
• 
• 

• 
• 

.. 

***fOHE, OliD A EOF.E A I 

FARTS Ot THIS AA UAL E RITT E, 0 

***LO GI G 0., AND OJ:, TH~ Ch S SYSTE 

A Ek! INAL IS §.ft_ __ f:.l_.!._ H, /,0 ccou 
A~D ~-~-~ HILE AN ACCOUN A IS 
TbR .n AL vi LL IGhO E, ITHOUT cHon ALL I 
kEY. TY IN THE £'SCA I f,Y I 

ROCEDU E bY WA I,G 'H R I 

THE PROMPT, 

Clr TI/.1 SHA I u 
t, A E 

A D AITS A LI'l T LE HILE tO I u 
UIC LY ENOU H, THt. T ./t!l,AL ILL 

YOU THE I u 

AND GO bACk TO SLE THE 

TO Bb E DAT A ELAi.ED TY 

PECTBD TO IJE A ACCOU 

ACCOU T ,A s ARE ISSUED TH OU H 

--------------------
1BE SU THAT TH 

HE SA~E A E SY·liOLS 
A Al~S APL(ASC 1) IG 

0 E ILL B SID A OUT 
RI TS T PRO AA IN lS 

SY bOL 
PAS 
ALS I 

HE, 0 
I S 

1 

1 

I I 

L. 

. I 

RI 

AL 

H C 

/:,S 

A A 

1 u 

I S LO 

S 0 JC 

0 
y 
0 
0 

rACT. 

A E IS LO E 0 , 

D 0 . SI, PIii 

C1:,t T TH SCA.E 

C .s LO "GI 0. 

D Tb' 1 AL IVES 

JS . 0'1.' E, D 

SA 

NOV H tO I u 

I ITIAL 1 UT I 

CAR I RE Uh 1 . 
H y R 0 T . 
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8/1/75 (W. El!,£}() 

THE NAE OE A CLASS, OF A SPOJSO , OR OE THE USEn Hli ELF. 

THE INPUT LS A RECOG1 lZED ACCOUNT NAAE, THE TAR,lNAL ILL AS 

A PASSl-lORD . 

If 

0}( 

Cl,./.. TDESHAAn 
1 Ai E Cb-100 
PASS"./OflJ: 

HE1EVER A PASSWOhD IS THEE PECTE 

DOES NOT ECHO ANY CHARACTER E TE ED (U~TlL 

JN.t:'U , THE T Ml AL 

Hb E, 

16TURN, WHICH TEhAlNATES INPUT). THIS ISO EOE 

IE THE PASSWOED IS OK, TH 

CA Ii.LAGE:: 

y SECU!tITY 

TERI AL PR~CAUTIONS TA. E, EY CRAS. 

PRINTS 'OK', MEANINU: THE TEFr.AINAL ✓ ILL STAY LOGG DO (AD 

AVAA6) UNTIL LOGGED OFF. BUT IF THE ASSWO D IS ,OT OR, THE 

TEHMINAL 

PASSWORDS 

lil:,QUESTS Al', 

A E TYI!ED 

ACCOUNT 

IN A RO • 

A E, AGAI . 

THE OF- R 

&OTlEl D, AS A EU THE SECUFr.ITY PRECAUTIO. 

CMS TIMESYAhING 
~ AME A ,ATEU}. 

ASSWORD: 
NA/t. PnOFESSlO AL 
PASSl✓OFr.lJ: OA. 
~/14/75 13:09:23 

COA •ANIJ: 

I TOO Y 

AUTHOltI 1£ 

Tbfcf.. I!v/JLS Aire LOG D O t ES O DI (r TO TH 

Of..t'T 1 H Of ' (Cl!.b.liIAGE RETU ) . 

CO /t.A,D: OFF 

THE TE INA£ ACK OWLED ES 1TH 

A LEEF-. 

DTE Ii D 1 f, 

0 G 

D:' 

FALLS 

• 
• 
• 

• 
• 
• 
• 
• 

• .. 



--

THE SAE LOG IN O AD OFF nOC£L h 5 AP LY O DI LE 

T~k~I ALS. TOO. A LO iv OF DIALED EF. AL uES O SLEEP bU 

• STAYS CO NECT D INV£ INITELY (U LIE APL 3 0 hICh A ~SU) . 

• 
• 
• 

• 

• 
• 

• 
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• 
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• 
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• 
• 

• 
• 
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/1/75 (W.Gh lNER) 

***ACTIVE AN SAVED WO KSlACES 

THB A L SUBSi" TEM IS NTER D bY RS ONVI TO ThE 

'COH.AldJ:' /:'ROM T WITH 'APL' (CA liIA E 

Cv1•1MAND: APL 
AC 'l.' 1 VE W:; NA E, : AC 1' 1 VE 

)-✓ SID 
CLE n ,;5 

A+110 
)SAVE IT 
b+ A 0 .~A 
)Orf 

OH' AC'l'lVE 

ETU!i ). 

ENTE IN 7HE APL SUBSYSTEM VObS hOT INVOLVE A PL 60 LIK 

SIN ON. IN }ACT, THE APL SUbSYSTEA MAY B ITED A. D k NTERED 

REPeATEDLY ONC~ AN ACCOU T hAME IS LO CD ONTO TBl TEh I AL. 

EACH ACCOU!T NAME MAY HE LOGG DO TOTO 0 Oh ERJ.lNAl,S 

sn ULTANl'OUSl,Y. SO, AN INSTRUCTO .AY EITHbh 0 1[) t::,ACH 

STUDE,T WITH HIS OWM ACCOUNT NAME, OR MAKE O e ACCOU T AM, SAY 

'bUSINESS•147', AVAILAHLE TO HIS NTIRE CLASS, HIC ft SeEMS 

MORE A ROP!i.1 A2'E . 

WHE~ THE SAME ACCOUNT hli!E NTERS TH APL SUSS EJ. ROh 

TWO OR MOE TE.}lhALS, EACH TERMIN L HAS ACCES u A CO O v 

LlbRAJr.Y OJ:' Al:-L 0. SPACES . HIS LIBkA, CO TAI S 1 0 T PES 0} 

AFL WO KS ACES: SAV D AND ACTI E {Oh}S ACS. AV D WO ,SPACES 

--------------------
2THESE XAMPLES WILL OMIT TH -STA THA 

ACKNOWLEDGE SUCH EVENTS AS T Ii D APL SUESYSTE • A,D COPYING, DhOPPU ' ' G APL 
IOF.KS'E'ACbS. THE (J ISSIO~S Ah I T PLES 
CLEA R . 

4 

• 
• 

• 
• 
• 

• 



• 
• 

• 

• 
• 

• 

• 
• 

b/1/75 (w. F..EINE ) 

~AY bE COPIEL. DEOf~ED, LOADED AD 

ACTIVE WOh~SPACbS ~AY ~OT. EACH TbR~INAL 

AVf,fof.v, AYTEF!.'l,AL. 

E, TEkS THE A~L 

SUBSYSTE~ HAS ITS OfN ACTIVE WOF.. SPACE: ~o TO OE TH s~ TER lhALS 

1,AY SHAF..E THE SAME ACTIVE WOF..KSPACE. SO EACH STU E,T USIN ThE 

PREVIOUSLY MENTIOhED BUSI~ESS•147 ACCOUNT A S OULD DbSIGNATE A 

UNIQUE' ACTIVE '-IO!iKSPACt, 'M,B.. hIS DESI IS REQU~STED 

Ih,EDIATELY UPON ENTEEING THE APL U BSY S E, . SEE THE:: .BOVE 

EXAMPLE. THE ACTIVE WORKSPACE !A~E, WAS Dl I A ED I F.tSPONSE TO 

THE PROMPT • 

ACT IVE WS NA!-,E: 

IT IS AN EEROR FOR 1HE DESIGNATcD AC I O KS ACE, 1'0 b..., 

ACTIVE (FOR ANOTHlR TlRMINAL). TH D SIG ATED ACTIVE WOF.. S ACt, 

hAY HAVE BEEN SAVED. Ir SO, THE TYP OF THE DESIGNAT6D WOhlSPACE 

CHAN ES }F..0~ SAVED TO ACTIVE. ALTER ATI LY, THE DESIG!,ATc 

ACTIVE WORKSPACE hAY bE NEW. IF SO IT IS I· LICITLY CREATED, 

CLEAh~D. AND ENT6b6D INTO THE 

ACTIVE WOkKSPACE). 

CCOUNT A •s LI ,TiARY (AS A 

VAliIABLES AND EU!vCTIO, It TB ACT E ORKS ACE ARE 

hODIFIED bY EXECUTING I ,MEDI AT S 'I.TEI! TS A D E TERillG FUNCTION 

DEfI ITION MODE, hlSPECTIV LY. BO y E, ODIFIB,D bY TH 

y THS )SAVE 3 AN ) COPY . ) CLE, AR Al, D ) LO AD CO MA D S 

)DnOP COMJ.1ANUS. 

