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A general programning tacl1ity 15 proposed tor 
co~munication wlth the lnteractiv~ command languaqes ot 
time-sharing systems in an attempt to ovgrcorne some ot the 
current limitations ot data excnange between man and 
machine. Commands may be constructed 1D an arb1trary way 1n 
a string processing language and then processed as It typed 
to a console by a user. The output result1ng trom the sent 
commands may be dissected and exam10ed to determ1ne 
subsequent action. 

~ set of functions to accomplish the above WblCh could 
be emtedded into any string process1ng language lS 
suggested, and necessary 1ntormat10n pert1nent to 
implementation of the facillty on eX1stlng t1me-shar1ng 
systems is given. 

Key l~ords: Time-sharing, Command languages, PSDudo-tet0.type, 
Interaction, Conditional Jot) Control, Operat.1ng systems 
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1.0 IN'IFCDUCTION 

Experience with tlrne-sharlng systems has Shown some 

unsat.istactory COnd1.tlons concern1.ng the communlcat1.0n ... 

between user and system. This communicat1on takes place Vla 

a teletype or display console 1n the command language 0% 

whatever program the user is operat1ng. Th1.S paper w1LL not 

ccncern itself with the de51gn ot command languages but 

rather with the solution ot the tollowing pr6~lems: 

c) A) Users of time-sharlog systems t1nd that there 

may be sequences of commands that they treguentlY 

enter with little or no var1atlon. Even more 

annoying than the repetltion may be the t1.me 

required tor the physical console to accept the 

cc~mand and print the reply, or, more ser1.ously, 

the possihle loss ot intormat1.on Que to the 

inevitable occasional typing error. T·'Or: example, 

it ~S common that at the heginning ot a session 

with the SystChl there is a standard sequence ot 

commands a user wi.li gi.vl? 1.n ordur to retr1eVp. h1.S 

files from s0condary storaqe, pOSSLbly assemble or 

compile them, and then 1nitLalize the partLcuiar 

() 
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B) A user may wish to enter a long ser1es ot 

commands wlnch, dne to 1.nter5p'~rsed computatl.on, 

requires him. to b9 present at the consol~ tor a 

IDuch longer perlod ot tine than 15 nec~ssary to 

type the commands. For example, it a user wl.shes 

to assemble or compl.le several packaq~s ot a larqe 

program, rather than issuing the sequence ot • 

commands together, he may have to walt tor each 

compu~at~on to complete betore enterl.ng the next 

regu€st, thereby partltioning h1.5 tree t1.me. 

Time-sharing systems have proved lnvaluab~e tor 

speedy construction and debugging at programs but 

there are many programs whlCh, When completed, 

will compute for a long peclod ot tlme Wl.th no 

needot human lnteractlon. Some systems provlde an 

offline mdde for running these programs but 1n 

general the command languages are ditter~nt trom 

the online command languages and less adequate. 

C) There are mahy d1.alogues wltb the computer 

which require very little creative l.ntervention by 

the user. His presence at the console may be 

necessary solely to chaperone the computat~on to 

check for errors or to supply as ~nput to one 

pr09ram the output of· a prl~vlollSl y eX(~cut!?!d one. 

II 
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Wha~ is needed 10 a t1me-sharlng syste~ 1S a cont1nuum 

of carabilities ranging tram pure uOn-intpractlve (read 

batch procBssing) on the one hand to hlQhly lnteractlve on 

the ath8r. 

2.0 HISTORY 

Same worK which h~s been done 1n thlS area wlll now be 

descrited. 

Tn an early efiort, SlncD supersed0d, the SDS-Y4U 

time-sharing system ~t Berkeley provid8d a system WhlCh 

weuld cperate on a character tile in the tollowlng way: 

Characters would be taken tram the tlle and dellvered to a 

"pseudo-teletype". The system was deludod to bellRve that a 

psellio-teletype ~~as no d11ferent tram a real telety?e, and 

that characters sent tram the tlie were actually typed at 

its keyboard. The pseudo-teletype would react to these 

characters in exactly the same way a real teletype would 

react it the same characters were typed to lt by a user. 

