.) This time,
however, because of the break program, each Instruction executed (except those within
the Idle loops) will be displayed after Its execution.

(at) Ce
543$ d I1ISI—$l$3$ 4~ 5111$—h Ill dl, S111$—11121 d~ dot S.CLiI4R5~
sO. ‘to) •IOOOC~

$1111: PT 1184,15’.
—~ $1111, P01 513111,17
—

~~ $1512: IC 113111,133—. $1111: P0 113477,14
—~ $1124 : U 121,Il,II,$3
—~~ $1531: IF I4$ ,$21$I,II ,13 -

—~~ 1431: JC $III$ ,S$1 3
—, 5115$: PT 5181,114 -

—, $1112; KE 122,$I,l1 13
—~~ Ills? , U I41,12h11,II,13
—~ 5431. £ 11574,131
—~ 1111$; JO 11125
—~~ Sal t  displag at $1113. JO 11121
—~ VlSI. ha lted at 1112$, Us.d 1:11.1
IC. Ct.) ~
—~ 11121. J $1117
—~ 11187, *P 14S,1211S,SS,$3
—~ $431, .~~ 11174,131
—~~ $1113: J O $1125

Salt displag at 11113: JO 1112$
—~ VIII. halted at 5112$, Used $811..

—~~ 11121: 4 $1117
—~ $1187; IF 141,12111 ,11,13 

- - 

-

—~~ $435. X 11174,131
—~~ 11113: JO 1112S
—~~ Salt dlsp lag at 51113: JO 51125 ft
—. Cliii halted at $1125, V~~d 1,12.1
•

ContInuing the program twice from the .0 instructIon dsasnatrated that the k*errupts 
- -

occurred as expected.

To complete the first .x.wple *1w program wIN be saved by returming from the
PRIM debugger to the P~~ st_c, where a smm of the ULOlO y Into the fil.
CLOCK.TEST wIN be requested.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
— 

-
--
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IReturn Ct. 11(C) C~
,S.4”°w ? 0,.. of the fslls.i lngs

RLL
CONF 1G(J(AT ION
NIMONY
SYMOLS

~sasc U’° NONY (in f i l e )  CwCx.TgsT1 ICY

~Q ’°uIT
Oulttln ~ UlISS tCinf Irs) ~~

5
Note on the second line that the qesaslois-merk elicited the available optIons withIn the
save command. When the save command finished , PRIM was terminated, returning control
again to the TENEX exec (not. the prompt characte r ‘a’ on the last line).

LOAD A CARD DECK FOR EXECUTION
The second detailed example will go through the process of loading a program from

a binary card deck. When the U1050 emulator is called In, a standard hardware
conf igurati on Is supplied. This confIguration consists of a UlOSO processor with a lIne
pr inter, card reader, card punch, mass storage unit (disk), I lie loader (tape), operator’s
console , and th. day-tim. clock Installed. The u s r ’s (controlling) terminal I. automatical ly
connected to th. operator ’s console. In order to use any other perIp heral devIce ,
however, it must be connected to an Input source and/or output destination -- either to
the user ’s terminal or to a TENEX file (or pair of files ). Th. process of connect ing the
U1050 device to the TENEX system is callsd ‘mountIng.’ Either a TENEX f it. or the user’s
terminal is ‘mounted’ on the U1050 device. The day-tim . clock has arbitrarily been
assigned to unit number 16 on channel 3; although It appears In the peripherals displa y, It
Is not a mountable device. In th. followIng example, a basic U1050 configuratIon wIll get
TENEX files mounted; then a card deck will be loaded into m.mory. Th. resulti ng sys tem
wil l be stopp ed, saved, and co ntinued .t . later time.

.<PRIM•a~~ etUIlaCsse.sRv, ~ CD

uisse C 4/52/77) -:

Chan (MI t Daunted Davis.
I I No PR INTER
1 I No REROEN
2 1 N. PUNCH
3 I Yes Ls-COnn-UNIT
3 15 No CLOCK
a I Ho DIS K
7 I N TRP(
,F 5CILUTRTUS (f., divls.) ~~
Rocird P11. Na.. Dsvlee
I User Ttg LI-COhN -UNiT
)