3THE )SAVE COMMAND (AS LL AS 
THt SID O THE ACTIVE Oh S ACE. 
THE ACT1V6 ORKSFACE NAlE, ,HlCH IS 
IN hESPONSE TO TH 'ACTIVE S AM 

U f,0 

THE ) I CO .. A [)) I• AY MODI Y 
~ SID I OT >hE SAk AS 
(AS YOU AY RECALL) 8 Cl l~D 

0 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

• 

8/1/7C::J U. REINEh) 

TliE )0 f CO!.foANV CHAN 6S THE TYlE 0 THE DESJG A [J AC IVE 

1./01:i.f...SPACB F OM ACTIVE' TO SAVED. THE NEWLY SAVED 0 S~AC A"f 

(LIJ<.b ALL SAVF::D ORJ<.Sl'ACES) BE CO 1 D, DftO ·£D, LOAD [j Oh F. -
SAVbD, AiD CONTAJ~S ALL O THE FUNCTIO SAND VA IABL S TH T Eh 

I THE ACTIVE iORXStACE AT THE TIM OF THE )Off CO 

A CON11NUAT101 Of THE ABOVE E>.AMPLE: 

COMhAND: AL 
ACTIVE WS ~A .E: JOHh_DOE--bUS bSS•1 74 

)WSlD 
CL6Ah 

A 

A B 

ACTIVE 

)LOAD IT 
) V Ali: 

)LOAD AC IVE 
)VAliS 

)UhO ACTIVE 
)WSID 

) 0 j, 
Off JOHN_DOE--bUSINES •147 

COMMA!~ : 

IS 

TH8 'OF JOHN_uo -- USINi:,SS-147' f ESSAGb INDICAT~S WHEhu A SA EV 

VF,RSIO!i OE THE ACTIVE. WORJ....S ACF: MAY bE OUNU. WHEN THE ACTIVE 

WOh S ACE M. 1S co~TI UF.., 'I'HE )Ott CO.J.f, Af;D ACTS LI E THE 

A L\36 )CONTINUE CO/.tMA D . THE ) co~ T Il;U't, co~l•A D OULD bE, 

lrEDU~ DANT AT CFr./lu, A D so IS NOT SU PORTED. 

1 Ft B )LIB CO AND LISTS THE hA ES OF ALL '1 uhK PACE lN H 

--------------------
4

WOhJ<.S ACE NAMbS MAY b£ AS LO AS DESIEED (INST AD OE bEl, 
LIMITED TO 11 CHARACTb S, AS IS THE Cl.SE ITH APL\360) AND AY 
COv AIN ALhOST ALL TH£ ?RI~TAbLE CHARACT RS (lhSTEAD OE bblN 
LIMITbD TO LETT hS AND NUMB hS) . 

• 
• 

• 

• 



ACCvUNT vAAb'S LIBRARY. ACTIVE ACE5 l.h SUhr.OU DEL bY 

PAhENTH~SES. ~AREATHES6S ARE tOT ALLO ED I~ Oh.SPACE hAAES. 

)Llb 
1 
(JOHv uOE--BUSINESS•147) 

It TH~ )LIB CO}MAND HAS AN A GU/.E T. IT IS INTE .PRETED . S 

AhOTHER ACCOUNT hAi E. 

)Lib CS-100 

HERE. THE WORKSPACE A ES LISTED ARE THOSE THAT cs-100 hAS GI E 

ER1ISSIO TO REAL (LOAD AD COFY) 0 0 bAD/ nITE (LOAD. CO~Y 

A~D SAE BUT NOT DRO ). READ PER ISSIO OF A rORKSPACE IS GI E, 

TO A S-ECIFIC ACCOU 'T BY IhST LOADI Th OnKSPACE, THE 

TYPit THE )k ~RMIT COMMAND. 

)R ER~lT BUSIN~SS•147 

REAL/ hlTE ~oRMISSION I IVEN TO A S ECifIC CCOU T lA, bY 

TY I G ) PE"MlT I STEAD O ) PER IT. 

)h P ~IT BUSINESS•147 

I TE ARGUM TS TO )RPE IT OR) p IT h 0, JTT • THEN ALL 

USEhS ARE GIVEN READ Oh 1EAD/WRI L E I S10 

)LOAD vOSSI 

--------------------
THE IRST rOUR L~I'T 

D SChI E ALL APL\3 0 A 
)HPEh~ISSlOh_TO Ah~ I TER 

A TE ll 
CRJS CO • 
eD S TH 

7 

ES ECTIVELY. 

R NThESIS UNl UELY 
SO, BOTH )R RAD 

CO A. V. 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
, 

• 
• 
• 

• 

PER/i.ISSJOV AY ¥OT 8 

THE:, ORF.S ACE. 11EAD 

/1/75 ( '.(.,if I blr) 

ReSCINVED l:,XCE T (lhDlh CTL) 

AhD READ/ hIT PER 1 SIO 

WOhXSPACES O LY. IT IS ALWAYS .ROR tOk A Y 

ATTEA T TO )CO Y, )DhOP, )LOAD Oh )SA E A Y AC I 

WORRSPAC SCA 07 8 LOC ED. A L\3b u f, I 

y DltO Pl 

D 

0 

0 S C . 

ShOULD 11EMEMb h THAT THE COLO IS CO SIDE ED A ALID CH t.C 

A ORKSPACE A~E. ft.ISTARES LIE 

I 

)[IE 
SECht.1 :LOCK 

CA1t bl:, Eli. BAhASSl,~G. 

THE UbLIC OhkSPACES AY bE LISTED bY TY~I, 

)LI UbLIC 
STA7ISTIC _PACKA~E 

lOT 
1 N 7' Ii O - 2' 0 - A L - AT -C Fe/. S 

THIS LAST WO/kSPACb MAY BE LOADED WITH THE CO AD 

)LOAD PUBLIC lATkO-TO-A L-AT-Ck.S 

EVF:,RY ACCOUNT hA E HA ER ISSION Tu READ ALL UbLIC '0 6 AC 5. 

***VARIABLE Ahv FUNCTiu~ NA 1ES 

VAliIAbU, ND FUllC IO hA E 

THEY MAY co~ AI~ ~HE QU D (u) Th 

MAY bE S LO 

Uf,DE bAlr (_) 

A D 1 EU. 

D 80Th 

UNDEkLINED AND NO~ -U~uE Llir,D U bERS, LE TE 5 AD H D Tl. 6). 

AMbS . AY NOT bl:.GIN wI1H At,,Y UBE ( U7 A 1 1:i H ANY 

• 
• 
• 

• 



• 

• 
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• 

• 
• 
• 
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8/1/75 (W.vtt Eh) 

UNU,ErLINED NUMbEJ..). SO!, E SY STE,, IA!iIAbL s u f I I lVt.S bE It 
ITH THE ,.UAD, UT USt,f. & rI ED A·ES AY A L A TEMP s (; 

l.JU 0 AR£ Tlff, AliTED AT CO PILATJO TI t:.. u u I D hA ~Es AY 
CO!TAIN TH!:, UAD t.LSE HbRE, HO;vEvEli. Oli Thlb !(r,A 0 , THE UAu 
IS OT DELI ITEU THE WAY IT IS I A'E'L ,j 6 . I APL\3 0, EOtr 
EXA/..fLE, 

XYZLJ+3 

OULv OUTPUT THREE, TH~N ASS 'IHR b O HE /.0 ADIC FU C IO AYZ. 

I CRMS, ON THE OTH&H HAD, HE ARIABL OULD BECO liREE.. 
THI:, EARLlEEr INTE PRE'IATIO 

LJ+3 . 

OULD REQUih A bLA 1 BE WEEt AYZ A ✓ D 

THE INT R AL OttKS ACE VI 0 

***SUSPE. DEV EXECUTIO, 

Tlfo )ENV COMt,,,A D, HICH IS Oi SUPFO!( D Y 

POSSIBLE TO EXECUTE AN IM.EDIATE SA ·ET I T 

U CTlO 

T 

L 3 U, AKES IT 

F, VI OfiME T Of 

OtV THE 1 STAC . THE )SI D )SI co~ ADS ·Av£ 

BEE CHA~GED SLIGHTLY FRO~ APL 3 O O ACCO ODA THE NEW )E 

COMMA!U: THE+ SY~BOL ISP I ED BY )SI AD )SIV, A HERTHA~ 

* SYMEOL. THE+ SYMBOL INDICATES THE 

)SIV 
'i'HISL 1 j + 

1 

H A'l' C 7 ~J 
lt1S[4] 

LOCAL 

LOCAL 
LOCAL VA ,IABLE S 
LOCAL 

9 

s IliO • N'I'. 

E 

-



• 
• 
• 
• 
• 
• 
• 
• 

• 

• 

• 
• 

• 

b/1/75 ( . hl:.IN h) 

)E V ti A'l. 
LOCAL 

"l 
I 

)E V 'I'HIS 2 
)SI 

TH.ISL 1 J 
TH A'l.'l 7 .J 
'l'HlS[4J + 

)PO 
0 P J:, b D F VI C 'I' I ( ) : I THAT 

)SI 
Till SL 4 ~J + 

A SU __ b N Dl, l1 F U ~ C IO. AP E AR A 'l' Tl , TO OF 

AND . 0 'v/Hf,, E 8LSE 0 THE SI STAC . A y tU CTIO 0 

TflAT I I OT SU E DED IS SAID 'O IJ E -~!i..Q~[,_'J:. • 0 

AT THE TO ()t '1. HE SI STAC APP AS MOht, TAN 0 CE I 

hAT Ur. THAN SUS ~DED. 

'I-ENDA T tUNCTIONS, A D THI:. HEADER LI 

1h 

1 

I 

0 

SI TAC , 

SI AC/\ 

UNC 10 

E bA 

U t. u D 

tUNCTIO S ft.AY Bb DIS LAYED BUT NOT EVISt-D IN tU C IO l1 INlTlO, 

iODE. ALL ILLE AL kEVlSION ATT MPTS ARE THWART D 

EDl'l'O . THE bODlES Of SU PE DEV llf.lCTIO S AY 

HOWEVER. blJT, IF THI 1S DOE THE LIE lJ bE O. TH 

FUNCTIO vlLL OT BE PRINTED bY THE )SI A;D) IV CO 

THE )POP COMMANL CA& h iovE SU E DED AND PED 

thOft. THE S1 ACl, AND CA MAE A t DANT UNCT IO 

He T T 

Fr VIS D, 

SU I? DD 

IO S 

lJED. 

