


DISCLAIMER 

A1thcr~\:h each program has been tested by its contributor, no warranty, 
ro.-press or lmplled, Is made by the contributor or SHARE, as to the 
e.ccura.cy and functlonlnq of the proqram and related proqram material, 
nor shall the fact of distribution constitute rmy such warranty, . and 
no responslblllty Is assumed by the contributor or SHARE, In connectlon 
therewith. 
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Al :JC r>1PDV - '·iJL,....IPLE PR£CISIC'~ DTVIS!ON _ ?Of.TP.~.?! F'U~C';IO:; 
;; .. thor: Joh!"l E.::--l11ha!"t - JI,.;.J.y ~ J.9b3 

Ad~pted fo!" Fort:-an at the CCh.puter Center 
U:l :ilferslty of Callfcr:lia Computer Center 
J~rk~leJ ~ , C~:l~ornia 

":}' r J~E : 

Let T = u*Q+R and [IT/sll = Q 

G:!,ve:: : T and B, 2 multiple precision sig:1ed \-lo r ds . 
?~ls program performs the division of T by B 
r~turnlng the quotient Q and the re~alnder R. 
Soth Q and R are also, 1n Beneral , ~ultlple 
precision words . R ah/ays has the slg!1 of T ; 
Q Is + or - if T and a have the saoe or 
opposite signs respectively. 

If B 1s 0 , an error indicator 1s re:urned . 

~S!\.·"'=: : 

I 0:: ~H-'DIV(T ) LT J B JLa J Q J LQJRJL::I: J SU"1) 

1. T Is the name of a FORTRA~1 II vector containing 
the diVidend . 
T(l) contains the least significant wo rd, T(2) 
the next least significant , etc . T~e sign of 
T is taken fro~ the most significant non zero 
l'/ord of the d::'vidend. If for some r eason J the 
various words in T are differently s i g~ed , all 
I.:ords in T wil l be set to the Sign of T by r1?DIV 

2 . L~ is the l ength of T. ~opmallY J T(LT) contains 
t~e most s1gn1f1cant word of T. If T(LT) 15 0 , 
LT is reduced, in te rnally only, to the minimum 
length . LT 15 a FORTRAN II decrement integer. 

3 . B 1s the name of the FORTRAN II vector containing 
the divisor. The conventions for T apply to B. 

~ . LB is the length of B. LB 1s a FORTRAN II decrement inte~er . 

5. ~ 15 the name of the FORTRAN II vector "here 
the quotient wil l be returned . The s~~e 
conventions apply. If Q 1s < 0, all words 
1n Q are negative . 
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I'" . , r-"'" , o oJ 
C ° • \ ..... / .. : J, 

6 , L~ is the length of Q, LQ is a FORTRAN II decreme:'!t int 

Q (L~ ) F a if Q F O. 
If Q =, 0 , then LQ = 1 and Q(LQ) • , a 

7. R 1s the narne of the FORTRAN II vector where 
the remainder \-!ill be returned . The same 
conventions apply , 

8. LR is the length of R. LR is a FORTRA~ II decrement int ecer . 

R(L~) F a if R F O. 
If R = , 0, then LR • 1 and R(LR) = , a 

9. SU:1 is ACL (add and carry logical) sum 0;
the LR v.-ords in the remainder, discounting 
the signs 1n R, if R 1s negat1ve . 

sur·, can be tested to see if T 1s exactly 
divisible by B. A Boolean IF statement should 
be used . 
(The condition for exact divisibility is sur·1 • 0) 

10. I 1s the value of the function, MPDIV . 

I = 0 if B F O. 
I = 1 if B = O. (equivalent to divide check conditiont . 

In the latter case, Q, R, and SUM are set to 
+0 "Iith LQ = LR = 1. 

StoraRe Requirements: 

T,B, Q,R must appear in dimension statements. None 
of these arrays can be equivalent . In general , R 
and Q should be as long as T . . 

Example: Compute greatest common d1visor of two numbers , 
X and Y. 

B 

B 

B 

B 

B 

,DIl1ENSION X(50) , Y(50) , Rl(50) , R2(50) , R3(50) , 
GCD(50) , Q(50) 

I • r~PDIV (X , LX , Y ,LY , Q, LQ, 
IF (I) 60 , 10 , 60 

Rl , LR1 , SUM) 

10 IF (SUr1) 20, 70 , 20 
20 CALL MPDIV (Y , LY , Rl , LR1 , Q,LQ, R2 , LR2 , s ur·1) 

IF(SU~l) 30 , 80 , 30 
30 CALL MPDIV (Rl ,LR1 , R2,LR2 , Q,LQ, R3, LR3, SUM) 

IF(SUM) 40 , ,90 , 40 
40 CALL MPDIV (R2 , LR2 , R3, LR3, Q,LQ, Rl, LR1, SUM) 

IF(SUM) 50 , 100 , 50 
50 CALL ~IPDIV (R3 , LR3 , 

IF(SUr~) 30, 80 , 30 
Rl,LR1, Q,LQ, R2~LR2, SUM) 



r , , 

60 00 6s I = 1,LX 
65 GCD(I) = XCI) 

LGCD = LX 
GO TO 200 

70 DO 75 I = 1,LY 
75 GCD(I) = Y(I) 

LoCO = LY 
GO TO 200 

SO' DO 85 I = 1 , LRl 
85 GCD(I) = Rl(I) 

LGCD = LRl 
GO TO 200 

90 DO 95 I = 1 , LR2 
95 GCD(I) = R2(I) 

LGCD = LR2 
GO TO 200 

100 DO 105 I = 1, LR3 
105 GCD(I) = R3(I) 

LGCD = LR3 

200 CONTI~!uE 

3/3 

In the 
I c l. 
when Y 

above example, if Y ~ 0, then MPOIV returns 
The convention here 1s to set the OCD to X 

= D. (merely to s1mp11fy the example ) . 

LGCD 1s the length of the greatest common divisor. 

After the first call to r-1PDIV, the logic of the 
probram makes division by a impossible. Hence 
MPDIV 1s s1mply called as a subroutine . 
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MULD-PRECISION 

Ira L. Wrliht, Sy~el!l' [nglneer 
2911 Cedar Sprt.,..,. Road 

Dalla., T.nl 75219 

/uneI2.1964 

MULTI-PRECISION 

'ra L. WriOht 

fun. 12. 1964 

OlnlCt Inqult10s to: Ira L. WI1Qht 
2911 Cedar SprinQ. Road 
Oallll. Tex., 15219 
lJl6-76S1 

The IBM 7040/70"4 mulU-precl'lon ar:lthmeUC: ~cka!le II fOf' the PUfllOle of 
exeeuUnv f10111il\ij binary point calculations, ullng -n- wonb of core for
each data "Iement. - W " auppiled at execution lime. 

The first wORl. of the dille element I. the binary pPQI'Ient. The nelCt N-l 
wonh ere for m. IIIoIIntl •••• 

An IlI,olCUI'IIUlltor. "",IUplJer-quoUent, and Itoraoe te9'ller of - N- word. aeeh 
.1 lupplLed to the package by the Uler. 

The In'tn.letIOlla IncJudtld will be CHS. SSP, CLA, CLS, STO, STQ. Loo. 
FAD. rBI, rop, rMP, UFA., urs end UrN! . Inltructlon, not recoQntzed by 
the pockaQe are executed by the IBM 7040/7044. 

• 

• 



MULD-PBECISION 

A. imI[1iiI ~Isl 

121;!:tIiW .~~ 

Sequence In 73-77 

I. Set up routllM! - MAP II< ,. Effeatlve y - MAP " 3. tnter - MAP '" •• Trllnsfer Operl!ltlon. - MAP '" S. Add Operation. - MAP ... 
6. Multiply Operation. - MAP 2S2 , . DIVide Operation -MAP ". 
•• Te.t Deck - ronron iD3 

•• QilllfOJ. I21siIsI 

Ralocotable Binary 
Sequence In 77-80 

I. Set up II 
2. tffective y , 
3. tnter 22 

•• Transfer Optrotlon • 20 
S. Add Operation. 32 
6. Multlply Operation. " , . Oivlde Operlltlon 2S 

TAPE KEY 

A. lLSTINCS 1 TAPE 

" 

.<;Q!>L 
col. 78-80 

SET 
,rv 
INP 
YRN 
ADD 
MUL 
DIV 
TST 

col. 13-76 

SETU 
[frv 
INPR 
TRAN 
rLo. 
rLOM 
n.00 

1 flLE 

I. 

II. 

III . 

IV. 

V. 

VI. 

VII. 

IASLt Qr !:tOHTI:NTS 

PrOljll'am Brief 

Detailed PrQOnIJIl De.criptlon 

Block Dla'Jl'lUII' 

Detailed CodinG 

Program ModJUcatlon 

Sample Problem 

"nembly WltlnG 

Enclo.ure A 

• C 

Deckl - Source 
Deck - Object 
DlaQram. 
U.UnQ - Source 

Pllge No. 
I-3 ... 
, 
8-13 

" 
IS 

" 
Index PQ •• 9 dJaQ. 

65 p&c}e' on MaQneUc Tape l~ U.lInG - Object .nd Sample Probl_ 12 pIlge. 

AppendlJc - Method Development 11-19 

" 
, 



MULD-PRtClSION 

Ira L. WriGht, SYlteml tr19lneer 
1911 Cedar Sprin;1 ~ 

Olllel. Texu 75219 

Juno 12, 1964 

MULTI-PRtClSION 

Ira L. Wrtqht 

June 12, 1964 

Olrect Inqulrlel to: Ira I.. WriGht 
2911 Cedar Springl Road 
Dalla., T.xll 75219 
LA 6-7651 

Tha IBM 7040/7044 mulU-preclllon arithmetic peeka;e .1 for the p.irpole of 
execuUnll floating binary point eelculeUottl, Ullnll "N- wordl of e«e for 
.. eh d.,u element. "N" II lupplled at IlCeC\Itlott Uml. 

The fuat word of the dete Ilement tl the binary exponent. The next N-I 
word. lire for the manti .... 

An accumulator, muillplter-quouent, and Itoralle regllter of "N" wordl eech 
II .upplled to the pec:h;a by thl u"r. 

Theln,trucHonl Included wUl be CHS, SSP, CLA, CLS. STO, 5TO. LOQ, 
fAD, rSB, POP, rMP, UrA, urs and UrM. InltNctlonl not reCOVnlzad by 
the paeka;1 ate executed by tile IBM 7040/7044. 
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I. 

MULU·p!!£CISION 

PROOIIAM IRltF 

A. Pur~-.lO .. crtplion 

'nI11 pacIc.~ I, II .... of lubroutlne. whlc:h will calcuilite II level 
of pre<:l.ton from J to ZSS. The precl,lon level It 'lIven a. II dala 
elemant. The" I •• II' far II. the AUthor know •• no other peek'VII 
of thl' typli .-villabl •. 

Multl-precl.lon mae". anthmeUc calculations based 01'1 II 1"«1« 
r.lIl1ber of wanl. of lIIemoty than 'I allowed by the fionln9 point 
hardware. NOI'IIIally. any anthmetle that IIH. mewe IMn one word 
01 memory I. c::QfIlldered .xlended. Of mllitt-prechion. 

In the praetllon level 01 MP. the form that a deta Itlm take. I. one 
word for the fioaUn9 bll'lllry exponent and MP-l word. for the binary 
freetlon. Thet I •• the dele Item II: 

,(.~ .... l;, ° apponent 

MP-l word. 

Thle pcu;:kave Will coded to run In tha 10.0/1044 operation Iy.tam 
lind meatl the ranten IV lubtouUne .tandatdl. 

B. Method ( .. e Appendud 

C. Rt.yICtlODI 

A maximum ,:w8CI.IGn levlIl of ZSS II the limit bacellill 01 thll tranl
mit InltNetlon lI.ed. Any exO(:Vted Irlln.fer or InltNetlon whlc::h 
c::hen9a. the loelluon eoumer of thll hllrdwlll'fl ceu ... the Intl~rpre
tauon to be ItOpped. InterpreteUon can be entered wlll'iout te-

• eUiI'IQ (StTMpt. 

Pt.el.lon level 01 a II not allowed. 

D. AocMrlIev 

No rounding t. dona. Double II lei lite earned to hold dl!Ji1i for 
normllll:tlnv. 

-I-

t. Machine Confl'JUraUon 

A 7040/7044 with extended In,tructlon .et I. required. rloaUr\9 
point I, not required If precl.loll It ",reatar thin one. 

r. Prograll'1 Storage Requirement. 

Total proqrern pockage ,tcwaqe r~lrement I. ill.L. 

1. Set up routine (StTM", 

•• --•• CONST Sel;:Uon 
o. ADDR section 

2. Interpretation UNMA 

•• -,-•• CONSn Section 

,. Calculate effective addre .. (Erren) 

•• "'00-
•• CONSTt SectIon 

•• Tran.mlt OaUI .. Seven opereUoI'I' 

•• Set addre .. ". oS (:On.tMt.(STRNS) 
o. caNSTT Sec;rtlon 

,. Add routine 

•• Four operaUon • 

•• Set addre .. ". & COlUlantl{SADO) 
o. CONSTA Section 

•• Multiply rout"~ 

•• Two operaUon • 

•• Set addrell'" & con.UI.I\U(SMUIJ 
o • CONSTM Section 

1. Divide roullne 
II. Operation 
b. Set addre".1 & oonllllnU(SDM 
e. CONSTO Seetlon 

-2-

11 

" 13 

217 
JI 

., 
S 

18. 
28 

• 
291 
as 
• 

131 

" • 
193 .. , 

lRll 

ill. 

..ll 

111. 

ill 

ill 

111 



H. &Xecutlon Time. In Milll,eeond,: 

PI"I,lon ~ lmm!W Traolf1l[ .M!L ~ .I2l:L.....-. 

• 6.533 .661 .no 2.900 4.483 14.911 
6 1.026 3.185 5.650 19.350 
7 1.045 3. 483 1.067 30 . 950 • 1.053 3.600 8.103 38.342 
9 1.086 4.08310.500 56 . 900 

The check out WII. by a sample pl'"oblem a. In the .uppllf!d ta.t 
deck, Ther. have been no applicl!;uon run. yet. 

I. ThJ.. prO~'fllm end 111 documentation were written by In IBM em
ploye.. It won developed (Of a ,peclflc purpo.e end lubmlued 
(m- ",eneral dl.trlbullOn to Int_relled partie. In the hope that It 
mluht PTQVe helpful (0 other member, of the data proc ... ln<,j com· 
mllnlty. Th. pt09r4m"nd II, doeum.ntatlon ar. e .. entlally In 
tha "uthor', orl91MI form. IBM .eNes only as the dhtrlbuUon 
a90ney In .upplyln9 thl' program. Que.tlon. eoneemlnq the u,. 
01 the Pf09ram should be directed to the "uthor', att.nIlOll. 

TIllie to run - I . 5 minutes 

II. PL"l'A1llP PROOMM ptSClymQN 

A. rorm of the {)oUI 

I. &!len dato .Jellleol tak •• MP wont. of ttoroge. wher. MP 11 
the precl,lon lew! 3. 4, ...• Of In. 

Z. £aeh data element It of the lal'll!! 

a. I't word II the exponent 0( tn. Bue Z. 

b. 

c. 

2nd word thN MPth wont I. the fraction. The •• word. 
mUll ell have the ,arne .Igo. that of the friCtion. 

That I.: (2nd word -MPth word) • Zllt word. 

B. A Stora90 Re911ler, an Accumulator, a MultlpU.r-Quotient, and a 
T.mporary Regl.t.r lira provided outsld. the packag.. These req· 
I.ter. are addrelled by the .etup routln., CALL StTMP (UG , Mp), 
Wher. MP II the precl.lon l.v.1 and REG I. the Storalle Re91.t.r, 
REM .. MP I. the AcculQulator, REG"2MP Is the MuIUpU.r-Quotl.nt. 
and RtG+3MP I. the T.lllpot'ary R.Vllla,. 

C. Tha fust step In a main program Is CAll S£TMP(R£G, MPI. Thl. 
routine calculate, all the ~allv. eon.tllnts to MP lind 1l0r.. 
th.1II In th •• CONS,.. control .eetlon and calculates all the rela
tlv. addresse, to REG and IIOf •• them In the • ADDR" control 
section. Control I, th.n uan.ferred to .ubroutlne. ST1I.NS, SADD, 
SMUL, and. SDiV which •• t the addle .... and eon.lents In ell the 
operlltlonal .ubroutlne • . This routine subsequently r.tum. 10 the 
main proQTaIII. 

D. When the required precision, ptllVlcu.ly .at up, Is to be u,ed, 
the operations "re preceded by lin enl8l' Interpretlv. fIKIcIe sub
routine {CALL INMPI. The CALL INMP call aequ.nr::e I. Immedl
at.ly followed by the hardware sln;l. prec1.lon floetlnq point 
In.auctlon. required to c:a1culat. the neee •• ary answer. Som. 
additional In.tructlon. are used to ,acIllUlt. the mulU-preclslon 
celc:ulatIOtl.. Therefore, on •• l'Iould cod. II. for sll\9le preclilon 
u.lnV all hardware Instruction., bul prac:.de th. tonnula evaluat-
11\9 by the CALL INMP. The han;lw"t. In.tructlon. thet Gr. Intet
preted are: 



I. Non-[loaUn; 

2. floating 

J. P.eudo-op 

CUI 
CLS 
STO 
LDQ 
STO 
sr, 

,AD 
UrA ,sa 
urs 
'M' U'M 
rD' 

tAC 

CH' 
SSP 

tPXD 0,0) 

E. Tha Inltroctlon. 10 be Inleqxel&d. are followed by TRA· tl .... hlch 
cau •• ' the Intarpretatlon to be lerm1nate<l. Th. ,am. thing- can 
be accOlllpll.he<l by any other In.tructlon that cMnlle. the hard
.. ar. location eCl.lnt.r relll.ler . (See r below). Ibertfom, each 
InuNction thAt -loop' Mcl;- tepnlMICI Int,ug!!t1on, 

r. Any In.tNCUQfl that I. not in the table of Interpretable InstNct
lonl wlll be executed by the hardwer. (MINCtton XEC"' (Indirect 
i:xecute). WARNING; &xest ynderltard1ng of hard'Y'" XEQ! 
WQltlon II MctnaN to Interpret lermlnAtlng (111.1111. 

G. Each tlma tha Interpretive routine I. entered by CALL INMP, the 
precl,lon lavel II te.tad. It II polilbl •• therefore, to chanoo 
precilion durtnll exeeutlon. Any C:MIl'18 In precilion .hould be 
followecl by a CAl.l. SETMP to rt-lnltleUz.e before CAlI. INMP. 
The 'xceptlon ocCYrt when th' precl,lon COAI"n' In th, IntO[
prellve routlna I. let tp one (){ uro, DO InltlgllZlng MCOII!UY. 
or" ,,,'I tp orlgln,1 levOI. 09 re-1nl!lallllnq. 

H. If tha data" .tored for a IIlv,n level of proc:tllon, It II polilbl. 
to run for a low.r presl,lon Without chenlllnll data or Itorage 
errel'l'llatn.nl. Chengt the preslelon conltant end r.-lnltlell". 