The configuration displayed with the peripherale command showed that only IS-comm-unit
zero (operator’s console) was mounted. The status of mounted TENEX files was displayed
w ith the Filestatus command It showed that the user’s terminal was mounted on the
IS-comm-unit. -

~~~~ T T  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In this example the usr wishes to load the program deck Identified as 148-71 and
run It. To allow printout from that program, a III. wi ll have to be mounted on the line
printer. To load 148-71, a file conta ining the binary deck will have to be mounted on the
card reader. And to run 148-71 successfully a I II. representi ng the disk (as set up by a
prev ious program) wIll also have to be mounted.

,MseSOUN, (5,I ,N,SL,OU,T,P) P One of the IsIIe.a1n .

INPUT
NIU
OLD
OUTPUT
TH! $—TIRIII NRL

IIOUNT (*,I ,N,OL,IU,T,7) OSJ.1 TPUT Ct. •ii .  SCR4TCH.PRT~ 31”
(en devls.) P On. St the f .I lswIn ~.
PNINT(R
RIROIR - 

-

PUNCH 
- -

COhWW~NIY
DIII
Tsp’
CL OCK
IIOUNT (R ,I,N,OL,OU,T,P) OUTPUT (to I l ls)  ICMTCN.P*T~ 31

Ion devise) PRea5JiI7ft C~

The mount command, as with .11 PRIM exs c commands , ii largely .&f guidi ng. Whenever
the PRIM exec expects Input from the user, the input of a qe..dea-mark will elicit eithe r a
list of options or a description of what form of input Is expected. in general, a mount
command designates what kind of fli., *1* file name, and the U1060 device involved. Note
that the qii.aafst~.a.rks entered to the mount command elicited th. available options --
the typ es 01 111. (when entered on lIne 1 prIor to the first argument ) and the device names
(when entered on line S prior to the next argument). An output Ills, SCRATC*4 PRT, was
mounted on the printer; It Is assumed by PRIM to be an ASCII I lie.

A binary input file, 148-71.CRD, will be mounted on the card reader; If a trans lated
card deck Is expected , either an ASCN or a column-bina ry t ile may be used, but if an
untranslated deck is expected only a column-binary file may be used. In this case, the
deck for 148-7 1 already has been loaded onto a TENEX file in column binary ~Ia., each
column of the card Is represented by 12 bIts In the f ile, with the top row being the
most-sIgnIfIcant bit and the bottom row the least significant bith each column unit Is a
12-bit byte. A binary Input/output Iii. , DISK, will be mounted for the disks the emulator
assumes this f$1 to be binary with $ 6-bit byte.

- 
-__t__ ___~~~~~ — ------
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t P

.M seOUNT (R , I ,N ,OL,OU ,T,?) 1 ’°NPUT (Ire. f i l e )  14S—7 1.CND,~ j se Cs. d.vI.e)
RU~tmou Sr

i~P $INRRY sr NC&1
I.~R a.INMY

“cr
MSICOUNT (N ,I,N,OL,OU,T,?) OL”~O (I n I set t i l e )  DISK4 J~~ (en devise)
D.~~i* cr

.F•$CILEI TaTUI (for dev Ise) CD

Record Fi le  Ne.. Devic
I SCRRTcH.P*T1 31 PRINTER -

I 141—71.C10 1 1 RENOIR
I User Tt ~ LS-COllN-IINRT
I LC$.OII; 1 DIII

Becaus. the cord reader’s file can be either ASCII or binary, a subcominand mode was
entered for the mount command where file characteristics could be supplied. Since byte
sIze for a bInary card reader (or card punch) I Ii. Is assumed to be 12 bIts, the user was
not asked to specify it And since a disk f ile is assummed to be binary with a 6-bit byte ,
the user also was not asked to specify it. Th. f ilestatu s command showed that the
prInter, reader, operator’s console, and disk had been mo~jnt.d. Note that as no specifIc
device was designated, the status of f lies was displayed for ill mcunted devices.

Since the user wants to sto p the CPU after th. dick has been loaded, a breakpoint
wIl l be set at the first instructi on of the program In order to stop the emulator so that the
session con be saved for future execut Ion starti ng at a point after the load has occurred.
In order to load the card deck, the PRIM debugger must be used to ‘press’ the console
swItches. After pressIng the ‘Load-card’ button (I.e., using the debugger to set the
Indicator named C.LOAD), the ‘Start’ button will be pressed (with the go-to command. )

SRrOM (at ) O1OOO~~ (after d.11i ) X.cute ~
sSst CLOADCV
iCe (t o) ~~
—-~ IruaS after ewscutln 11115* JR 13511,15 Sflebr .k (tree) ~ au

(cent Irs )~~
I

The breakpoint was removed (with the debreak command) prior to savi ng the state of the
emulation so that It could not Interfere with any future use of the saved session Note on
the last line that the default of removi ng all breaks required the eampe character and a
conflrmatio ni this Is to prevent inadvertent removal of breakpoints.

Art arbitrary amount of processIng could occur at this point, with the session being
Interrupted .t any conven ient point to be saved and restored at a later time. In order to
save the eession , control first must return to the PRIM exec.

~1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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)
IRet urn (te EXEC) C~

~SAlaC W P Ons et the t s lie*~In~*
NIL
CONF JO1M*TJON

‘jERsey
SYNOOLS

~3$VE MacIL (on I l l s)  141-7LLOADED~ 3C~
~QlacuIy

Q u itt in g UIISI (Canli r e) cr

Th. save command permits the user to save just the U1050 system configuration , just the - 
-

U1050 memory, just user symbol tables or .11 of these along with whatever addit ional
Information Is required to .xscsiy reestablish th. then-current situation at a later time. (it - -

should be noted, however , that the contents of I lies are not saved, so that if a read/write
file on some device is changed subsequently, then when a save-all is restored the st ate of - -

the total system cannot be .secsly recreated. ) Although a save-memory would be —

adequate .t this point for most purposes, a save -all was performed onto the file
148-71.LOADED so that exIstIng I/O conditions would be reestablished on subsequent
restores. A save-all takes more time to save and restore than does a save-memory and
also results In a much larger III. , so save-all should be used only where it Is necessar y to
capture the Internal state of the CPU arid peripherals . The save -all command can be
especially useful when a program error requires a great deal of processing to occur
before it appears. By saving the session shortly before the error occurs, the error
condition can be recreated quickly and easily. Quitting the PRIM exec ret urned contrOl to - J
the TENEX exec.

At some arbitrary latar tIme the user can again run the UlOSO emulator and
continue a saved session where he left of I at the time it was saved. This will be shown
using the restore command , completi ng the second example .

.<PRIN.ac~ el UIeac.se.sav s m
Ulisi C 4/52/77)

~RESlNDTOPE (f rs. ~~W I i i . )  148-7LLOADED; j or
re .tsPing NIL free TUESDAY, FEIRURRY 22 1971 19,57*15—PI T

.F•ac L,sT~vus ( f o r  device ) KCacEROER
R.eord Type 5q~tefl ast F l l •  Na.. Device
IS $1n12 1211/5215 145—71.Cfi01 I RENDER

~D acIsus
ST~~e OLDCC~CC~’

OLDCCs 51111 CC , 13571 I
After the restore of the save-all from file 148-71.LOADEO, the filestatus display showed
that the card deck had already been read in. Note on the f ifth line that when the
filestatus display was requested for a specific device (in this case the reader) additional
Information was supplied , such as the file type (binary with 12-bit bytes), and the current
and last byte position of the file; the activity status also appears when a device is active.
After the PRIM debugger was called in, OLDCC and CC were displayed showing that the
last Instruct ion had executed out of locatIon 01000 and the next one was to be executed
out of location 03570. At this point the sessIon can be continued as if It had never been
Interrupte d.

The remaining examples wIH be much briefer than those presented above. Instead
of complete sequences of interaction with an actual progra m1 just those commands that are

-~~~~~



UlOSO (leer Guide Page 11

4:
necessary to solve particular problems wIll be shown. In a few cases Intervening
interact ions have been edited out of the transcript to emphasize the essential commands.
In general, results wIll not be shown.

FIND WHICH INSTRUCTIONS MODIFY A LOCATION

A typical debugging problem Is to find what instructions are changing a location
(e.g., some module Is clobbering a parameter). This can be solved very easily wIth a
simple break-time debugger “program ”. If th. contents of location 012345 are being
changed (and should not be), the followi ng breakpoint command will identify the culprit.

Iilr.* (at ) 012345°’~ (after doing) Write ~~
lIMed. Instruc t Ion aso SIfl yps .OLDCC!r
ISTyps 012345w
siC. (to ) ~~
,jc r
Pr .pra. nu~~er ii t13~ I

At tsr every write reference to location 012345, program execution will be Interrupted and
control will be passed to the debugger, which will execute the break-time commands to
display the Instruction that lust executed and to display location 012345. in this example
the program would continue automatically after each break . if only the first breakpo int
subcommand had been entered (eilmlnating the typ e-out of 012345 and the go commands
on th. third and fourth lines), then after displaying the last Instruction executed , the
debtqgsr would display location 012345 (with Its new contents ) and pass control to the
user.

~

FIND WHICH INSTRUCTION SETS A LOCATION TO A VALUE
A related , and perhaps even more common , problem is to find what Instruct ion is

setting an Improper value lnto some location. This can be accomp lished with a variant of
the break-tIme d.bugg.r “program presented above.

IBrHS (a t) 012345•le (at tsr doing) Writ , “~
silt 101234$ ~~ 06?~JC dhe.~ SliCe (to) cr
ssM.me Ins trust Ion ~~ sIsType I OLDCC~
~5cr -

cPr.gra. nu~~or is (2b I

The Important thi ngs to note about this example are the use of a condit ional debugger
command (if) and the “contents-of” operator (s). The first breakpoint subcommand states ,
In essence, “If the contents of location 012345 are not equal to the value 067 then
continue execut ioru • the second subcommand states, “otherwise display the last instruction
executed and break.” Th. symbol-pair “<> represents “not equal to (literall y, “l ess or
greater ”). When th. program breaks , the offending instruction will have been discovered.

DETERMINE HOW MANY TiMES A CODE SEQUENCE IS ENTERED -

Occasionally the efficiency of a program system is degraded by unnecessar y and
unexpected calls on subroutines that do Initialization or other operations whose repitition
do not cause errors but do affect performance. The PRIM debugger can be used to count
the number of times a code sequenc. is entered. In the following exampl. the code
sequence is assumed to start at location 01234, and location 076000 (which is assumed to
be unused) Is used as a counter.

~

— — .-
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‘S .)

iC~sar 076000Cr
Illrean (at ) 0123Ø~ (at tsr doing) X,cuts ~~
siS.t 076000•le • 1076000.Icr
SlTyp. 076000 ’
SIC. (to) ~~55cr
#rogras nu~~ r is 13) S

Every time location 01234 is entered, the count will be Incremented and displayed. If only
a final count Is desIred, rather than a running count of each execution, the following
command could be used:

ICi~~r 076000Cr
— IK .ai (at) 01234•le (after doing) Xecuts CSC

lSSet 076000CM • 076000,101
saC. (to ) cr
Sic,

- 

- 

Pr.qras hu~~ Sr is C4)~’ I

ITt~pe 076000a

COUNT. REFERENCES PRIOR TO A DESICNATED CONDITION
Th, efficiency of a process can sometimes be evaluated by the number of times a

data location Is referenced prior to the occurrence of a given condition of Interest. A
variant of the previous examp le can be used where the automatic continuation is
cond itional on the designated condition not yet having occurred. “

SCi.ar 076000Cr
SBr. * (at) 012345CM (after do ing) Read Writs ‘~°

- - SISet 076000CM . 1076000,ler
silt 15432 0 0~~~ cthern u s C .  (t o) ~~
“Cr

(Progran nuaber I. (53i’. 5

sTyps 07600001
When the condition that location 05432 contains a zero occurs , the program execution will
break and the counter can be examined.

TRACE A LOOP ONLY ONCE
With the PRIM debugger, a program trace Is accomplished by setti ng an execute

break on all Instructions of interest and supplying a break-time debugger program that
displays th. most recent Instruction to execute (see the detailed example on enteri ng and
debugging a small program). To trace the loop only once, the automatic continuation is
made conditional on (~ not being equal to the starting location of the trac e.

Sl oan (at) 01234.02345Ce (after do ing) Xecute ~~
55Usd. Instiust Ion •IC 115T . •OLDCC”
u h f  ~~~ ~~~~‘ 01234~ cthen, SSIC. (to) ~
‘Sc,

~Pr.pann~~~e r I s I$1o I
To trace the loop a times, the continue could be made conditional on a counter that is

4 Incremented whenever the starti ng location is reentered. If a continuous trace is desired,
the break can be entered for the event STIP and the go-to commend can be
unconditional; a ?X abort Int~rv.ntion would be required to sto p such a trace.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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U
DETERMINE WHICH INSTRUCTIONS WERE MIT EXECUTED

An unusual use of the PRIM debugger Is to determine whet instructions were aemr
executed while running some program. This can be accomplished quit. easily by sett ing
breakpoints throughout the area of Interest and then having each execute-break remove
Its own breakpoint.

Sbsbr.aic (fran) I~C a l l  (cm l Ire) r
Silrs* (at ) OI234.o5670C~C (after doing) Xesuts ~~
uiDebroan (Iran) OLDC~OLlJCC.4 ’S.C. (t.) ‘
SICr

rsyan nu sr Is (7h. ulk..* (at) 0567PM (after isis,) Zessits
ICs (ts) 0l134~ 

t

— li ens af ter eisscut ing SbUS, J 111515 SIr-sm (at ) s~
s345 -045s7 .x~rn 155Th CX) S

At the end of the program, a displ ay of the breakpo int data bass shows those locations
that were never executed. bt. that when an execute breakpoint is specif ied over a
range of locations It Is dstected only for the location contaIning the opcode portion of the
instruction, so on each execution It Is necessary to remove the breakpoints for all five
Instruction locations. Not. also on th. sixth line that even though all existing breakpoints

- 

- had been deleted by the command on the first line, th. new break-time program program
was assigned tb, next higher sequence number (in fact, break -time programs are never
deleted, so that they may be reused at a later time without having to reenter them).

DETERMINE WHEN DATA CHANCE OVER A CODE SEQUENCE

- 
It is occasionally necessary to determine whether a code sequence has changed the

value In some location. This can be done by setti ng a breakpoint at the beginnIng of the
- - sequence, where th. break-time commands copy the data value Into an unused location,

and setting another breakpoint at the end of the sequence, where the break-t ime
commands compare the copied value with the current value. In the followi ng example , the
code sequence starts at 012345 and ends at 023456, the critical locatIon is at 05432 and
076000 (assumed to be unused hers) Is used for temporary storage.

S&sa5 (at ) 012345CM (after doing) X.euts ~~
ISS.t 076000CM • (15LJ2Cr
saC. (t.) cr
‘ICr

.cPro~~an num.v Ic (Sb. SIr-am (at ) 023456CM (after doing) Xecute CM

ill. 05432..11760001M .cth.na SS,C. t. Cr
“Cr

‘Cr
Progi an nu~~sr is ($3. S

Each time the value In 05432 changes over the designate cods sequence program
execution will break.

(1 SEARCH A BUFFER FOR A GIVEN VALUE

The final example will show how to search a buffer (or any arbitrary sat of
locations) for the occurrence (or nonoccurrence) of a designated value. In this example,
all values other than 3 in the left half of a word are to be found.

- - - - - -
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SL.cats NON o~iem lid Di masS) 070CM (in) 013SO0:,3Cr
a

The general form of the locate command requires a comparison value, a mask, and a set of
addresses to examine. The comparison value and mask can each be any arbitrary
expression. The set of addresses can be a list of discrete locations or address ranges.
By enterin g NON before the comparison value, Its nonoccurrence is required. The
comparison value defaults to ‘NON 0 and the mask defaults to “NOT 0” (I.e., all 1 bIts).
The test is performed by comparing the contents of each designated location with the
aligned comparIson value msIy fan eke.. hhe &,rs itt. aftga.d steak bIt La e see. If aft
such bits compare, then a match has occurred If any such bit differs, then a fai lure has
occurred. The location In question is then displayed or not according to whether a match
or non-match was specified. The locate command Is analogous to the type command in
that if it is terminated by an e.cep. a replacement value can be entered for each displayed
location. The same rules for the replacement value apply for Iocate-with-repIa~ement as
for type-with-replacement.

)

L~.. - ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ L
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APPENDIX As UNS FEATURES

Memory Addresses:
$ Address of last cell displayed In the form “addre.ss asae.uma”.
Me Five-byte cell startIng at address s, where a Is assumed octal.
Ti, Tetred a, where a is octal or decimal.

Index-register a.

Pushbuttons:
S.CLEAR System-clear pushbutton.
T.LOAD Load-from-tape pushbutton.
C.LOAD Load-from-card-reader pushbutton.
GO.M Ns*t -Instructlon-from4.l pushbutton.
00.00 Next-Instruct ion-from- CC pushbutton.
OP.REQ Operator-request pushbutton.

Control Counters:
01000 Register containIng address of last Instruction executed.
CC Register containi ng address of next instructIon to be executed.

IndIcators:
INDa Testable-Indicator a, where a Is octal with no leading aero.
KNO IND4O.

IND41.
KEQ IND42.
KUQ ~D4a
1(10 1ND44.
AZ 1ND45.
AN 1ND46.
NBOF lND4l.
DOF lNO5O.
~Sl lNOB3.
NW2 1ND54.
10S3 lND55~KBINT iND56.
SRP or K)S2 SNOB?.
INH1 1N061.
SS1 1ND62.
SS2 lND63.
SS3 lND64.
Sil IND6B.
512 IND6&
S$3 lND67.
TI IND71.

1N072.
CHINDS.a I/O-Indicator-bits for channel a.
mi Class-i-interrupt-InhIbIt flop.

Oaes-2-lnterrupt-InNbIt flop.
1R3 Oass-3-Interrupt-lnhiblt flop.
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Miscellaneous:
L)AY.CLOCK Day-time-clock (6 bytes).

Operators:
XCR Exclusive-OR binary operator.
OR InclusIve-OR binary operator.

:1 AND LogIcal-AND binary operator.
NOT Logical-NOT unary operator.
~ Not-equal-to binary retatlonshlop.

Less-than-or-equal -to binary relationshIp.
Greater-than- or -equal-to binary relationship.
Less-than binary relationship.
Greater-than binary relationsh ip.

— Equal-to binary relationship.
• Plus binary operator or Increment unary operator.
- Minus binary operator or Negat ion unary operator.
MOO Modulus (integer remainder on division ) binary operator.
* MultiplIed-by binary operato r.
/ Divided-by binary operator.
ABS Absolute unary operator (NB. UlOBO arithmetic Is unsigned).
( Left-bracketer. - 

-

) Right-bracketer.
• Contents-of unary operator.

Constants:
Octal Digits 0-7, mandatory leading zero
DecImal Digits 0-9, no leading zero
XS3 Prime -text-prIme (XS3 characters converted to binary and truncated )
Stri ng Quote-delimiter-text -delImIter (as in multi-word stri ng “ /text/)

Break Events:
000 Break-on-eve ry-anomaly debug-switch.
PUT Break -on-every-store debug-switch.
LiMPS Break-on-every-jump debug-switch.

• DROP Break-ori -.very-conditiona l-jum p-that -f ails debug-sw itch.
STEP Break-on-every-instructIon-executiOn debug-switch
10 Break -on-every-I /O-activit y debug-switch.
INT Break-on-every- Interru pt debug -switch.
TK~K Break-on-ever y -clock-tick debug-switch.

Optional Anomaly Conditions (requested by 000 event)~.Card Punch Feed-read
Card Reader 72-column Select
Device Not Ready
Disk Anomaly (bad function bits )
EOF Encountered in Communications Input
i/O Overlap
I/O Overload
I/O to Low Memory
Memory Exceeded
Nonexistent Control ler

-

~