THE ) 0 ANu TH )EV CO, ANDS AA£ IT OR LI LY JiA A 

tXPERlME'T CA HE DEbU t-D O THE FLY, AD LESS LI Ll AT 

--------------------
6T IS DEtINITIO ,UST at, ODI IED 

Alm I!t T JWDUC Eb. 

1 

LI HTLY H SUS C 

• 
• 
• 
• 
• 
• 
• 
• 

., 

• 
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8/1/ 5 ( .GhEI ER) 

bXPE I~ENT ~UST bE STA&T~D ALL OVER A Al . 

v Ill PUT; IN S'1' f 
[11 IhbT +'TYE A, LOR C' 

r j LJ+lN TF. 
L~-J +'AbC 1 11ttJ 
L4J DISTJr.+'FOLLO I,STRUCTIO S, LEASI!. ' 1 
L5j DISPATCH X 
L j 'HUkftAY.!' 

DISf'ATCH Y 
L1] +(LihE_A, LihE_, LI E_C) LYJ 

L2j Llhb_A: ... 

~ An, _r, 
Y E A, B Oh. C 
HAT? 

I UE>.. .ROli 
DlSPATCH[1j +(LINE_A, Lir.E_ , Ll E_C) y 

)SI 
IJISFATCHL1] + 
INPU LSl 
MAl/i _l!Nt 5 ~J 

DISFATCHL0.5] +O UI AGAI 

) I ~ NOTG THE rI ST LIE 
DIS'i:'A'l.Ct L-i + 
1 f; U L 5 j 

Al r I L 6 ::> J 

IS~ATCH[0 A AlN+ IS ATCH y 
D OR: HEAVE. IS R AD-O LY 
Co] 

IhPU L51 +3 Ull! DISPATCH A 
DEEN ERROR: FUNCTIO IS READ-O LY 
L 5 ·1 

r'OLLO 

)E V lN UT 
6pJNST 

+3 

11 

=Y 

Fi 



• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 

• 

/1/75 ( . 

NAlCH Oh F.bTU~N 1 BAD CONTEXT 
3 

I\ 

)I-OP 
PO~PbL EUNC' IO (S): DISPA CH 

)SI 
1 FU L 5 J + 

l Fi) 

ISPATCHL ·1 A 'AIN DI ATCH Y 
0 j DIS ATCH Y 

vn PUT[ u·1 
L5i DIS ATCH 

➔ 5 

3 n DISPATCH 

OLLO I SThUCTIO S, LEAS TYE A B Oh C 
A 
HUR AY ! ! 

***MU£7'I Lb ,XECUTIO, S 

AL\ bO ALLO S A U,BE O E ECUTIO S TO bE USE V & AT 

I'HE SAME TIE. CF.MS O LY ALLO SOE SUSPE VEV b CU 10 AT A 

Tl, E. Tlll EXECU IO~S STAY SUS E DED U 1 IL A ILL 01 

IS E TEF.ED AS I, EDIATE 5 ATEME T. A 

_TATb_E_T 1~ ThE flhST IftitDIATE STATEME T TO b 

Fil 'HT AlrlW IS TYPED. ALL OTHER 1Mf..EDIA7'E S'J.ATE T A 

bE D_hU; 'IN ___ I_}fVlATE __ STA_EMENT_. SO EVEN lt 

I~MEulA' £ STATE.ET CO PLETES SUCCES ULLY, TH 

STATEMENT WILL b£ A DEBU ING IM EDIATE 

COUHSE A hIGHT AkhO IS TYPED INST). 

THE EXbCUTI01 INvOKED BY A DEBU GI 1 DIAT 

NEVbh R ELECTED 0~ 1HE SI STACk, HETHE THE EXECU 10 

)SI 

1 

1 

I 

(U 

1.hltO 

- l-..d_ 

A f( A 

SAID TO 

t- I FcY 

EDIAT'6 

L SS Ot 

1:,/,T IS 

Fr 1 ATES 

• 
• 

It 



• 

• 
• 

• 
• 

• 

• 

6/1/75 (W.GREI Eh) 

PRI AliYL7. + 

DBG A THIS IS A DEbU ~Ilv I EuIA'l. SA 

VALU E!thOh 
D L1J ATTEM~T+ATTEhPT+1 

ATTE~PT+O A THIS IS ANOT ER D BUG I I uIATE S ATE,. T 

A IT ~AY BE Tc .PTI~ 0 y 1 h E, 

)SI A bUT ThAT WOULD b AC TO 
PRI, A&YC 7 j + 

IMAhYL1) OT Db L1j 

THE SI STACK hEtL CTS A SI GLE I y ECU IO• bU A 

SI S'i'ACl<.. AC~'UALL co. IS s Ot a E OR ~o E us ACKS o~E UbSTACK 

PE!( PROCESS. 

)SI 
~E SA&u_SWI'l.CHINGL3j + 

AINL7:i 

PROC~SS 1 
LO Gili G[ 7 j + 

SUB_TASKCS] 

FROCE 2 
i:JATCH_JOBS[91] + 

'f OCESS 3 
BATCH_JObS[17i + 

ThE O LY SUSPE1 DED FU CTIO S H A SSA E_S ITCHJt,u AD 

LOCi I THE OTHER FUNCTIONS 1 THI SI STAC E .E DAf,'J.'. THE 

E SU DED UNCTIONS AP EA XAl'TLY O EI h SI STACK: A 

TO O E1..ACTLY U.,t, U TAC. 

H Ah UMEhT OF THE )Db CO 

S ECIFl D 1rOCESS IS TH 

1 M uIATE STAT ME TS, AD THE ) 

)VAS CO MANDS . 

13 

D 1S A F OCI:,SS U EER. THE 

0 ALL SUES QUENT DF, llv 1 v 

> 0 ) IDTH )DlGJ Nu 

-



• 
• 
• 

• 

• 

• 

)D 1 

)EN 5U8 TASKS 

)POP 

/1/75 (W. ltlNER) 

POPFE/J rUNC1'IO,~ (5): LO IN 

-+ 5 

1 



• 
• 
• 
• 
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• 

• 
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8/1/75 (W. k l~Eh) 

***~VLTJFLE PROCESSES 

A ~RlMAhY I .EDihT SAE ENT I_PLlCITLY ChEATES OE 

PROCESS. 1hIS IS PEOCESS UMBuh ZE 0, A,& IS USUALLY CALLt,D Th:. 

EXPE I E T . s P1tOCE s . IT IS IN TIALLY hE O,LY ROCt,SS 

EXJSTIN& IN TliE AC IVE 0 SPAC . OT li PirOCE SES AY dE 

E,XPLICITLY CHEATt,D y A ~ EVIOUS y E ISTI p OCESS. Tttc 

Cli6ATI!~G FhOCESS CALLS 0 0 A U 1hEh 0 RI I IVT:,S TO 

XE-LICITLY C.tr.t,A1E NE .OCESS~S. IT IS A, EffirOh TO CALL uNE Of 

THESt, F1tl~ITIVES IN AD U I G EXECUTION . A LICITLY CnEATED 

PROCESSES HAVE A STARTUP FU!iCTION, HICH IS A ILLADIC Oh MONADIC 

USt,h DErINEV FUNC1'ION. '1. HE SETU 

!:,QUIRE[;) ~AY BE IVE BY HE CREATI 

DEfAULT fARAMETEh IS PASSED. THE 

FUNCTION IN TH£ SUHSTACK Or TH 8 LY 

ALL PROCESS6S f>AY CALL ANY us 
ROCESSES l•,AY I VORE 1HE SAME 

SI ULTA EOUSLY. n EACT, TH R IS 0 

UC IO 

1- OCESS. 

ARAMETE (IF 

OTHERWIS:., A 

STA TUP U CTIO, IS 1'HI:, TOP 

ChEATED p ocess. 

DE.FI ED FUNCTION. T 0 

USE DE I ED rU~CTIO, 

AY 0 O. E tROC SS TO AIN 

EXCLUSIVl ACCESS TO A USuR DEFINED U CTJO . 

VARIABLES, ON 'l'HE OTHE HAU, ~AY ~OT bE SHAiilV BETWE 

PROCESSES IN Th • APL. SV. SE,/.,SE . A COPY O A VARIAbL .AY, 

HOf-1 V Eit, fj l:, Th A Sf I!, RF.EU Ph OM 0 E fROC ss TO A OTHER, INS EAD. 
MOUifYIN THE COPY DOES OT CHANG Ii I!. ORI I, L, OF COVEts A 

VAltIABLE IS ThANSFERt,IJ dET!hE ROCeSS S I A t-IRST I !Y Fl ST OUT 
BUr Eh (•IFOB). 

1'HE SYSTEM A IAbLES WlDTH, DI ITS AfiD CHAND Al1E Ti/ 

WIDTH, DIGI'I.S ANlJ Ir.Ai DOM S JJD 0 A lrOCESS. El.Ch p oCESS HAS ITS 

1 

I' 

/ 
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/1/7 ( . I ER) 

OWN SYSTEM VAHIAbLES . HEY tAY BE ACCESSED A 1D ASS! 

ALL THhEE S'tSTE•i V 11ltl AbL S OF AN EJ. LICITLY C/i:E Eli 

lATlALLY SET TO THEih ES r,C IV'6 VALUES I THE C A 

THE ,UDTH AND DIGITS IV 'l'HE EXPE1rI, T R'S OCESS 

78 ANU 6 , libSPt!,CT 1 VE LY. THE RANDO~ Sr:,ED IS I IT I 

DEI--ENU6NT VALUE. 