I. It II polilble 10 chenll8 ptocilion el lDany UIDI. el neeellary for 
the parts of pI'O'lIram III required. Several CALL StTMP (REG, MPI 
could be IXfICIItl<i, aach with II dlffarent REG and MP. Each call 
laqu.1'IC4I would be fo1lowed by movlnll the control .tetlonl 
wCONST" end ·ADOR~ to lome temporary "orall" 

-S-

In order 10 change Pfl'(:1.lon. It I. now nec,"ary to .Ior. the con-
11'1:11 .ectl<wu and call lh. ,.1 up (Cl.ltlne' (STRNS. SAOO. SMUL. 
SOM required. Ther •• hould be a •• 1 of AI;!.ter. lor each~
el,lon. If all .at up routine, are required, the dUf.nmce betW .. n 
thl. m.thod and r.-lnJuallllnQ .... Ith CALL StTMP(REG,MPI a 
IItIqllg-lbl •• 

-.-



III. !LOCK DIAGRAMS 

A. BlOCk dla..,ram. ate lupplled In the 7010 Autochan form In [nclolure 
c. 

8. The lebel on each box II the lame al the label on the I It Instnlc
tlOtl thet represenu the box In the cedln..,. 

C. The chert labels are; 

SE 
IN 
tr 

'" fA 
AD 
rM 
MP 
PO 

Set up Rc;JuUI\e 
Interpretation Routine 
Calculate tffecuve Y Roullne 
Trander Routine. 
floaunojl Add end Subtract Setup Routines 
floatln.., Add Routine 
floating Multiply Setup Routlno 
floating Multiply Roullne 
f lCWItlllg Divide Routine 

D. Symboll ere: 

All 
MO 
sa 
Tl:M 

Accumulotor 
Multlpller-Quotlent 
Stocage Re;llter 
Temporary Stoca..,e 

N. PEl'AILED COOING 

A. Re¢lt!!r Block 

A block of fOllI Umel the preciSIon {Mfit of wonts II .upplled to 
the paW98 by the letup routine {CALL stTMP(RtG.Mfitl. called 
re..,llt!!r (RtG) The fllIt location 0{ the block II REG. The block 
tl four relllste~s of the fOflll {.XXX)(" ')()2 ° 2exP where exp II the 
flul locaUon 0{ the rellistel end (.XXXX •• ')()2 II the next MP- I 
locellons. 

1. REG is the firSt addre .. of the functional Itora..,e re..,lIter. 

2. RtG+MP II tho flrlt addre .. of tho functlona l occumulator. 

3. REG02MP IS the flnt locollon of the fUnctloMI multlpller
quotlellt. 

B. Conttol section wCONST" In Setup Routillfl 

MP 
2P 
3P 

" PMI 
PM' 
2PMl 
2PM2 
MPM2 
70PM35 

PreCision Conllollt 
2° MP 
3° MP 
4° MP 
MP -1 
MP -2 
2' MP -I 
2' MP -2 
(MP -2) 2'1 complement 
100 MP -35 

C. Control SectJon W -'DCR" In Setup Routtne 

, 
A 
o 
T 
"PI 
API 
,PI 
"'PI 

Stor...,e Ro';Illter Iddrell 
Accumulator Addres. 
MlQ Addrel. 
Temporary Re..,llter Addre •• 

" I 
A+ I ,+ I 
A~ MP ~ 1 

-.-



APZPM! 
AP2PM2 
TPI 
TPPMI 

A"2°MP-! 
A ... 2*MP-Z 
T> 1 
T .. MP -! 

O. Colltrol Section ·CONST"r III £riter Ro.IUIIfI 

tabll of oper{lUon.: ZACMAS. CHS. SSP, CLA. CLS. StO, PAD. 
UFA. FSI, urs, FMP, UFM, FOP, STQ, STZ. the.e {Ire the 
labeb u .. d. 

E. Colltrol SectiOIl ·CONSTr III effective Y 

,. 

G. 

z 
MASTAG 
PXAl 
OUlTAG 
MAS'LG 

Tempm-ery Storage lOf Addrll" 
Teg M!uk 
IlI'tructloll {ormet 
Ma.k to e!JUllnate rig 
rleg (Jndlreel IIddr.lI) I1Il11k 

Control s.cuon "CONSTT" III Transfer Routine 

Cl.ACON 
STOCON 
LDQCON 
STQCON 

Transmit W«d o. 10 AC 
Tran.mit Word AC to •• 
Tran,mlt Word ". to MQ 
Tran,mlt Nord MQ to •• 

Control s.ctlon 'CONSTA" In Add Routine 

FADCON 

.\DONat 
ADOCNA 

'Hro 
ADOSON 
ADOSzt 
ADOSHF 

Trall5mIL Word ." to SR: 
-UNat 

NormaUze Switch :.. Nat 
tren.mlL Word SR to AC 
f of word to .hlft AC right 
Signed onll 
Signed zero * of word. to .hUt AC left {Of lIormal
IZlng 

H. Control Section "CONSTM" In Multiply Routille 

FMPCON 
MPYNOR 

transmit control" to SR 
Normalize Switch:" NOR 

: - UNOR 

MP'tCON 
MP'tSHI' 

Trlll'lIIlt word SR to AC 
• of word. to ,hUt AC lett fOf norm-.JU
I", 

I. Control s.ctlon ·CONSro" III Dlvld. Ro.Iune 

I'OpCON 
FOpzrQ 
PDPeNS 
FOPREM 
FCPSzt 
I'OPSON 

,. Subn;altlne. 

Trall'lIIlt control •• to sa 
Tr1IlI'lIIlt control lor zero ACC to MQ 
Trall.mlt eolltrol Telllp to MQ 
Remainder 
619* _ro 
Slo;lIIed one 

I. Set up and IniUaU:r.etlon 

a. call Sequence 

CAll StT(RlG.M" 
REG I. Uta fltst addr. .. 01 a block of 4 MP word •. 
Mp II tha prec.1.lon code. 
"'" Of "0' no incerpretetlon. 
"3" exponent word 

fraction Z WOlU. 

• MP" lI)I~nt word 
fraction MP -I word. 

b. Routine .et. up tha "CONST" and "ADOR" control '11(:
lion •. 

c. The routine u ... thelnlUa!IUltlon routine. 'SYRNS" , 
"SADO'. 'SMUL". end 'SCIV' d .. crl~ below to 1111 
Itddr"", end eonliaM. In the operauon 'UbrouUIIIII. 

Z. InterpreteUon Subroutine 

CALL tNMp 

b. Maintain. a p.Mldo-locaUon counter. Symbolic locetlon 
I. "INMP. -



c. Beilin. Interpretation wllh the first In'U'ucUon (wClr'd) 
followlftljl the call '&quence and I. tellllinated by en 
InnNctiOIl thet II eXCIC\.Ited (Xtc-J by the InterpretatJon 
thec changes the hardware location counter. ISee WARN
ING n.r.J 

d. By Interpretation, th. routine uset ell the operational 
'Ubroullnel and the I!ffectlve "y" tubroutine de.crlbed 
below. 

J. Operation Subroutines 

~yM " the flrn word eddre .. of the MP block of wOrdt repre
senting the data .Iement. 

a. Trantfar routine. 

III CAll CLAMP(y) 
Transf.,. .y. Into the multl - preclnon accumuletor 
IMP-AQ. 

(2) CAIJ. CLSMp{y) 
Tran,fen "-y. Into the MP-AC. 

(3) CALL STOMp{y) 
Trander. the MP-AC Into "y". 

(4) CALL LOQMP{y} 
Tran.fert .y. Wo the Qlu]U- prect.lon MO (MP-MOI. 

(~) CALL STQMp(yl 
Trantfer. the MP-MO Into "y •• 

(6) CAW. MCMP 
fran.fert hroet Into the MP- AC. 

(1) CALl. STZMp(y) 
Trantler. UTOe. Into .y •. 

b. Add rouLine. UIII the ADO routine 

(I) CALL PADMP{y) 
The content. of My. are added to the contenll of the 
MP- AC. 
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(2) CAU. r SIIM P(yI 
The cont.nu of ~y" M. IUbtr6Cted from the contents 
of the MP-AC. 

(3) CAU. UrAMp{yI 
Sam. as CALl. PADMp(yI with the ~sult unnormallzed. 

lot) CALl. Ur SMp{y} 
Seme a. CALl. rSBMp{y) with the r .. ult unnonnallzed. 

c . Multiply routine. u •• th. MP'I' routine 

d. 

(t) CALl. r MPMp(yI 
The contents of "y" or. multlpll.d tlm.t the contents 
of the MP-MO end the normall1:ed resu lts nored In 
th. MP-AC. 

(2) CALl. Ur MMP(yI 
Sam. e. CALL EMPMP(yI with th. result ulUlOl'mllllzed. 

Divide routine u ••• the OVP routln. 

(I) CAl.l. roPMP(yI 
The cont.nts of the MP-AC are diVided by contents 
of "y". Th. relUh I •• tored In the MP-AC . 

4. Operat1oMl set up Aoullne. u •• the ~CONST" and "-'ODR" 
Control Section 

a. CALL SAnD 
Sets the eltd,. .... and conttants ~Ired In an the add 
rouUnes Itee J.b. and 5.) . 

b. CAll STRNS 
Sets tha addre,slls and connant. requlTKI In all the trans
fer routinet C.ea l.a.}. 

c. CALL SOW 
Seu the add~ •• e. and connan" required In the diVide 
routine {'lIe J.d. and e.}. 

d. CAll SMUL 
Seta all the addreuet and constants requlred In el l thll 
mu lt ip ly routines (.ee l . c . and 7.). 

-12-



S. Effective adelr ... of y 

CAll EfrC!Y 
Use. the In.tr\lctlon In the harawar. accumulator to calculate 
the .'fectlve addr ... of .y". The Index of ACC and fllllij of 
ACe I. conlldered and the Index of the Indirect eddr ... ed 
location" lI .. d. The effective addre .. calc:ullll.cl I. left 
In the I~" of the harclware eccumulator. 

6. CALL ADD 
Add. the mulu-prec::lslon ,torage re91.ter (MP-Sm to the 
Mp.AC. The routine II nonneUy not lind except by the add 
rouUne.ln 3. above. Therefore, U doe. not live the Index 
relll.len and the nonnallq _itch mII.1 be pnWlou.ly Jet. 
Tht. routine u ... control section, ·CONST" ,lind - ADOR.-

7. CAll MPV 
MultlpU .. the MP-SR tlln •• the MP-MQ end ,lore. the f •• ult. 
In the MP-AC. The routine I. normally und by the multiply 
routine. In 3. above. nMlrefore, It doe. not leve the Index 
relil1lter and the nOl'llleliq awltch mu,1 hIve prevlou.ly been 
let. 

B. CAll rNP 
Divides the MP-AC by the MP-SR anel Itorel the rGlUlt In the 
MP-AC. ThG routine II normally u.ed by the divide routine 
In 3. abaYe. Therefor.. it doe. not lave the Index rGgilters. 

-13-

v. rRQGM.M MODIFICAtiON 

Many loops or •• Iallar for the P\lrpoIIe 01 .pHd. Core eon bI .aved 
by OVfi!rI.pPI~ the., loops, lIIoybe Ss. 10 10 .... 

-it-
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VI. SAMPLt P!!OBLtM 

[valuate en r(s.OI two different way •• 

Semple problem begin. with a 108 card and can 1M. nm e. a .tacked Job 
on the 7040/7044 operating .y.tam. 

-15-

VII. ASStMBLY LISTING (Somple Problem) 

A. Program ClIlect Oe<:kI, semple problem end ._ple diltil are aU 
tOgether with IBSYS eonttol card. to Nn on 7040 mon.lulI". There 
t. no date card. Deck (compo.lte) be9ln. with a $J08 c.ud. 

D. As.embly lilt or ,ubroulllW packaOil II lupplled where the allembly 
Will made of all decks (excluding .ample problelQ) a. one lob. 

-16-



APPENDIX 

Method Development 

I. APo METHOD 

II. 

A. MP 'I the precilion level. 

B. Th. dato .Iom.ntl IIni A. • Al •...• A..~ and~.Bl .···.8 .. , 

C. AI' Al •.... A... . and a,. • a. ..... 8... hove boem Ihlfted 

10 Olllt tho .xponentl AI ond 8J lilTe equol. 

D. Add AI ,AI ' ...• A". and ~ • 81 ' ... , B". In the follow-

1"9 mlllnner. 

""'" t- a... Into A" . 
........ + 8,..... • Cany Into A ... . . 

A_ ' 4 + 8 .... , + C&n'y Into A .... , 

A, + 8, t- CarTy Into A1 ; overflow 

I. Overflow II zero 
Th. IIIJI'I 01. 1M Orlt non-zero fraction .Ie",.nt II token al tho 
119n of the f~lon ond elementl of oppollte 11;1'1 ani compll
menled and adJUlted. The exponent ~ and frOCUon ore ad
JUlted whore normtlUtJl19 II required. 

2. Ov.rflow II not uro 
Th. Ixponent -'I. and frlllction ani adjulted for overflow. 

MULTIPLY MI:THOO 

A. MP II the precilion 11WfI1. 

I. Tho ol.menu ate As ,A~ , ••. , A". ond 81 • I • •...• B ... 

C. MuluplV A •• A . ... " A_ by a. ' a, ..... 8,.. In tho 

following: manner: 
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A •• .... Into 1..1 ...... , 

,~ • B,,~. , • cony Into 1. ' ...... 1 

A •• . ' 0 '<,,", Into A .... , 

<""' Into A,. . 

A .. ~ · I +- 8,.,p • A .... . . L Into A .... " . .. 

, ~O · B .. ~ · l t- Au .. . . J t- corry Into Aao .... J 

1."'. ' 1 . " t- A ... " '<""' Into A" , 

<""' In to A .... ~ 

" . " " , • <""' Inlo A , 

<""' Into A1 

D. Tho exponent II '\ • '\ Into A I 

t. The tractl"" an::! IIXponctnt AI IIro adlulted when normIlUung:. 

III. POOpE METHOD 

A. MP II the precilion IIWflI. 

8. Tho el ..... nu are AI • A, •. .. , A_ and 8 , ' 8.a. ••••• I ... 

C. Calcuillte A4 • Al •• . • A .. o;Il, • a, . "', 8 ... In lb. 

followl"9 lIu,nner. 

I . SUbllilutll'! 

•• 

C. A. 
O-AJ • A • ••• ,. A ... 

E" 8 .. 
r.B. ,I. , ... ,B .... 

.:.0,..1 • • I J 
(E." • l/tU -r/t.r IE -r II: 

(Ot-Pl/(tt-n (O+Dl/E(I_r/t+r" IE' 
(O+Dl/r..-Q, +R t IE 

x_tit -0, nit , , 
(0+0)/(1:+0.°

1 
+~-(r/D,\+ (rlcl 

, 
~ -(r/t) + ... 



)(j(R" -01. M/t-O, tR. IE 

X;(R. -Q .. nit 
(C+OI/(£+O-Q. +o:XiXJr/Q.XJr/n& 
X;CR. -Q. n/E -QJ tRJ IE 

>:, .. (R ..... , -o .. ~_ . n/t-o.... "R .. , IE 
~ 

(C+O)/(t+M- :£. 0 .. R IE r.i I ... 

+ ••• 

Convergence" e .. ured In MP terml becaule (r/I:) Is Ie .. 
thon :-.. 

txponent t. AI -8, Into AI 

Fraction of quOlient II .tored In A ... . A) ••.•• A .. , 

An overf low 'I poutble. If an overflow occuu, the fraction 
and exponent At are &dJu.tod for normellUltion. 
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DISCLIIIMER 

This program and its documentation have been contributed to tile Program 
Information Department by an IB" employee and are provided by the IBH 
Corporation as part of its service to customers. The program and its 
documentation are essentially in the author's original form and have not 
heen subjected to any formal testing. IBM makes no warranty expressed 
or implied a 5 to the documentation, function, or performance of this 
proqram and the ussr of the program is expected to make the final 
evaluation as to the usefulness of the proqram in his own environment. 
T:1ere 1s no committed maintenance for the program. 

• 

Questions concerning the use of the program should be directed to the 
author or other d esignated party . J\ny changes to t he proqram will be 
announced in the appropriate Catalog of Programs; however, the changes 
will not be distributed automa.tica.lly to users. l'lhen such an announce
ment occurs, user~ fihould order only the -materia.l (nocumentation, machine 
readable or both) a s indic a ted in the appropriate Catalog of Programs. 
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" 
St..lt.t .. lnh AI:! •• ) vrlt. th. T.l\ ... or thl parUd h,.., ,t.ort4 1n u.. 

'n"" PC. Onl, til, ~oubl ... "r ... hloll .... rl ot .. oh "-no I, VTltt.cl . 

$ \.101._1. .. brllnC:h .. too .u.~nt. 1 t.o rep .... the ,110". Froot4un 
tor t.l'IOth,r pol~'l. 

• 

.. ,... 

U'''1II& ot SUph f'robl_ ProV" 

1: tt'AWUIOlf Of' " POLTOOMUt. WItH REAL OOE7FIOIEl'lft 
C IT US! or IC1LnHUXl'ISIOll SUJlOl'll'Ilf! MJ'A 
o n:;Qt" (2 1.1'1 • Lft 12) 
o 
o 
o 

o 
c 

o 

o 

c 

o 
c 
c 

c 

c 

c 
c 
c 

c 

DOUILI f'II.ICISUIf ' A(26) , PC(as) , Pl(2) , C(2) 

CLE.U\ lRIUTS ' A. PC. n 
1 DO ) ""1 . 26 
2 PA(.I') :: O. OIIQ 
, PC(J) :a O.ODO 
" Pl(l) :: O. ODO 
, Pl(2) :: 0 . 000 

ItUD IlIPUT FROM CI.IUJS (p..v.o DmaD II) 
6 lElD(I . 7) If 
7 POIU'.AT(I,) 

fiST FOIl. UIt (If I.£SS tHAII' 2) 
& 1"11'-2) 9. 11 ,10 
9 CALL tnr 

TEST I"OR OOT (If GRUTER ftWI 12) 
10 Ir(IC-12) H,1l . 9 

ktAlI DlPUT ""* c.t.P.DS (!IF.I.D X_I OOUflOlfMW) 
II JJ: • ' . ' +1 
1211r..t.D(l ,1,' (PA(J) , J_l • .n,Z) 
I, P'OfU.:lT(D24 . 16) 

PW lJIfUT !'!!ON CAIUIS (ft!I.D Y.t.WE 0' ,.uw.SLI x) 
14 1\F..UI(1.I,' nCI) 

WRlft lJIPU't .... '{I) MJLtlPl\ICISIOlC txTDlSIC&S FOIl. 4MATS PA, PI 
1, VlUTle, . t6) , 
16 POfOilT(6K1 • :0.1")91{ 00E11$.t.:lD MlJLnl'!lB:IISIOH IXTDlSIOlfS) 
11 nInU,le) (PA(J),PA(Jtl) ,Jal , J'I.2) 
13 POIY.lT(ClI24. 16} 

VIUTI (\fPUT fAOJB .lim NrLtlPRBCISIOII !l~IOII or lJ.llUaLl I 
19 VlUTI() , 20) PX(1),PI.(2) 
20 J'OIUfAf(l," "'WE or Pl/2D24. 16) 

VlUn IlUfUt. nwa or PAflTU 1. TIIUoCS fC 
21 VlllTlU , U) (PO(,n , pc(.I t l) , .I_1 , Jl . 2) 
22 P'OPJ!AT()6H I111ID1. nwES 0' PAATUt. talKS PC/(2!l24. 16» 

P01.TIIOtQJ,t. ft1 WAnOJl 
UTOO:r 10 

2, PO(I) .,.. PA(l) 
2.\ PO(2) .,.. P1 (2) 

sn PAP.AM!TEIt 1. FOR Y.U1.nPRmUION 
25 1. .,.. , 

10 
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• 
StsTDCS I\J,T~U\. 

f'rop''' U . Un, 

No thUn, .r u. . .. b .. ouUno Y.l'A 11 lacl"oI." bee ..... it .., 
boo ob\.a1nH b7 \ho uu ... t. u.o U .. of ... _bl1n& tho ... bl"OUUa.. 
" I1,UI\I of u.. "'1'1. p,obl .. pro.,. .. I . pun M:rUer 1A Ull, 
ol_uUon. 