- ~~~~~~~~- - - -~~~~~~~~-
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Printer 132-column Select
Tape Anomaly (bad function bits)
Too Many Product Bytes

Automatic Event Stops:
Halt-display Instruct ion
Ring on Class-i Interru pt
Ring on Divide
Internal (emulator) I/O Synchronization Error
Program Halt
One—shot Error (no room for Installat ion)
(Mimplemented Instruction

Available Devices:
Printer: XS3 translated to ASCII

Speed parameter , defaults to 922 lines ! m m.
Reader 12-bit binary, or ASCII translated to 181.4026 column-bInary

Speed parameter, defaults to 600 cards/mm .
Punch 12-bit binary, or 81.4026 column-binary translated to ASCII

Speed parameter, defaults to 300 cards /mm .
Disk Binary
Tap. Binary (or physical meg tape unit)

Speed parameter, defaults to 3 mln./2400-foot-rewlnd
LS-comm. USAF6 translated to /from ASCII

Speed paraniet•r, defaults to 10 char./sec.
HS-co.nm. ASCII (with bits 7 and 8 Inverted) translated to/from ASCII

Speed parameter, defaults to 240 char./sec.
Clock XS3

Rate parameter , defaults to 1 tick/sec.
Memory Size parameter , defaults to eight 4192-word modules

Cycle-time parameter, defaults to 4500 nanoseconds

L

~~~~~~~~~~~ _—~~~~~-~~~~~~~-
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APPENDIX 1* U1O$O CONFIGURATION PARAMETERS

Memory User settab le speed parameter, defaults to 4500 nanosecond (ns.c)
cycle-time; can be set with a precision of 50 nssc. User settable size
parameter , defaults to eight 4192-byte modules.

CPU Instruction timir~ Is based on UnIvac Manual UP-3912 (RevIsion 1), Section 3,
• page 73. TimIng Is Implemented ss follows: (1) InstructIon fetches occur at

memory speed; (2) indexIng takes three additional memory cycles; (3) memory
reeds/writes by an instruction occur at memory speed; (4) any remaini ng time
is divided by 4.5 microseconds (usec) to convert it to a corresponding number
of memory cycles (and cause it to speed up or slow down proportional to
m mory speed).

Printer User settab le parameter at Installat ion time, defaults to 922 lInes per minute.

Reader User settabie parameter at Installation time, defaults to 600 cards per minute.

• Punch User settab te parameter at installation time, defaults to 300 cards per minute.

LS-comm User satIable parameter at installation time , defaults to 10 characters per
second. Remote echo delay of one half a character time Is provided. Up to
16 comm units (IS or 11$ In any mIx) can be Installed .

l~ -comm User settable parameter at insta llation time, defaults to 240 characters per
second. Remote acknowledgments occur after three character times. Up to
16 comm units (IS or 14$ In any mix) can be installed.

Disk Characteristics cannot be changed parametrical ly. Maximum disk address is
01453777. Disk timing Is based on the follow ing model: (1) one cylinder
contains 64 sectors for 16 heads; (2) sectors of 168 bytes are interlaced on
the disk in two cycles such that successively addressed sectors are separated
by one sector from the other Interlace cycle; (3) sector 0 on a cylinde r starts
just past the index point , and sector 32 arrives 6.267 ,r~iseconds (msec) later;

• (4) one disk revolution takes 25 msec; (5) head positioning takes 10 msec for
the first cylinder crossed and 111 usec for each successive cylinder;
(6) transfer rate Is 4 usec per byte. All timing is computed to a precision of
50 nsec.

Tape User-settab le parameter at installation time, defaults to 3 minutes to rewind a
2400-foot reel. Other timing characteristics canno t be changed
parametrically. Tape timi ng is based on the following model: (1) all tape
records are one of two sizes , either 256 bytes or 3072 bytes; (2) reads or
writes fro m load point take an extra 85 msec; (3) start-up of a read or write
takes 10 msec li the last order completed more than 41 usec ago; (4) large
block reads or writes take 129.396 msec, small blocks take 10.783 mseq
(5) deceleratIon from a read or write takes 5 msec; (6) large block
backspacing takes 144.496 msec, small blocks take 25.833 msec, but only the
size of the last block read or written is remembered for timi ng purposes.
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PRIM SYSTEM USER REFER~~ICE MANUAL

INTRODU CTION

ihis documcnt is the common reference manual for all users of the P1111.4 system,
both those using one of the existi ng emulation tools and those writing new emulators. I or
the former, this manual Is supplemented by the appropriate tool—specific guide (e.p.. PRIM
Sys~em~ U1OSO User CUéd.)t for the emulator wr iter , the supplement is PRIM Sysirn.: 1 ool
Hnifdc, Mo nuraL

1 he P1411.4 system is always In one of three states , known as 1h ’ CXt’ ( , the ck’bu~’grr,
and the target execut ion states.. Ihe transition between states is controlled by the user.
roth of the first two states are PRIM command processors that ta l c commands from the
u~.er and execute them. The exec , whose command prompt tharacler is “>“, is uccd
principally for setti ng up a target environment ; the debugger, whose command prompt is
~~~ Is used for the detailed examinat ion and control of the - executing target
machine. Target execution includes the emulation of not only the CPU, but also clocks and
a.~orted peripheral 10 devices. Th. three sections loHowin g the Introduc t ion describe
each of the states in turn.

t he PRIM exec and debugger commands are Illustrated with example s taken from
ac-lual session transcr ipts. in all the examples, user Input is ISeIiriseJ to distinguish it

• - from PRIM output. Input control characters appear as their abbrevi ations superscripted
(e.p., Car).

GENERAL INPUT CONVENTIONS
User Input to PRIM, both oxec and debugger , is generally free-for mat and

case-independent. Leading spaces and tabs are ignored, and tower case Is treated as its
upper case equiva lent (except In quoted strings, where case is potent ially significant).
User Input to the targe t machine during target execution state is in tl.r forma t required by
the target system.

Certain characters have been assigned editing and intervention functions when Input
by the user. 1 he editi ng characters apply only to the PRIM exe c and debugger, while the
intervention characters apply to the target execution state •s well. lhc specific
characters assigned to most of the functions may be altered (via the ex rc Change
command ) to suit one’s needs. ihe editing functions are valid at any time thwing PRIM
command Input; commands are not executed until after the final character has been
accepted.

Hark-apse. (cn$1-H) erases a character from the current word or term of input ihe
back-space Is echoed as a backslash (\) followed by the era~.ed character. When
there are no erasable character s , a bell (tnt l-G) Is echoed Instead.

,1l;rrissi. kaek-apse. (initially cn$1-A) performs a function identical to kark-aperm it Is.
( - prov ided as a convenience. -

— 
- _________________ - - • -



PRIM System: Oc r Referenc e Manual Page 2

Ilnekup (initially cnII-W) erases the current word or term of input It is echoed as
backslash (\) followed by the first character of the eras ed word.

Ifeiypi, (initially cntl-R) retypes the current input line; it is useful after a confusing
amount of editing has occurred.

I)elese (initially DEL or RUBOU1) aborts the current input command or subcommand,
allowing the user to re-enter it . It is echoed as - XXX .

Q,veasinn (?), when entered at the beginning of a command field, el icits a description of
the expected input, followed by a retype of the line. When the expected input is a
selec tion from a list (or menu), the entire list is shown.

1 he int ervcnt lon characters are valid at any time , including command input , command
interpretation , and target execution.

,1l,o,i ( in if ia l iy  cn t l - X)  in terrupts the current activity and returns control to the
command leve l of either exec or debugger. When used to cancel an cx ec or debugger
command , control returns to the top level of the same state; abort is the only means of
c anccling a command when the user is in subcommand mode. When used to interrupt
target executi on, control returns to the state from which execution was initiated; abort
is lhc only means of stopping a looping target machine.

Ss.isua (initially cn lf-S) produces a one-line summary of target machine status , including
pr ogram counter , emulated elapsed time, and active 10 devices. 1 he command is valid
at any time, but usefu l primarily in execution state.

ihe following character is active only during target execution.