X+RAhDOM_. V~bE _ ENE ATOR_T STER VA TJTY·YOU 
Ll] YOU UCn_ OBOTSL VA TITY·l J CO~fUTE IT 
(2) ASA:~+' I GEST S~ALLES, OR AVE AGE?: ' 
[3] ➔AS.I< UIF 4=, '.l:ISh I l Hl.'.J 
L 4 .l ' 7' H l- ANDO M SE D 1 '0 ' • [J ' Tl- 0 YOU 
[SJ >; (11vET liO YOU)L i 

CO/.JFUTE_I'l' 
1] Q+? p100 A ? A C1S AD 

[' J LlGIVE UhAND A TRA SPER TH Ii.A DO Sl!.,ED 
L3i (t (l/Q),(l/) +/ :p 
L4] lVf, Q 

M_NU/.. BE 
bl ES ALLEST 
bl GES ALLEST, 
THE ~A S DIS 
2 

_Gl:,tt!,nA Oh_TEST 39 
OR AV AGE?: HUH? 
OR AVERA ?: SALLES 
,0 1 7~ 

(SOR Y) 

LL 

1 

C I. Ft 

ltOC S. 

ILLY 

CLOC -

UCh O OTS IS 0, E O Tllr:, ANY RI I IVS HAT 

OTHER kOCESS~S. THE RIGHTMOST ~n C TD Ah U 

PLlCl L 

l 

C!i l:, 

hAT 

0 SS IS EXAC LY ONE, PROCESS IS CnEA ED. THE ID u bE Or TI 

kETUh ED TO TH VARIABLE., YOU. TH OTHER 

THE ARAM TEFc Ob ASS,V TOT& ST TU 

PlrOCESS. H STAh u UlC IO 1 , TH I:, 

H 0 ADIC UNCTION, co PU~E_I . :i DOLL 

rUNCTIO COM UT IT IS NOT TO B C LL D u 

UCh_lrObO 1S lNST AD. 

C 

UC 10 

L,:, 

SI 

IS 0 

THE ,. WLY CR AT u O l:i Fi l-FcOC ss CU1 

1 

IS 

D A U 

0 /w 

IS 

CifIED AS 

THE 

l- S ..,D TO 

1 , WHILE 

• 
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THE EXPEhIIE TEE'S PROCESS CO TINU S PhS1 Ll,G 1 J OF HE hA~DO, 

NVMBER_GEN RATOR_TESTE FU CTIOw. N01ICE H HE 01HER PROCE~S 

t-EhFOli.MS TIME-CO SU .IN· CU CBI ..r HILE TH!!, 

E'XPEl!If.JE!d'ER 'S FROCESS PRODUCES OUT PU A D 
... 

AI S Ol Ilv PU . ' 

DEPE~DllG O THE HU Ah SUbJECT'S I UT, THE liPUT AND OUT U AAY 

bE ~EhFOR, ED AN ARbITRAr.Y NUABER OF TI S. 

PRI/,ITIVES SYNCHF..Oi✓IZE THE TWO PROCESS S. 

TliE l.J t,TPhOf.:i 

ET ROM DOES OT 

RETURN UNTIL THE OTHEb PhOCG S CALLS THE IVE Phl/.,IT IVE· THIS 

IS bLCAUSE LGETFROI VAIS ON THo I Ob I, kODUClN~ A DELAY. 

IVE, ON THE OTHER HAND, NEVoR I~Tli.ODUCES D LAY SlhCE THt 

VALUE GIVEN (A COPY OF nA D OR Q n T IS CAS ) STAYS I! l!l:, 

tIFOb UNTIL A R~CEPIEvT CO, ES ALO "'I IEOb 

Uir.ANV AND AT THE SAME TIE 1 NECESS Y. 

AN HOLi) BOTH 

GIVE AND uGET ARE 

USlD bY A SUbJECT OR ROBOT P OCES TO IV V LUES TO, AV E.'T 

VALUES FROM, THE EXFERIMEATER' ROCESS. lJ 1 ETO A D GETFRO.i 

ARE USED BY ThE EXPEli.1 ENTBh S ROCESS TO GIVE ALU~S TO, AND GET 

VALUES FEO , A SUBJECT OR EOBOT p OCESS. TH CO CEP S OF SU JEC 

AND ROBOT PROCESSES ARE 

CONFIGUli.ATIO~S SUBSECTIO . 

URTHoR D ELOPED I, THE STANuA D 

At, EX Eli.I E 

... 
'IT lb ENERALLY MORE EF ICIE T TO p 

CO fUTATlUN AND At I/0-BOUl CO. U ATIO 
THAN sg UtuTlALLY. 

17 
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DOU LB f ITS TA L RO 

AD THE CR. CHA AC RS T 

THE CH~ CO PU Eh CA I RAC ITH HU A 

THE AL Oh Tl STA ARD ASCII PRI ST. 0 COY 

hINT ,ETS AR DESI NlD FO DIFf hi~ A - ACHI 

ALL APL Ou AMS A Wh11 E I1H TE AL .RI S 

LAE c AL ROGAS CO IUNICATE O THEI HUAA SU 

ACTUALLY IT IS NOT POS IbLE TO ENTEh UNCTIO D 

ITH THE A CII ItT ST SIC THAT SET LAC 

ALTHOU H LACKI TH . VA ROUS hE k SYMBOLS OU D 

PHlNT ST THE ASCII .RINT ST CO TAii OE 

EbGLl H SE TENCES: H RE LOWEh CASE LETTE S A U 

ORE USEFUL THA tA CY SUI LES LI IOTA AlD RHO. 

C I 

I I I 

0 E US OE THE APL(ASCll) PRl SET RE UIR S: 

0 

10 

1 . 

L. 

L 

u 

--THAT 1HE A?L(ASCII) P 1 

THE TE I AL, 

HEEL BE PH IC L1 OU D 0 

--THAT THE TE Ml~AL 

LAYOUT AbV 

EYbOA DBE THE AL ASCII) 

--THA THE CO UTER IN1E FR T TnANa.ISSIONS 

TH TERAJNAL AS APL(ASCII) SIGNALS. 

PHYSICALLY OUtTINv A. PRINT i HEEL I VOLVES R 

hlbBON THEv THE OLD HEEL BEFORE IS ALLING THE E 

THE Rib80 . THE Dc7AILS OF THIS ~ROCEDURE ,AY E ~ 

18 
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/.JTC MANUAL.8 A DIFFERENT Pli.OCEDUii.E I hE Ulka/.J TO CHA!i&E TUE 

PRINT SETO THE GRAPHIC DISPLAY U~ITS. 9 I URE LSO AD SOJ 

CE~ONSTRATES EOTH THE APL AND T&E ASCII RI T. 

fEli.1,A ENTLY ATTACH D TO 1!,Vl!, Y TER I AL IS ITHER 'l.'HE FL OR 

THE ASCII AEYbOAhD LAYOUT. BOTH EYvOAkD LAYOUTS ARE SHO J IN 

tIGUkE [ .• ~. THE SE~ICOLON, ASTEhISK, LEFT Ab RI HT FARE HESES 

ANU BRACKETS, AND THE DOLLA SIG EYS Ali A 0 

IN DIFFEnENT PLACES ON THE TO KJYBOA .D LAYOUS. 

HE KEYS LOCATE[; 

FOR.TU ATELY, 

KEYS A THROU H Z AhE LOCATED IN TH£ E P£CTED PLACbS ON bO H 

KEYEOAbD LAYOUTS. UNFORTUNATELY THOUGH, C ~ITAL A HF.OU HZ ARE 

_Qf SHIFTEU ON THE APL KbYBGAhD L~YOU , bUT ~ft- HIFTED 01 E 

ASCII KEYBOARD (UNLESS THE ALL CA S }ODE IS SELECTED). Thl AL 

K~YbOAhU LAYOUT - TO - AFL PRINT WHEEL MAP IliG AL ORITHi CHA GES 

DRASTICALLY WHEN THl!: KNOb IS TUfiNED BET' EE' 'LOCAL' AND 1 LI1 E.' 

'l'!-iE -, , >,AND;,: KEYS (WHE THE KNOB I TU E,D TO 'LI!vt'), FOR 

1:,x.Ai\PLE, BECO iE THE,' x, ) , j AND v KEY ( HE HE. 0 IS TUkwED 

TO 'LGCA~' ). THE ASCII REYEOARD LAYOUT - TO - ASCII RINT HEEL 

MAP'I-I ALGORITHfu ALSO CHA 'GES HEN TH O IS TUR ED, HUT UCH 

LESS DRhSTICALLY . 

THE co~PUTEh CA&NOT SElSE BETHE 1 IS CO~lECTEU TO A AL 

OR AN ASCII PRINT WHEEL, OR TO A APL OR ASCII KEYBOAHD LAYOUT. 

IuSTEAD, THE COMPU1'ER ,~UST bE TOLD HE H h TO Sc D, MiD EXPECT TO 

11.ECt.lV"l!,', AP[, On ASCII SI ~ALS. THI IS DO~E y LOuGJt, -G , 

'J.'/JE D1'C-3UO_USciiS_} A,'UAL IS AVAILABLE FRO DATA TER,,I ALS 
AD COM•U !CATIONS, 1190 ~~zz-A E UE, CA, BELL, CALI OnNIA 9500 . 

9GRA~HIC DISPLAY UNIT ~AhUAL 

19 
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KI M:, TH Tl/ Y/t. bOLS RI ED 0 THE R 1 L LOO Ll t:, 

hE. SY/t.bOLS AST V 0 HE } rs. (SO E 1/t1 s IT ,A A y 

Tv U,Tb OR IT di0' THE 'ALL C S' ODE, FIRST.) Jt us f. 
!,ADVERT£ TLY I DI A s TH£ hO TYPE 0 SlG AL co u £ft .. 

ALS b . 
L 'ILL E D 'UJ E n,CT 0 hECE1V£ ASCII SI 

Ef.lI,AL Oft A L SI LS RO A., ASCII L. 0 C T 

ISTA}( IS } ADE, Tl/:, kECT It Y n LO -Ot ESSA £ MUS s T lh 
/ft, YF-b Of 'I li AL E Pi:,CT/:,D BY TH£ co UTt.R. 