Fl_ohol,,\ Hlr,.."!'" D .... rlpUOft 

1) Short and LollI Op.,.UOll' 

In tho .... or .. Short.-tono or t.o#&-(ora .,.raUon, thl ',prop
riot, n"",onoo or lll.truotion. 11 Oil"""", rond 1.11, n .. l\ C 11 
ro\urn'" to \hI prolll_ ,NUN In thl prop.r hn(th ( u. 11, • • ), II ) . 

'!be Lone·tono roqulrn tho oporond too b. .Hp" on .. doubl_ 
w.r4 bo\Indl.ryl W, oondition 1. Ge lldol.,", t.o \HI ".e. .... !')' tor 
.,.""Uon ot MrA • 

$ll1Oe WI. re,uir" eeoh opert.nd 1.0 ocaupy wo con .. auU ... 
daubl ..... ord. ot .tor"" .. r"uoUon 1n leacth w111 len ... flddu. 
in th. IUIIJ'" worde ot e""",. ""1eh _J' be u ... I .. ter "h ... th, 
Iq\h h 1I>O, .. e"'l \h1l will a"''' lnoorrect noun ... lther ill 
t.h. e.leul.UOII or In u.. Ito"". lh' unr •• t lie "r.1\I1 ot 
W. _roe ot error. It -J' " 0 ...... ". to...u.". KP' eo tbet 
.. "'IUpr ... 1Il .... tor. ot rewn 11 .1...,. •• tor". 

!h. Hel .. oper.Uon 11 1IOt. .... U.ltl. 111 KPA tor OIa Short. 
or L<m& tor. operaUon . 

11 

.. --
2} Udt tion -r,,1 SUlotrl4\1OD 

1" thl c ... or Nult.1PT.chlOD l4.dlUon or :!Iu\1. ..... Uon, A &lid • 
or. ttut t.ot ... tor u., .... 1 .... "'0. !hI. t"t 11 ~. 011 tho l,tt-
.on w.r. _17. 011 \hI .\.1' ..... \.11 of tho ,,_pUOD thd, J. &lid • In 
1.a 1OO~ .. 01 tora 11' .... t. .. oro &!Id oOClt . .t .. oal,. ..... bth It lllro. 

It ... 1M • on both ano , tho ,..,u. 11 uro aM 1 ....... , tor 
t ..... ,.;r •• 1ODtO" U;; probl_ PTO, .... (0_ '1,. ,I. 

g! 11 !!!:!!!!!!!!~!..!..!:!.. 0..., C 11 u\ ....... 1 to.l. 
(Se. 'ISo 5T 

It I 11 not nro. th. oper.Uon Add Or $Jbtraot 11 .horbed 
Lat.o th'-lip! b1t--;rS by not. ahaaalll, th. bit It th. oper.tlGll 
11 Add, or II)' cll'~ln, th. bit It \h. OP'fltton 1. 3U.btreat. 
(Se. n,. ,) 

It S 11 not uro end A 11 uro, U\eft a 11 •• t. "".1 to S dOl 
'b.orbeil-operiUoiiT1t{i.; Fi,:-;y. 

It • 1. _t '.ro ."d " 1. 1>01. ,.~th. Im.rel oa._th, _1A 
• .. tio.; ot-u...-x.~lttrac\ perrr.--;;r.red . (s.. n, .. ,. 6) 
In thh ... tlon the o.bar.oterht.lu ot A Ind •• re o..,..r"". 
lh. _Iter h .. l .... the • .J.hr oll .... uterllUo II .. It.. tn.U ... pt.rt. "'if'" rldlt. the _Iter .t he,; d.lpt.l ",,'I t.o the d1rt.renc. 
bet.v."" the o.bar ... terhU.... 1l00I"1f. It Ulh lil.itt. _Iter h ~ 
(d .. l_1) or ,ro&t.lr. 1>0 1Ih1t't. 11 -.I. •• nd UI. reoun 11 .. t -.u.l 
to th. oU.er _Iter ( ... 1'1, •• 6, 7 ) . 

lot 1.IIle point ( ... ti,. 6 ) the t.vo DlI.,. .. t.o,.hU .. , .,.. ...... 1, 
tbet h , u.. t'noU_l pt.rt, II ... 1t.00I .llped (It n .... ...,.,.) with 
rep,. t.o th.ir hea polot. •• 1M \h. o,.,..U"" -J' lie pertoraM. 

It. _y 1>0 UIIt. th. two _bo,. ar ..... 1 or ...... 1 ""t oppodte 
In 11 .... 111 u.. tatt.er c ... u.. reoult 11 .. t. ...... 1 to "1"0 (_. 
'1,1 . II. 16). H ..... er . It tho t.vo _1M,. .,.. .... 1. the ,. .. a 
"Ut be t.,,1o. th. c_ ... alu • • th. ,.oult. 11 ob\.&I .... ltJ thlrt.1n& 
\h. traottu t.nd 1lI ._ ...... dju.t.1.IIc tho .. ha,...t.ortIUo. 
It the ledl .... hex d.lpt 11 ltet.vlOOl 1 ",d 7 Inclu.l .... U\. reoua h 

I. 

.. 
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-
It \h. n .. 1U"I ~h.n"\erhU" 1. ",_wr th&Q or .... at to 121 

(01"1.&011), th. , .. ult. C 11 .. t. ..... d \.0 th • ...n- •• 111. with th • 
• 11" bit. or 0 ducked (." PI,. '1). 

tt 110 I"OI>IIIII-o(r 11 noc .... ", or it 1\ 1. d.n. without. prod",,! .. , 
too lu, ... "h"rt".t.uht.1o, th. ql!oU..,\ meUon 11 red, to " 
...... bled "Uh th. dIP' .not C~uso\ull\h to 11.14 tho reall\. O. 
1h. ol\ar..,lerhtlo .... \ nr.\' be Inc,.. .. "'" by 1 \0 .... "",,,t to .. ... 
wl1f1'd rich" .hlf1. on. h... 'ICH or \h. illICIt-lent tnooUon, bee ... _ 
th •• "oU_t. h."Uon .. tOr.M h •• an 1.1'1114 hn.dKt.l point. to 
th. rlr;t>t..r \h. I ... 1'1 .. 41,1\ ( ... Pl,. 51). 

'ftI. aboY. proo..iure tOIl' 1toI1Upnoh1on Dhillon vill requir. 
u.rI1 .. _pe.n lnotr\lcUon., iJh1rt In.t.ruoU .... ,,, &n4 addiUon. or the 
.1&ht.-IIon-lonc t..o'.~_pl_t. blOCb \0 0.. _"notor block. 
It. "Fp .. re to III .. procedure that. h h ... ,thy In u.., aI thouch 1 t. 
.... not. ... ",,1, ..... I(c ... h'. ~t. or .\0,..,., nor 11 th. proC ...... 
on, lope pe..rUolllarl)' COlllPU""t.M. 

lba ", .. Uon .rhl.' II UlUI a t .. tu &Ithod thAn rlpMtad 
lIII~tncU0II.1 !hu ..... r.l, .. at b.. !h. IU.Ithor .. 111 Ippracl.at. 
bub, M. at.t&II.Uon 41not.a4 to ""'1 lIIIeb _thoda. 

B .... on thl .boY. d .. orlptlon at .,IUpr.ellloll. Dhillon. tho 
.... thor .. 111 "Ile_ .... " .. \lona tor i..-prod", tho procmra Md tor 
oorrlotln, .rrOra ill. it that IIl!.doubta41,. .,.lat. 

" 

,. , 

,) Bal'f'lac 

11>. Hal ... opereUon (tor 1*I1Upn"hlon onl,) 11 lM:lu4e4 
to apron.. pufot'&UICl for thl apIChi e .... of Ud.1n, II)' ""0 
or .. lUpIt1:II; 1»' ooo-hait. lbb 11 thl eOWl\.8rpar\ of thl II .. 
ot adUUoc at a _bn to U. .. lt 1I1.a\.8a. at .. ltipl,.b, b,. tMo • 
bp.at.H II ••• at \hia op'rat.lon .. 1\11 Ad. UJiJ./or ~bt.ract ...,. 
ahorhll. Uao\IUon U_. alth .... "" It ...,. 1ncr ..... tho proU_ al.& •• 

To parto", tho aaha openUoc. thl 1 ... bu .1&1\ ot tl,.. 
t'raotloll. 11 t. .. tM. If 1\. la NIl' ",III, ,,",oapt 1 (11.0 ... 11 ... for. 11 
.. _") thell tha o,.n\1ol1. 11 perfo",' b1 ah1ttln, tho tuoUoc 
011.1 blt to thl rlpt. It thl led b.,. 41,1t h 1. thl tnoUOII. 11 
Ihitt .. thr .. bih to tho 1.tt and tho ehanotarl.Uc 11 daerM." 
b11 ( ... "I' '2) . 

.. 
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FORTRAN ANALYSIS PROGRAM ~ ;(. ~~. 

3600-10.0.002 tr/97 



DISCLAIMER 

This proqram and its documentation have been contributed to the Program 
Information Department by an IB~ employee and are provided by the IBM 
Corporation as part of its service to customers. The program and its 
documentation are essentially in the author's original form and have not 
been subjected to any formal testing. IBM makes no warranty expressed 
or implied as to the documentation, function, or performance of this 
program and the user of the program is expected to make the final 
evaluation as to the usefulness of the program in his own environment. 
There is no committed maintenance for the program. 

Questions concerning the use of the program should be directed to the 
author or other designated party. Any changes to the proqram will be 

• 

announced in the appropriate Catalog of Programs; however, the changes • 
will not be distributed automatically to u •• r.. When such an announce-
ment occurs, users should order only the material (documentation, machine 
readable or both) as indicated in the appropriate Catalog of Programs. 

III 

• 
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IBM CarptlrltiDn 

Program Contribution Form 
Type III (IBM Employee) 

Progum Informauon Daparlma nl PIO 
~o SI. Hill Rlnr Road 
Hawth ornl Nlw York ID~32 USA. 
Alllnlhin ProlJum Conlrol O .. k 

PROG RAM ORD e R ~UM8[A «10 I( 'IUfO IN I' PIOI 

360D · 10. O. OOZ 

, , 
~ AUTHORS' N"'M[151I" DIHnfN! THTN SU' MIIT U 'SI 

7 FORTRAN ANALYSIS P ROGRAM 
~ TITLE or PROGRA M 

' I ~!h:'"' ,11 '1 SECOHOARY SUBJ[CT CODES 

8 I 0 · 0 9 I Z · Z J 10 , Oizl lo ,4jZ I I 

5 
- -

6 
--

--

-

[ 21 SYST EM 1YP£ (" .... C ~ I "U 
3 ,6 t 0,0 tit 

SU BM ItTER 'S NAME 101.(" IICIo!~ IC.L IN/IU'''lS 10) 

I rvin M~ Mille r 
SUBM l tT[R'S ADOAUS 

Dept. C40, Bids. 703 

South Road, P. O . B ox 390 

P ouohkeeDlie N. Y. IZ601 

I OP[RATIN G OR M ONI TOR SYSTEM R[ QUIRED 

. '°0 5 

.-

11 rr: or sua,... '"ti t I 'J'I 'TI .. L PAO(: AAM 12 t'T14l SUBM ISSIONI ) I A~~~~::~'J:~fti I, I' COtt Il [CTION TO AI 1'l1A5.( ' HlC( 'v, AB STRAC T Of PROG RAM PAOG _ '" I"ItOOR"M NUM8ER 112li:Jh';7kl 
~ ABSTIU.CT l' lf Ul wm 10 ,"' '''''W DISC_III ,.gc;lA~ AN D PU.-oJI tUlRll 10(11'11" IlUCIIIM to "' ";U"II~" U O 5OU1IC1 L'~"'II 

1 The a nalys is program i-enerates fi ve tables inc ludina block definition. variab~ -
c r os s reference , and pre cedenc e ta bles fo r FORTRAN p rog ram~ One c an ule the Ie 

t a ble s t o hand generate flowcharts and hand translate FORTRAN prog r ams to other 

la nguages . These t a ble I also are usefu l in debugging and m odifying executable FORTRAN .-
prog ra ms . With a cha nge in the s c anning r o utines , one could adapt this program to - -

GOBOL, a ssembl y la ng uag e o r any othe r compute r language . The program has been 

te sted on ove r 100 FORTRAN prog rams. The program has been written in auembly -- -
language . requires 90K bytes of storage. and runs under any 05/360 ope r a t ing system. 

The minimum c onfiguration is a l l8K system wit h two disk drives. 
-

- -- -

---
- -- -

-
ATTACH[O PL£.AS[ ATTACH ADD ITIONA L PAGU I' N[CESs.lRy~ I ;oTAl 'AGES 

PER MISSION TO PU BLIS H 
PA INT, IItl"flOOUCE AND OISTAIBUTE TH IS 14 ~ , L.. () J " I HEAEBY Gi llE IBM PEAM ISSION TO 'IE 11 'I ~ 1J1't " _'I!!l. I'~~ I'~ /"3 / (" 8 
PROG RAM TO ANYOHt." PAGE 1 SIGNATURE Of' SUBM lnER AND DAft . . .. .. . . .. . - ." . .. . . " .. --
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(:HARACTERI.STICS 

The lollowhl. d .. e.-Ib .. the IUnitatiOlle 01 the pro"ar ... Md Ita nec:utioa 
d>anc:terbtlci. 

Table al •• , .. , •• Ie the foUoYin. lim.itadoll'; 

BRV8LO Tabl. ,,,. Entrl .. (' byl .. per ."Ul'1 
DIlV8LO Tabl. "'des "" Entrl .. ,I by'" fHlr IInlryl 
VARUS£: Table 8000 Brt .. 
VARUS£: Tabl. "'dIP '" Elemento (4 byt ... per .1 ..... '011 
BOT Teble 12.00 S,I .. 
BOT Tabl. Indo '" Elem ... 'o 14 byt •• per elam..,t) 
L.ABDlC Tabl .. 11000 BYI .. 
l,.ABDIC Table Ind .... : 'oo ElemlHlll II bytu per element) 
CROSS Teble '00 ClemaMe (I byt ... per element) 
CROSS Table lndu: '" [: ....... "1. f<& byt ... per el."""11 
PR£C Tabl. ". EI,m"'''a (III byt .. per .I .. menll 
PREC T.bl .. lnd ... '" EI.m ... n f4 b,.t •• ,.. el .. m.nl) 

The iftd.ivldu.1 r .... tin .... r .. de.l,n..! '0 lka, ICI ehan,e • uble ... e o .. ly 
the OS inatnu;tl_ for tbat particul.r ubi ..... ..! be cban, .. d. 

Error m •••• , •• wUI b. prmtld for ... y of th •• bo". Ubi .... outin •• If 
ov ... now occ".... Er.or m. ••• , ••••• al.o p.blt.d whe .. tbe •• ,. an 

i .. ".Ud .y..,bol 0. code pa .... ~ hew ...... two routLD •• Or wb .... 0methUl, 
to b. ret .... nc.d do .. not eal.t. Anath •• typ. of .rrot ........ ,. I, .n 
.bnormal op.r.tlon m .... 'e from th .. I/O routin ... 

Th.oI K.yword T.bl . , which b ref.renc .. d b,. the ,,,.nnin, rouun .. , II 
limited to enl,. buk FORTRAN IV k.yword, and e .... ld , .. II,. b •• ltu"! 
by lb •• ddition Dr .ubtnction of eOl.I .... 

The TIME Tabl. rouline i. ",ed by both th ... c ... nin, l'1)\I11ne ... d thO' 
PREC routin ..... d I. limited to .pp.o .... mat •• U ...... OI tim .. rD. J'OR-
TRAN ,t.I • .., .. II. on III 06f)60 MOD so. Thh tabl. could to. .ltued 
for diff.r.nl machln .. by eba .. ' .... tha .pp.oJdmata u.n. •. 

n.. Over.U 'yllt.., .. it uand, o. for .n.ly.le of FORTRAN cod .. e.nd 
e.n be ehan.ed ICI handl. other I.n." ..... by .dopU .... n 'pprop'"'' .can. 

• 

• 
10"" 
Sat Up 
intermediate i-' 

.-

READ 

i<--' !Input Source 
Cod. 

f-

.... Build Lab.l 
Dic:tionuy 

f-

E, , P,hu 

~ Id ... tily 
Error !-bull,_ Write Out 

Ker-orde 
Routine Er-ror Me._ 

OUTTXT 
""'p." I<-. IIl1ermedlat ,l-

Punt 

I<- o..lPUI I-
Source Cod. 

PASS l 
....... rOc." 

Inlerma.nate 
T~' . 

V q F"AP {roRTR"!\; ""'dyde ProF' .... ' 

, 



i 

v ' 

E F BDTfiUF 
End of FU. P~lnt Out 
Sup.tvl,or Bill. O.f. 

ERROR CROSS 
Error 

I- Build CROSS • ll::ndlln, .f. Tabl e Illllln.~ 

_-»RVBL.D 
Build Blk. 

~ R,t,renced 
b Vat. Tbl. 

REC-MPR 

r-~ ~Ulld --
L:.n c . Tabl, 

----< 
P";nt Out 
ero .. Ref. 

F Apt Cbl'llln,,~d) 
r. In 

• 

.~ '--' 

Print 
Print ()I,u 

Tabl" 

flDT 

R,t. Bill. 
Oef. Tabl, 

alt. Vat . In 
Block Tabl, 

BOT 
Rd.8Ik. e 
Dd. Tabl" 

Print Out 
T,bl. 

F'AP (Continued) 

, 

BRVBLD 

Rei. 811t. 
Rd. by Var 

'-J' 
• 



• 

~ 

0.' 

0.' 

Prlnt out 
Tabl, 

f'AP IConlUlued) 

• 

'" 
., 

INPUT-OUTPUT 

Th~ ball" inpul 10 Ih~ 'V.um II Fortr.n 'OU r e .. cod ..... dIU" In 
b •• le Forl r .n IV. o.uy Fortran 'our"," cod .. will b .. . .. "o."I", .. d by th. 
'"'nnl,,, .""Ii" .... The input Cln be ente r ed "'om a ny d,yl" .. , but the 
fOU ..... III. JCL mu.1 b .. u • .,d, 

If Co. INPUT DO I ',n",>! 01 .. "1,,," p.ramUe.,') 

Th .. "'lO'm .1'0 " .... d •• t .. mporary dal, ... t for Inlerm .. di., .. 1'1111 .et up 
by PASS I. Thco foll ..... \I>. JCL mu..1 1M> Includ .. d. 

II GO. OUTTXT DO DSNAME' .. a. TEXT, UNIT' 2l1L, 

~!~C~ f~\E,.~K~~I~~~E. DELeTEI , 

Th .. m.l .. purpu ... of llIe ,,(.am I. to build up and p r int out Ubi .... Th ..... 
Ubh', !"ciud .. the 810<k o..f,nillon T;lbl .. , 1'1" BLOck. R .. hunced By Var l _ 
~b"" T.bl .. , th .. Bra .. "" C rn .. Rd",..nc" T.bh·, th .. V, . t.bl .. Und In 
Block Tabl .. , and the P..,,,,,dencr 011, urn, AIL the ... ,abl,.. ... IIL Iw prin . .. d 
oul In, fo r m.thd lIul ... don. with the .·o~lr.n 'OU ~Cr cod ... lb. JCL 
... c •••• ry for thle p~<>c .. du~e 1& 

1/ CO. OUTPUT DD SYSOUT. A 

Ttl. 'VII"m ..... b ... n d .. elrn .. d 10 milk .. 1/0 op· rello., •• l'e'" 10 U'l' 
e' ...... !i:;Il'. lb.,l' 1 c.~d. err th .. only 0 ..... n"cl' .. e~y to .. _ndll' ilil 110. 