(o.ssrn?-shif: (initially cnt i-t ) permits the user to enter (during execution ) a control
code that cannot be entered directly because it is intercepted by either PRIM or the
operating sys tem~ the PRIM characters inolved are *lniu*, nbori , and eoni rol -at,ije itself.
the next ASCII character following the co,uroI-aMfa (other than the digits 0 thru 9) has
1k two leading bits cleared , thus conve r ting it to an ASCII control code (fl or a to
rail-il, etc. ). (.nniroI-shifs followed by a digit results in an input that is outside
the normal target character set and is used for particular target-machine-dependent
functions. ihe control-shift character itself is not echoed, an ’ not passed to the
target machine. If execution terminates before that next character is input to the
targel device, the control-shift is canceled; it is not retained for the next resumption of
execution.

-~~~- ---=--—~ --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• - - - — -
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PRIM EXEC

ihe PRIM exec Is the inItial state of a PRIM sessIon. Ixec commands are concerned
primarily with building target configurations, saving PRIM session results, restoring
previously saved sessions, and accessing or creating files (within the lit. space of the host
operating system ).

ihe ex ec prompt character is ““, ind Icat ing that PRIM Is In cxec state and that the
cxe c Is awaitIng a now command; Il ls always shown on a new line. lnd iv lduat Input fields
consist of keywords (a word selected from a menu), decimal numbers, and file names.
I xoc commands are composed of fixed sequences of fields , each terminated by a delimIter
ch aracter; a fina l confirmation consisting of a return is often requ ired.

Keywords are selected by any unambiguous leadin g substrlng. Oft en , a si ngle
ch aracter suffices ; three characters are always sufficient. Numbers are sp ec if ied in their
entirety. I-ito names are spoc lft od accordi ng to the conventions of the operat ing sy s t em.
All commands that w ill usc a file for output require th e name of a new file (except the
Mount-Append and Mount-Ol d commands , w hich modify existing files); all other file
commands require the name of an existing file. In lINf K, an ex istin g f i le name - and a
new file that Is a new version of an existing file name •--  is rccogniird (and completed) In
rc ’s pon se to an input eaeEape.

- 
• 1 lic, nor m al delimiters that terminate comma nd fields are re’u’rn, e.wnpe, and A,rnre .

l ’.’.w.lpe’ and a~rnee function identically except that the former generate !, feedback to the
Ir t- r while the latter generates none ; the feedback produced by e-~rnpe include; both f ield
omplction and next-field prompting (which Is given in parenthcr.~s). Return Is used to

complete a command Immediately, bypassing any remaining fields and confirmatIon; it
• f u rther input Is required, the return Is treated as an e~rapr. (In the examples that follow ,

rwnpe termination is used to show tho prompts.)

Keywords that Involve either devices or parameters are machine~clependent; the
-rli.’clions shown in the examples are meant to be illustrative rather th~in dvimnitivc’ .
Dc’vkc specific ation is further complicated when two (or more) of the same generic devi ct
are Instal led. the refore , for dev ice names , two further delimit ers are utilized. ci (“ i~”) and
m m i i  (“ :“). A fully qualified device name consists of flenerIr -Immm ’ is rtsnt ,nel- mmnmnl,er
is, ilv - siumher; the numbers are required only to the extent nrce~.sar y to speci fy a
part Icuila r device. When a device name is term inated by one of the stand ard terminators ,
and when further disambiguatlon is required, the exec prompts explicitly regardless of the
te rminator.

ilie remainder of this sectIon consists of the descrIptions of the ext ~c comm ands in
eilptiabctlcal order. I ach command description begins with a transcr ipt showing one or
more examples of the command and its various options. lhoso commands that require a
se cond keyword show that list via an Input quCaI~on. The exec commands arc: 
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~? On..i Sb. lsIl.iiin~:
CPNCCL
CHfl$GF
CLOSE
cm~~~~DI RUG
FII.EST ITUS
CO
INSTAL l .
AOUS*T
NEWS
PER IPII(RRL S
QUIT
REASSIGN
RI STORE
REM IND
SnvE
SIT
SHOW

SYtIt~OLS
1 DIE
TNAN SCR IPT

UNINSTI1IL
UNilOUNT

Comment.
i; this line ii. oem rn,neeV

Any line begin~n1ng with a semicolon is treated as a comment. Comments are recorded In
the transcript if one Is open (see transcrIpt command).

~ .ncel abandons all outstanding PC) operat ions for a des ignated device.
~~CM~~~ fl (~~~ for d.v lc.) tts0

~ PE-UNtT ~ “

1 his command Is Intended for use when, after an 10 error halt (descrIbed in the section on
targe t execution ), the user wishes to abandon the devIce operation rather than mount a
file arid retry the operation. ~Ihe list of outstanding K) operat ions , by dev ice, -is par t of
the Peripherals comman d output.

__________  -- • -• •
-

~~~~ ~~~~~~~
- •:~i;~~~~ , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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Change reassigns the PRIM control funct ions .
,cli05eil$G (input cods for ) ? On. of flu f.ll.wlags
IIItORT
ALT-BA CKSPACE
eacp~up
DILE1I

RETYPE
sinlus
cONTROL-SHIrT
CHANCI (Input cod s for ) •I1~’~°ORT (iron tK to) ? A Control Cod..

~CNANGI (Input cod. for ) ABOR T (froa t~ ~~ 
tP 1W

.eI*°50RNGE (input cod. for I dCaCELETC (iron DELs to ) ~~~~ Ino t chanq.dI

ibis command allows the user to change the ASCII control code assigned to any of the
listed PRIM control functions from Its current assignment to anot her (currentl y unassigned )
control character. 1 ho function name Is the second word of the command ; when it Is
terminated with an escape, the current assignment is noted In the noIse. 1 he entire set of
ASCII control codes (including delete) Is available excepting mill, back-apace, line-feed,
return, escape, and uniI-aepnraior (1ENtX end-of-line) which have fixed functIons In
PRIM. For abor t and steaMs the set Is limited to cisil-fl thru eni l-Z.

ç~ se termina tes the current transcript file If one Is open.

~cI°~°OSt ( transcript O i l . . )  or

A transcript file is opened using the Transcr ipt command ; il ls automatIcally closed at the
end of a session.

Commands redirects subsequ ent input fr om a file.
rn°~0IlflflND% (from Oil .) rommend.JilrA’~-° er

ibIs command causes PRIM, to read its subse quent command Input from the named file
Instead of the user terminal (or current command file ). 1 he file input is treated exac t ly as
terminal Input except that Intervention f unctions (abor t and stains) are valid only from the
terminal. Should a command in the fi le cause execution to be resumed, Input that normal ly
would come from the user terminal is take n Instead from the file. Input reverts to the
previous source at the end of the file; an abort term inates all command files and reverts
Input to the user term inal. Command files may be nested. Command files are very useful
for common session-inItialization sequences.

~~bu~ transfers control to the PRIM debugger.

Sr.turn (to UK) or

The PRIM debugger Is described In the next soctlon cont rol It returned to the exec via the
debug Return command.
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filestatus returns Informa tion about mounted l b s  for all or designated devices.

~.J*’WILFSTflTUS (for d.vie.) ~~ ALL
R.cord F i le Na.. Dovlc.
12 CnRO.DICK CARD—READER
12 Ucor Tty PRINTER
525 1IRIIINIU.INPUT TIRIIINAL (In)
17345 JLRII.OIJT TIRMINAS . (Out)
2,5 flIttO.EFG TAPE-UNITuI

• 4°5CIIISTII1US (for dev ico ) oa~scNO_REAOfR
R.cord Tup. Ryt./Lsst Eli. Na..
12 t i l eR?  960/1251 CIIRD.O(CK

When the device field Is empty (return or escape) all mounted files are listed; otherwise
just the file (s) on the named device are listed. ihe latter case give s more complete status
than does the former. 1 he output fields are:

~~~~~ tolls the current position of the device or the number of records which have
been processed. For disks , It Is a sector number; for card readers and punches , a
card count; for communication lines, the total number of bytes transferred ; for meg
tape units , the position from beginning of tape expressed as files a records.

E~!Q Name is the name of the file; the name “U ser Ity ” Is displayed when
Y’IIIS- lIc’Ri$IIN/tl. Is the fife. )
Device is the emulated device on which the file is mounted.

~yp_e~ describes the type of file , either Ascii or Uinxx , where xx Is the file byte size.
The type may have boon explic itly specified at mount time, or it may have been
w~sumcd by PRIM.

~ytcJL ast is, for a mounted disk file , the current byte position in the tile and the total
number of bytes in the file.

The margInal notation “[not opened)” indicates that the named file could not be found (this
occurs only to a rc~tor ed file ) and tha t the device must be reassigne d to anothe r file (or
to the same file via a new path name).

Q2~ transfers control to (ho targe t execut ion state.
,gCSOO (from 1734) or

—- ~~ MACHINE runn I ng at Sill, Used 1,11.4
- ~ MACMUlE h a l te d at 5543, load 1,11.1

Th is command transfers control from the PRIM exec to the emulator or target machine , In
Its current state. Control ret urns to the exec when the target machine halts or a
breakpo int is encountered (see the debugger Break command) or the user int errupts
execut ion with an abort.

In the example, the user followed the command with a st atus request (the status character
Itself I. not echoed) resulti ng In the first reply line (MACtINE running at ...) the target
machine Is still running. Iventually the target machine halted, producIng the second status
line and returning contro l to the exec as evidenced by the exec prompt.

L___ ~ ~ ===~ - -
~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - ~~~~~~~~
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_____
Install adds a designated typ e of device to the machine configuration.

i4esr$s1p~L (d.v le.) P 0.. of flu. tollowi ~gi
CA RD-READER
PRINTER
Inrc-costRourR
TERMINAL
INS1ALL (d~vIc.) p°50RINTE R (CHANNEL) ~~~)-~.P SPUD

~~a050Pf ED (ch iract.r. p.r ..eord) OW355
)~er

~iCsCNS1RLL (dovica) ta°50PE-CONTI1OLLER (CHANNEL) JeW Or
Now many TAPE-UNIT’. d~ ~~ 

,~~~~, 
,cr

• For the fl r e t 1IPE-.UNIT , (UNIT) ocac er

For tho *ocond TAPE-UNIT, (UNIT) ~~

The device type is selected from among those implemented. ihe user is prompted for
each necessary item of Information , typically Including an address for the device in the
target KI address space and the number of units to install. After the required information
is gathered, sub-command mode (“>“ prompt) Is entered to gathe r optional parameters;
any optional parameter not supplied takes on Its default value. Suhcommands are
terminated by an empty command , return only. An installed device is Initia lly unmounted

• -- there is no file accociated with the device for purp oses of actual 10.