"the outp!lt respons(:~ to this input at the pseudo-teletyp'>? was 

oi.vcrtcii 

facility. 

to the console at the programmer uSlng the 

A file 

cause interruption 

might 

ot 

contaln breakpolnts WhlCh would 

Breakpolnts could be 

placed wh2rever it was antlclpated tha~ crea t.l VO or 

unpreoict0ble intE~rventi()n by a hnman 'das n~CjulreC1. The 

user was allow0d to arln tr,:u:l1y the 

II 
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c) 
pseudo-teletype, thrall y h h1.5 ow n console, at these P01 nts 

~nd then type a cOffimanct to cont1nu0 sendlng characters tram 

the £i1p.. 

C1SS, tha time-sharing system tor the I~M/Uyq at MIT, 

made available to its users a progra~ called RUNCU~. Th1S 

is again a taci11ty tor sending a sequence at commands to a 

"pseudo-teletype". A macro tacility (recurs1on and nest1ug • 
allcwed) which permits assign1ng a name to a ser1BS at 

commands is provided as well as a restricted cond1tlona~ 

facility. The condltlonal taci11ty is actual~y a spec1a~ 

command in the time-sharing system Wh1Ch takes as an 

-
argument a symbolic name. It the name 1S not the name ot an 

c) existing tile th,~Il the RUNCOr1 program w111 aSK the user 

wbether or not to abort. Test1ng 1n thlS lash10n proves to 

te curobersome and very ad hoc but 1t 1S nevertheless touni 

to be quite usetul for detecting errors. 

While JeL, the joh control ~anguage tor the IBM JbU, 1S 

not a time-sharing command language It has attacked 

analogcus problems for batch processing.. JeL. allows the 

detinItion ot a sequence at commands as a macro wlth 

symbolicpararnet2rs. Calling a ~acro trom an 1nput card 

deck attar using spec1al commands to 1n1t1a11ze the va~ues 

o tit ~i P rt r a III ~ t c! r s res n 1. t s 1. nth 0 S E~ r 1 p. sot par a met e r 1. Z P. d 

ccmmanc1~ Jet also has a condlt10nal 

facility. Each "step" or statement ot thp. ccm'nand sequence 

( \ 
/ has rl. S S C c i d ted '.11 t h J. t a It ret 1.1 r. n c o.-t e" H h 1. C II 1 sap 0 S 1 t ]. V 0. 
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integer assigned to thA st~p atter lt has bReD executed. 

The return cod2 is an error lndLcator returned hy each 

executed CO@8RUd upon terMlnatlon. We can write a statement 

in thE language which makes n '1merlC h~sts on t.he r.eturn 

codes ct'specitied previously executed steps. The result at 

a test state,nent lS to decide whether the next seguentla~ • 
statement in the program is to be bypassed or executed. 

3.0 TFrF LANGUAGE 

~he above threa systems are all sLmLlar ln that they 

essentially provide a tacLIH.y tor sBra1.ng a 11near 

c) sequential list ot commands to be executed as It entered 

• 
from a console. The macros were introduced as a labor-saving 

device and the conditionals allowert a small amount at 

control over the job beLng executed. We propose that a 

language wit.h goto's, tunetl0ns, condlt:lOna,ls, and 

generalized string pattern matching statements 15 more 

suited to the task of controlllng Lnteractlve processes. 

The lan<Jllago should have the tacLllty to send a command (or 

just a string of characters) to a pseudo-teletype anrt then 

wait for the complete response to thLs 1nput. subsequent 

action on the part ot the program can then be based on the 

content at the (~.. ,~. the output at the 

pseudo·-teletype) • With reasonable conversational teatures 

C) in the languag2, a program can selectLvely Choos~ the 

II 
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significant input and output requ1ced by the user and ontaln 

the abcve mentioned continuu~. 

We will provide below a list ot atom1C tunctl0ns whlCh 

could be eas11y embedded lnto an ~XLRtlng lmplementatlon ot 

any language with strln handllng capabll1tLes. 

functlcns would provlde complete, mlnlmum capabl1ltles.tor 

cornmnnicat10n ;lith the pseUdo-teletype. That lS, a !unctlon 

will be provlded which takes as argu~ent a strlng ot 

characters. Calling the tnnctlon wll1 cause the characters 

to be sent t6 the pseudo-teletype. Other tunctl0ns wll1 be 

provided to collect the output characters. Wlth thlS 

facility we can do arbitrary computat10n to generate 

command~ and then do complex analysls ot the response. We 

can iwagine very grandiose app11catl0ns at the tac111ty. 