, 

• 

oi 
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Op.ra.h •• Inll .. uC"~lon. 

To ..... the pro,u.m the 10111 ..... '''. mull b" d_: 

Rudy opeu.tl", .,ltem, 05/360 

A. ... dl,k I'Hled 111111 mull be online. U1' dlffer""1 I,bel h 
dnlred,th. fou r th, ahrth , and ,Ieunt h cuda of the PlD 
tap .. rnul" b .. challl"d to .... tied Ih .. 1.~1 ..... ilabl" Oft Ihe 
dl_k wh ... e th .. p r o,nm f. 10 b .. "llIlo,flI. 

8. Punch Ih' UUI fll. ~ Ih., taP<' ... 1" •• ;lro, .. ,.,., "qulv.Jen! 
to Ih. On .. de.c r lbed on Ih •• " .. lIon U"", key. The .. e ." .... Id 
be app r oalmllld)' ,100.rd •. R .. mo .... Ih" blink carda a' the 
end of Ih .. cleck. 

CauLo.Ln, and ..... C\llion of Ic" c.u'a, 

A. Place punched deck inlO c.rd r ... d .. .. . 

S. A dl.k 1.~I,.d IILIII ahUUld H online 0 .. Lu ...... I .... I,.nl With 
Iwo ,. . .. d. I .. Ih. pu ... ·h .. d d .. ,," replac.d 10 .. dl,.cllhe chanC". 

C. 01,,, .pac •• hO\lld be .. ,."I.bLot for Ih .. oulpul of IrIr'!' EXT 
(TRK,( I, I)I . 

D. START RDR, .nd STAR T 10 .... "CIIl" Ih."e p ...... m •• 

I, Pu., .. f'AP from lh .. dlak I.~led 111111. (Tnll ia lo r the 
... ,.. In c .... h .. d .. cld ... 10 d.anCe J'A~ 

l. L' ...... d. t .nd .. _,.Ioe J'AP. _rd ..... ' .. 1 .. il"". I ... , p .. o, •• m. 

1, £ .... C\ll .. e.t.h, ... d J'AP 0 .. ror'''.n IV I .... c •• e. 

,. 

III. C .. ne ... 1 operalln, I .. a'."el lo .... 

A. O .. e .. ,h .. p.o.r" ... h •• b ...... c ••• loC .. d Ih .. IoU ..... ' .. ' JCL i, " ... rI-

/I NAMf: JOII 
/I JOSLin DO 
1/ STI':P !::XEC 
/I CO.OUTTXT DO 
/I 
1/ GO, OUTPUT DO 
/I 00, INPUT DO 

.501>.(," d"e," 10 b .. " .. aly ... d. 

/ . 

" 

• NAMF:. MSCLEVEL' I 
DSNAM~:" J'ORTAP. DlSP' OLD 
PCM • f'AP 
OSNAM~:" &rio TEXT. UNIT" nil. x 
SPACE' I TRK. II. 1)1 . OISP'C, OELET ... ' 
SYSOUT a A 

• 

.. 

Th' .... m ...... cd mellon: 

FORTAP 
FAP 
a,,, TEXT 
OUTTXT 
OUTPUT 
INPUT 

JOBLlB NAME 10 .. th" ..... ',.b p rolnm 
p ...... am ...... .. 
.... m .. cor & .... \11 ... , output 
""'''rmediale _lpUt ... , 
print data act from F A.P 
Input da,a ... , 

Synrm Conlt.untlon 

A. s,. ••• m 31>0 

., 

B. Minimum memory .In lUI< (wllh o" .. rl.yln.~c.n be unci .... It h 0-41<) 
C. Ope .. ali". ,.,.'.m 
D. C.rd rnd ... 
E. Card pUnch 
r. Print". 
G. St,nd,rd c.rrl" .. conlrol I'P" 

" 

------------------------------------------------~.- ~ 



,... -- ...--......... 

G 

I. 

.,ncnL~.~ ... :~_SO_D_~3J) 
JCL tor 110 J 

Un of C .... lo.ued FORTRAN Anal.,.'\1 Proar.m 

L 
/ 

SOUR CE 
DECK 

~ 

I 
1 _I --_. I 

/----- -/~.' 
(JCLfor I/O I J 

_ .J I ' ,/ ,/r .' 
I~,,, ECT ~~~KS i) 

C-:c: 1)' 
U ... of Unc.u lolued FORTRAN AnRI.,..I. Prollr . ... 

.. 

I~ 

TAPE KEY 

ThOl t.pe .uppliOld ... Ith 1101. doc ....... nt • .IIon con.l.u of two tiiOl' ... hen the 
~ecord. In ... ,10 tile hi .... block .1,. of 1600 and , 10,le.1 rec ord len,lh 
of 10; In other word •• the Clrd 1m., ... n blocked ZO 10 I rec o r d. 

Th" I .. pot rna, b. puacbed b, u.ln,lhe foilowl.., Job Control DOIek: 

IIPUNCH 
/I 
IISYSPRINT 
IISYSUTI 
/I 

IISYSUT 1. 
II SYSIN 

" 
""1011 

,. 
ll. A. 

B. 
C. 

III. A. 
B. 

TIM 

t'ill ! 

T I M 
T ! M 

,. 

'DB 
EXEC 
DO 
DO 
DO 

DO 
DO 
PU~CH 

PCM .. IEBPTPOi 
SYSOUT " A 
UNIT " 2400. LABEL' ( , NLI, 
VOLUME" SER .. INPUT, OCB " 
(R£Ct'M·rB. LRECL ' 80, 
BLKSIZ.E .. 16001 
UNIT, Z5 010 
• 

x 
X 
X 

4 1 Blocked Rec ord, No. of C. r dl 

):'!.. fo .. pu r,l,. FOllTAP from dhk 7 
I..bu .. d IHlII 
JCI.. for uulo,I",I""I.,.'er f"ORTAP " 
(f"API .. " dhk I.b.led 111111. 
ObJOIet dick I (Zl'I comprhln, I""'.,.IU. 573 
JCL fot den"l.., 110 of In.l,u . Ind lUI M C" ).to 
Jr.L fo r ..... ..... 11"" .. _ t. I~.d 1",,1,ler 1 
- UI proln.m deck 180 

~~ B1ockOld R o:cord. No • • ('". r d. 

Source dOlck. for Inal.,..OI. 81110 

FII .. I b 110" only one _hi< to "" .. d b e ""neh, d. It ,It' .,n ftI~ .. jobl, f< r 
.c,.ttht,,~, ell .. loa;"I, R"d t ... Un,thOl .""i'~OI r . 

F'II ~ l cont .. ,,,. Ihe 10urCOI deck. lor lobe lnal~:r.OI r Indudi r'!l JeL.o Ihll 
110 .. Rou r c Ol eln be 1 . ... mbIOlo immedlll t"l\ Ifler ""nchl"II' 

" 

• 



o.a~..tP'lioll of ROUII .... 

0 .. Iha followl". pa .... h " du~ripe'o" of u€h 0"" of Ih" .0\111 .. .,. 
; .. th .. "o •. n" A ... I.,..,. Pro,rem. Th" rel"tlo" .. ,lp of th" rouII ..... "nd 
d .. acrlpe!o,- <>f t"bl". an d .. "c.ibrd for nch .oud" ... no-c .... rt. roll_III. 
th .. d .. ,crlpelo .. 01 th .. routl ...... ummarb. th" b".Ic IOClc of th ...... outl"" •• 
"0' " mO •• del"lI.d d ... e . lpelon. 0. .. u ... . i. ref" •• ed to th ... ou .. c. p.o. 
•• am. Included 0" Ihe m","" l lc t"!>,, " .. oel.t .. d wlo. IhI' docum .. nt"lIon. 

" 

~ 

l 

.. 

ROl:T1:-'-E PASS I 

F"UNCTlO~: 

PASS 1 .. the co"t.ol .DUIl .. " of the rORTRA" a"a1.,. .. . 
prol."m. it Innl"I'" ..,,01 coo.d,,,,,, •• ,h .. a(llon of "II ,h .. oth .. . 

.0uUn •• 

ENTRA:-.ICE; 

"- the cont.ol .out ..... PASS I , •• nt .... d from Ih. 
oper""'11 • .,..tem. 

J. OPERA T10~;: 

PASS I p . oc .... u .11 .ourc. cod. for a .,ompl .. t .. F"OR rRA. .... 
p.o.ram .... d , .. ta up the ,nte.m .. dlat. I."" fot PASS Z. II ,ca,," th. 
FORTRAN 10U.e. cod. for lab.la .nd k.ywo . dl, •• mo ..... bla .. k. a .. d 
tunalal •• all ch • • • cl., .. ; .. 10 EBCDIC • .,p ••• a .. II,Io". 

Eech F"t'HlTRAN It.t.men, " .i ... en a ... qu .... .,. "umb •• .,"'C"pl 
JCL .... d comment tard •. hi. order 10 p.oc ... alllab.h, PASS I 
comrnw:.icat ... wuh the labal d,ctionary. PASS I a1.0 •• " up Ita",. 
'rU'ormation '11 th ..... I •• rn.d.at. telft. h do •• Ih" by commun'ca!in. 
with K.yl"b 

All ... put .nd output I" h .. ndled with .. ",t.m,,1 .ouII..... Th. 
READ .0<11 .... handl .... the F"ORTRAN lou.n cod.. Th. PRL~T .ouu .. " 
p.tnt. ou, th .. F"ORTRAN "ou.c. alo ... with the ".qu"n.,. "umb .... nd 
th" OUTT)(T .OUI .... wut"l ou' 'he uIII.m.dl.'e ,."'t 011 " tempO.a, ~ 
d"l. let. 

4. EXITS 

Wh .. n "" end urd I. reached control II pa .... d 10 PASS 2. 

Whe" .. nd of f.l .. i. , •• ehed control ,a ... rurned 10 the 
SI,; PER VISOR ,ou''''e. 

5_ S1I8ROUTINES CALLED: 

, LA8DIC ,. KEY TAB 

• READ . 
• PRlNT • 

• OUTTXT ,. PASS l . 

To proe .... I.b ... 
To proc .... aymbola 
To .e.d I ... ou . e. cod .. 
To p , il'l OUI .ou~e. code 
To .... rlt. oul ... t.~modl .... 10><' 
To p . oc ••• tho 'l'l.rmecd •• ,. t"If' 

" 



•• LLMlT .... nONSj 

PASS I can .e .... only ba.l" FORTR .... N IOU rei cod •. 

7. PARAMETERS;. 

To PASS I • PASS I tI".lv •• DO parametlr. 
F rom PASS I • PASS I .In.h paramltlr. 1:0 .11 .IIbrO\lt''' •• 

U:Clpt P .... SS t. 

(SII .... "'r. 1 I 

• 

'-" 

FIGURE 1 

To !..ABDIC: 

._---
.... DDRESS OF 1.A8EL .--l.ENCTH or !..ABEL 

,:...-- -I 
IzI l.ERO 

I FL .... CS 

To KEy-r .... 1k 

.. -- .~-----, 

• 
• 
" 

.. :>DIt~ ;.r SYMBOL 
. -

w:;·,r.;TlI OF SYMBOL 

Z£IUl j 

; EI.O I '--____ ----1 

To RL .... O '" .)l. rTXT: 

I AOD~ O F BU .'n::;J 
'- -

~o PI·n f, 

• 1 ADDRESS O F surrER . 

4\ CODE ·1 

" 

FLAGS 

Bit 15 • DO !..ABEL 
ell Z&' If'. 00 TO LABEL 

£.~ 

4 • fI/£W ,,1'.(..£ 
o • NEW UN!': 

'-" 

, 

~ 



" 

, 

SUBROUTINE PASS l 

FUNCTION: 

PASS l II Ike major aCan ,outi". ., I .... prolram. "aca ... a 
and .IUII., .... ,h. tnl ... medtalll ,.,,' _." lip by PASS I. 

ENTRANCE, 

PASS l .. .... ' .... d ... hen PASS I hal "nllhed • .,II'''1t up th .. 'I'll .... 
...... edl.,e 'I':xl ror me romplalf ,"OaTRAH proll,.m. 

1. OPERATION: 

• 

PASS l p . ....... e' ... ch ,nlcrm"dta,c , •• , rCford. It aCan ... ach 
nco.d for .ymbah and label. and •• .,d. th" .pp.opri",., 'nfeum.,u." 
10 the "'''" ••• r, 'abl" b\I,hbnl .0\111" .... For aymboh. and "nl.y h buIll 
In Ih •• ,mbal tabl •• nd th. url.bl .. 1I • .,d in .. b lock table(VARUSE\. 
For bio,," d .. finJtlOft I"beh and bnnch point. an enl.y h made In ..... 

block dd,,,lIlon tabl_IBOT). PASS l. alto make. "ntrl ... Into 1_ 11m .. 
"c" .. m .. l.u"n l.ble.ITIMTAB and TIMEI. 

~ 

Whan ,h. 'n'e.m.d •• t. 1"'<1 ,. (omple,d, p."(e •• "d PA~S l. .,.,1. 
'0 .two .nd of ttl., ... .,. ... "o.IEOn. 

s. SUBROUTINES CA1.1.ED: 

J INTXT 
t. LADDIC 
1. TIM" 
4. TIMTAD 
s. OPTAU 
t.. BDFUNC 
7. VARUS£ 
8. BDT 
9. £DF 

10. LOele 

To ..... d In Int.rm.d,at. '''~1 
To p.oc: ••• lab,oI ... nd .ymbol. 
To a('''mula ... I,m. (u. bl.,~~ uf code 
To .(Cum ..... I. 10.a1 Ume ru •• ach blo~~ of Cud .. 
To •• co,nlte I""al.nd UI"JII.I 'p""lal chann",. 
To ."coJ"'" 1101.1 FORTRAN bu,lt '" (u-.ell"n. 
To buIld up ..a"abl ... "sed In bl"" ... ,abl" 
Tu b",ld up blo{~ def'nilion I .. bl" 
To control prlnllnll ·,f .. II lab' ... 
To d .. tum,..., loale .. l IF 

" 

• 

, 

, 

• 

LIMITATIONS: 

PASS l can be uud >nly ,n COlIjU"ch"" "'" .. the ,nlermed!_", 
lUI U' lip by PASS I , 

PARAMETERS: 

To PASS t • None 
F.om PASS 1 

To INTXT, 

o 1 ,,,. OF ,"'PIIT 
SUrFER 

... ·o· rd 

To TIME: 

.~ 
4~ 

I .o.d 

8u FlaJ· Dol • Send IUlal 11m" (0. blo(k 10 PASS t In hi .... .,.d u( 
Ihe •• ~ .. n ,..am,,'''. II.,. 
T., TIMTA8: 

o I TOTAL TIME 

CODE 

I .. o.d 

To BOFUNC: 

o I rt OF SYMB01. 

~ I LENCTH OF 
SYMBOL 

~ 
... o.d 

" 

, 
• 



SO"'UNC t.lI.rn. a cod. and the ti_ for built HI flUlcuon u. 
th. tnd word of Ih. " ... n param.tar 1i.1. 

COO£· 0 Not In ,abl. 
CODE • • • In tabla 

To OPTA8: 
~ 

o Ie OF CHARACTER 

'.0 .. I 2." 

OPTAD .,m,ma • cod. and the tlma fot opa ... UoII in the t nd 
word of th,. ,i .. ,.n pa .. mu •• 1i.1. 

CO DE a 0 NOI In tabt,. 
CODE " 4 • In ta biA 

1 0 VARUSE: 

° I COOEa o 

.. IOF I.0. 

I I FLAGS 

FLACS: 

Bu \ 
Bil" 
&11 7 
Bit I 

T o BOT: 

~ 

o , .... cs 

0. 
0. 
0. 

0. 

• SEO. NUMBER 

rLACs: 

81t n On 
Bit JO un 
!hl ll On 
~h I l on 
If .U Uti o t( 

End of p.o, ... m 

II ·d.an •• " 
Cha"pi 
End of block 

.... lIlh. o ... " "''l""nc:. " "mbe. 
lend o f pro.r .... .. '1' .::n«' n"mb,.. 
B ... n~ h point .ltquen~ .. numb... 
E •. d of b1o.:k .. qu.n~ .. ""n,b..r 1f.II 
S.a.\ block ' .,,"ence n"n,ber 

" 

•• 

To I.,.SDlC 

• • OF SYMUOL. --
W:NGTII 01'-
SYMBOl. 

1l':RO 

~'LACS 

• OF R.I:TUKN 

... ~o;cr--

f'L.A(';S: 

lli!-~ Me.-,nlns 
'h, l) 

011 Zot 
Illt zs 
ail z6 
81127 
fill l' 
&it I 

Bit ~" 
&It II 

Inr" .rnaO"" '.que., .. d On ID 
On"ymb"I, Qff.l..lobtll 
On all""menl 
If, 1010 It.temenl 
Array 
S.:t ddillin, r"" lion 
r"i"n"'.llon .cqu".led 
',:, ,Id "_va ' ....... " defined 
NUl f" .. "d 

Crlt.d. fOr \'\0"'0 ddinitlo"~ 

I. Any ., •• ,.: .. 1 Uut tr:o, #h." cu 'otrul 0. tu .... .:h .. 

10 ..... L' ~ ~"",""H .. t" concld t. •• " !tI ... nd of .. 
blo.: .. . 

•• Any.:..."" ., .... , .. ilh. lat.,1 .nd r .,c".'" COnl""\ !.'<OO '" 

• b • • ncll '. C'on'idered 10 b., Ihe b.,:I., .. ' ... .. r .. ~hc~ 

" 

v • 



• 

• a 
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SUBROUTINE BOT 

f'tJNCTIONj 

BOT wild ..... d .. .teUDC" .. block d.l1Dlticm ubi. for th. 
p.rtlc ... .t.r r_l"'. be"", ~1,..<Id by lM _an routin ••. 

ENTRANCE; 

BOT I, .!lhe, ... t ..... from II •• PASS Z routlft. with Uafor ...... Uon 
,,, build 0.. tabl., by .. routln. that .anle to r.fanne. tb. tabl., o r 
by Lha EOF rO\llla. to .. I ... wltch .0 lb. tabl ... m b. ,.initiated 
.... h ... the nut job I, 10 be ".CUled. 

OPERATIQN; 

On the initial caU h om th. PASS 2 . oulin. BOT Inltlalh .. It. 
thumb-lnd .... tabl. and Ita block d.llnltlon tabl., th. add .... 01 the 
flnt block of the tabl. I, put In the thwnb.bld ... tabl. and th •• tart 
point 01 Ih. (lnt block I. put In Ih. bloek d.n..llion tabl.. PASS 2 
th. pa •••• on. pl.c. 01 !.a.lo.matl .... t a tim. with. cod. thai cha •• 
act •• h, •• a .tart, laat, d •• lin.llon, 0. b.anch point 01 .. bloel<. 11Ia 
BOT routln., by u .. o f a d.dlion labl •• puta the Inlo ....... tion In III 
app.op.iat. po.lllon In the table. 

When PASS 2 I. Onl.hed the block deOniUo .. tabl. I. com· 
pl.,.11 bl>Ut IIQd u .... be p.lnted out by BOTBUF .. far ... cln. it. Thla 
I, done by pa"ln, tM bloek .... mb.. and .. t.r ....... c. code 10 BOT 
.... Wa ••• 0 I ••• tum.d. 

Alt.r t.ha tabl. ha. bau pdnlH out BOT ,.t. <: .... Irol to ,,,01 •• 
u.. llIqo ... ce nwnber d •• tI ... tloa aad hUGeh poulta to lhe block .. "mber. 
they repr ..... t. 