2 (, 
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DOU bLE._Plr.I !IT _SE_ VftO&tt A S AirE W RITTE I, Al L O CO/.. JU IC ATE. 

TC SUoJECTS Ih ASCII. SIN6LE __ kivT ____ PO nA ARE RI TE~ I 

APL TC CO1MUNICATE txCLUSIVELY IN APL. SI vLE ~ttl T SET fRvG.A,S 

CAN OFTEN bE CODE&, DEBUGGED, EDITED AD 

LEA~ING THE TERiINAL Oh CHAJ IN ITS PI 

SET fROGhAM,ING CAN EE APPir.O?bIATE FO 

XECUT D ITHOUT EV1:.h 

hEcL. SI CLE hllT 

Uf..b -ChU ,CHI ll, 0 -

INTERACTING APPLIC AT IO., S, OR APPLICATIO S TA SLA1Eu rhOf. 

A~L\360, WhICH SU FORTS JUST THE APL PhitT 

SIN LE PhINT StT FhO RA~S, DOUbLE FRI T SET 

EA SI£ Ee ON THE SU b J E CT , A 'v U ( 2 ) , 0 R CH ALL E I 

OV) THe fhOGRAMlER. 10 

PROGRAMMERS CA 

l!hI I'l'IVE: 

CHEAT£ LOWER-CASE OUT U 

ASSIG S TO V THt 30 ELE~ENT CHARACTE VECTOk • 

THE LO' ER RI ITI E HAS 

JiA 

CO PA.ED TO 

AFtt bOTH (1) 

0 lttbAU: 1 AttDER 

I H THt LO E . 

CE.' 

l.§. ~ l!Q~_:-

O AF E CT O ~ A y 

CliAhACTEhS liESIDtS CAPITAL A THROU R CAPI AL z . CAFI7AL A 

THhOU H Z, HOWEVER, Aht CO VERTED I o LO Ek CAS A TH OU h Z, 

hl5PECTIVELY. THE ARGUhENT PASSED TO LO ER . y bE A SCALAR o· 

AN ARkAY OF ANY RANK WHATSOEVER, BUT MAY llOT CO TAI, ANY ~UMtiEhS. 

□LO ER AL AYS RETUhNS A hESUL HOS SHA£ JS E UAL TO THAT OF 

iOIN S~IT OF THE DIFFICULTIES, A y LA CRMS 6XF~RI E 'IS 
ARE DOUBLE PRINT SET PO RAMS. ALTHOU COMMtNDED .Oh 
nOV1CE5, VOUbLE P~INT SET PEO RAiMI,G O ITH IE. 
DOUbL/;, ~ INT SE'l' PRO .Af.. INv IS ALSO DE A Y A U t. OP 

ON-APL\360 EATURES ~ OVIDEV y C JS I~ THE GLO h 
p IMITIVL, THE tSCAPt CHA ACTEh '~• LIE L INPUT, AD THE 

hA!SLA E PRIMITIV • EACH OF TH s F ATUk s LL Discuss~D 
LATEh If THIS SECTION . 

1 
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'1' lJ E A GU /•J 

E, VIG THE VARIAbLE TO A T .1 AL . 0 FiL OU IT ED 

11TH Tllb Af.>CII IT SET CAU ES TH EOLLO I LI 

Tli£_ IS A LOW __ -CAS_ --~---C_. 

dU1 SE VING V TO ATER INAL 

SET CAUSES 

OPE LY OUTFI ED IT 

T 

TO bE TYfEV 1 ST AD, hlCH 1 

ChAhACTE S WHICH CA tOT 

AR LY THE DESIRED OU 

BE RESETED BY 

PhINT SET--bUT CA BE hEPhES TGD BY THE ASCll(A~L) 

TO b 

t. L hIN 

u . 
H 

ARE OUTPUT AS DOLLAR SI NS. CHAnACTE S HICll 

p I/; 

CA 

L(ASCII) 

SE.T-­

OT E 

hEf ESENTED Y EITHER Ehl T S ARE CALLED 0 - If I T 1 , 

CHAhACTE S. 01-PhI TI CHAhACTERS AR OT OU U AS DOLLAR 

SIG BY EI HER PhIN ST. 

bOTH PnlNT ETS CA REPRESENT 

CnMS HO EVER, REFME E S GATIVE 

ALL CR S ui nIC 

NU•HEhS, AD hU.b hS 

OU UT. 

ITH A 

YtdOL fir. ATivE E-G ONENT DIFFEE T T&A liPL\3 0 DOE : Th . - . 
IS USEu RATHEh HA THE ' ' SY~bOL. SO, ThE FL 1 . DIA E, 

TATc. ENT, 

1E .,0-1 3 

CAUSES '- -30' TO BE PftlNTED. 

• 
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8/1/75 ( . hElNbh) 

***THE CRMS CHARACTEh SET 

THEhE AEE 25b CHARACTEhS IN THE C S CHA ACTbh S~T. 

CEhTAih CHARACTlRS AR~ NON-PhihTih --SUC8 AS nE TA& AU REVEhSE 

LINw tEbD FAINTER-CONTROL CHARACTERS. OThbR CHARACTERS CA bE 

REERES~NTED VITH JUST ONE OE THE TWO PRINT 

CHARACTohS CAh BE REPRESENTED WITH OH 

ELS. THE RE AINlNG 

l~T WHEELS. bUT THE 

TWO Eh1N1 WHEELS USE DIEFEhENT SY.~OLS TO R PRESENT 

CHAhACTERS . 

SOME 

1HE CHARACTER ZlRO, FOR EXAMPLE, IS RE .eSE TtD WITH THE 0 

SYhBOL ON THE APL WHEEL, AND 1HG 0 SY bOL O THE ASCII WHEGL. 

S0!>1E OP THb' DirFEhENCES AhE EVN .~ORE T IVl L: THE, APL ASTE IS} . 

HAS FIVE POINTS, WHILE ThG ASCII ASTEhISi HAS SIX. CERTAIN 0TH R 

CHAttACTERS HAVE TWO REPRESENTATIONS hlC Al<E 01'.E NOTICABLY 

LJIEPbnbNT . IN M0S1 CASES, HOWEVEh, 1hE TO SY~BOLS ARE AT LEAST 

VAGUELY RELATEU . HERE ARE SOMG CRA ACT, S /ITH N01'1CA LY 

DI}EERIN REPl<ESENTATIOhS ON THE PRINT WR 

.. 
I I AND THE ASCII THE APL EOUbLE UOT 

THE APL Cl I AND J.'HE ASCII AT SlGr, 

1'HE AF-L '~' AND THE ASCII RAISED (A SFA ISH ACCE T 'OT 

SY/.JbOL) 

THE. APL '◊' ANU THE ASCII f'E CENT SIG 

TEL APL It I AND TllE ASCII CA 

THr, APL I~ I AND TH ASCII AU/.1 E SIG 

THE APL ':::>' AND THg ASCII Al•.PERSA [) 

AMO, G THE OST COfu ONLY USwD OVEh TIE CHARACTE S AhE TH 

2 

,, .. 
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UN/JEF.LINb'D CAPITA[, L•T'J'ERS, AND THE U~DERLINED lJ C DI ITS. 

(1HE LATTE AI~ NOT AVAILABLE IN A L\3 O.) 

O -0 hS hl THE ONLY CHAhACT R hEPRKSENTED BY BOTH A 

ASCII SYMbOL AND A APL OVE,STRIRE IS THE EXCLAflATJO 

CthTAIN OVb SThixES SUP~OR1ED BY O HER APL J 

An, NOT EEDED, AND H l'E ARE NOT SU 

OVEHS'l'frlAE SYMbOLS 1- -i { At D 

OM ED BY Ch 

HOUl,D BE USED J 

f ~ g ~ A & • OVEhSTRIR S, hE PECTIVELY. THE O o 

SU,POhTED BY C ·S. 

01 T: 

lOwS 

0 -

Of H 

Ii! I 

• • 
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***THE ESCAPE CHARACTER '::,' 

£VElrY CHI.RACT'6 Ih ThE CR s CHAnAC ER s T HAS ITS OwN 

Uhl VE CHARACTEtt CODE. EACH CHARACTEh CODE, Ih UR, IS U rlQUE 

INTEGER ETWcEh ZEkO AD 55. rIGURE X XJ LIS1S TH£ CH RACT£ 

COD'6S, IN __ OCTAL, FOR ALL CHARACTE S It dE CR CHARAC'IE!i S~ . 

bAHELY HALF OF THES& CA~ BE hEPhEStNTcD bY THE ASCII Phl T SE~, 

AND WELL OVE!r HALF CAN b EPkESE,TED bY HE APL~ INT SET. 

IT IS SOMETiiES UESIRAbLE TO SPECI Y A CHAHACT k THAT 

CANNOT bE RE~EESENToD bY ThE PRIN S~T CUhliENTLY IN USE. THIS 

SfECIFICATION IS POSSIBLE iITH THE ESCAP~ C A~ACTon '::,' (SHIFT X 

FOh X-SCAPE). 'l'li.t At'L CONST A T '::>1 ' SPEC I IES TH CHARACTER I H 

CH Ali ACT ER CODE OP 1 , l)j__QQ.'l!dt.. 