For example consider a program 10 a language contaLn1ng the 

special tunctions ltlhj_ch cOllstructs p1:ograms in some other 

language. The constructed programs cou~d be entered, 

compiled and executed on the pseudo-teletype and tben 

evalu~tEd on the basis at theii output. Another applicatl0n 

would be to construct an intertace between user and system 

which is radically ditterent tram the standard command 

language provlded. The strLTI1 processLng £anguage could 

accept commands in the new syntax and then transtorm them 

inte meanlngtul commands tor the standard cornmaDct.langua~e. 

More ccrrmanly, however, use ot the language woulrt be to 

lenq thy cO~lmiln1 sqguenccs into a slnale 
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rarameterized command. Mechanlcal error chEcKlng and other 

automatie operations ~ould thereafter be removed trom the 

user's responslhillty. 

4 • 0 '1 IrE C C r'];''llJ N Ie i\ T I 0 ~J F lJ ~l C T ION S 

• A complete set of atomlC functions tor: 

with the pseudo-teletype wl1l now be 11stAd. The tunctl0ns 

could be adrl0d to a processor ot any reasonable strlng 

manifulating language, ilke SNOBOL, TRAC, or COMIT, or even, 

in the torm of system c~lls, to assembly language. 'l'he 

syntax of the presented tunctlons wl11 naturally depend on 

the lanquage ot their e~bedding. 

C) 
lCGIN( <name> , <password> ) 

This fUnction obtains a pseUdo-teletype tor 

the program and enters the named user on it it the 

password is acceptable. Null arguments wl1l cause 

the name and password ot the user running the 

Frcqram to be used. nO';! actlve 

pseudo-teletype 15 lett in a state where lt lS 

awaiting its first commi3nd. The tUnctlon v1111 tall 

ani do nothing if the arguments do not result ln 

a l"~gal .~lltrance to thp system. 

II 
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LOGOUT ( ) 

Th~s function at no arguments causes the 

pseudo-teletype to be logged out, regardless at 

what state it iR in. The pseUdo-teletype 1S 

automatically lagged out at the term~nat~an at the 

~rcgram even if this 15 not explic~tly requested. 

'HIT( } 

This function no argunents causes a pause 

in ,,~xecutioIl the can t rol pt'og La m nn tl.l t.he job 

on.the pseuno-b~lBtype is in a state whet'e ~t can 

de nothing without rec~evlng more lnput.- That lS, 

it waits until the pseudo-teletype 15 done w~th 

its current computations. ThlS tunct10n has a 

null value and causes all output at the 

generated wh~le waltlng to be pseudo- sty pe 

lost. This function 15 necessary to guarantee 

that all output trom past commands to the 

pseudo-teletype has been generated. Wlthciut thlS' 

faillity we would be hard pressed ta deClde Wh1Ch 

output 1I]d5 (lsf,Qciated with Wh~ctl command. 

SEND ( <strirlf}> 

SFND first does a W~IT and then del1vers the 

characters In the string to the pseUdo-teletype as 

it reguL~sts input. The SB;.JI) 1nnct1on returns a 

.n u11 viil ue .. 

• 
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FOBCEr SEND( <string> 

FORCED SEND forces the psuado-telatype lnto 

the highest level at the tlme-sharlnq system 

command language, lnterrupting any computat10n 

that may be executing. (A posslhle methoQ at 

implementing this WOuld be to send a specl~l 

escape character to the 1nput butter ot the 

pseudo-U~letypt"!which. WOuld be 

time-sharing system as a 

COgD1Z~d by the 

reguest tor thlS 

particular action.) Then the ~rgument str10g 1S 

sent as wlth the SEND function. 

BECVCHAF( <number> 

HECl/CH A H tak0S as ar gu ment an ex preS.:Hon that. 

evaluates to a posltlve lnteger,N. It collects X 

output characters trom the pseudo-telety 

resulting from the last SEND or FORCED SEND 

function call, where X is less than or equal to N. 

It there are less than N characters (but at least 

one) then these characters are returned as the 

value of the function. It there are N or more 

characters ot output then the tlrst N characters 

are returned as the value. It there 18 no output 

thEn the tunctl0n tails. 