Alte. tn tabl. ba. b ...... ,ol ... d It CUI be rer.r .. cad by both 
CROSS .nd PREC. Tha •• two .outln .. can &d out 10 which bloek, .. 
parttc:ular block b ranch. by conllnuou.ly pa .. m. the block ..... nb •• to 
BOT, ., .... with th. t.I ...... c. cod., .... tlla •• to I ... turned. 

AI the clo •• ol th. _tlra p.o.ram ,na".I. job the £OF .outin. 
"' .... BOT control to .n .. bl. It. labl. inilialbin, routln. In. the .ta.t 
ot th. next ,lob. 

.. 
.. 

•• 

•• 

•• 

• 

EXIT: 

BDT nh, .... e 10 Ita caller .,,,:ept whe .. an .. rrO. occu ... and 
It It.. .. ulll to lb. ERROR routine. 

SUBROUTINES CALLED: 

BDT ref.rence. th. (0110""'""1 ....... t ln.: 

•. ) ERROR - To put .ppropdat. error m ...... in 
INffu . 

PARAMETERS: .. } Parameten •• "e1".d (rom tbe PASS Z rO\lII .... 

R,e,htu PLIST 

, _ PLIST I ~ , I DECISION 
CODE 

• INFORMATION1 

FOR TABLE 

'.} Pa.amelen •• ~.lved 1.0 ...... ar ..... d" •• wdn •. 

R."'.I •• PLlST 

E~ 1-. , I DECISION 
TABI..£ CODE 

• I BLOCK' TO BE 
REF"£R£NC£O 

• I_ RETURN ARE.j -> RETURN 
AREA .. } p.,. ...... t.,. to ERROR . outln •. 

" 

I • • 



I 

II 

.. 

R .. ,i.I ... PLIST 

~ PLIST --+ 0 CODE 

• ERROR _ 

• LENGTH 
0F'TA8I..£ 

'l§O' SNAP 

II> t.AST I OF' 
SNAP 

CODE, o -) 1'1. ...... " 
<4 ..) Aborl 

LAST . O F' SNAP: It 0 Ih .. " n" .n.p laka ... 

1. LIM ITATIONS: 

,. 

T h .. dehned .~ ... of lhe th .. mb· ,nde" labl .. aDd bloc!. d .. f.n.Uon 
tabl .. If a hmllaUon bu. Ca" be jnc ....... d b., j ... 1 chan,in, the appro. 
p . .. a l" tab l. doolln'n, ,t.l .. mlnl. 

E rro r m ......... a •• prin l ed OUt fo r Ih .. follo ..... n' COndition.: 

~ 

a.) Th .. mb.,,,d ... t.ble ovuflo_l£rro , 51 
b.1 RI"c~ deflnlllo" ,abl" on . II"", IErro. 6\ 
c.1 I"v.lld deClJlon table (ad .... ,cC',v .. d ham 

.,all ... (E rro ... 14 and l<tl 
d Rlf", r",""'I".a" l"v.l,d bl""'k n .. mber IE,.". l~1 

8 10c~ d .. hn,uon and ' .... mb·ind .... t.bla. 

.. 

• ~ 

THUMB· INDEX BLOCK DEF'lNITIO~ 

BLK I 

BLK l 

BLK j 

I -BLK4 

lit 8LK § 

• BLK 6 

8LK '7 

• 0 

• , 
" 
" 
ZO 

" 
10 

FIRST l'T. 

I..AST PT. 

DEST PT. 

8RANCII 

BRANCH 

DELIMETER 
... ND POINTER 

F"IRST PT. 

LAST. PT. 

DEST. P T. 

BRANCH PT. 

BRANCH PT. 

BRANCH PT. 

DELIMETER 
AND POINTER. 

F'IRST PT. 

!kCI •• OI Tabl .. Code • 

CODE 

o , , , 
• 
• , , 

ACTION BY BDT 

ST ART OF' BLOCK 
END OF" BLOCK 
RESOLVE TABLE 
BR .... NCII POINT 
RE F'ERENCE RESOLVED TABLE 
RE F'ERENCE UNRESOLVED TABLE 
END OF" SCAN lEOn 
DESTINA TION POINT 
R. E If'lITIALt2£ 

" 



SUBROUTINE 8DT8UF 

I. FUNCTION: 

•• 

•• 

8DT8UF load. a bulr.r ana w\th Info r malioo ..... a block oblalned 
from lhe 8DT rOlld ... , 

ENTRANCEz 

RDT8UF Ie uU.d by Ih. EOF rOlld ... when lh. block d .. fini_ 
lion t.bl. I. to be prlnt.d DIll . 

OP£IlATION: 

On Inilial o:onlrol o f lhe B[)TRUF rOllllnc Ih .. ti ll,. .nd Ih .. head. 
In,. 10 Ih .. bloo:k ddlnlllon labl ... r e p r ln ... d . 

BOTBUF Ih,.n r.q\lun Inform. rion 01'1 Ih. bloo:k. fr om Ilia BDT 
r O\ll.11'I1 by pa .. ln,lh. add •••• of a poor.m.le. lIu. thai O:Onla;n. a 
dad.lon I.bl. cod. and Ih. pa.IIO:\lI . .. bloo:k 10 be rd ... no:.d. to Ih. 
BDT , O\lIln.. Tke block. a •• proo: .... d •• qll"nllaUy from bloo:" I 
and .... 1I,.n BO't8UF r.e.lw ••• U Infon .. allon On III. parllell"r bloc k 
Ih •• dd .... of ,lie bllff •• Ie pa ... d 10 Ih. prlol! r,,"tJ_ In a par.m .. II" 
lill. 

Whan Ih. enllr ..... bl. ha. be.n proc •••• d.coouol I. ,.. ••• d 10 
lhe r •• ol",. a .p.el of th. BDT r OIlII ... 10 •• e dy Ih .. tabl .. for '"rth.,r 
rd ••• nc. . Control Ie tha .. r .. lllrn.d 10 tha Eor r .... li .... 

•. !!!!: 

BDTBUF r .. l\lrn' 10 In "alhn, rOllltn .. . 

5, SUBROUTINES CALLED: 

RDT8UF td.nno: •• ,l1li foU .. ""n, roulin." 

a. ) 80T • To •• f .... nce Ih. bloo:k defin"on labhi .nd 
10 .... 01_ labl .. . 

b.t PRINT · To do ,he .clllal p.inHn, of lhe buffe • • 

" 

• 

• 

•• PARAMETERS, 

a I P ••• mel .... p ... ed 10 BOT rOIlII". : 

R."., .. r PLIST 

I- PLIST r • 
DECISION 
CODE 

o 

BLOCK' • 
.. RETURfo/ • 
AREA 

'., Pa.an,.,,,. p ..... d 10 PRINT r O\llln.: 

R.,hl .. r PLIST 

• PLIST r ltt BUFFER I 0 

" 

• tv • 

'---' 
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'. 

,. 

,. 
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SURROUT_INE v!-fl.J!~F. 

FUNCTION: 

Th" ...... tln. VARUSt: (MIrror"" Ihu .. f""rl'O". bouldin,. nf-
cnnCI. and "'Inillalhlnillo ....... i"bLu .. nd by blo.ck IlIbl ... 

ENTRANCE: 

YARUSE I. ""\Clred hom PASS Z "" .... n the I.bl" h u. be .,.".111, 
f rom any routine refer.ncln. the uble, and from VARTAB .... hlln the 

lebl" h 10 to., relnlliaU"&"d. 

OPERATION: 

VA-RUSt: .. c:.Ut'd by PASS l .. hom ......... bl .. ,& cncounte ... d In 
the Inl'\ll .1 ...... , and ClllIcd by ""YOLO and VARTAB ""h .... U'l" ... hnl 
Information from Ihe ",bl •. 10110. VARUSE i. ull"d by VARTAS ","e .. 
end of fU .. oc:C'"u \0 .II'nlll.I17.11 III U,bl" and work .r ...... 

Wh.n conl.ol h ~ .. ad 10 VARUSE, ana of Ih .. follo .... I .. ' cod ... 

h r.c.t .... d: 

I. Cod. 0 

•• Cod .... • 

,. Cod ... -

PARAMEn: RS: 

F . om PASS l: 

WMn ,nlUalty call,d b)' PASS Z, VARUSe ini' 
".11 .... In •• bl .. and Ihumb ,nde" to O. AI.U 
0,10,. um •• , VARUSE mal<". In .nI.y IIllh. 
Varbbl. U .. d by 810cl< Tabl" acco .lin, 10 Ina 
Info.mauon pa ... d hom PASS Z .• ,.d tha Idd .... 
of .ach bl'.ck In Ih" Ilbl, II anln.d In ,he ,humb 

Indc!" 
VARUSE ",Hhd.lw, ona .nt.)', con:uhn, of Iha 
10 numbe •. III 'Ia\"o, and blocl< nu.mH. f.om 
, ... I.bl, and placa. II In • p"umcler lUI 10"" 

fi.u •• 1 " 
VARUSE •• Inilialbe. a ona·l\n,. , .. ,lIch c"u~ln. 
1M I.bl" and thumb Inde" 10 be uinillali .. d 10 O. 

" 

• 

•• 

Re,IUII. I 
--

II PUST 

rI ..... as: 

BIT ON 

, 
, , 

~ 

'L 
• , 

CODE" 0 

10 NUMBER i 
F't..AG J.... 

L Bylll 

MEANING 

End of blo(\< 
"IN" Dr IInchan,ed varl"ble 
"OUT" o~ chan,,,d ... ~;abl. 
End of f,l., 

!'".om BRV8l.0 and VARTA8: 

R .. ~I.lar I 

r-" p;:;;:- '\ COOE"g , --
To DR V8LO .and VARTA8: 

R •• IlIt" I 

I ~ Pl.IST J 

FI..AC BYTE 

---.. , 

" ,. 

Fi.u.a 1 

10 NUMBER 

j Hyl •• -
v,ui.bl. unt ..... n •• d 
Varlabl" cha"led 

, 

~ 

- " Van.bl" "nchantlld and c:un,lId In OIIm. bLoc \. 

EXIT: 

VARUSE ""lIa 10 I"" c.llln, ,oulln •. 

" 
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t' • ~ 

,. PARAMETERS: 
To PRINT: 

From L"BDlC: 
Re,ht.u 

To LADDIe: 

p BUf"F"ER ARE3 Ie PLIST 
~ 

R .... ·u I 

ftPL./!:.T J~ e'ONUMBER 
I ...... rei 

~ 

• 6 I I!I! VARIABLE Tn VARUS!:: 

• • LENGTH OF Relbl.r 
VARIASU , 

01CODE . 40r8 / " PL1ST r 
" FLAGS • CORRESP. , 

10 NUMBER • , .. • OF' RETURN 
AREA " CODE' . Ihr".ence u.bl" CODE' ., To rlunltlallu table 

FLAGS: 8ill On M .... I"I: FroIT, VARUSE: 

U and l4 Rd.re ... ,I", .,. ... bol u.ble a_,ht .. - ~ 

I It PLIST r , • 10 NUMBER 1 
To ERROR: 

• FLAG BL.OCK 
Re,itler r-: NUMBER 

8 PLIST CODE • FLAGS: BU .. ,. VARIABLE ,",cban.",d 

• " VARIABLE cha"l"d • ERROR MSG NUMBER • Z, VARIABLE "ud and ch.anl"d in •• ~ bl" .k 

• NUM8Ek OF' BYTES I 
''''"LEi " .. 

CODE 4 (or an abend dump 

" " 



SUPROUTINE CROSS 

I. fUNCllONj 

CROSS build. and rel.f.u •• Bnllch C. o .. - Ref.rCllC. 
T.bl. co..l.tln. Ol lbf .. d, 01 functlon.l bLock numkr •. 

2. ENTRANC E; 

CIt06S II .nl.rld by EOF art •• aOT hal ... oIYed It. 
IIbl . I . om .. qulnc, numb ••• 10 bLock numbtt ••. 

3. OPERATION; 

<. 

ln lH.II" lb. p.r.m,"n .r. I"I~ to dell.rnJne 11th .. 
tlbl. I. 10 btt built Ot tll.r.nc.d. U It I. 10 b. built, which can 
occur onl, onc. p •• p.o ••• m 10 btt an.l,ud, 110. ubi ...... d work 
.re ••••• lnlll.U .. d to ".0. 

lnlormatlon lo .. buildln. i, obUlln~ l.om BOT. Cont.ol 
m ... 1 btt p •••• d .nd •• tu.lI~ lor •• ch I •• n.t •• blockln lb. p.o ••• m 
b.ln •• , .. I,,~. CROSS p41 .... blOck numb ••• , In uc.ndln. o.d •• 
I.om On., to BOT, whic h r.tu.n •• t •• ntt •• block .. umb ••. Wh ... 
the ..... lId pba •• I, complll., CO"I.ol II •• tur".d to EOF. 

Whln ••• qu .. t lor blto.mallon I, mad., II ••• ..rueod ... 
•• ctlon .dd ....... poblt •• ill th. Ind ... corr •• pondln. with tM 
blOck .aqu.Ulld. U the .. m. block numb •• i •• 'qu.U.d .ep •• t~l" 
.11 t.an.t •• block. lo. tbat block will to. •• N.ned 'equuu"U,.. 

EXITS: 

CROSS •• turn. control to EOF, 

5, SUBROUTINES CALLED. 

BOT 

ERROR -

:!' 

To r.t.r.nc. It, tabl •• nd b ..... c h block numbe •• 10 
build the Cro .. · 'hl".,lIu T"bl •. 
To p.lnl .n ,.1'0. m ...... and I.k, .... ABEND dump. 

" 

• 

6, PARAMETERS; 

,. 

To CROSS: From CROSS: 

t~ NO.. 1 TRANSFER BUC NO, 
I • RETURN UST ~ 

• PUST 1 
11.,,1'1 •• I 

To BOT: 

FLAGS: 

o REFERENCE TABI..£ 
BUl LO TABLE 

I _.d 

From BOT: 

-~ PLOCK NQ, I • PUS-;:-"'-l CODE 0 < V"I BRANCH BLR. NO. I 
R .... t ... I .. RETURN .!:::!:!L I _I'd 

UMUA nONS; 

Th • ..... jo r IImJUltloo in C ROSS it I .. bl. du. U I .. ble 
ove.now occur., .no. m e ••••• numb •• 9. ubI. ove.now, o. 
numb •• 10, Ind •• ov •• n ow, i . liYen. 

U, when •• t ..... cu.. the t.bl. , • blOCk ",umb •• I., ••• 
tha .. th. 1".,," .... tln. block numba. I, .equ •• t.d .• r.o. m •••••• 
numb •• 21 i •• h"n. 

" 

~ 

I 

" 



•• TABLES; 

INDEX 

8 K' . ,!,R"'NSf~R, !H,K~;ro. I POINTER 
~ FOf\ BLOCK l 

POINTER TRA'NiFi:~K. NO. LPOINTER 

f'leUIU; S 

Tabl" poin'e.' connect blocke which pa .. conlrol to the blOck who .. 
.. umb". corruponde ""It I, th" pod! ... n of th" potn, ... in the "Idu. 

.. 

• 

I. 

~ 

SUBR.OUTiNE X ..... RIT£ 

FUNCTION: 

XWI\ITE .. de.iJned 10 prepare lhe Branch Cro .. -Rd~ .... nce 
Tabl. ror println,. 

Z ENTRANCE.: 

XWRIT£ i. enlered from EOI' after CROSS h •• completed Ihe 
b"lldln, or the ,ebl". 

J. OPERATIONS: 

• 

XWRITE .derenc", CROSS by pa .. ,n,,, block nllmber r'p"e,edly 
unhl "Ulrillnder bloc1<. hav" be,," returned. Each tren.r". block number 
I. placed clln •• euu""ly.n" hl"nked oul buU ••• ree, PRINT Ie Ihen catled 
end Ihe .re .. i. prlnlt!d. ThO. h d ..... until Ih" tebl" It complete l y printed. 

~ 

Conlrol .. U,h.rn,.d 10 EOf'. 

5. SUBROUTISES C .... LLED: 

,. 

PRINT: To print OUI buffe r a r ea. 
CR05& To rderenc:. Ihe Branch Cro •• -Referenc: .. T .. ble. 

PARAMETERS: 

To XWRITE: 

To PRINT: 

L. PLIST l-
---' 

R"li.ter I 

None 

0 

• 
"G -;; BYTE BUn~ 
I CODE (0 O r 4) 

,- ----

.. 



SUHROUTINE RRVOLO 

I • FUNCTION; 

Thla rOllII". enla .. O. a"tr.cl. lnCo ..... lIon C.om the 
Block •• r ..... ud by vlrt.bl .. tabl. whicb C(~ntaloa I . D. ' ..... d 
Bloca.. wblch co"tai" th. "Irtabl. I •• oclal.d wilh I . D . 

Z. ENTRAtJ ~'E; 

l. 

Tbh .000tillela ,Iven conl.ol .. DRVBLO by th ... 
routilll. ; 

I) £OF Sup ... vllor . ,I .... eO<lI.ol.lIh eode oC Z81n ord.r 
th., Ih. I.bl .. II blilh. 

b) HRVDUF . ,Iv .. control wllh eod. of 0.4. 8. IZ. 16. Or 
ZO In ord .. 10 ,.1 informal Ion from ,.bl ... 

cl MPRC 

OPERATION; 

,lv •• control ... ilh coda of 0.4. or 8 111 o.der 
10 ,a' I"fo.matlon hom tabl •. 

Th. op ••• Uon p •• rorm.d by th ••• 000I.In. d.p ... dl on th_ 
cod. p.und 10 II. 

., Cod •• 0 To .d ..... c. the table I .. d .",.Icl the fhlt 
Block n ... mb.r fnr th. n.,,,t l. D . In th., tabl .. . 

bI COO. • To .. at •• eI f.om Ih. table lha nelll Block numb •• 
!.o. th. 1.0 pre",nl.ly WIder "onud .... tlon . 

" eoo. I To ... 1 •• ,,1 from th. tabll th. hut Block .. umbe. 
tor th. fi .. 1 I D. i .. Ih. t.ble . 

dI eoo. ,,- To Ul •• ct from Ih. lIble I"" ri .. , I D. and obt.ln 
In. .dd ... I. or the " •• i.bl •••• ocl.ted with tI. ., COO. " To ."I.ace from th. I.bt. th. n .... t I. D . • nd obl.ln 
the .dd .... Of the vI.ilbl. a .. oclated with it 

" COO. " To •• 'r.cl (.om the lIbi .. , th. (i •• , Block n .. mbar 
(or th.I . D . pr .... ntly .... d •• conlld.r.uon. 

" eoo. " To nqu .. 1 lnformahon (rom vARTAn to build Ihe 
lIbl • . 

., 

~ 

•• 

5. 

•• 

'-" 

BRVBLD wiU put the .0ro ..... I.lon It .,.Ir&cla Into. 
paumater lI.t ... d raN'" conl.ol to Ih. 'OIlUn. that CIU .. d II. 

EXIT'S; 

URVBLD ."h. to the 'OIlU". thaI ealled .t . 

SURRQUTlNES CALLED; 

VARUSE 

ERROR 

LAUDIC 

PARAMETr.RSj 

From Ev~ 

I .. 
R.,i.l .. I 

FLACS, 

To ,Iv .. IIICo ..... llon nece .... y 10 build the 
Block Refer .. nced by V.rl.bl •• T.bl •. 
To prill' 0\1' l.rO. m ..... , .... d will rlqU •• t 
.ithe •• n .bend or. an.p dump. 
To ,Iv .. the .dd.e •• of . v •• t.bl. nama .nd In 
I"n"h . Th" uaer mUlt .lIpply 'hi, .0 ... ' .... with 
'he .ddu .. of the I. D . ... oclaloc! with the 
.... l.bl •. 