' :> 41 ' +➔ ' A ' 

1 :>41:,42 :,4~D' +➔ 'AB CD' 

1
:>418' +➔ 'A8' A '8' IS NOT A, OCTAL DIGIT 

A ThI IS THE LAR EST CHARAC Eh CODE 

A COVl TOO BI&, 50 hA SLATOR GIVES RliOJr 

A NU!, Bl!,lt OF THE' COM!10NLY US D PRH Tl:,R-CO T.OL CHAF.ACTERS 
A E PEOVIDEV AS RESEhVED WOhDS, FOR ROGRA!d I CONVE IENCE: 

1 :>147' +➔ BtLL A E. X IT FLOT ,._ 0 £' AND Ril'i bl!,££ 

I :>15 QI +-➔ BS A BACKSFACE 
1 =>151' +➔ uTAb A TABULATE 
I :, 1 5 2 I +➔ ULF A LI E FEEU 
1 :, 1 !:J 3 I +-➔ UP.LF A FEVERSE LINE E 

' 5 
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I:) 15 4 1 UTO As IP 0 TOP OF 
I::, 1 Ch A CAh IA E liETl.Jli, J JJOll L f D 
I :::,3 7 5 I uCRLF A LI} E THE APL\360 C A!ilil 

I :::,3 7 7 I EOF A s·EClAL u-o -FILt 1 o. 
I ::>1 7 I 1..JESC SClI ESCA E, DO I Oh:, A 

:::,3 7 I [JIDLE A DObS OTHIN bl.JT D CYCLE 
' 

I::, 74 ULL DO/:,S O'1.'HI E JOO. 

THb NULL CHAliACTEitS AY bE USEu AS L CEHOLDJN CH C RS IN 
LAhCi1:, VbCTORS. Th !f U LL CH ARACTF.,Jr S EED VO BE co Hi D A AY 
iJ FOitE OUT U TIN THE. VEC:.t Oli. I O'1.hE OliDS OU u l V C IS 

UIVALE!vT TO OUTPUT'l. I (VcC:tLJ ULL)/VEC. 

(O~mhOL_fH_liAC _JiS AR£ I l UT Y TYPJt, THE co ,1 OL E Af.. D 
A OTHEli EY SI/..UL ANEOUSLY. l THE OTHE .£Y 1 ' 

I Oh /' '1. h E, 

E SAY liAT COAThOL-u Oh COVTROL-/ rAS TYP D. co !rO CHA AC JiS 
ARI:.. us D BY Ch S FOFr l:!.fl.l_l.lf._ T£XT A D SO ARE OT usu LL 

AS TE, 'l.'. TH£liE 1 HOW/:, Eh A PROCE.DUhE FOit E T co liOL 
CHAh CTEhS AS TEXT. THI PROCEDUliE s 0 TY PE CO TROL-L ( I EhAL 

....,, 
ODE) n .r,DI ATE LY bE,FORE TYPI~G THE co TROL CliA AC R 0 E 

r, T RED. EVERY CO ThOL ChAli.AC 1:,fi J AY bE El ERED THIS • Et. CE T 
co TlrOL- , T E CAh IA 'b lrETUli~ CHA .ACTER. 

so TY lld.i I ' ' I QUOTE, Cv '1/iOL-L, A Y Cu hOL A AC1 Ii 
, , 

EXCEPT CO hOL- , UOTl, AD THE CAhliI Ir fUlc1 HE 

f C1F1£D CO ThOL CH hAC ER AS Tr,XI' bE'I. bE THh (j 0 • A [J 

THEN A SI S THE, LHAhACTER CO STAN! TO T £ vAhlAbL THl 

I .. £DJ A E ST ATE E T WOU Lu AFPE. AR, ON HE TlR I ,AL PlrI AS 

• 
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/1/75 (W.GREI ER) 

,._ r 

It THE SFECIFIEU CONThOL ChAhACTER EE CO, TliGL-Z Oli SOE OTh Fi 

01 -PE.IN ING, ~ON-fliINTt,Fi.-CO!~TliOL CltA ,AC R. I Se ,SAS I 0 

QUOTE IS ISSING, EUT IT IS T. ACTUALL 5cco·u VOE WAS 

~RINTEu ON TOP Or THE FlkST, AND so THE TYPE /;P~G RS DARKER AD 

FULLEli THAN IT ~IGHT uTHERWISE bE. 

ALTli.OUGH THI:, CO,.PUTEF. WILL NEVEFi B£ FOOL D EJY TH 1'.i OBSCURE 

VI UAL AN010LIES, THE SA11E CANNOT BE SAID Oft HUMA S. OF. T' IS 

REASO~ ALONE, PEOGRAMAERS fHO ALUE DOCU TATIO. TEtD TO SY 

AWAY FRO~ LITERAL fuODE, AND USE THE ESCAP CHA ACTEr '::i 1 STEAD 

TO SPECIFY CONTliOL CHARACTERS . 

1vhE1 ~ IS A CAFITAL LETTE:li., THE co STAT 1 ::, ' s_ECltIES A 

CHAHACTER {1TH A CHARACTEli CODE EQUAL TO THAT OF PLUS 1uO OCTAL 

OR 64 DECIMAL. THIS EEATURE 1S PROVIDED A CR S BECAUSE ,AN . 

ASCII PRINTER-CO TROL CHARACTERS AE D tl ED AS COhT OL 

CHAnACTERS. C01 TROL-V INPUTS A ChARACTEk 1TH A CHARACTER COD£ 

EQUAL TO 1'HAT Or '::i1' UClr MD UL, FO EXA PLE, l•AY BE 

SPbCIFIED AS '::iM' AND '::iJ'. THIS uOVETAILS JCELY WITH TH~ ASCII 

DE INITION OF CA RIAGE H~TUh AD LI~E FED: COT OL-t AD 

C01 TEOL-J, RESPECTIVELY . 

THE T PRI~ITIVf (ThANSLATE) CGNVE TS C ARAC EliS INTO THEIR 

INTE Eh CHAhACTER CODES, 

T ' A EC D ' ..--+ 3 3 3 4 3 5 3 b 

AN£ lNTEGEhS IN THE PlrOPEh DOMAIN Ai CO V TED Ir TO ChAhACTERS 

27 
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TT I. YZ I 

TT' A' 1 

THE DOMAIN E 

NUMbE THAT 

OR 

IS 

Z' 

'A 1 

IS E 

OT 

/1/75 l .GR INE/i) 

EliA ED bY A y ATTEMI:-T 

A PF.OPE CHARACTEk COD· 

Pl I ITIVE IS ITS 0 h lNVElrSE, A D BOTH THE DO,!.l 

0 

OF Tl E Tli A SLATE:, Erl ITIVE IS TH Clt S CHA!iACTER 

SET OF lNTE ERS BET Z RO AD So. 

1'/i.ANSLATE A £S IT POSSl BU, TO GEAEhAT!:, A y 

THE Clift l'IJ Aft ACT Eli. E, , TE ECUTIO TIE. THE SC 

T 

s 

C 

TliO OF GE bhATl CH liACTEltS IS EVALUA ED AT CO tIL 

A~ LlCATlO'S HICH USE THE ThA SLATE Plil 111V 

I 

L b 

T 

THE 

It 1 , 

C Elt 

AY A SU E 

THA 1tlE L ITS' TllhOUGH •~• HAVE CONTIGUOUS CHA AC Ii ODES. 

0 E SUCH A LICATION CONvERTS AN 1 TEGEh INTO A CH C It C Oh: 

TCO+ 10 10 10 10 T3579 1 3 5 i I 

IHERE THE CON TAVT CO r'O'. CO TlGUOUS CHAnACTER ODS AY I.L 0 

/j ASSU/. I::D oY hA I VERSE FUhCTIOi HICh CON s 

VECTOR INTO A lNTEJER: 

AC +101r's 76' + 9 7& 

HJ:, b THE:, CONSTA ft.CO -CO. 

TH FULL uUPLI:, TEXT EuI OR 
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8/1/75 (W. liEI~ER) 

THE INTERhAL CO!SThUCTIO o~ Ck. S UA A 

2'H'6 SIX TYl:'ES OF CR/IJS UATA ARE, 1,\TE R , LOA n G ?OJ" T 

, U BERS, CHARACTuRS, A RAYS, PASS BY RE h CE PARA ETEkS, AAD 

THE UhD rINED VALUE. ASSOCIAT D ITH EACH TY e O DA'l A I A 

U I UE DlrrERENTIATOF.. ALTHOUGH THE AL tACHI E CA DISTI GUISB 

THE SIX DirrERE~TIATORS, ThEih LE~GTHS ARE OT ALL THu SAE. HE 

ELOATIN.J POiuT NU,;bEEi Dif}HRENTIATO!i, Oft EXA,. LE 

bIT, WHILE THE CHA ACTbh VI}FERENTIA O IS A 

I A sn LE, 

-bIT FIELD. A 

~ORb DETAILED, BIT-LEVEL LOOK AT APL DI F Fi Tl TOHS AY BG tOuND 

IN THE Al:'L FROCESSOh REFERENCE . ANUAL. 

CRMS INTEGEliS, FLOATING POI T NU buRS, AD CHA ACTE S 

CO!,TAIN A TOTAL OF 32 BITS, WHICH IS THE E O Y'S {ORD LENGTH (NO 

COI CIUENCE) . 

***INTEGERS AND FLOATING POI T NU.BERS 

Ch~S INTEGEkS AND CRAS tLOATI POI NU b HS BOTH CO\TAI. 

2~ SIG I"l!ICANT IT , IHICH IS SLI TLY LESS THA SEvE D~CIMAL 

uJuITS. ThE EXPECTED PhbCISION OF THE L AATHEAATIC ~hlkl IVES 

( * $ o A D : ) IS Ab OU 'l.' F 1 Vt, DEC I AL DI ITS . o TH IS RE AS ON , 

CEhTAI~ CO PUTATIONS ~AY NOT bE SUITABLE FOR AL Am CRMS . 