When the device being installed is a multi-unit controller, the dialogue proceeds through
each of the Individual units to gather their parameters. After the command is completed ,

• the controllor Is no longer visible; only the Individual units are. An abort aborts the entire
command, not just the current unit.

Installation Is permitted only. before any execution has taken place. lypically, a user or
user group installs a standard configuration and then saves it for use In all subsequent
sessions (see the Save-ConfiguratIon and Restore commands). 1 he optional parameters of
an installed device may be changed at any time using (he Set command.

~ 
(

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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Mount associates a file with an Installed device.

~ns0100UNT IA,I,N,OL,OU,T,7) P One .1 ths hollowIng u
APPEND
INPUT
N IH
mu
OUTPUT
THIS-TERMINAL

~MOUNT (R,I,NI0L,OU,T,~~ I0WNIS_TERMINRL (on d.vtc .) p050RINTER or

MSOWOUNT (A ,I,N ,OL,OU,T,7) a0~ EM (In I aut il ls ) /3ll fl.I~’~C;lO~ (on dsvic s )
toeWPt.UNIT or

~m i°50NPuT (from Il ls ) rerd4ae&eW (on d.v lcs) en°50RD-READER or

~.P BINARY or ASCII

~>bO10HmRv (with ~yf~ .i,.) •jer

Assoc iating a tile with an Installed device causes subsequent emulated 10 for that device to
be directed to the file. 1 he second keyword followin g Mount determine s the direction of
data flow and the choice of an old (existing) or now file. A file must be mounted on a
device before any actual 10 can take place.

APPEND mounts an old file for output only, with thg. subsequent output being appended
to the previous contents of the file.

INPUT mounts an old file for Input only.

NEW mounts a new file for both Input Lnd out put (the file is initially empty).

0(0 mounts an old file fpr both input and outpu t (subsequent output overwrItes any
exis t ing I ilo data).

0(11 mounts a new file for output only. For a disk or tape device, ($J1 Is treated as
NEW.

TIIS-I(RMNAI associates the user terminal -- inst ead of a named file -- with the
named device. 1 he mounting Is for both input and output unless a file has already
been mounted for one, in which case the terminal is mounted only for the other. The
terminal Is known to be an ASCII “ file ”. 1 he terminal may be mounted only onc e for
Input; It may be mounted for output (or on an output~onIy device ) any numbe r of
times, but the output is not labeled as to source.

C~ity some of the forms above are applicable to any give n device. For a disk- or tape-like
device, an Wl’Ul, 0(1), or NEW file is expected; an (*1) file is one th at was MW In a
previous PRIM session and Is being re-used, while an INPUT file is an old read-only Ill ..
For a bidirectional commun ication device (e.g., a terminal ), two fIles are required: an INPUT )
file and eithe r an OU1PUT or APPEND file. Alternativel y, a real termina l may be used for
both (or either one). for an Input-only device, INPU1 and OLD are identical; for an
output-only device, OUT and NEW are identical.

_ ..__ ~~_=:= -
—- -~ ~~~~~~~~~~~~~~ -=:~:=::.
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( For those devIces that deal exclusively with character data , the mounted file is always
take n as an ASCII text f ile; character translation is performed as part of the 10 process.
(This allows the file to be created andfor processed by any operat ing system utilit y that
deals with text I ilos.) For tape and disk devices , the file format is internal to PRIM (arid
therefore not requested from the user); the data is recorded directly. For other devices
the user is asked, via subcommand mode (“a” ” prompt), whether the mounted fête (NOT the
dev ice) is an ASCII text file or a bInary file cont aining a stream of pure data In bytes of
some fixed size. ihe default Is a binary I II. of a devIce— dependent byte size .

Once a file has been mounted on a device , all exec commands that refer to the file require
the device name as the specifier; for communication devices, where two files are normally
mounted, the device name Is followed by a direc tion selector. The file name It self is not
used as the Internal Identifier.

News roads the PRIM on-line news I Ito.

Do you want t o so. 4.-APR-?? Changes In PRIM ?t °~°yrS
I Hors coons the sossags regarding changes of 4-APR-?? . . . I

Do you want to so. 24-MAR-?? Prelim Inary Documentation ?s ~~~~~~ XX X

the date of the most recent news message Is shown automatically at the s!art of each
sessi on. In response to the comm and, each message’s date and subject is shown,
beginning with the most recent message. For each message, the body may be seen (YES)
or skipped (NO) , or the command may be terminated (delete or alien ).

~ç!Jpherals returns information about the inst alled devices.
)pOWIRIPHFRAU
Chan Unit Mounted Device

1 S No - PRI N IL R
2 0 Yos TIRMI NA L

3 S Vt ,’. TAP(— UNJT
3 1 Yo, API-UNIT

ac t i ve  devIce~ t I&RI1ZNflL

T his command produces a listing of all the installed devices, together with their 10
addresses and a notation concerning whether they have files mounted. It also lists all
devices which have suspended $0 operations. Ordinarily, suspended Operat ions are limited
to (1) 10 error conditions arid (2) input operations where the Input file is a real terminal
and no Input was available when target execution stopp ed.

Quit terminates a PRIM session.
.q010UIT

Onl tt lng IWICHINE (Confirm) ~
S

Terminating the PRIM sess ion involves closIng all open files and returning control to the
process that Initiated the PRIM sess ion. The session cannot be continued.

—~~ ______________
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~~ass lg~ spec ifies a new file for a mounted device. ~~- 
)

om01055ION (device ) I. omCPf_tINIT . it.  IlflI0JUO~’~~ 
1W

t his command Is used to substitute a new file specification when, after a prior Restore
command , a previously mounted file cannot be found. In particular, a restore done from a
different directory than the one In force at save time has trouble finding any of the
mounted fi les. Prassigri may only be used for devIces/tiles that are marked ‘Inot
opened]” In a f ile-status disp lay. The new file Is assumed to have the same
characteristics as the old one and is positioned at the same file posItIon.

~pstore recovers the state information saved In a file.

~rea ’ar TORf fireS SAYt I l l .)  IwCD. CONFIC~leae or
resto red CONFIGURATION fro m TUESOI1Y, hAY 3, LV? 12z35 i 58 POT

The current context is updated w lth. the complete or partial environment previously saved
in the designated file by the Save command. For the addressable r~gions - - machine
memory , registers , etc. - the saved data replaces the current data only for those cells
that were actually saved; coIls riot saved are not cleared. (Thus , nonoverl apping memory
images are merged.) For nonaddressable regions -- symbol , configuration , and breakpoint
-- each one Is completely replaced If present in the file. t he date and region(s) saved are
shown, followed by a list of any mounted files that cannot be found.

Bewind returns a device ’s mounted file (s) to the beginning.

~reu’~10IN0 (d evice ) ICOWPI.-UNIT Cr

~nem Ier~arh1NflL (8,I,O,fl ? Or,. .1 the t ot lewingi
801K
INPUT
Otilput
RIK TIRMINAt gesq4pu Or