F'-<OS 

I word 

Ifblc. Z7 18 . .... d ZO are on. BRVBLD build. lh' ,. bl • . 

To \"ARUSE; -o FLAGS 

• 
RI.,I.t •• , 

FUCS, 

Bit Zq, - on- to rt.q ... ut information for bulldln; the labh •. 

., 

• 



~ 

From VARUS£ 

• , 0 OF' I. D . 

"'a."tar I .. FLAGS BLOCK No. 

FLACS, 

I. Ublt 7 I, on, tn. " •• Iabl, I, eh& .... d '" that block 
l. II no bll , In the n.u byt ..... on Ihot .. the ""lab1, 

I, nol chanl-" In thal block. 

From PR£C: 

./, FI..ACS (II 
Rt:TUA.H AD'DRESS 
ruC'.S (1,,-1,-_ • 

Ra,ial" I 

To PREC: 

~ 

'" 

'" 

o 1 FLAGS Pli 8LOCK /11° __ 1 
.. Fl.A<?S~.l'·~'_---.J. 

BITS TURNED ON .. 
.. 
nO"e 

nO .. , 

MEANING 

£:'I.ICI .... t block number for 
th, ,arne I O. 

£."aCI h.at block ""m"' for 
It.. flrel I. D. 

Wine! fl •• ! block numb .. f(H 

.... " 10. 

Ipor. Ih, n., held of .h, 810ck 
numb, •• • n the lable. 

.. 

• 
~ 81TS Tt.lR~'"£O ON 

'" nOne 

, 

'" nonl 

.. 
From IUtVeUF'" 

,--'-~ : ~~~Nlrr 
ft,.II'" I FLA~ 1.Z\ 

.' 
MEANINe 

Thl' bloek doe- not chan,. 
Ih, "lluI of ,h, .. ariab1, 

TbI, block dou d,a"I' the 
"Ih •• of Ute Ylnlbl, 

Ther. h no mora ;nrormatlon 
In the 'Ihla. 

Ther. il Itlll .nformation I,ft 
In th, Ilbl,. 

,.,BRVBUF', 

~-I -- ., 
o rue P! BLK. NO.\ 0 D of VARIABLE 
4 I FLAGS 14) 4 LCH. or VAR. 

~ BITS TURNED ON MEAN INC 

'" " 
"' 
Z7. 2'1 

2B , n 

" 
,,, O. 31 

E.IUC' ,.Ixl Block number (or 
... mal 0 

£Xtr ael fI.1I block nllmb •• for 

fi u l 1. D. 

£..lr l cl Unt block number for 
• • me I. O. 

£XIr'''' firu I O. and obi ..... 
thl Iddr ••• of .... oc:IUed ,·.,.,1>1" 

Eat •• ,,! n.,,' I O . .,.d ob, ... n th. 
Iddr'" of •• ,oell'ad ..... Ible 

£>lIne! .. Block nurnber onlv if 
II cha nllU thl "I\UI of the " •••• ble 

.. 



~ BITS TURNED ON MEANlHC 

'" • 

"I 
, 
nO .. , 

"1 .. 0 ... 

" 

£.IU •• ct • bl_ .. numb •• 0 .. 1, 
If II do •• ..0' chan,," t .... v.lu. 
01 the va.i.bl •. 

810ck p .... d. c ........ lh. 
"alv. of the " •• Iable 

Bloc" p .... d. do .. not ch.anll' 
Ih. " .Ive of the "arl.bl • . 

No mo •• I .. fo rmahon I .. Ih, t.ble 

More Inform.tlon In the t.bl. 

To PR INT: 

ft r---;l!:Of IWrrER .raa' 
4 rLACS 

Ra.I".r I 

FLAGS; 

'f bll 29 i , t\lt .. ,d 0 .. the print fOlll1n, 'kip. to an •• 

pe,'. 
2. U nO bit •• r. t\lrned on Ih. prlnl rOlllln' ,0" 10 t .... 

n,'1 Un •. 

To ERROR: 

o F1.AGS 
" No . of ERROR M •• -

R.,I,I.r I I No. 0 trl., 'n tAliI ... 
I Z B.~lnL" ot SN-;;r;- .. 
II> End .of SNAP 

~ 

• f'or ,.bI. o" •• no .... m ••••••• onLy 
.. nl, _rd b. if no .... p I. deal red 

FLAGS; 

I . If nO bln.ra on. nO dump will b. "k.n 
Z If bit 2'1 I. on. ERROII .... ILI r.quell.n . bla .. d dump . 

.. 

-.J 

To I..ABDIC: 

[". r' •. , U) 

• • 
R". I , , 

I Z j... FJ..AGS 
I I> R~N ADDR£SS 

~ 

From I..ABDIC: 

'0 • of VARIABLE 

• 't LENCTH o f VARIABLE: 
, 1. 0 . I 12 __ 

Bit. Zl and 24 are horned on 10 Indlcat. lb.1 the tt or. 
". rl.bla I, reque-Icd. 

7. I..IMITATIONS; 

• 

nia rOUtine can h.ndle on ly Bluck numb, •• lea a than 
'J,'J99. If Ih •• occur ••• "Or me •• a., ]5 .... 111 b. pranled OUI 
I .. hl.lly, Ih' thumb index J. .Uoc.led4000byt ••• nd the t.ble i, 
.1I0c.t,d 10 0000 bylea. U.lth,r o".rn ow, .n .rror m •••••• 
,,"mb,r' Z .n" I , eap."U".ly. are printed 0111. If mo', .tora •• 
I, n.ed.d the only d ....... 1,>&1 II., 10 b. m.d, II Ih. OS c.rd for 
the p.rhcul •• table . 

TARLESj 

• 
10 
:U) 

, 

Thumb 

• • 
, ~ of c;,tl~l,! 
., of Chao .. 

y 
) • 

B}WTAn r 810ck No 
utock No 

FLAO 
rLAC 

.. a....l. 
PTP, I 

f'LAC: 11 .. 0 bill .r,. 1U ..... d 0 .. Ihe block do •• not "",nile 
the ".Lue gf th, " •• I.ble If the low ord •• bit I, On 
Ih. block dgea chan •• the ".Iu. of th . ..... L.bl. 

., 

~ 
'-'" 

• 



~ 

I. 

SUBROUTINE eavsur 

ruNCTJON, 

The lunction of lhi, r out .... i. to requeel the Lll.formation In 
tk. Block R.(ennc:.d by V.debl .. table end pltl \I UIID pn.flu,bl. 
fo • .,. in It 12.0-byl. INU • • en. ell that It can b. printed ,,\II. 

Z. ENTRANCE; 

I. 

•• 

Thl. ro"tln. bent .. " al RRVSUr from t"'- EO" ,,,pervltor 
. 0 ... U .... It tecel" •• cont.ol II tlU, point only once and IhI, oco:uu 
whe .. the tabl. I, to be printed out. 

OPERATION; 

Upon ,.tdn . control. th. '0111.1 ........ the PRINT rout ... " 10 
print out " h.,din, for thl Ilbl.. Nut BRVBUF u .... DR VBLD 10 
• et the addu .. of dl. tI.1t ... erb.b1. u. the blbl •• True Ot done by 
pau l", It code of 12.. BaVDUr!.hen nq" .. u. one al" lime, eUth, 
block Dumber. ... odaled with ,h,. vlr.abl, that do nOI chan._ It I 
.... 1 .... Ne.t It ~~\O.tl. th. blo.:k n\Omb.u !.hat do cbrl •• th. value 
dt.~ •• ch ,ffI\Op of block n\Omb ••• h... b .... ""."d a coda of 0 ., 
•• run.d to • • pUy that thu I, th, Ia n of tM particular block numbe ... 
8RVRUF th ... call. PRINT to print <NI the bulfe. _tuch con,,;"'a the 
va r,able and block '\lmber.. Thla tak., place ""til aU the ... lo.mauon 
i.Q tha table .... b .... prinled OUt. 

SUBRounN£S CALLED; 

PRINT 

£RROR 

BRVBLD 

Printa out lhe IZO·byt. buffer area, the .dd .... 
of _hlcb " pa".d from the c.IIi". <0\0111'1'. 

P'UIl, 0\11 '1'1 .~~o~ tn ••••••• th. number of 
which .. pa •• ed f . om the callUl, ,oulln. 
£>ol .. ac .. 1nlo.matlon (rom ita tabl •• nd p ...... 
11 to th. calh". routine. 

5. EXIT; 

ORVSUF , ..oil to £01' dtar th. table .... bun c .. Tlplat.ly 
prin ted . 

.. 

• 
•• PARAMET£flS: 

To BRV8LD: 

I I • ' -> 0 FLACS (11 
~--- • 

ReJ.ner I ~ r RETURN 
ADDRESS 

8 l FL.AGS (l) 

FLAGS: DIU lI.or,,,.d on 

(II " 
" 

21.1:9 

18.1:9 

" 
'" 0.11 

o 

,II NOl'le 

7 

,., None 

" 
To ERROR: 

R •• i" .. 

L" ~ 0 
FLAG 

-1 

-> 

.' 
From BR V8LD: 

U I PI f'LAGS BLK. NO. 

" I rLAGS 14\ ., 
o 1- OF' VARIABLE I 
4LENCTH OF VARIAB'LE. · j 

Meanln. 

£xtra'" n.x, Biock numba r for .ame 
I. 0. 
E"'.atl fl." Block number fo. fir., 
I. D • 
E"u.ct flnt Block number for •• me 
1.0. 
E"tr.ct f.u, I. D. and obtain of 
w.rlable· 
E",.aCI nell, I. D. and obUlin I of 
w.r\&ble . 
E .. ,.aCI a blo.:k nllmber only If It 
chan.e. the .. allie of the ., •• iable. 
Extract. blOck nllmbar 01'11,. If;t 
doe. not cban." ,be .. &lu. of ,be 
~.ri.bl. 

810ck number doe' 1'101 chan ... Illc 
... Iue of the ... riable. 
810ck nllmber do.a cb.n.e,"" "I'Je 
of th .... a .. able. 
No mo •• Information '1'1 tablf' 
More Inlorm."on In table 

• NO. OF TH£ ERROR MSG . 

.. 
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6. LIMITATIONS: 

At pr.",nc. tbe thumb_Ind •• PRTNDX baa ator.,. for ISO element. 
and the table PRTAS ha. 110ra,e fOt ZSOeleme .. u. H""ee, there "annot 
be more lha .. ZSO block. of code In. lUI proa;nm. U there an, an abend
dump ... 111 "e ,Iven with .. "Iabl. o".,(1ow·' errOr m •••••• II prinlM oul. 
tt there are mot. tha .. lSOI"".I. required by Ihe p, .. .,.dence d,."em, • 
"thumb. ,,,,tu: ovf'rnOW" errOr me ...... 12: _III be ,'"en WIth an .blOnd dump. 

1. PAMMEIERSi 

TO BOT: 

• Of' PL.IST 1- --"cx-

Re,hler I 

FROM BOT: 

TO ERROR: 

~ BLOCK NUMBE:\ 

Of" RETURN LIST ... 

-, 
BRANCH POINT 

• 
-' 

J 

I.OFPL<ST I -E :::: '-
, ERRORE G NUMBER 

Sll.E: OF" TABLE 

TO MPRC 

v " 
OF" TABLE 

• Of" PLIST 
• Of" Tl IUMB_IND£X 

R~lht~ .. I 

" 

• '.' 
FROM EO'-: 

• Of' PL.IST 
1- ) 

CODE OF 0 

Reline, I 

_l1il1.l!1»-I~OPC 

(lor or OF Of' BEGINNING DELIMITER 

• fi> OF' LEVEL 1 

• , , , , 
12: 

OF LEVEL 2 .. ' 
OF LEVEL 1 

In' 
o , , 

F F F F om DCLIMITER 

NOTE: 

n .. ,. m .. y be an .1"meM of &erOee b .. tween Z rlemeN' , 00N.I"," • 
• ddu...... £ad ... t .... ,.·n1 i. o.n. fuLl-wo.rd. A wo.rd of " 1'. " .. '"'~rlO'd f " nOVo
Inl thO' L .. " ~I~m .. 't :onuini ..... n .. dd ....... 

" 



NOTEj 

TABLE 

or-;: I; : 
• 1 1 :8LOCK HUMSrl!. r),. 
,-'""ECVCEC"c:N!U:M""CECRO-_ 

I BACK POINTER 
12 . 

t FORWARD POINTER 1-'" 
1/. I ' 

: ;.~K NUMBER ') 
ZO I '>--,"~EVo::E:"c:N:U=M"·OERo: __ .-

BACK POINTER ... -
FORWARD POINTER 

.)l.~ 

.. ,. F F 

U 

I ""Iry I 4-wo ,d.) 

I cn\ry 

END DELIMITER 

The fLa, \n BIT I of Ih .. flnt WO rd o f ",ch .,ntry \r .. Ucatu I"" Ih ........ I block 
numb.r (Ie .. fo r wa rd polnlul 1. t o be , r o"1>'"8 ,,,, .. th., with th" polnl.n, blO"k 
number when pr l nl lnS <><;C U. I . 

A word o f " I'." h i nnrl"d follow,nS the \ .UI element;n the uble • 

.. 

... 

-----1 

TlIUMB . INDLX . ,--
Of' OF O F OF 

• • r '~.LI;VI:'L I 

~ o 0 0 0 
12. 

" 
20 

• OF' LEVEL Z 

« Of' LEVEL l 

o COO 

., OF LAST L EVLI,. 

F' F' F' f' 

NO T E: 

TABLE 
I _ ENTRY 

RACK rORWAk D 1 • 
BLOCK NO. LEVEL NO. PTR • PTR. 

" BACK FORWARD 
BLOCK NO. LEVEL NO. PTR • PTR. 

~--- -------,,' BACK FORW .... RD 
BLOCK NO. LEVEL NO. PTR. PTR. 

~. .. BACK FORWARD 

_! BLOCK NO. LEV&L NO. PTR. PTR. 

,., BACK FORWARO 
BLOCK NO. LEV£L NO. PTR. PTR. 

CAST BACK FORWARO! 
BLOCK NO. LEVEL NO. PTR. PTR. (0'1 
F F F F --- -

Y1CUR£ " 

Thu,"b.lr.~~ .. points t o "1~Y-I." .... ho.e Hem, . re b ... ;:kw. - -! .nd 
forward ehalll .. d ."d a re lntertp, .. edlhroullhou\ Ihe pr~C"~de .. ce t.bl~ . 

" 

. ...,. 

• 

• 



~ • 
SUBROUTINE MPRC 

1. [UNCTION: 

MPRC I •• routin .. whlcb modill .. the p' .. "eden" .. Ulbl<l belun In 
PR.EC. 

Z. ENTRANCE: 

MPRC II .ntered by. nil f.om PR£C. 

3. OPERATJON: 

MPRC utlbU.he. Z block .. umb.n I. compaundl. ThO' '·\e .. "I" 
I .. PRTAB on whkh On" of th ... "o.npllund. IppelU rrnt.y Or mly nol be 
Iltered I""otdltltl 10 Ihe uu of Ih ... ul.bl .. i" that blo .. k of cod .. (compaund). 
The Ylrllbl ••• re "JlIm;""d by BR VBLD (blo"k-nferenced_bY_YlrI.bl •• ). 
_hleh I. "ont ....... ll y ulled by MPRC. 

Th. c.It • • 11 u.ed by MPRC for determl", ... Iny chlnl.1 In PRTAB 
Ir. I, foll_" 
I. U the two block. of "od .. be' ... compared do not "hl"le ..... I.bl .. , 0 •• 

If the two compa ..... " ha ... 1\0 ".rl.bl ... I .. "ommon. th .... the two com-
pannel •• r. Independent of el"h oth .. t .nd m.y be e""cIII .. d 'IPlult"neou.ly, 
Thl. I. indlclted by pl'c,nl Ih. bloc" .... mben on Ih ••• m .. "1 .... "1" ,n 
PltTAB II they.re not .Irudy In thllt po.H,on. 

b. U the fWO compatllnd. hi ... I ... tlabl. In commOn .nc! If 0"" of Ih .. eom_ 
parand, c h.nl" thl! .. Itllble. th.n One of the eompannela " mo .... d 

<. 

4.~ 

(If neee .. aty) 10 a .. \ .... e. 1 .... 1," Th. rl,hlmo.," "omplIrind eh.LI b .. 
"Iow • • • d" if Ihl' .i_tlon oc"lIre. 
U the IWO eomparand. hlI ........ tl.blf, I .. eommo ... nd if bolh of Ih .. 
eompara .. !h chlnl' !.hi, .. lItl.bl .. th .. n OTI .. of IwO .c1l0 .. e -;;;-, ...... : 
1,1 

'.1 

U 'h" compar.nd, .... nol on lh .. 'lIm" le .. "I, th .... ,h .. y ."m.I" 
In th"ir po,iUon.n PRTAB. 
U 'h" COmpl.I"", .... <0 .. tho: .em .. l .. v"l. Ih .. n Ih .. lr lo ...... d .nd 
b.ckw .. rd polnt.r. ~ Id,lllled eueh 'hat lh" ,,",,0 "Ompil rand, •• " 
n ... , 10 •• ch oth .. t On 1hl.1 ' .... 1. A n •• It ... t fo. Ih. prl .. 1 roull .... 
which cau ... Ihue block .. umlH'tI 10 bI! 'r .... ~d 10."lh.t In Ih .. 
final p r lnled 0",,,,,1. 

Th. drumb Ind .. " II 1110 modlf ... d. If n .. e ..... ry. dUtin, 
MPRC. Wh"" aU th. bloe" nllmbrtl or all .. 1 ..... 1." In PRTAD 
h .... b." .. " .... mln.d fo r .. arllbl"" .nd all Ihe roo.ullln" mod,r,_ 
c'llo ... I .. PRTAB h.v" b .. "n mad". ,h .. n PRTAB .. relldy 10' prln"n •. 

MPRC "",,ondilionally btl .. "hu b.c" I .. PR f't" 

" 

.' 
~. SUBROUTINES CALLED: 

A.I BRVBLO _ to det.rmlne wh.th.r or nOt" ,,"ri"ble hi. b.en chlnll"d 
In I blo"k of "od .. Inc! to modify PRTAB .""ordlnal.,. 

6. PARAMETERS; 

FROM PREC: 

_ OFPLI~ 
Relhtu I 

TO PREC: No p"tamcleu. 

TO DRVBLO: 
--. L 

• OF PLIST J 

" 
eOF !.ABLE 

• @OF THUMB_INDEX 

~ , 

C9D~ 

R.,IU.' I • 
Ij OF RETURN LIST" 

• 

CODES: 0 

• • 

0 

P, I. ba"k fint block " ... mber of "en rOw. 
PI •• blck next bloek numbe r of e urro,nt r ...... 
PI .. back tint bloek numb.r oJ flut raw. -

FROM DRVBLO: 
'-0 -{ 

,/ 
.-' 

.-' 

FLAG: 
o • VARtABLE UNCHANGED 
I _ VARIABLE HAS BEEN 

CHANGED, 

• ~KNUMB£R · -CODE 

COOf" Mo r ... \formation ..... tI in labl ... 

/ 

, 
• Dloek_uf.unced_by_ .. lrllIbhll "biOI ha. been eomp'"te!y 

...... ch .. d. 

" 

, 
I 



SUBROUTIN E P C IU· 

I. FUNCTION: 

PCRl' ,,,,.,eM •• Ih. precedence ubi. ' or the buffe , , .... tI ... PBUF, 

l. ENTB ANCE: 

peRI' 'I elllend by .. call1r om PBur. 