BESIDbS THE 23 SlGNitlCA T BITS, CF.,.S I Et, SA 'D FLOATl G 

POIN'l U~bEHS CONTAIN ONE SIGN ~IT. ALL APL NUM~EhS AR~ 

REPhESENTED I SIGN-MAGNITUDE tOfM. THIS PEESE ATION, UhLIK~ 

THE lb~/3b0 hBPRESENTATION Of I TEG~RS, IS CLOSED U D~h NEGATION: 

Ai Y NON-U,EW lNTE t,F; IS NE ATED BY COM L TI G ITS SIGN bl'l.', 

AND LEAVIhG ITS 23 SIG ItICA T BITS UCHA GD. THE SIGN BIT OF 

9 



/1/75 l .GH 1,Eh) 

'EhO IS AL AYS ZE/iO. 

C ~u I NT 

AN/J A r.,J HT-BIT 

s co~ T lh 3 SlGlifICA T bl 

l'. R __ T_A_OR, FO A O L 

I 'E ER Dlf Eh NTIATOh I. h U D TO DIST! UIS 

rRO ALL OTHEli C S DATA 1Y ES. 

o, 

Ch S LOATI G POINT NU b fS COITAJ~ 3 SI J 

(CALLED THE A TISSA) 0 SIG IT AD A, EJGH - I 

J, L0/17 Iv POIN1 uUI• b liS AliE AL AY S A Oli/>. ALI ZED HIC 

LE Tf..OS'l' SIG IFIC NT I IS AL YS 0 THIS BIT SE . 
U Ii. 'PO E: AS THE SI LE-bIT !:.kQt_l. ___ OI _T _I.U ~ 

Iv 

A /J 

bITS 

tt E 

If SIS TH IG, BI OF A CF! s LOATlv 
'I H b BI 'ARY nT£ve Ji It SENTATIO V O'f TH6 23 I 

IS THE liINARY l!,TG R RB'I-hE f;TAT IO Of Ht 1 

THE TH FLOA 1 on NUt b R J, , IS 

J, 

CO/v 

( 1-.S+S) 1 -1' 6-2 

TA TS bf.Iv THAT: 

--THE XPO~ T I A ?O E1 Of ( A D NOT T 

US D bY lb /3 0 I PLE.f,, TATIOVS O APL). 

--TH EXPONEAT IS IT liPliETtD AS A EXCESS 1--

HICH EA S TH, ThUE EXPO ET IS ACTUALL 1 

THE IvAhY REPlitS vTA110N OF E. SIC IS I 

THE 1/iUt JEO ENT IS BT AE -128 A~D +1 7. 

--THP liADlX POI~T Of TIE ~-blT MA~TISSA IS b 

FlhST AND vECO D bI1S, COU Iv F O TH L 
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8/1/75 (W.GRElhlk) 

AFTGh THE llND HIT, COU~Tih FRuM T E.IGH . <2 In 

IBM/3b0 IMPLEt&NTATIONS OE AL HAVE T&b RADIX FOifi 

bETWEEN THE FOUF.TH AND FIFTH bITS, COU I FROh TtiE 

LEFT). SINCE THE LEFTMOST SIG IEICA m bl IS AL AYS ON, 

TH£ MANTISSA IS NEVER LESS THAN OE, u L'AYS LESS 

THA!v T fO. 'l'HIS IS BECAUSE HE, s, LLES f.,A, TISSA IS 

1.000 ... , A D TH£ LAR ST IS 1.111. .. (bASE ) . 

blNAfr.Y VALUES A11E. ALiAYS hEP ,.,SENTED AS 32 vIT ChJ, S 

I TbGE'lf.S OR FLOAT It, G POINT lvU BERS. THE, I it A y PhlMITI ES, SUCH 
A V A u 1'f, HO'iE V Eh, ALWAYS RETURN Blf,A y Cli .S ItTEGERS. Elf, ARY 

Ch~S IhTEGE.S ARE AL AYS htTURhED BY THE CO PARISO~ PRIMITIVES, 

SUCH AS< AND 2, TOO. 

ADDING, SUBTRACTING AND tULTIPLYI ~ wO CRMS If.TEGE S 

TOGETHER hETURNS A CRMS INTEG-R HE EVG POSSI LE. OTHEhWISE A 

ChhS FLOATING POINT NUMdER IS hETUR 'tD. THE ,ULTIPLICATION 

1 2 100000 X 1U0000 

l!ETUhNS TWO CR .S IN'l.'EGEHS FOLLOWED BY O f. 1 AL CHS FLOATI G 

POINT UMB!:.R. NOTICE THAT lNTbGE~s ANu LOATING 01 T NU bb S 

, 1 AY i:JE MlXJi,D 'IT HIN THE SAME, AliRAY . 

ADDING, SUbTRACTINU ANb MVLTIPLYI AC .SI TEuEh WITH A 

I TtGhAL CHAS FLOATI~G ~OINT NUMEER AL YS k~ URS AA lNTt HAL 

FLOATING POIN7 NUMvEE. DIVISIO O ANY I 

&E'l.UhNS A ~LOATING POINT UOTI • Hll'H 

y A~Y HING ALWAYS 

I HT POSSIBLY b 

INTEGRAL. NO RESULT IS HETUR ED, OF COU s , bY A PRIMITIVE ThAT 

ENbRATES AN Ehfr.Oh. THE DIVIVE EY ZERO hOR IS uENbHATED lh 

31 
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Llf.U A L H tit ATO 1 

u th Oh I 0 . IF bO H h z 0 Hi:, 1 1 

C I f.GbR, 0 H fl I I } l:.bPI l H ( 

co Vt. Iu , . 

DDI 0 u hAC 10 A [) .UL 1 LICATlO 0 1 

h T ITfl FLOA I POI T ON i 0 

FLOATI G OIN7 6X O £NT UNDE FLO EREOhS. 

'l H OI T X ONE T OV FLO kO I 

HE VE!i Tit I. 11 UDE OF THE TRUE, .F..SULT F 

LAfr E TO b EP S Ch •1S LOA I 01 u 

H LA!tGEST LOATihG FOI T VU b R IS AbOU1 

hlCI OCAL IS Al OST I:, CTLY THE SALL ST POSlTl 

U bE, hlCH Iv AbOUT ~.95 3 . THIS IS tCAUS 

Ut 1.111 ... (b St I S 2 1 ~7 IS O CLOS 0 -1 

AN UNDE.kFLO H P JS 

Ot' + 0 lAS ELL A < 

h A Vl U 

s, 2: AD > 

0 'l 

hIC 

CO PUTES A SUb kACTION) I 07 ZE!iO, r,U 

( £AN! 1: TO A COit CTLY hOU DED ~ SI IflCA T DI I 

Tli£ S .ALLE T ORMALIZbD) OSITIVE LO Tl POI 

LOATH OINT U DERFLOr ROh IS GENl:.hATED H 

UNDclrFl.,O HAP EN AND TH UNDERFLO CONDlTIO I 

AN UADEhFLOW HA ES, UT TH Ul,DER LO CO DI IO, 

ZEFiO 1S liE'l'URN D liTHE!t THA HE hUE Fi.E ULT. 

tATHGMATIC PhI~I I ES AhE DESlGh D TO hUN I 

CONDITION uISAbL D. 0, E ABLlhfJ TH co 

U EXFECTbD fLOI lh POl T UNu frELOW l:.itfi.ORS TO 

A 

I 

) 

1 

0 

L 

[) 

00 

1 S 

rCJl 

CAL 

UL 

LL 

L 
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8/1/75 (' lrEI Eft) 

MATHEMATIC PliiiITIVES. 

NUMERIC CO~STANTS WHICH A , WhlTTEN I - O IO OR HAT 

COt An A D1::,CJ/. AL Oii,.. AF..£ I TERt'h1:,T /J AS LOATI OINT 

NU bRS WHENEVRR POSSIBLE. THE COaSTA~ VEC O 

1 1 0 1. 

f O Ii EX 111 ! PL£ • CO l TA n~ S A CR • S I!~ 1 E G Ii r O LL O D 8 y T O Al' L LO AT ING 

POilvT NU •,BEI,S. 

ZERO CANNOT Ee RE~RESEvTED 

SiuCE FLOATING POINT NUMEEHS AliE 

CONSTANT VECTOlr 

o o. u.oo a~s 

AS A 

AL AYS 

LOATI, 01 U .. bEk. 

NOR I.LIZllJ. SO, TE 

CONTAINS FOUh ChtS INTEGERS. CONSE VENTLY, 1HE FORTRA TICK OP 

POI T 
ADDI G O.o TO AN INTEGE!t TO PRODUCE A I 

AVMHEh DOES NOT WOhR AT CRIS. I~T£GE SCA 

HOiEVEli, Y .ULTIPLYIA& (Oh DIVIDI G) TEE 

hAL 

ALWAYS BE _kQ~-~R. 

y 1.0. I TE RAL 

LOATl~G POI VT NUMbEES THAT CAN b l Ph S NT DAS I Tt:, ES CA BE 

Eii~Q liY USING f Oh L. 

THE: l.JCOEE ~ONADIC SCALAR P IJ..ITIVE XT AC 5 THE COEElCIEh 
(HHICh IS ONE-HALE TH£ MANTIS0A) Of 1 A 

U/.. T. lib • ANGE Of 
CObfICIENT IS ( 1, 0.5] UNION L0.5,1) . 

uCOE} A+X ++ uCOEF 

uCOSf 1 2 3 4 ++ 0.5 0.5 0.75 0.5 

THE UB XF ~ONADIC SCALAh lilMlTIVE ..T ACTS THE Bl AS...,D 

33 
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EX ONl:.NT ( HICH ISO E PLUS 1HE I A y I T G Ii ft E, 

hE l!,,1.PONb .'T) OF ITS AR u HE, BIASED E, 0 

I Tb E ii tu,T £ E, ~ 1 A D 5 . 

LlbE l! + 1+[.lb J.P 

(l.JCOE ,\)x2il(l.J ,\ ) -1 8 A ASSUMl i 

Ube;; 1 ., 1 9 1 ., 130 131 

THE COEf UBEX DYADIC SCAL 

OE ICIENT 

PRIMITIVE, C AT 

QUAL TO THA 

1 

01 T NUftbEh WITH A 

Ah U bNT AND A BIA D POwENT EQUAL TO THE luff 

WhICH UT BE A CR,S I Tl:.GER. 