This command Is useful for retry ing a program without unmountlng and remountIng tiles.
(Files are always rewound when mounted , except for Append files , which cannot be
rewound.) For a terminal—like device that requires separate Input and output files , the user
optionally spec ifics which file Is to be rewound; the default Is 1107’ll.

~~~ copie s selected state information Into a tile.
,MeaeW P One of the 1.1 lowlngi

• flu
COIWIGURATION
FORMATS

MI IIORY
SYIIROLS -

.Snvt eeaoos ICURR TION (on Ill.) .IJ CO.CONYIC; l0r

This command save s on the (new) file an image of the region(s) selected for savi ng. The
contents of the file can later be restored for use In th is or anothe r sess ion. the second
word of the command selects one of the save options.

- -  
---— --- 

- - - -~~~~~-~~ • -- •— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ALL saves everythi ng -- a complete checkpoint of the target marhine and debugging
state. ~ vcrything’ Includes memory, all addrossablc registers , installed devices,
mounted tiles together with their positions, debug breakpoints and their programs ,
debug f ormats and modes, defined symbols, and the Internal state of the emulated
machine.

CONFIGURATION saves all th. machine confIguratIon data, including instal led devices,
mounted files (If any), machine parameters , and debug fo rmats and modes. This
command Is allowed only before any execution takes place. Useful for creati ng a
standard machine configuration (possibly w ith some standard fi les mounted) for use in
subsequent sest ioris.

FORMATS saves all the formats that have boon defined (using Ihc debugger Format
c ommand).

• MIMORY save s those regions of the machine memory that are not clear. (At the start
of a ( RIM session, memory Is already cleared. )

SYh*JOIS saves all the user-defined symbols , both those loaded via the exee Symbo ls
command and those defined directly via the debugger New-symbots command. The Ill.
that results Is a SAVE /RESTORE file , not a ~YMOOI.S tile!

~et changes the values ol usor-settabl. parameters.

~aeCWT (
~esphp. s. devIce) ~

~~7’ (In of the i.Ilewinq*
CL flC$~
miioav
set io

OCM~Ij i.CK (t ict s ps. second) O~C a S  Or
~ m010IflONy (III- Sodul..) 40P

~aeO*OT (~ eo~itq or devi ce) p°1~R lNTtR
i~a0arPfffl (charac t ers per second) I$O~

FollowIn g the command word, the user selects the group of parameters he wishes to alter.
An immediate r-einrts selects th. global machine parameters; a device name selects the
parameters of that particular Installed device (the parameters of multiple installed
instances of the same dev ice typ e need not have identical settIngs).

Any numbe r of parameters from the selected group may be changed. In response to the
subcomm and prompt (“‘a ’), the name of a parameter and its new value are ente reth each
change Is made immediately and a new subcommand prompt appears. The command is
term inated by an empty input , resara only, or by an iliori (which does riot undo any
paramet.rs previously changed). the list of possible parameters Is highly machine -- and
device-dependent; it typically includes the size of memory and the speed of each devIce.

( Th. value of a parameter Is eIther a (decimal) number or a keyword from a
parameter -specific list; a qisoad.is In the value field reveals wh ich is expected. An coos pa
sets the parameter to its default value. 
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~~~~ displays the valu es of all the parameters in a group. - 
1

,aAOWOU ( ‘e.~hp s. d.vlcs) 
~

CLOCK I. III lieP s per sec.nd
IW IIO~Y Is 0 *~ SoduiSs
SPItO is 750 nanoseconds per memory cyc le

0A0a0011 ((( q~fy, or devic.) p W1MT(I

SItED Is 200 characters psr sumond

Following the command word , the user selects eithe r the global machine parameters
(r.lurn) or the parameters of an Installed device. The names and current values
of all the parameters are displayed.

Symbols reads an ASCII symbol-table file.
>ay Wnam s ,, .. t ie) Sy Mf l OIS . I l~ZI) MPI .E 4~a~ er

T his command causes PRIM to build a user-defined symbol table from the data In the
named t ile, which is a structured ASCII text file. ihe file may define values for both global
symbols and program-local symbols that arc organized into programs. In the PRIM
debugger, the global symbols plus the local symbols of the currently open program are
accessible at any lime. Symbol values in the file are octal. 1 he form “name •- — value”
defines a global symbol; the form “name — value” defines a loc al symbol; the form “name:”
establishes a program name to which subsequent local symbols are assigned. The file Is
free-format in that spaces, tabs, commas, and new-lines may occur anywhere -- except in )
the middle of names or values. ihe follow ing is a sample symbols file. —

ALPHA - —45
IW I A’-—1?345
I’Rl: A’-2OOO,B’-2I32,C~~2241
xY7~A- 3212 AA-3245, AAA .3261,AAAA e7/77

Symbol files are intended to support the movIng of symbolic label data from an assembler
or linking loader m b  PRIM for use in symbolic debugging.

j .j~e displays time - of -day and time-used information.
,,j r aoar ( I v )  ~U(SOnY, IWIY ~, 1971 12*34i33.-PO1

Uvnft Is tO S PRIM time ; th.ed 0,02.7 IEP time .

This command displays the date, time of day, the amount of PRIM time used and the amount
of M P-900 tIme used in this PRIM session. (Elapsed target machine time Is displayed In
response to OUIUU.)

1r~nsc ript transcribes the subsequent I’RIM session on a new file.
lroarA$SC*IPT (to f ile ) ao..,.flIa*~ ~

All transactions with the user terminal , Including execution-time K) to TIPS-TERMINAL, is
transcribed until either the usor terminates the session (with a Quit command) or closes
the transcript. Only one transcript may be oPen at a time. A header line containing the
dat• and time is placed at the head of the tile. 

—
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IMinstall removes an installed device.
1’ootslflhi (dvvics) )‘ PSINTLO or TOPI-UNIT

~UNINS1flLt (devi~eI S*f~WPI_UN1T (i~ It), ~.ae ~~

This command is the inverse of the Instab command; II removes an installed device from the
configuration , first unmounuing Its files if necessary.

mount unmounts the file(s) from a device.
Nø’ooOIMT (devle ) p”°~IINtE0 CV

9~ $flS lev~~’flINflL (0, 1,0,?) ? Ons .1 the fs lIesi in,s
SIfl il

INrUT
OU1PU1

)U.WI Tts.lIWll. ~~ 00Th ~~

The unmounted filc(s) are closed. For a terminal-like device that requires separate Input
arid output files, the user optionally specifies which file Is to be unmounted ; the default is
110TH.

(.
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PRIM DEBUCCER

ihe P1*4 debugg., Is a table-drlv.n, target-machIne- independent, Interactive
program for dsbu~~ing a PRIM emulator or a target program running on such an emulator.
Il ls tailored t. * specific target machine by tables prepared as part of an emulation tool.
IfasIcally, It per mits a user to set and clear breakpoints and to examine, modify, and
monitor target syst em locallons. larget system assembly language and symbolic names
arc recognized, and arithmetic Is performed accord ing to the conventions of the target
machIne. 1 he *bug~er command prompt char act*r is “a”; each level of subcommtind adds
another “a” to th. prompt.

ARGUMENTS
Most debugger commands take arguments in the form of value s, expressions ,

expresslon-rang.s, lists of expressions , or lists of express Ion-ranges as defined below.

Valies

A value is an assembly-languag e instru ct ion, a form , text , or an expression-list.
Assembly language Instruc tions are parsed by a table-driven assembler/disassembler that
w epls the same syntax as the assembler for the target machIne. User symbols will be

re cognized if they have been supplied In user symbol-table files (see the exec Symbols
command) or have been declared Individually (see the debug ger New-symbol command ).

A fo rm requires ‘tat the user previously define a corresponding format (see the
di buu’gcr Format command). A form is represented by the format n~ime followed by an
expression-list, as In the followIng example.

110, 7, 3

l cxt Is repres.nted as a double-quot. (“), followed by an arbitrary delimiter
C Ii1iracter , follow ed by a sequence of othe r (non-delimiter) characters , followed by ano t her
occurrence of the delimiter character , as in the followi ng example.

“/lhis is text ./

Expresslems

An exprossion Is any well-formed sequence of constants and symbols that are
drhned for the target machine; the symbols (which are machine-spc ilic) may represent
either locations or operators whose rules of combination determine what is a we lt-form ed
expression. A location symbol may represent a named hardware element or a globally or
locally defined user location. An operato r may either be unary (preceding It~ operand) or
binary (com ing between its operands In infix notat ion). 1 he precedence of operato rs is a
func t ion of the target machine, except tha t aH unery operators arc assumed to have the
~.ame pINi~dence value, which is higher (more st rongly binding) th.tn that for any binary
operator. If brackets are permitted (..~., parentheses), their precedence value is higher
then that of unary operators. For example, A-B and -lisA will evaluate the same, but will
di ff er from -(NsA), which will evaluate th. same as -ti-A. A bracketed subexpression may
itself attain th, full complexity of an expression. hue b&tavicr of operators is )
machine-specific. 

T~ I ~~~~~~~~~
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E*p.essi.. raeges

An expression-range consists of the triple: expression (lower bound), colon,
expression (upper bound). ft represents a sequence of locations starting at the lower
bound and continuing through successive locations to include the upper bound. 1 he upper
bound may not be less than the lower bound. Wherever an express ion-ran ge is allowed , a
single expression is accepted and treated as If It had been ente red as both the lower and
upper bounds of a range. If the two bounds in a range address differen t spaces (see the
discussion of Spaces below ) within the target machine, the sequence of locations is
restr icted to that space addressed by the lower bound. Iwo special forms of expression
rang.s are recognized. It th. second expression in a range is “-I”, it is treated as being
the largest addre~s in the space referenced by the first expression. If the second
cxpi c~sion In a range Is of the form “. ,rgw~aalea”, it is treated as if it were “(lower

• erpr.uin.s

Lists of expressloos or ranges
A list of expressions consists of at least one expression , followed , opt ionally, by any

number of occurrences of a comma followed by an expression. A list of
express ion-ranges has the corresp ondi ng structure of at least one range, followed,
optionally, by any number of occurrences of a comma followed by a range. An example of
a list of ranges is

0:10, 20, 30:50
M,~o that the second element of the list (20) is an example of a range with a defaulted
upper bound

SPACES
Addressable locations in a target system are organized into constructs called spaces.

A space consists of a set of addressable locations that is closed under a successo r
function and its inverse (a predecessor function). For example, main memory constitutes a
space, typically starting at location zero and continuing through an arbitrary number of
locations. ihe suc cessor to the last element of a space is the first clement in that space;
and the predecessor of the first element is the last one. In some cases, machine locations
are grouped Into a space for convenience , even when the concept of a successor func t ion
for elements of that space has no corresponde nce in (ho actual target system. Such a
space might consist of testable Indicators. The machine symbols are identified in the
tool-specific user guide.

For purposes of the debugger, every addressable location in a target system is
represented by a pair: (apere, clemens). When a range Is specified, two such pairs
(.,M (e,d) arc implied. lo avoid ambiguities where n and e differ, the
debugger Ignores e and treats such a range as a sequence of locations, all In space n,
star ting with element ~ and continuing through element d.

SYNTACTIC UNITS 
-

the basic syntactic units the debugger deals with are
4 1.

2. Symbols
3. Punctuation
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Literals
LAterals are character constants, numeric constants, or single characters that have

some encoded meaning (which may be context -dependent). A character constant is
supplied to the debugger as a machine-specific tharacter-constant prefix string followed
by a string of data characters of arbitrary length, followed by a machine-specific
character-constant suffix stri ng of the general form:

p ref k-asr l.sg e~.rsei.r-4eea-airlag auff ir -airing.

If the first character of the suffix string is to be Included In the data string , It must appear
doubled. Character constants are converted to binary (right just ified) and are truncated
to fit the element In question. As the form of a character constant is machine-specific, II
Is described in the tool-specific user guide.

A numeric constant is supplied to the debuggor as a machine-specific (and optional)
radix-prefix string followed by a string of digit characters followed by n mac hine-specific
(.,nd optional) radix-suffix string of the general f orm:

~)refl r string dlgit-ai rlusg anJfi *- String
lhe prefix and suffix strings ostabllsh the radix within which the digit characters are
evaluated. 1 he dig it characters for any radix r are the first r characters of the set
(Or.-,9,A,...,Z).

Coded characters have independent meaning only within certain contexts: at
appropriate points in the dialogue (hey designate a particular debugger cqmmand, a niodc,, )
a breakpoint type , etc.

Symbols

t here are five types of symbols: machine symbols that are ascigned to hardware
elements in the target machine, prodefined opc odes for symbolic Instructions ,
i.r;cr -supp liod names of formats , operators for expressions, and user symbols that can be
a signed to arbitrary memory locations. Machine symbols arc given In the tool-specific
tr cr guide; other symbols are assumed to be familiar to the user.

User symbols- are either loaded from a file using the exec Symbols command or
individually defined using the debugger now-symbol command. 1 he symbols Include both
global symbols and program-local symbols that belong to specific named programs. The
global symbo ls are available at all t imes; the program-local ones only when theirs is the
open local symbol table.

Punctuation

Punctuation marks are characters with a pred.fined syntactic (and usually semantic)
role. The punctuation characters are the separators (m esa., and, in format definitions,

the terminators (relent, eae.pn, and, In replacement operators, I,nrk-al,al, and
up—err...), and a semantics-free delimiter (apse.). I’ar.p. Is u~.ed as a terminator
Instead of return to invoke a subcommand or an additional feature of a command (e.g., In
Mode or Breakpoint commands descrIbed below).

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ERROR DETECTION AND EDITING
f)ebuggor commands are examined for errors as they are entered , character by

character. As soon ~is an error has been detected , a boll (beep) is ochoed and further
Input is rej ec ted, except for the generic edIting characters hark-apace, retype, backu p,

• tI.’lnin, or abort .

COMMANDS

Debugger comm ands are all single characters ; they can be organized Into several
groups: debugger contr ol , execution control , display , and storage , E:~ch Is listed below.
Unless otherwis. indicated, the command character is th. first character of the command
n.ime.

Debug~.r Control
Debugger Control commands provid e for user control over several as pects of the -

:

behavior of the debugger. i hoy permit th. user to executo command s indire ctly or
conditionally, to return from the debugger to the Pf4IM cxc c , and to control the debugger ’s
rcprcson latlon of data. iho Debugger Control commands are:

t I-ac. Calls a designated break-time prog ram as If some breakpoint associated with IbM
pro gram had just occurred. A program number must be designated that corresponds to an
exist ing break-t ime program. Program numbers are shown when the breakpoInt data base
Is displayed (sco the break command h the program Itself can be seen usIng the
program-edit command.

Sf /sn proqra . ?(nust ,sr •t an e~ I s% tn 9 brslt pi~ qra.)
Unn - proqras 2’~

if tho use command Is Itself In a break-time program, then a go command executed In the
c-ailed program causes termination of the calling, program as well as of the called program. *

~f . lcs ts the supplied expression and, If It Is true, executes the fo llow ing su bcomm and. A
true .xpresslo n Is one whose value is odd: relational operato rs yield a valu e of one when
true and zero when false. lb. tested expression must be terminated by an camp. .

ii. ?(ni~pr.t.aIon)
;~ P’~~ ~~~~ “7~~

p. ocr
OOi eO s

sit sear 
~thnn~ ssT~. ocr

I

— !~‘t l,!fl . Returns control to the PRIM exec; confirmation Is required.
IR .;ur n I to  IXI C) er

- 

~ 
(

I-
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~~~~ Interrogates default and current modes and changes modes. A question after the )
• command character N wi ll elicit the default and current mode settingi anoth er questiou will

lis t alt mode setti ngs and associated mode -code-characters. -

ailed. P
Current and (De f ault )  mode ..tIinp i

F.odbacl Vorbos . (Verb... )
Outpu t Bit. (B i t .)
Addre .... Symb.tl. (SijuMlic)
I. ian-format Don.e (Dense)

Radix S (B)
• Ttjp. P (or more

SHod. ?
Foedbac~ s

C Concise
V Verbose

Ou tput :
a
F Formatted (format-name)
I Instru ctIon
N Nusoric
I lsxt

flddr .,s .ss
• A Absolute

$ S’jmboiic
Lin e-for ma t s
0 Oem..

Ixpandod

Radixi
An RadIx -base n (1 ~ n 37 decimal)
I

A list of mode settings Is expected following the Mode command ; if none Is supp lied, the
defaul t settings are reestablished. If the list Is terminated by a return, the curren t mode s
nrc changed. If the list is terminated by an escape, a temporary change Is made that
applies only to the following subcommand, as in the following example.

sHod. instruction 054? SI7~jp . OU.I4~
01234i JUIIP 5567

I

• Modes are established for feedback (verbose or concise); output (bits, formatted,
instruction, numeric, or text )1 addresses (absolut, or symbollc)1 output line formal (dense
or expanded ); and output radix (any base from 2 through 36).

iho feedback modes control how debugger commands are reflected to the user:
mondan suppr esses •ft ‘noise’ feedback (such as command comp letion ); ,,mrl..ao enables

• It. ihe output modes control the general representation of data: bits treats a datum as an
un s igned magnitude; fmes,nod treats It as a pattern of bits partitioned into contiguous
fields according to a designated format (see Format comm and); lnatrweikn. treats it as a
machine instruction end disassembles it; ne.ss.rlc treats it as a signed val ue, If that Is
appropria te for the machine; and axe treats It as a representati on of a str ing of • )
cliar ctcrs. lb. address modes control whether numeric-mod, values are to be converted
to symbols (it possible): .ha.l xe. suppresses the symbol look-up; synsI.olfr enables it. the
line-format modes control the density of displays : drama suppresses most

--
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(T
debugger -generated line-feeds so as to show more information per line, expended enables
them.

When formatted output i~ selected, the name of the output format must be specified,
as In:

Sited. ~ .rma t led e~I 
er.

Output rad ix sct s the number base for the representation of numeric data (note that
numeric input data self-identify the number base). For example,

5Usd. Radix 16 rr
causes current output radix to become hexadecimal.

Eormat. Permits the user to name and define a format as a list of fields, each of which is
a designated numbe r of bits wide. The field widths are supplied as a list of numeric
constants (separated by commas or spaces).

IVormat F ICA4? 2 4 6 arr
I

sited. I~ormatt.d Ji~ 054? ft7~p~ 11
•0, •O,SI,SI,II I

It the format command Is terminated without having defined a format , all defined formats
are displayed , as in

• ( ~Format ~ ‘
11 2,4 ,5,1 I -

çpn~imcnt. Following an Initial semicolon, ignores alt subsequcnl inputs up to and including
a line terminator.

~. Ti! IS IS ~1 (OiI ilts’NT--IT (J ()KS NOT CIC T INTRRIbIIRTI~’fl.rrI

• New-symbol. Ackic a list of new user symb ols to the (possIbly empty) global symbol
t able. Each new symbol in the list is supplied as a name followed by a apace or an eacape
followed by an expression givIng It s locat ion.

INns.-sqrloots Pu n.u—squsisol) 4SC~ (.xpr .ssion )I— iist )
INow-~~ s t o I s  ,‘,Jg(;gjrac ‘rat o~oiw~,ev
IT~p. i’nn:is,~ n’cii- ij’lrrcsi. ~er

PATCH : IS S6fl77s SI PATCN4III is a

Kill-symbol. Removes a list of user symbols from the open loc al or global symbol table.
I~~i ll—sj. bots ?(fIs t—ef —us .r—.tpbet .)
SEil l -sqebol s p/fl f~gger

• 17’yp. 067 777:’2~’567777, IA $71011: II 17111*, II I

Qpcn-svmbo l-tahlc. Opens a local (program-specific) symbol table if one Is specified; the
currently open local symbol table, if any, Is closed in any case. After this command is

- 

(
~ 

execu ted, the available symbo ls include the global symbols plus the local symbols of the
specif ied program; If no program I, specified, only the global symbols are available.

n-pr.,ram- .Vutb.ts ?(pr.gr am name) or ant ret... the ep.n tonal s~i*.I t bls i
I0pon-pre~~au-.~s~~.t. 

tsr
S 
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Executton Control
I xccution control commands provide for user control over execution of the target

program. They perm it the user to continue execution , transfer to a designated location ,
set and clear breakpoints or edit break-tIme programs, and single-step the target program.
the execution control commands are

Go. Passes control to the target machine In Its current state. If an argument is supplied,
its value is first stored Into the program counter. the argument can be an arbitrary
expression, so long as it evaluates to a legal memory address.

aGo (to ) ?(oxpr -eRsion ) or e~~~ ty
ISo (to) o,ooocr

Urcak. Displays or sets breakpoints in the target machine. The two classes of
breakpoints are known as event breakpoints and reference brcakpoints. There is a fixed

• set of event breakpoints defined for any given target machine; each describes a type of
event whose occurrence causes the emulator to break if the corresponding event
brcakpoint is set. The sot of event breakpoints always includes (1) every
in.(ruction-cxecution (single step), (2) every branch of control, and (3) every memory
write; othcr events arc defined for each machine as appropriate. Reference breakpoints
c~suse the emulator to break when a specific type (read, wri te , and/or execu te ) of

• rcfcrcnce to a spccific location occurs. Reference breakpoints may always be set on
• me mory locations; other spaces In which reference breakpoints may be set are detailed in

the tool-specific user guide. Any number of reference breakpoint s may be set at any
lime.

The break command followed Immediately by a rein rn caus es all existing breakpoints
(i.c., tho se in the breakpoint data base) to be displayed; if a break-time program is
associated with a breakpoint, its number Is also displayed. Otherwise, a list of either
events or ranges (reference locations ) for the setting of breakpoints is supplied. If a list

- • of ranges has been entered and terminated with an .‘~cnpc , then a list of re-ad, write, or
• execute reference-break condit ions Is specified next (as pcrmittcd at those locations); the

default is all lhrce types. Whenever a breakpoint is set for an event or a location, any
earlier breakpoint for that same event or location Is superseded.

If the lisl of events or break types is terminated by an otrepe , ~c in the second
example below, a break-lime ‘program’ may be supplied to be executed by the debug~’er
when the break is encounter d. the following commands are permitted within such a
break program: Clear, Comment, Debreak, Evaluate , Go, If , Jump—history, Locate, Mode,
Open, Set, lyric, and Use. Replacement within a locate or type command is not permitted
in a break-time program. Any number of commands can be included in a break program;
the program is terminated by an empt y command (terminator only ).

_ _ _  
_
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IlI,eal (at ) P(svsnt —ll st) or ((onpr... Ium-rangs)—llst) or RtIUM(~
c? for f l i t  Of •v nta~
BreM (at) 012.104.56, 07I2~~ (a ft..- dsl~5) C~
R,u,X~ I

iIIr.ait (at ) 01000~~ (aft ..- d.ln~) Xscute
an,. ocr
IICO ~~~ 

er

.cProqr am number Is (lb I

IIIr.aic (at) T ICKer
I
IHr.ak (at) er

1123-0456 ~R ,lI,X> 0712 .cR ,ll,X> $1101 X>t1 ) TI CK (•VeflI~~ ~

During program execution, it en event break is detected, or if a reference break
(read, write, or execute) is detected at a location for which the corresponding break type
has been specified, then execution is terminated before beginning the next target machine
cycle and control passes to the debugger to process the break. If a break-time program
has been supplied for that break event or location, the program’s commands are executed
In order by the debugger until either a go command or the end of the program is
encountered. If several breaks occur on the same cycle, the program associated with each
of them is executed; the order of break-program execution corresponds to the order in

• which the breaks are reported by the emulator. If every break causes execution of a Go
command, then the target program Is automatically resumed, provided there is no
ambiguity as to where execution is to resume. Otherwise (i.e., if any break had no

• program or failed to execute a Go command), a message describing each of the breaks is
disp layed and the normal command level of the debugger is entered.

Debreak. Clears event breakp oints or reference breakp oints at locations in the target
• machine. t he default is to clear all breakpo ints. Examples of debreak commands are

II).br.~vc (Ir on) 02.74:s 4cr
• IIlr.au (a t )  er

0173-0233 ~R,tl ,X 1241-1456 R,l$,b 0712 ~R,U,X,. *100* .cX~1H
TICK cevent~ I

SHobr.i* (from) ~~ all Iront lrs)er
i11r.s (at ) ~
I

Program-edit. Displays a designated break-time program or permits it to be edited. A -

program number must be doslgnatod that corresponds to an existing break--time program.
• Program numbers are shown when the breakpoint data base is displa yed (see the break

command). If the command Is terminated by a retur s, the entire program is disptayed if
by an eaeapa, the program Is displayed lIne by line for editIng.

- (
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9Il.e~ at) STICP~~
IIl y~. ~i4H.lW’
laG. ft.) ~~
“I.,

d’r.gram øumb.r Is IZI~ I~~e Sal)
$173- 1233 ~*,N,*, l?41-l*lI ~ ,*,b Sill ~ ,N,b SINS d 111
lICK c.vent. SlIP evont.I2I
SP,.~ -ar- .~ .s P(pr~~~.,.sm ss- ) (4k~-~.-.dtI ir ~II)UN -i.-vtsw)
Pr.qram- .411 ~~~1

lyr. rm ncc
Go (to)

I
• When editing a linc of a break-time program, the user can specify that the next (\) or

prIor (1) line 1w disp layed or that a replacement (R) of the current line or an Insertion (I)
In front of the current line be made. Editing is terminated by an empty editing
specification. Replacement or insertion Is Identical to the specification of a break-time
program wIth in the break command In that a subcommand mode Is entered where
successive break-time commands can be entered until an empty command Is supplied; then
editing continues with the next line of the program. An extra (dummy ) last line Is added
when editing a program so that new commands can be inserted at the end; the dummy line
is discarded when the command is terminated.

II’roqram-.d tt 2”~
1g.  rOLDCC s PU prIor~~) or (

~ cness t~) or ((Icnser t~ ) or (1~.pIac.~)
(roonandti))

lyp. e-OI flCC s R.piac.
IIbIo d. Ins t ruc t Ion $~*C 1II7’yp. rsOI~VCCE~rggcr

r.~ ~~~~~
II’roqrau.-od ~

flodo Instruc t Ion IIIl y~. 5010CC -

Go (to)

I

Single-step. Transfe rs control to the target program throug h the program counter for
execution of one instruction. ihe single coded character line-feed effects this command.

DIsplay
lhc display commands permit the user to search or examine the contents of

designated locations (and, In two cases, optionally permit their replacement ) or to eval uate
expressions. i Px’ commands are:

]yp~~ Displays location and contents of a list of expression-ranges, permitting the
contents of each location to be replaced If the list Is termirtatod by an eaeagw~, as In the
fol lowi ng example.

ITyp. ?((.wpressl.n-ranqe)—lIst) .ptl.nal- .scap. -to-mod l fy
Ilyp. o~ ’°” •e so • Icr
S1: IS . 2 ’

• •7, •5 .yr — -I

I
the replacement value can actually be a list of expressions, the values of the expression

— - -~~~~~~~~~~~~~~ • . • ~
- 

- 
-
~~~~~ 