1. OPERATION: 

Whe .. pour ..... control. II 0;.,11. the pre o: edence ubi. PREC for 
the addr ... 01 th. Ih .. mb·lnd.lI.. II Ih ... trac ••• ach 1 ..... 1 01 the ubi. by 
".'''1 th. lor .... rd polnler. to • ." to •• c h •• "",a'e block nllmbe r In the 
] .... 1. II Ihen rero r o .. to pour with the b lock numbe.r a nd urtaln fla, •. 

When 0 ... le ... 1 \_ prlnt .. d, PCRf' ", ... the thumb_lnd ... t o prlnl 
out each , .. ,eudln, In.' In PR TAB . 

.. = 
p e RF ulW:o ndlllo ... lI l' branc h .. b.rlo. to pour, 

5. SUBROUTINES CALLED: 

PREC: To reeel ... addu .. ol tb .. thumb-Indell.. 

6 . PARA"'ETERSc 

T O PREC: r- ---, tt OF' PUST f'LAGS 

R",I.lu I 

FROM Pk£C: ---8 OF PUST r 
R.,.hler I 

FROM PBUf': 

@ Of' PW5T,.....------

R".I.I"r I 

!.t 

8 OF THUMB_INDEX 

-I @ OF RETURN LIST 

" 

v 

TO POUT: 

CODES: 
o 
• • 

Thl. h t .. t block 001 le.el, 

RETURN LIST 

o ' 
~ BLOCK NUMIlER I 

CODE 

Th.,e ar .. no mOre 1" .. .,1. to I>e prlnt.d . 
Ttlt'f' . r t! Itlll mor e blO4'k number. on Uo h 1.".1 . 

" 

"" 

-. 

, 

• 



........ 

SUBROUTINE PBUF 

I. FUtiCTION: 

PBur uu up a 120.byla buffer area _Ith hd'o~matlo" from the 

pu.,ade .. "e t.bla .nd call. PRINT 10 print O\1t tha hufler. 

Z. ENTRANCE: 

PBUF la ent .. red by a .,.U from £OF when .U other tablea have 

heen prlntad. 

• 

l. OPERATION: 

When PBUF I. caUad b, EOf' , It callt PRINT 10 print ow. tlU~ 
followad b, a headl", and e~lanalo., note I . The" It caU. the precedenc .. 
,abla reler .. nd,.. rO\1tl"a PCRF to rac .. lve the !I.at hloc\< "umher to be 

placad In the Wffer. 

Then It ""' .... tha blo,,\< .... mba. to TlMTA8 to .ltcelve lbe accumu
tated .. acullon lima for that bloo:k. P8UF lhao maye_ them loto Ibe bIoIfer. 
If tha hlock n ...... ber la tha lut block .... mher fo r that I .... 'el In the pre.,ader>C

e 

t'.ble , lhen P8UF c.Ua PRINT to print the buffe.; olbe..-I ... , It .etu."a to 
PCRf' for the .. elOt blo.,\< _mber at thet I • .,el. If the buffer" flll .. d bafou 
the and or a t.bla le,,"\ It ... "bed, Ih." the ... '" printed B .... will be.mlla .p • .,ad , 
cllnUTI", It a' c cond .... tlon II ... for , .... t tahl. 1"" .. 1. 

When .111."da In Ih. Ilble h.". be." p.lnted, P8UF reN.n, t o £OF. 

1. !:!!!! 
P8Uf' reIU.'" to £Of'. 

5. SUBROUTINES CALLED: 

PCRf' _ to refan"",a the p .. cadence t.bl .. whlcb I. 10 h. p~'ntad. 
TIMTA8 • 10 ncel". Iha .pp.o,.lmele elileCUllOI\ limo: lor. block 

or code. 
PRINT. to print out tha 120_b.,le h..tfe ..... dellned 'I' P8Uf'. 

6. PARA"'ETER~ 

TO PCRF: 

@Of" PLIST ~ • Of' RETURN LIST 

Re,l.tu I &0 

6 

RETURN WST , 
BLOCt< \'lUMBER 

4 -' -FROM PCRF: 

CODE 

CODE: o Thll I. taal hlod. of a level. 
4 There . ~a nO mo.e I~v~h to b~ printed. 
• There .~e alill mo.e blo.,\< .... mba •• 0" lhll h,vel. 

TO TIMTAB: 

OF PLIST 

Re,"tar I 

FROM TIMTAB: 

r . OF PLIST r 
R .. ,later I 

--

• Of" PWST 
r----TO PRINT: 

RI,ht., I 

.P\ " ,B LOCK

,

NUMBER_ l 

-----.. , 
J 

£XECUTlOI'I TIME FOR 
BLOCK 

~I • OF BUFFER 

CODE' 0 0." 

,. L.IMITATIOt-lS: 

Th .. mvamum .,I< .. .,ullon tim" fo r a block of code 'hauld not .. ,.c .... d 

C/. 't't'! miUheconda. not Irw:ludln, ... , I_p'o, w.thln the block. A no,t 
.,.pl.lnt,.. thh .. tu.t lon •• p.h\led with the " .. cadence t.bla. 

" 



r ---~ 

•• 

z. 

SQJ\R,OVTIfir. J~Dl>.l.C; 

ruNCTION: 

I..ABDIC buUd. Md referUlc e ••• ymbol diction ... y 
COOl.t.t"" o f 1 .... 1. AIId v.rI.bl ........... . 

ENTRANCE; 

I..ADDIC i. ellt..-1oCI by PASS I to i" •• rt 1 .... 1 •• by 
PASS Z to In. •• rt .1Id " ... ymbol •• 1Id to u .. l.b.oI ••• 1Id by 
VARTA:) ....t BRVBUr to ,..01 ... 1.0 ...... mb.r. to eymbole . 

1 . OPERATION: 

When LADDIC 1. nut ull ... . lie t.blu .nd work .re .. 
. r . Ialli.II,,1oCI to • ., ro. Th. ro ... tl". can .Ith.r etore o r retrl., ... 
lafor ..... Uo". u •• ctJon I. d. t.rmin ... b., the n., (j.,ld '" the 
per.m.t.r liel. U the tahl. 11 to be b\llil ••• ,mbot I. pl.ced in 
th., t.abl., .r ••• ref.nnc.,d with &II I . D . numb.,r In the "'d ..... and 
U req ... Ir ... , It r.lI>rlll lnfo .. metion 10 the cali.,r. U the uble I. 
10 '" ... f.rencloCl. th.lnd.,,, I ..... c hed to ......... 'chln'I . D. and 
tn. .delr .... AIId t_,th o f the corr •• polHlln, • .,mbal .r. r.tut ..... . 

Thl • ....,..Iln •• Uow. the ..... ot .... Uorm I . D . n ........... In 
th. pl • •• o f v. rl.bl. type , ... rl.bl .. t.n,th • .,mbol • . 

4 . EXIT; 

LADDIC r.II>",. control to the c.IlI .. , rOl>1.iD., . 

S. SUBR01,1'nNES CALLED: 

ERROR : T .. pr"" an .rror m .... ' •• M uk ...... A.8END dump . 

" 

~ ,",' 

6. PARAMETERS; 

TO I..ABDIC: From 1..A8D1C: 

[ . PUST 

R.,I.te .. I 

~ SYMBOL OR JD 
U:NGTH or SYM 

1. 0 . NO. 
FLACS 

RETURN AREA 

~, ' SYM80LOR I,D, 
I LENGTH or SYlol, 

I ¥&~O. 

rl..Acs: 

..!!!!...!!!!.. 

zz 

" .. 
" Z6 

" Z8 

" " " 
TO ERROR: 

~~ 
R.,I,ler I 

CODE: 

, 
• 

DIt.O- )1 

M .... Ift. 

R.-lnIU.U .. ,._lnlll.II&I,;on .witch 
Rd .. nncinl (OrF_D ... Udlnl) 
S., ,,,bol {OF'F'-u",l, 
00 St.,.m.nt - End o f 810ck 
IF' Or CO TO Stat.m.nt 
Ar ... ., O .. finhlon 
8 ... 1I1-ln- Function 
Inform.tlo .. R.q ..... I ... 
Sho\Ild have b .... prevlo .... ly de.lln.d 
N .. , Found {retu r n informall .. n onlyl 

RETURN CONTROL 
T AKE AN A 8END DUMP 

" 

..... 

, 



.. 

7. UMJTATJONS; 

•• 

Tha major ItmlUuio .. of thl& rO\l("". I" ,,,bl. aU;e. 
II th~ idlned ,abl •• la. i, 1",,,Uidant, e .. ""U"" ",,111 ......... 
Error ' ••••••• IIlImb.r 7, I, .. , ... ovarnow, 0 ... umbec. 8, 
dlcUf'tIA., ov •• now. ,..ill be alvan. 

When •• I.levln, ... IO.l1\&li.oll ... "heck 1& made .. n the 
I. D ..... mbu u. In. dlul" .... ,_ It II do •• n'l eor.upond .. nh th. 
onaln th. lnd •• , aUII. 1'1'1 •••••• 1111mb •• 16 I • • Iv .... 

U tit. 1.0. nllmb •••• queued .. he .. refe •• """, •• " nol 
in U .. IrId •• , .rror m ........ umbe. 15, I. ,I"u. 

When PASS l Ja buildi"l __ I'd ... In, the table, the 
"Should ha .... b .. n p ..... I ..... I". d.(lnad" bll m&y b" on, lItha' 
• ymbol I. not round, ••• 0.1'1'1 ........ umber leo.& .," ... . 

TABLES; 

INDEX SYMBOL DICTIONARY 

1.0. f POINTER LENCTH I 1.0 FLACS SYMBOL 

I.D.' POINTER 1"1 LENGTH 1.0. f I f"I..ACS SYMBOL I 
FICURE 7 

IIwl..: Pointer, PoUIi. to b.'IM .... or table "l.ment 
with con .. pcmdlnII.O. n"mb ••. U 
It ,. u'o, no table "ntry "",u. 

Lanlth; Lanltll of .ymbol 

1'111": Saml" p •• lmall, nl' n", In .. cllon 10. 

Symbol; EBCDIC rap .... "t.Uoni variabl. 1."ltll. 

Symbol. an padd.d to the d.ht wllh uro. If Ihay 
do not end 0" • lull ....... d boundary. AU tabl .. al.· 
m.nLa ua.t on full _.d bo,,"d •••• , . 

.. 

• 

l. 

} 

• 
SL'RROL:ll"E LI,ROR 

F"t;NCTIOS. 

ERROR pull the app.opfIU ... rrl). m ..... It .. '" th .. butf.r 1<> b. pr .. II" by PRINT. 

ENTRANCE; 

ERROR I, entered by .ny routine th.t ",ant •• n ""Or m •••• '. 
•• cord.d. 

OPERAnONi 

Th. ERROR routln. pull ,nto the buU.r th. m ...... th.t i • 
• ••• >CI&I.<I ",Uh th •• ''-Or numboor pa .... d froln the c.n ••. Control 
... lIher r.turn.d to Lh. call.r or th. jOb t ... min.t.d. (f th. ,ob II 

10 boo l.rm' .... led I" Ib.nd dump il lupphed. U conlrol I. 10 b. 
r.rur".d ~ .nap dump may be lpeclfl.d by th. c.II •• 

" EXIT. 

ERROR .U .... r.tu.n, 10 '" c.IIU1, ,OUllne 0. t.rmin.ttl 
the job. 

5. SUBRO\.:TISES CALLED; 

ERROR r.te.ance. th. followln •• ubrOUlin •. 

•. , PRINT· to do tha aCN.1 puntUl, of ,II. b .. rr..,. 

.. PARAAtETERSj 

I.J Plr,met ... nc.,v.d hom cIU,n. rOUI1"., 

" 

< 



,. 

:J 

b. I 

Re,ht., 

• PLIST 1_ 

CODE: 0 ~ .eturn 

" ---? abort 

) , 
• 
• 
• 
6 

PWST 

CODE 

ERROR , 

LENCTH 
OF TABLE 

l"IoF 
SNAP 

LAST., OF 
SNAP 

U lall. I, t) Ih.n no anap Ie t.k"n. 

p •• am"ter. to PRlNT routin", 

R.ti'l .. I PI..IST 

[ • PLIST 
" BUFFER I 

LiMITATIONS: 

Erro. m .... ' ••• ra IImlt.d to II, byt .... 

66 

• 

ERROR MESSACES FOR FAP 

I. Table alloutlon la ~nlrlel 18 bytu Pf'r ~nlry) for the Blk. Rtf 
By Vu. table dldlo-;;a;r. It I. In.ufflcle .. l. 

f:JI'pl .... llo..: The thumb.lllde .. lable for the Block R~!."enc:ed By Varl. 
able. bulJd r outine ha ..... erflowecl. 

2.. T.ble allocat ion II e",rI.' 1 • byl ....... r .ntry) lo r the Blk. R .. I 
By Var. Table. II 1;T.;;"lllflc:lent. 

Eoopl .... t lo .. ' The BI< .. :k R.,fe • .,,,,, .. d By Varl.bl ... Tabl .. h •• ov.rflowed. 

l. Table .Ilocatlon I. byte. fo, lbe Va,. U .. d In B lk T.ble. It I. 
'",uJfldent. ---

Expl .... t lon: The V.rlab",. U..,d In Bloc:k Table ha. o\l'c rrtowed. 

4. Tabl" allocation II .. . .. menul" byte. per element) for V.r. Uud In 
Illk table dlctlonary:-itl. In.uffl.:h·nt . 

£"pl .... tion: Th" t humb.lnd .... tabLelo, the V ••• U."d In B lk buILd ,outiM 
h., ...... rrtow.d. 

5. T,bl •• U<I.:llion I. "Iemenu I " bytu pe' " Iement) In the blk. deC 
ubL .. dlc:tlo .... y. 1I""ii"Tri'.urrtcl"nt. 

ExpLa ... tlon: The tbumb.lnd.,. t.ble 10' th" Block Definition Table ,oullne 
ha' ....... flow.d. 

/0. T able allocation Ie byte, In the Block Definition T.bl •. It L. In, .. f · 
(lde .. t. ---

Explanation: Th .. B lock o.U .. lllo.. Tabl" hat overflow .. d. 

7. T.bl •• 11<1.: .. 110 .. la elem .. nu (lZ byt ... pe r elem .... t) \ .. the Symbol 
Tlble dlc:tlo ... ,y. Ilia 1 ... ..rUd .. nl. 

E"pl ..... llon: Th" Symb<)1 T .. bl .. Inde. f,u.pa.:. poln, e r I. at, Or pall Ih .. 
"nd of the Inde.. 

R. Tabl .. allOClllon II ___ by tel In th .. Symbol Tabl, . II II In.ulfld~ .. t. 

Expllnatlon.: The .ymboillble r~"upac:" polntu I ... l o r pall Ih" .. nd 
of the tab le , the,do~e, ove,flow ha. oc.:urr·d. 

,. T .bl" .1I0elilon I. e l emenu t • by t ... per .. L"m~ntl ror the X.Rrr 
IIbl". II I. In . .. ff1.:~ 

" 

= 

• 
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• 
39. IHcI,IO"labl. cod. nc .. I",.d Irom caller I. _sa,;ve. Thl' I. Inv.lld. 

Explanation: "unction code In flrl! _ord 01 pa .. mete r Ii.t pa .... d to 
BOT i. Iny.lld. 

Uur Actio... ChIck the deyeloponent 01 th .. parameter Iht b, c,Ul r. 

" 

• 

.. 
SUBROUTINE KEYTAB 

nJNCTIONj 

KEYTAB .... rch ... Ih .. ba.le FORTRAN ,"-yword table .nd 
det .. rrniD ... II the ,ymbal Ilv,,, by PASS I I, a keyword. It th .. n 
r .. Nm, ;"for ..... tion to PASS I. 

Z. ENTRANCE: 

KEYTAB I, .. "t"red whe" PASS I comu .cro .... ymbal ., 
th .. flut fi .. ld;" th" .o .. rc .. Codl It I •• cannlna· 

3. OPERATION; 

The .ymbolllvUi to KEYTAB by PASS I I. comp.red 10.U Ih .. 
keywordl In th ... pproprl.t .. k .. ywo.d table. Th" •• 1Ib1 ••• re broke" 
down I"cordlnll<> 1""lth. U th ... ,mba)Ie found, Info r rnadon conc ... nlol( 
the key.ord II uNmed to PASS 1. U It Ie nOI (o .... d • r .Nrn code Ie 
I .... .,n to PASS 1. 

4. g!1].; 

When th" operation I. "ompl"t" , control i. r"rurned to PASS I. 

S. UMITATtONS, 

The k"ywarde ... ed •• " tho .. I"ppll"d by b .. lc FORTRAN tV. 

O. PARAMETERS; 

To KEYTAB: A 4-_rd param .. l .. r lI,t {n .. flS""" I. 

n 



~ 

• ADDRESS O F 
SYMSOt.. 

• I..ENGTH OF' 
SYMSOt.. 

• ZERO 

" ZEOO 

I wo.d F' IGURE • 

KEYTAB return. '0 PASS I .,.tll. Inform.tion I n the Ihlrd .nd fOllrlh 
... o .d. of ,h. pa. .. m •••• 11.1. 

L. TIME 
~. FI.AGS 

1. CODE 

5 11'11' Info ..... llon fo r In.erm.di.te III'. 
Conlhll of eialh n •••• one fo r u ch type 
of FORTRAN "".m",nl . 
Ihlllrn.d In •• "ond word of p ••• met.r 1111. 

o Not fo .... d 
4· Found 

,. 

'" 

.. 

•• 

SUBROUTINE OPTAH 

fUNCTION; 

OPTAS.ear"hu the FORTRAN .p.dal "harlet •• tl bl ..... d 
det.rminu If the c hancter .uppllu by PASS l I. I FORTRAN 'peclII 
"ba"CI,.. It then nlri ... • •• th~ time Ind •• Nrn. t.o PASS l. 

ENTRANCE; 

OPTA B i •• nt ••• d ... hen .... r PASS l com •• 'CrO ••• apedll 
char.et.r iD It •••• Ipm ... , .tAllmenl .c ..... 

1. OPERATION; 

When OPTAS .ec.I .... conl.ol ,h. op •• UO . ,.bl. t. ••• r c h.d 
to ••• If th. char.eter I. In the I.bl •. If It I. the Lim •• nd • return 
code ar. return.d 10 PASS l. U i t I, nQl, • r.turn cod. It return.d 
10 PASS 2.0 ,il'lllytn •• 

•• f:XITS ; 

Wh ... OPTAB .... compl.ted i ll op. rallon, control I. r.turn.d 
10 PASS 2. 

6. PARAMETERS; 

To OPTAB· A one word p ........ t .. lilt ... hlch pou. t. to the ,plel. ' 
c"'r.cl.r. 

From OPTAB - A two word •• Iu.n lin for the t.m •• nd • return c"d •. 

To OPTAB; 

• 
• tB ADDRESS OF 

C~~:R 
7ERO 

wor« 

CODE o· Not fo .... d 
CODE. 4 • Found 

From OPTA B: 

• I TOME I 
~ • 

" 

~ 



• 

.. 

,. 

SUBROUTINE BDF1JNC 

FUNCTIONj 

~\DFVNC .. arch .. the FORTRAN tw.lh in function ubi .. and 
dele,mln .. if the .ymbol ,i",n by PASS ll, .. b,,111 In function. II 
tb" .. nt\lrn. to PASS Z Info.m.ltion pertainln, to> tile .ymba!. 

ENTRANCE; 

BDFUNC I, entered ",heneve. PASS 2 comea acro .... ".ri,bl, 
on tbc daht ,Id, of an equal ,I,n In an ... Ipmenl, .nd thil .... rlable 
I, nOt in the .ymho! dictionary. 