• 
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The purpose ot this tunctlon ~s to gather 

output trom the pspudo-teletype l~ne Dy l~ne. The 

function tak9S no arguments and returns as 1tS 

value the next Ilne trom the output ot the 

~seudo-telptype. It there is no more outnut then 

the function fails. • 

ECHO ( (number> ) 

For cOllv.~rsation'll appL1cations, 1t may be 

desireable to Occ'lslonally allow the user to 

interact directly wlth the pseudo-telptype through 

C) his 0\0111 console. A progr:am to do th1s would 

a) accept d character (or chilractr>rs) trom t!le 
u~er 

b) SEND the chara~tprs to the pseudo-teletype 
c ) gat her t· h,,~ rep 1 y , ita ny, W 1 t h It EC V C H A H 0 r 
RFCVLI:H 
d) print the reply on the user's console 
e) go to step d. 

However, input charactQis wlll appear lWlce 1n the 

output at the user's console - once tor his tYPlng 

of the character, and once as part ot the output 

cf the pseudo-tpletype. The tUnctlon ECHO, when 

callE.:'d \~ith negative arqnment, turns ott the 

echoing ot all chara~tecSln?ut to the us~r's 

console:. A subs0quent call to ECHO w1th a 

nen-negative argum0nt WIll turn thn EchOIng bacK 

II 
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on again. This tunctl0n has other uses 1n an 

interdctlve language; tor exanple, to accept 

secret passwords wlthou~ havlng them prlnte1. 

The appendix contalns a program WhLCh represents an 

example of the use ot the above tunctlons (lmbectdect 10 a 

SNOROl3 language processor) operatlng on a hypothetlcal 

t.ime-sharin] system. The exam pl·? demonstrates a .. 
strai<)httcnrard appllcat lon at the tacl1lty tor 

consclidating a lengthy command sequcnc3 10tO a slngle 

commanct. It also shows how the coniltlonal teatures can be 

used toth to control and evaluate the executlon ot the Jon 

and to do it with conclsc, parameterized programs. 

C) By Frovidinq a time-sharlnq system wlth a program to 

queue process contro~ program tl1e names anrt a supervlsor 

program to seg~entaillY execute proc0ss control. JObS tram 

the quell!:.", we can hav0 a very reasonab10 background batch 

processing facility integrated into the system. These jObS 

would te able t6 communicat~ wlth tho cOQrndnd languages ot 

the tirre-shdring system and. could ~~XE~Cut(~ wlth a great deal. 

of conlitional control over themselves. It would be very 

convenient to propare, edj.t and suhmlt bacKground Jobs trom 

a time-sharing console. 

c/ 

l--------,-r-------------'-----r----II 
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C) 5.0 I~PLE~ENTATION 

Jrrplernentatioll ot the above tUnctl0ns y/l1l V'iry 

depending on the characterlstlCs ot the tlme-Sharlng syste~. 

The irrplementation at qerkeley relulred provls10n by the 

time-sharing system ot tour pr:lvtleqed routlnes Wh1Ch when 

called hy a suitably authorlzert program would: 
• 

A) Simulate the lnput ot a character at the 

keyboard ot another teletype. put a 

character into the lnput butter ot that teletype.) 

B) SUFpress the typing ot characters put lnto the 

output butfer of another teletype. 

() C) Road characters out at the output butter at 

another teh~type. 

D) Determine 1t another teletype lS runn1ng a 

program which is dlsmissed wa~tlng tor: teletype 

i nr U t. 

Needlpss to say the physlcal eXlstence at a teletype tor 

this jet is not required. 

This method of imp~ementatlon was lutluenced by the 

nature at the already eXlstlng tlme-sharlng system, and 15 

not ccrorletely satlstactorv. When a process control JOb 15 

I:unninq und!r this impl(~mentation,;·.he tlmn-sharlng syst_em 

act1Fl.lly S(~(~S two s(~pa['at0 jobs - the controll1.ng program 

an~ the joh being controlled. Th1.s means that two entry 

r 0 r t s tot h:~ s y s t e iii a n~ a b so r h e (1 a 1. tho ugh t h <} t ~i 0 JOb s a. r H 

II 
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C) 

Parye 1':> 

oferaterl by only onp user and spidom computa 1n parallel. 