- — 
~~~~~~~~~~~~

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

- 
~~:, 

—~~~ -
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- ( In the list going Into successive locations starting with the one last displayed. If no new
value is supplied before the terminator , the existing value is not modified.

ITyp. O:r11~ •0 11 . eac •~ ,z~~ ,M 52 •3, f $  I -

In Display-with-replacement only, the coded characters Iwwk-alnsiI, and up-arrow can
also serve as terminators and perform special functions: hneL--sI.uh causes the next

• location to be displayed for replacement and up-arrow causes the prior location to be
displayed for replacement; both of these terminator characters permit the user to step
beyond the limits of the ranges entered as argument s to the Type command.

ITyp. O H1”~’ 110* II • It Iii IS • 1\ S1.~ II • 3\ 111 * SO • t
010, 03 • 41 07* 52 • St SO, IS . ~ ITs IS • \ 010* 04 •
s i t s  so • 6\ 012* II • ~er

I
The last location displayed by a type command becomes the “open” location , and the
location following the last one displayed or replaced becomes the “ncxt” location (see the
next four commands).

Same Redisplays the “open” location (soc the lype command). The single coded
character “ : cffects this command. The commands Same, Prior , and Next are all shown In
the followi ng example.

I: 07* 01 it 01* 02 i\ 07* 51 I\ 53, 55 I

Prior. Displays the location at one less than the “open” location (see the iype command ).
The single coded character up-err... effects this command. See the examp les unde r 1 ype,(. Same, and Equals.

Next. Displays the “next ” location (See the Typ e command; the mode in which the open
location was last displayed determined how far it was advanced to the “next” locations. )

• The single code d charac ter luvek-alnaI, effects this command. Sec the examples under
• - lype, Same, and I quals. 

-

~quats. Displays the “open” location (see the Type command) as bits or as a number if
the current output mode Is already bits. The single code d character ““-“ effects this
command. In the following example format Fl has been declared consisting of four
half-word fields.

IH od. Formatted ~~~
I: Ill, 00,11,12,03 I. III , 5~ I~, III, 02,13,14,15 I\ 0I~h OG , S7 ,01, l1
It •I?~ 04,15,56,07

locaic.. Finds cells in a list of expression-ranges that contain (or do not contain) a
specified value, examining only those bits designated by an optional mask, and displays
their locations and contents , permitti ng each displayed valu e to be rep laced if the list Is
terminated by an earnpe. 1 he comparison value and mask arc expressions terminated by
an eaenpe; the comparison value defaults to “NON 0” and the mack defaults to all l’s. The

• search is performed over a list of ranges, as for the Type command.
iI.r.cat. ?Ucwpre *~ien) or NON (esipronslon)) match value d.iauIIs to NON S~
m onat. NON O4’~ (w i th  mask ) ?(.ptIsnaI-.sspr.ss i.n) mask value .
ILoca t e NON I (w i th mask ) •W nst ser.* (In) ?((.*pr.isIsn.ranqe)-lIiit)( optl.nal- 1SC to— modIfy
tecat. NON I (with mask ) not ist s. (In) 0010cr
05 * 51 01, 57 12* 53 . 17, 16 110, 54 111* 16 112, 17