(UCO F ,1.) UCO _UBE ubE ➔ 

***ChAliACTERS AD AlihAYS 

A 

CH liACTbR 0 AI A bl liT-BI'l C Ft A AC1cli CO l:, (fO 

CHAJAC Eh5 I Thb Ch s CHAFtAC Ji vE'I) A D A - I 

Di Ff ,RE ___ {lTOJi.. THib VlFl:bhE TIA Oh, TO TH R I 

11 FLO TI POI T DI ER NTI Oh AND THE EI H 

DI F R NTIATOR A E IT POSSIBL TO •IX A y 

RS, LOATih OIN1 NU/v.b FtS--bOTH OF WHICH 

NU Eli.IC-- . ii CHAlrACTl-.liS IN THE SA A liAY. Cli S 

ttl~I Vb TJAT I DICAT 5 HICH ELE NTS OF AN AlihAY IS 

llE i PI ITIVb IS JONADIC SCALA/i PhiiI1IV 

INVICATOR RI ITIVE) HICH hE URS A OhE IF ITS 

l1&Blr AN I TbGbR OR A LOATING POI T UfobER. AND U 

IF ITS AhGU ET JS A CHAliACTEfe. 
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+/.Lt10 +➔ 10 

+ / .L 1 U p ' X ' +➔ 0 

.1'X='16'+'5 +➔ 0 0 1 0 1 

(.1v')/V A FETU'NS THE NU,,bF.IC ELE E TS OE v' 

Ah AY POINTERS ARE FORMED BY A 16-EIT AEhAY uIF ERE Tl O -- - - ----
tlBLD AND A 1 -bIT ADDhESS FlELu. THE ADDFtE55 LOCAT S ~ AhhAY 

bODY. AN ARRAY BOUY CONTAINS AS MAY (32-nIT) ORDS AS THE A y 

HAS bLI!.. TS, PLUS AS iANY WOhDS I.S THE nA OF THE AkRAY (OE 

WO D Ek DlfuENSIOft), PLUS TWO WOnVS Ot OVERHEAD. THE OVE HEAD 

WOnDS AhE USt,D PRlhARILY bY THE APL AAC IE S l A .IC 

ALLOCA'.IOFt. THE S~ALLEST AF.RAY bODY, THR E Onus, IS ThAT OF HE 

t,} ?TY VECTO!r. 'PHE !vE;.T S ALL18T, tOUH ORD, ARl THOS 0 

SIJGLE-ELt,MfN2 VECTORS AhD EMPTY MATRICES. A.RAY EODit,S ESID~ 

lN AkF.AY STORAGE AREAS. EACH Ch~S PnOCESS HAS I7S ON AnRAY 

STORAGE AREA, AND THESE AREAS ARE NEV SHARcD BY MOR. ThAN ON 

hOC SS. IF A CR~S PROCESS ATTE PTS TO C~ ATt, A AhhAY tiODY 

WHICH WOUL~ Rl!.QUIEE ~OEE SPACE THAN IT A RAY STORA E AREA COULb 

ACCO~ODATt, THEN TH~ ERhOk AESSAGE, 

ARRAY STOhA E NhN ~OhDS TOO S~ALL 

IS PRI. '.ZED, AND THE PROCESS 10~5. TH 

hlS STOPPED PF.OCESS AtTER IhChEASING 

STORAGt, AREA (Ut TO AN INSTALLATION-DE I 

CO ~ AND . AN ALTEnvATIVE SOLUTION IS 

VAhlABLE(S), AND THEN RESTART. 

SCALARS NEVEh nESIDE I~ AHRAY 
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/1/7 (W. kEI E ) 

SI I G ( HE SCALA ) Z 

ACE AS IS f 1:,·u Y EhASI 

'HE U Dbfl ED VALU CO TAI S OE IbLD: 

Ht UNDE I ED VALU 

AT Ch .S: u. TH'/:, u DEEI bD VALUE sn bOL I AY A 

Ot A ASS! , ET AR 0 1, CEhTAI CASES. THE u 

USE mo RE-IN 17'1 ALI Zb VAh 1 ABLES 10 THEIR CLE Ali S V L 

A B u ) Ji S A b 

1 A OR B IS SU SEOUEN LY AD lTHOUT I 

llEt, CFUS rn LL GE E, ATE THI:, ALUt, EhhOli. CEhTAl ILL 

u SUCH AS 

VbC1 IJ u 

xu 

u 1 I 

ILL CAUSE TH CULI R VALUE b ROR 0 E C,E hA 

I E EliA ED BY A. ILLe. AL ATTE PT TO t<EAD T u 

ftO, hE STACK. Thb UbDEFit D VALUE CA~ BE LOAD D 0 

ITH THE u FRI ITIV . TH VALUE E hOR, 01 T E 0 H 

'JbNEhAT,u dY AN ILLEGAL ATT F-T TO LOAD TH UND FI 

THE CT AC R. 

n A APL FU CTIO ATTE TS TOR TUR THE, u 
(WHICH IS NOT A l R 0 AF-L\360), C (j 

h 

L 

I 

V u 

I 

L 

L 

_., -
OL 

h 

fl S 

0 

hOF. 

ACK 

IS 

0 TO 

ALU 

VA LlJ 



8/1/7~ (W. hEl h) 

EhF.OR. 

ThE )VAE.S COAi AhD DOES NOT DJS LAY VARIA LES 

UNDEFINED VALUE. THE )VAbS * CO ,AND DOES. 

)CLEAR 
ACTIVE CLLA.AED 

A+b+3 

C+u 

) ✓ AES 

A b 

)VARS* 
A b C* 

THE EXIST!:,: CE PRnITIVE, .O,ADIC €, [) 

VAE.IAbLi IS DbtINbD. THE lMlbDIATE STATE ET, 

EVAR 

PRINTS 1 If VAR IS A DEFINEb VARIABLE, AND PRI S 

EVAR+VAR1 

SSJGNEu TltE 

C S , rtc.T Eli A 

IF VAli+u. 

ERihTS 1 I VAR1 WAS A DE INbD VARIA LE o A FUNCTION ICH 

nETUhNS A RESULT, AND ERINTS O It VA 1 AS UNDE JNED. CE TAIN 

ILLEGAL UStS OF E, SUCH AS 

dU!vCTIOlv CALL 

Ab Thf AETED AT 1hAhSLATIOV TIE. THE LAST PhESSIO~ SHOULD OT 

" ., v / 

• 



/1/75 l . 1 ) 

B Ml STAI N 0 FOR TH LE IT ATE p SSIO 

(E:A)+ 

** *PAvS BY E, EftE CE A A TE 

hE H ADEliS 0 u DbFI D A L EUNC 10 s 

AhAM TE/i Ali TO b£ PA SD lJY VALUE A D HIC 

bY T llF.. ltEADE 

A b An pC 

FO EXA}.LE, S EClFIES THAT b IS TO bE PSS D bY V L 

C 1S TO bE ASSEu Y liEEbR C P = > h C ) . 

ASvEU TO ALL USEli D FI D APL 6 FU CT10t5 A E 

A VA1IABLE ASS D BY VALU SUCH AS IN HE, 

2+A MN Y 

1S OT ~ounIED bY THE. CALL u FU CTIO ( A I T 

VAliI bLE Y, HO ,I/ rt lCn 1S ASS [J Bi R 

E U 1 VALE ~ TO C, u TlL AF hE Ufr.v . I 

} Oul IC JO TO EI H Ii C On. y A bC s THE 01 H 

vO, XECU I G C u I A f ' EftAS s .L A [J I 

t!,XECUTING Y+u IN Ar WOULD E, ASE C. FUlr Hb 
UNlJEFINF,D n. EDIATELY bbEOlt£ CALLI v F ' 1 

UNlJEFINE,D I }~EDIAT LY AFTER AFtDS. VA IAbL SPA 

AY BE UNDEEI!iED. VAfiI bLES PASSED bY ALU 

ALWAY bE DE INED. OTHEn. ISE TH VALU£ RliO IS 

rOULD b O AL~ 0). 
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8/1/75 (W.GhEI E) 

THE, ~EED TO DISTI~ UI H V Ab S ASS D bY 

kEFEkE CE, AND VAhIAbLES PASSED bY ALUE IS FlLL u Y dE ASS bY 

REFEREtCE DATA TYE. AN AT 'EMPT 0 ACCESS 

(lbUihlCTLY) ACCESSES A LOBAL OR LOCAL V ~I BL 

VAhlAbLE IS ADDRESSED BY A 17-BIT IELD 1- TH 

IS [J TA TY 

I AD. THE, 

S bY REFE E CE 

DATA TYPE. ONE bIT INDICATES WHETH THE OTHEh 16 bIT EOhk THE 

ADD ESS OF A GLOBAL VARIA~LE OR A VAF.IABL~ LOC L TO HE CALLI1 G 

FUNCTIO!~. THE 17-BIT Fl~LD NEVER LOCAT SA PL E EESSIOv OR 

CO, STANT, SI1CE THESE MAY ACT EE ASSED bY h FERENCE. ALL 

ATTE~PTS TO PASS ThE~ BY hEFERENCE, SUCH AS, 

X AF N , Y A AND 

X AFN 2 

Anb THWAhTED AT TRANSLATION TI~E. ASSI NA S, LIE 

X AFL' Y+Atiib 

iOWEVEE, ARE fE.MITTED. THE OTHER Fl LD OF HE ASS bY REFERE,CE 

DATA TYPE IS THE 1S-BIT t&QQ_Ql_litE~--C DIFF E TI~fQE. -------------
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