Not cnly is thlS a waste at a valuahle system resource, but 

it also results in a dlttlcUlt accountlng problem. Dur1ng 

process control, twice as much LOGIN tlme 15 charged than 1S 

actually spent by a user at a physlcal console. 

complaint is that the lnrlirect approach ot using teletype 

bufters tor the commun1cation at commands between th~ two 

jobs seems inefficient and. unclean. 

In a more versatile operat1ng system one would W1Sh to 

cause the controlled joh to exe~ute as a Subs1dlary or 

Farallel process at the controll].ng program. Th1S 

introduces so~e proble~s however. It 1S 1mportant that the 

controlled job execute exactly as 1t 1t were entered trom a 

standard console. 

capabilitl.es (e. g. 

In particular, 1t must have all the sam€ 

amonnt ot memory, number ot devlces 

attacliable, nufuber at tiles 1t can slmultaneously open, 

etc) • A Iso, its u oi vers~ ot d lSCOnrS(' rn us t be restr 1ctpd to 

only its own created enVironment, and not that ot the 

controlling program. For e~ample, It 1n the course at ltS 

computation, the controlled 10b executes the operatl0n 

"CIOSF ALL FILES", the cO!ltrolling pro<]ram should not be 

eftect(;o. 

As tor ~hc command cO~mUnlGatlon between the two 10bS, 

We shol11d 

te ~hlpto specify as one at the ln1tlal Far~meters to a 

job, thAt its cO;Qmand input <1n:! output vllLl t'-lKe the torm ot 

II 
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C) 
ccmmunicatlon wlth a partlcular ?rocpss control r.rogram. 

'This wi.ll cause <'3dch CLlil to a teletype lnpllt/output routlne 

to execute an appropr13te process co~muUlcatlon routlne 

instea~ ot a teletype operatlon. Notice that It the 

orerating system permlts any ope ra tlons ~"h lCh make 

ass U ITo F t ion s abo u t t h 0 nat u r 0 0 t COin til and i n p II t /0 u t put ( e. q • 

"CLEATl TEl,STYP2 OUTPUT BUt'Fr:R'')· then these .routlnes must 

perform an eqUivalent operation when executed by a 

controlled job. 
• 

these re1hit~ments tor a clean lmplementatlon ot the 

conditional conversational command processlng tacliltles are 

in fact general problems at current operatlng system deslgn. 

6.0 CCNCLIJSION .,.. ... 

In 1967 a speCial-purpose programmlng language devoted 

entirely to interacttvc~ pro~es5 controlilng called CCP 

(Conditional Command Processor) was lmple~~ntert on the SDS 

940 in the spirit of the above. The language had a protound 

irnraot.on the us~ ot the time-sharlng system by people who 

construct and ~aintain larQe programs. Tho. assembly and 

lcaoing at these proqra ms has been almost complet(~ly 

a utomFl. tC(l by the us(> at t.h-? lanquage. Th,! most notable 

example at thlS 15 the assembly and lO1:j)_ng at the 

tifl1P-sharinq system itsc~lt, which reqllire3 a cep proCJra:n SlX 

paoes ill The operatlons requlred ar0 contus1ng 
" 

I ____________________ -.,-__________________ . ____________________ ~------------I 
II 
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C~) € no ugh t JFt t t h:~ c h :i n ceo t the]. r b e ~ n (] p i:~ r tor: In A ,1 cor r € c t 1 Y b Y 

c) 

C) 

hureans is less than tltty Del' cent: w~th CCP the entIre 

process can tlE:~ pertormed anto'llAtiC'111y 1n a r\~latlvely short 

time with DO human interventIon requIred. 

New completed is the embedding at tnr tunctlons l~sted 

above in an implementatIon at SNOBOL4 at BerKeley. The much 

great~r power in the SNOBOL langu'1qe has enabled much more 

cCIDFlex job control programs to be wrItten, programs WhICh 

can adjust their executIon In a very tlexlhle manner as they 

observe the course ot the job beIng contr611ed. For 

example, one programmer interested In a new InteractIve text 

editing co~mand language has bUILt an intertac~ WIth the 

standard editor on the system to allow experimentatIon wIth 

it. 

Putler Lampson advised this resear.ch tram the 

beginning, and with Larry Barnes .helpr-'!d speclty the 

communicatlon functions and their. implementatlon on the SDS 

guO. 