~~~~~~~ TT - - 
- 

-
- ~~~~~~~ --~~~- — ~~~~~~~~~~~~~~~~~~~~~
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TARGET EXECUTION STATE

Target execution is initiated , or resumed, throu gh explicit commands (exec Go,
debugger Go or Single-step). Execut ion proceeds until a torminating event occurs, causIng
contr ol to return to the appropria te PRIM command level. When execution terminates, the
entire emulated context -- including clocks and outstanding K) operations -. Is cleanly
fro ,en until the next time execution is resumed. Except for explicit modifications to the
con text made by the user at the command level, the termination and subsequent
resumption of execution is transparent to the target machine. the terminati ng events are

The target machine halts normally or Is Interrupted (by the emulator) due to the
occurrence of some anomaly condItIon. A message to that effect is generated. The
anomalies being monitored are listed lfl th. tool-specific user guide.

The user enters an alien . The abort character is echoed and, after execution Is
stopped, a status message is output indicating the point of Interruption.

the emulator detects the occurrence of a break condition established by the user via
the debugger breakpoin t command. Th. establishment of breakpoints and the
subsequent InterruptIon of execution at the time of their occurrence is the primary
program debugging tool In PHlP4t

An K) error occurs. A message detailing the particular device Involved and the nature
of Ihe error is output. K) errors always return control to the ex ec state ; the error
me~sages and their meanings are listed at the end of this section.

W hen one of these conditions occurs, it Is logged and execution continues until the end of
the current cyc le of the target emi4ator. It Is therefore possible for mult iple cond itions to
rc~ull In a sing le stop. When this ts the c~so, the action and message appropriate to cach
of the conditions is produced. -

- When a breakpoint is detected, the debug program , if any, accociated with each
breakpoint Is executed by the debugger before control returns to the command level.
Sliouki some break program lerminate without a Go -- or should there be some break with
no break program -- a message describing the break is output and the command level Is
entered. Otherwise, execution Is automatically resumod~ the user receives no Indication
that a breakpoint occurred unless the break program itself produced output.

TARGET 110

The tar get machine that runs in PRIM consists of a procec’~or (CPU) in some
parllcular configuration built by the user to resemble the actual configuration required by
his programs. A confi gu ration is built -- before execution is begun - - by instal ling
peripheral devices and establishing values for various machine options (see the oxec install
and Set commands). Alter an emulated device has been in~taIied, and before 10 operations
can proceed on that devIce, a (TLNEX) file or assignable device must be associated with
that emulated device (see the e x c  Mount command). Subsequent K) operations addressed
to that device arc then performed on the mounted file.

4
A mounted file may contain either direct device data (binary) or ASCII text; in the

latter case, characters are translated betwee n ASCII and the actual device character set as

—~~~~~~ ~~~~~~~~~~~~~~~~~~ -~~~
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they are processed. (If the device character set does not Include lower case, input lower
c.i..o letters are converted to upper case before translation.) When the target device is a
record-oriented device (e.g., card reader or punch ) and the file Is ASCII, then each record
operation Is pcrlu’med on a line of the ASCII tex t file, including truncat ion and/or blank
padding on input.

the mount option TIIIS - 7 Kl (l IIN elI .  assOciates the user terminal (the one being
used to communicate with PRIM) wit h a given device. When the terminal has been
mounted on some dev ice, then input from the terminal is switched between PRIM and the
targ et machine every time execution is resumed and terminated. The intervention
characters , however , retain their intervent ion meanings. To allow the full ASCII character
set to be Input to the target device from the term inal, there is a rnntrel-aldfi escape
character defined during target execution. To help distin guish PRIM output from target
output directed to l’IIIS-TIt’RMINIII., all PRIM-generated output is prefixed with the
herald c _> c at the beginning of a new line. This applies in particular to both stopping
messages and typeout resulting from break-lime debugger programs.

I/O ERROR MESSAGES

Various I/O errors may occur. When any one occurs, execution - - including the
error — generating operation -- Is suspended, and control returns to the t’IlIM exec. When
execution is next resumed, the suspended operation is retr ied unless It has been explicitly
cance ’ed by the user using the exec Cancel command.

~- ile not mounted.”
The Indicaled device has no III. mounted. II a file Is mounted before execut ion Is next
resumed, the operation will be performed then (An installed device to which no K) is
directed nccd not have a mounted fits In order $~ run.) The operation may Instc ad be
canceled.

T his message is also produced when an output operation occurs on a device whirh has
tw cn mounted for Input qnly, and vice versa. Again, a second tale must be mounted on
the appropriate side of the device In order to proceed normally w ith the program.

“P Ile not open.”
The Indicated device has an Inaccessible file mounted on ii. The device must either be
reassigned or unmounted and then mounted. The situation is similar to the case
above, except for the possibility of reassigning.

improper tape format detected.”
TI NLX files which are mounted on target magnetic tap. devices me encoded In a
unique internal format that requires such files to be used only for I’IIIM magnetic tape
devices. T he. mounted fib is InconsIstent with that format. 1he drvlce must be
unmounted and replaced with a proper tape file.

“ Device not Inst aIled.”
A device that is referenced by the program Is not installed. Should the missing d~vlco
be requ ired, there Is no way to continue this session, since device installation Is no
longer allowed. Should the referenc e be a mistake, execut ion may be continued down
a differen t path (the operation will be automatically canceled when execution resumes). 
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ASCH input character not recognized -- ignored.”
The last character read from the ASCII input file on the designated device was not - - - 

-

translatable into the character set of the device. The character has been skipped - -

over; resuming execution causes the read operation to continue with the next
char acter in the file. The position of the offendi ng character in the file may be
determined via the exec Fllestatu s command , specifying the indicated device.

Any other error indicates a bug eIther in the emulator or in PRIM. Such errors should be
reported.

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