II 
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l\PPFNCIX 

*T~lIS SNOBOL] PROGilA[>l ACCEPTS AS INPUT It LIST Of' FILl-; NAMt;S 
*WHICH ARE EXPECTED TO 9~ TH~ NlMFS Of SYMBOLIC ASSJ:;MHLY 
*LA~GnAGE PROGRAMS. THE NAMES ARE TO BE SEPARATEU BY COMMAS. 

* 
*E1\CH FILE 'X' 'IS r,SSH1BL~;D 1\~JD 'T'H~ !3INA1H IS OUTPUT TO THg 
* F TIE 'B T N Xl. AFT E :~ ~ L L rl S S H1 B LIS S H!\ V E 3 E .f': N DON~;, T H t; 1" 1 L t; S 
*AFE All LOADED ~ND THEN TAB RESULTING COPE I~AG~ IS DU~~~D 
*10 THE FIL~ CALLED 'DU~P' .• IF THE3E AR~ ANY ~HRORS DURING 
*~H~ ASSE~BLY 02 THE FILES, TH~ NA~~S Of THt; fILt;S 
* AN r, _ '1 H F. ASS 0 C I ATE 0 E H R 0 Tl 11 E S S l) G E S A HE? R Pl'r t; D , B U '1' N U 
*LOArI~G IS DO~E. 

STAR~ LOGIN(S~II9,PASSWORD) 
*SFNr MFSSAGF TO USEJ TO INPUT fILE NAMES 

OUTPUT = 'ENTER ~ILE NA'FS~ , 
*REAC TN THE FILE NAME LIST 

FILELIST = INPUT ',' 
*THE CC~MA IS USED TO ALLOW SIMPLE PATTERN MATCHING TO 
*I~rIVIDUALLY RE~OVE ALL THE NAMES FROM THE LIST. 

FJLECOPY = FILELIST 
*1HE eeFY OF THE LIST WILL BE USED DURING LOADING. 
ASSE~cLCOP FILELIST *NA~E* ',': IF(LOAD) 
*NOW ··NJI,~JI>I HAS AS VALUE TilE NEXT FILf~ NAM2 TO ASSl::r1HLl~ 

SFND('ASS~;i'1131~E 1"111':: ' NAME' TO FILE BlN' NAMh} 
ASSEt1!3LOUl' = HECVCHAR (1000000) 

*FY USING A LA~GR NUMBE~ WE ARE SURE TO GET ~LL THE 
*MESSAGES GENERATED B~ THE ASSEMBLER IN RESPONSE TO 
*THE eC~Ml\Nn SENT ABOVE. 

ASSE~BLOUT 'fNVALID' ~S(ASSEMBL~~ROR) 

ASSE~BLOUT· 'ERROR' IS(ASSEM3LERNOR) 
ASSE~BLOUT '1' IS(ASSEMHLERHOU)F{ASSE~HLOOP) 

*If WE FOUND ~~y ERRORS WE WENT TO 'ASSEMHLEKROR', 
*CIHEFhTSf WE WENT BACK TO G1T THE NEXT FILE NAME. 
L C 1I D E QUA L S (E HE () ] 1" LAG , 1 ) IS (U 0 N g ) 

SEND('LOADRR SYSTPM') 
*NO~ WE CAN LOAD EACH FILR 
IClInicCf FILECOPY *NAME* ',' = If(DUMP) 

SEND (. LOAD FILE BIN' NM1E) I (LOADLCOP) 
DUM r s ~;:W ( • D U £1 P LOA D 0 1:1 1" I 1T'~ : D TJ 1'1 P 1 ) I (D 0 N Ie) 
ASSE~DIEBnOR ERROHFLAG=l 

OUTPU'l'= 'FILE I NAI''1'~ , HAP EPrWHS: ' 
OUTPUT = ASSEM1LOUT I{ASSEMHLOOP) 

*AFTF.[1 rHIN'I'ItJ(; THE EHfWH f'lI~SSAGES ;IE lHLL (;0 ASSEMBLE T[H~ 

* C'l fLE 111" I L E S IN CASE T Tl E Y 1\ L SOH !\ V E }<; f{ ~ 0 H S • 
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LOGOUT 0 /(EtlD) 
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