1. OPERATION; 

When BDF1JNC receiv .. control the (ollo_lnl tak ... place: 

4. EXITS: 

Th, le .. ,th of th, .ymhol I, determined and the proper 
labl. I, '.'reh,d for the .ymbol ""a". 
U It I, found, the time for WI hlnc.tlon i, retrieved 
and returned \0 PASS Z. 
if ill, not in 0.. table, .. cod. ,iI"Uyu.. thb i, UNrned 
to PASS Z. 

When Ih, operAUon I, complete control .. reetv.rned to PASS l. 

6. UMlTATIONS; 

In It. pr ••• nt forrn, BDF'UNC handl •• onl, build_In fuoctiooa 
no_ ap.dll.d b, IBM b .. lc FORTR.AN IV. 

7. PARAMETERS: 

To IJDFUNC PASS 2. luppli ... 2. .... ord p .... rneeter 11ft. 
Frorn UDF'UNC - R.lurn, to PASS l a one _rd p"rarnetGr IItl 

which II thee .. cond word of PASS Z'. luppll.d 
1111 ,nd • rerun code. 

" 

• 
To BOF'UNC, 

e SYMBOL 

LENCTH OF' 
SYMBOL 

"':ord 

" 

From BDFU~C: 

CODE 

TIME FOR 
FUNC. 

I word 

CODE 
CODE 

Not In '''hie 
In lable 



""",e 

I . f'UNCnON : 

LOGIC I.,&rch .... lable of LOGICAL If' COWPARATORS t o .at •• ml .... 
i( 'M • .,...bol t. a 1",101 If' ' .. 1 .... 10 •• 

Z. ENTRANCE : 

LOGIC h .... , r .. d wh.o." •• PASS Z h ,.oc ... I" •• " IF' ..... t .. m.OI. 

1. OPERATION : 

Wh.n \..OCIC r.c.L~ •• c onlre.l .... peelaltabl" h narch .. d to .". It ,h .. 
• I"m.nl I, In ,h .. I.ble, It \1 I •• a cod. It unt 10 Ih. c .llln, . ..... 1;1'. to 
•• I."al. a LOCICAL IF' It b.ol", p . oc ..... d . II nOI, .. "OIh,u cnde I. 

...... nd. 

0\ . !:.!!!!: 
Wh.n LOGIC ha, compl"ed It. ......... tI .... , cont.ol h nlu.ned to PASS Z. 

~. PAJ\AWETERS: 

, 
• • 

CODE - 0 not. 10.le.1 IF 
4 l. ... lc.1 II 

" 

\.V 

SllDROUTINE TIMTAB 

.. FUNCTION: 

TtMTAB tNlldl up .. tabl e by block "umbe' of t01.&1 tim. fo r 
uch block o f cod .. and th ... IUppUU Ihue 11m •• (mlc,o ... <:o"d_1 to 

Ita puced ... .,. dl .... m (peUf'). 

Z. ENTRANCE: 

TIM TAD I ... ntered from bo,h PASS 2 and PDOF. PASS Z 
• .. "dl the 'Ol .. t tim. or . :",cution p •• bloc'" to T IWTAB .nd PDUr 
...... for th. t o tal tim. by bloc'" "umber ro ...... Iput pu,po ••• . 

, . O PE RAT ION; 

When TIMTAIJ rec.lvli!I c.onl.olth. (oUowin, lak .. place : 

I. Th. cod" II ,uled to dell.mln. If PASS 2 I. rn.I> ... I" •• n 
.""y o. PDOF i •• ar ... nd", tna t.bl •. 

Cod • ..;. 0 - Enl •• II..,. 
eo.s • • 0\ _ Ret.re"c . tabl. 

Z. H .. r •• ud". lb. ,.bl., th. entry fo. the .1 .... " block 
numb •• I, ... trl ..... d ... d r.turn"d 10 paoF'. 

1. If .nt •• Ln ...... I.,m"nl into lb. ubi •• Ih. tim., I. put Into 
1M n.,,,1 __ Il.bl. apae .. o f th. tlbl., .nd tM Inde" It up

d.ted. 

0\. EXITS; 

On compl.Uo .... r Ill .. op ... h o n COM'OI II return.d to th. c.llin, 

.nulln •. 

6. WMITA1l0NS; 

Th. 11m. tor e.ch hloek mu.t b •• n, ., •• d •• qu.nll.lly b)- Uh'f~ 
"umb.r. Only IZ5 .", .... can b. handLed al Ih., pr .... nlun .• n: .. ." '1 

7. PARAMETERS; 

To TtUTA6, 
From TIMTA£\: 

A two wo.d p ... ..,el •• Uti hom bolh PBt: r .nd PASS !.. 
A one wo,d roo",.n 10 PBl'F .lv\n,l.h. I\n'e fo. the 

"ven bloc:~ "umbo . 

" 

"" 

• 

..... 



• 
From P8UF: 

BLOCK NUMBER 

(":00£ 4 

I word 

.. 

f"um PASSZ: 

~ 
~ 

I word. 

• 
SUBROUTINE TIME 

.. ruNCTIQN'~ 

TIME .ccumulllt~. Ih .. time l .. r ... ch block of code that PASS Z 

proc ...... . 

Z. ENTRANCE; 

TlME I •• "tered when PASS Z com •• aerO •• an oper.tlon that 
would involvlI CPU time in execution. It I, eho .... tered ""hen PASS Z 
.'pll; ... the end of .. block. 

3. OPERATION: 

When TIME rIO,:,"';".,. control lh. follow\"1 t ..... place: 

4. EXITS; 

The time .en! by PASS Z I, added to the eccum .. leled 
time .h .... dy received. from PASS Z. The end of block 
bit I, checked to determine U It I. end ot block. Illt 
h. the total dme I. p ..... d back 10 PASS Z Md the dme 
i .... u:t to O. 

Conuol ito teN.eed to PASS Z On completion of operalion. 

G. PARAMETERS: 

To TIME: TIME receiv .... Z ..... rd par.meter Hit from PASS Z 
II First word conteinl Ihe time 1.0 be accumulated. 
21 Hla" order bit-an-end 01 block. 

Fton, TIME: TIME UNrnl to PASS 2 .... lth the totll tlme for the block 
in the fiut word of the panmeter lilt lupplled by PASS 2. 

To TLM£: 

Clli!LJ 
~ 

I word 

FLAG Bit 0 - On - end of block 

" 



SU BROUT1NE INTXT 

.. rUNCTIONj 

INTXT neeh \ ... an ItIl.rmadl .. ta tUI recotd into Ihe uu. 

"appLl.d buffet ...... . 

Z. ENTRANCE; 

IN·(XT h anl.nd f.om PASS Z which proc ..... ,h. 11'11.'
mltdlat. lUI . 

1. OPERATION; 

•• 

s. 

•• 

When INTXT nc.I .... coniroi Ih. follow III. Uk .. pl .. ce: 

A {J • • I time .wltch I, check.d 10 .ee If Ih. ,npUt 
dat .... I hal be.n open.d. 
I! il ..... 1'101 ,,,," data .et I. op.ned and Ih. a ... ltch 
I. N.neel On. 
Th •• aco.d I, .... d itllo Ih' u.e •• upphed 'npUl 
buff.r. 
End o( me I, ch,ck,d And U \I .... tA the "'pul 
d .. ta .et I. clo.ed. 

EX ITS; 

" " 
INTXT .... 1 .. to PASS Z on notm-L 1/0 oper .. tion. 
INTXT e'llu to ERROR. on .bnorm_L 110 operation . 

SUBROUTlN}::S CALt.ED; 

11 ERROR -

UMlTATIONS; 

To u.ke a d .. mp of 1I0r.l ...... d to ... tlt. out lb. 
.ppropriAt •• "or m •••• I.· 

rNTXT can only be .. ,.d In conjection wllh the IIIlermedLa •• 

tut,.. up by PASS I. 

1. PARAMl: TERS; 

A On. wo.d p •• am.t . .... hlch poln .. to Ihe ......... ppll.d burre. 
.r .... .. 

.' v 

SUBROUTINE OUTTXT 

.. rUNCTION: 

OI;TTXT writ ... out .. II ltIlarm.dl .. l. lext fat PASS L. 

l. ENTRANCE; 

,. 

OUTTXT I, ant •• eeI from PASS I which .eU up the 1111 •• -

medl.ta tut. 

OPE RATIO:>:; 

Wh ..... OUTTXT r.c.\ .... con t.ol Ih. rollowllli tak .. pl .. c., 

A nUL tim. aw,tch ,a eh.cked 10 .. a U the OUlpUt d.t .. 
.. I hal b.~n open.d. I! II ha, not. Ihe data ael i. opened 
.. nd the awltch .a Nrn.d on. Th. OUtpUt •• cord In th. 
un' .uppll"d burr .. I. mo .. ad 10 Ih. output bun •• o r 
OUTTX T. T ...... cord I. chacked to ... If Illa.n end 
c.rd II It la. Iha dat .... 1 ,. clo.ad .. nd the awhch ,. 

hnned oU. 

• . B!.lJ.l 

s. 

•• 

OUTT'Cl •• turo. cont.ol to PASS I on compl.tion of the I/O 

op.ratlon . 

LIMITA nONS; 

OUTTXT can onLy be .. nd In conj.clion wuh Ihe Inlar,"edl_,a 

lut n, up by PASS I. 

PARAMETERS; 

To OUTTXT, A 1- . -o rd patamat". lI.t which polr:te to ,he u ••• 
.uppliltd output burter. 

" 

'-



• 

.. 

l. 

SU8ROUTINE READ 

FUNCTION: 

Tht. rOl.lline n ade lhe FORTRAN lour.:" code. In lo an input 
bun.- for PASS I. 

ENTRANCE: 

Read I. "Me red from PASS I. 

3. OPERATION: 

•• 

The READ , olliine o~n. the datil 'el the fiul I;me it h called. 
To inlur .. Ih" It I. not opened .,111'0 • nUt lime ..... i1ch i. horned on. 
end checked .Ich I;one II h called. The r., <:onl ,. read inlo the READ 
rOlllin./. burr .... r,,1 .. nd tren,'err.d 10 Ihe 11110. e .. pphed buffer. When 
end of file I. r •• ched .. code o f 0 II returned 10 PASS I. 

~ 

READ ".Iu t o PASS I on no r mal 1/0 opeulion. 
READ •• Iu 10 ERROR 0" ,bnarmail /a operation., 

S. SUBROUTINES CALLED: 

ERROR _ 
To 'Ik • ., dump of norl." and "'rUe 01.11 en e,rOr meaaal"" 

6, l.IMITATIONS: 

Read can handle only reco.da of len,ln 80 cha.acte.a. 

7. PARAMETERS: 

To READ· A pointe. to PASS I'. burre, ...... 
F . om READ See lI,un 9 

.. 

• 
To ERROR; 

o 

• 
DUMP CODE 

ERROR CODE 

~ 

To READ: 

r--
ADDRESS OF 
SUFFER 

I Word 

To PASS J 

I coo£ 1 
< .. . . I w ... u 

O· End of file 
• - Record proe .. u.,d 

Fl .... " 9 

• 

Relhl"~ IS a 

" 



.. 
SUBROUTINE PRINT 

FUNCTION: 

PRINT writ .. 0111 aU oUlput for 1"- a,a le m and control a .pa clnl 

and n.w pal. c .... tro l . 

1. ENTRANCf:: 

PRINT I •• nhu.d hom .11 rOIl"n.' Ih., ..... 1'01 o" 'p." to be 
.... r l nen 0..'. Th .... to .. 'I .... I"d .. d. PASS I , 8RV8UF', XWRITE, 
VARTAD. PBUF •• nd ERROR. 

1. OPERA TION: 

PRINT w.h •• 0 .... IlO byl ••• co,d 'hal" Ilyen 10 il by Ihe 
call1nl . o .. I\n.. PRINT aho control ' ,II .p.cI "l .... lIh SO lin .. 10 
• pala . Naw pal" can to. ... q .... I.d by Ih. calli" •• oll,lne "'; Ih Ih. 

PTOIM' cod .. . 

4 , ~ 

Wh.n th. r.cord hi. be." printed. control la ... t ... ned 10 \h .. 
e.llin •• au.l.... II In a .. o , cond'u o" occ .... control,. p ..... d.o I .... 

.... 0. ha"dlin •• oulin .. 

S. 1.IMITATIONS: 

PRINT can " ... dl. only r .. corda o f IlO bytU In l .. n.,n A .... . on. 
c oO •• I". cod ..... auld ••• ulo in an .. n O' ~ERROR - 101 

6. PARAMETERS: 

T o PRINT 
From PRINT 

A l .... o .d p ....... , ... Ii,. - .... 10,' .... '0 
A 1 word p ........... II I . \0 e"O' - aCe fl ...... '0 

.. 

T .. PRINT: 

o 

• 
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DISCLAIMER 

Although each program has been tested by Its contriootor, 
no warranty, express or implied, is made by the contributor 
or any User's Group, as to the accuracy and functioning of 
the program and related program material, nor shall the fact 
of distribution constitute any such warranty, and no responsibility 
is assumed. by the contributor or any User 's Group, in connection 
therewith. 
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DISCLAIMER 

Althc:!;:h each program has heen tested by its contributor, no warranty, 
e'.-prass or Implled, is made by the contributor or SHARE, as to the 
accuracY and functionlnq of the proqram and related proqram material, 
nor shall the fact of distribution constitute an:r such warranty, and 
no respolllllbUlty Is assumed by the contributor or SHARE, in connection ~ 
therewith. . 
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Input 
Field 
Number 

SHARE PROGRAM CATALOG. PROGRAM DESCRIPTION SUBMITTA L 
(For details on the use of this form , see the SHARE Referenco Manual, Section (6) 

SDA Number (to be filled in by SDA) 151 0 A13101 2 ~ 

Dole of Submittal l~ Jan ·L64 New ~ or Revi sion D 

2 5ubmitte 

3 Program 

4 Submitte 

5 5ubmitte 

6 Author ( 

r's Instollolion Codo ... ' .............................. ..... .......................... 
Number or Designation (and Suffix) ....... ...... .. . 

. ··· Iw . I K I A IH IN 

.. ...... . .... 

I;~ ... D L A 
t'S Nome .. ...... .. IA 
t'S Deportment (primaril y for internal use) .............. 

if djfferent from ... 1, .• 1. I I I I 
7 Year Co mpleted (losl 2 digits) or Status Code ..... ... .............. ........ 

8 Title .. ... F A S T D P S U M 

U e T S E T e . 0 F 
E S S I 0 N S I N 

9 Field of Application ...... IN I u M E R I I e 
Subject Code ... ... , ............... ......... ...................... , . ... , .... 
ry Subject Codes .... I I I I I I I 
I Source Languoge ........ .. . .. 

10 Primary 

11 Secondo 

12 Principo 

13 Secondor 

14 Type of 

IS Machine 

16 Monitor 0 

y Source Longuage ..... , .......................................................... , ... 
Routine . . , ..................................... . . 

.. .... - .. ... .... ....... .. 
r Operat ing System Requi red .. ... ................ ..... . ............ 

. .. .... 16 h 

0 F P R 0 D 

S P E X P R 

F 0 R T R A N 2 

A I L A IN A L . 
. ... -........ . .... A 1 

I 
F A P 

S R 

17 0 q 0 
F M S 2 

17 Speciol Machine Requirements I N I I I L 0 I I I I I I I I 
18 No,·Ub,,,y Ro,';, .. 0' S,b,. Req. ··· l.!.:....Lc1 N I I"-'-"-JI L I'---'--'-......--'-...=.~ -L......L.......l...--'..-L-L-'--l 

19 Documents Available (i ndicote poge counts): 

Sent to all 1 
Instal lotions 

M t . I A ' 1 20-21 P rogrom o erlo val. 

20 a. Primory Form F I A P S 0 lu R Ie IE Ie AIRIDls 
b. Count 6 7 c. Medium B e D 

21 o. Additional Form I e 0 L U M N B I N A R Y lelA R D S 
b. Count 4 c. Medium IR IT IN 

22 Search Key F I. III T • D o U B L E - L E N G T H • A R 

1 T I H M IE T I Ie 0 N S I N G L E .... L E 

IN G T H F 0 R T R A N 2 N U M B E R S 

Remarks (not 10 be keypunched) 

Cord 
Columns 

AI3.21 

A22-38 

A39·SO 

AS1.67 

A68-69 

Title 
Cord 
012.68 

812.26 

827·29 

830-41 

842-48 

849·55 

856·57 

858·64 

865-71 

C12·23 

C24·39 

C40·49 

C50·54 

012·31 

032·39 

040·59 

060·67 

Search 
Cord 
512· 74 

DLAF obsolet es (because it extends and simplifies) DLAP, SD #1480. 
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SHARE PROGRAM CATAlOG, PROGRAM OESCRIPTION SUBMITTAl (Co,,;,",d) 

Abstroct (Cards 10-99, Columns 12-72) 

PURPOSE - To provide {'acilities, analogous to those on a desk calculator, _ ) 

which in FORTRAN 2 permit double - precision accumulation of products of 

single- preclsion numbers. Some additional arithmetic operations are 

provided; all are outlined in the following table in which D represents 

the contents of a double - precision pseudo - accumulator and X and Yare 

single - precision expressions . 

FORTRAN STATEMENT SYMBOLIC DEFINITION 

CALL DLADF(X ) D - D+X 

CALL DLMPF(X) D = D*X 

CALL DLDVF(X} D = D/x 

CALL DLADDF( X , Y) D = D«X,Y) 

CALL DLADDF(X*Y) D = D«X*Y) 

CALL DLADDF{X-Y) D = D<{X-Y) 

CALL DLSETF{ X, Y) D - (X,Y) 

CALL DLSETF(X*Y) D = X*y 

CALL DLSETF(X- Y) D = X- Y 

The value of D , rounded to single - precision, can be obtained after 

each arithmetic operation above if the word CALL i6 replaced by, 

say, Z = , The double - precision value of D can be stored via 

~ALL DLST~ A, B 1 which sets {A , B 1 = D , 

SPECIAL FEATURES - These programs are faster and use less storage than 

the double-precision statements 1n the FORTRAN 2 system, and may be more 

con venient to use . A timing table and several examples (listed below) 

are provided in the PA, 

cont'd ..... (Please attach additional pogos, if necessary) 

Pages Attached: Iceypunchable obstroct _--::",,;-1- -
Non-Iceypunchoble short write-up ____ .J'lI>-ll"""-__ 

Signature of Submitter __ "u/,-",_,,~==_:,:.c.== ________ _ 
Signoture of Inslollotion Addressee --___________ -,l-'-<.L.-"-l-.L:!:l ..... ~~I:::1. .... ",..-

Printed In U. S.A. 328 - 1926 
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• 
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IdentIficatIon; 'l'Y - DLAF, PA - 10 U.T. 1.C.S . . 
Au t hor: W. Kahan Prelim. ' 
C"::-; plet ed : 1963 "PLAD p" 

Oct . 1963 
to uDLSTO " p.l 

LIBRARY lIDUO pI! , "DLMP pI! "DLDV F" TAPE SoBPROGRAMS , 
"DLA.DD po" I "DLSET Ft, , "DLS'NI" • 

PURPOSE: To provide faci11ties, analogoua to those on a desk calculator, 
which 1n FORTRAN II permit double-precision accumulation of 
products of single-precision numbers , and further arIthmetIc 
operat1ons useful 1n matrix calculat10ns and other areas of 
Numerical Analysis. To use these subprograms may be more con
ven1ent than to use FORTRAN Ills (or FORTRAN IVls) double
precis10n arithmet1c statements; besides, DLAD po etc. require 
less storage and are faster. 

HOW TO USE DLADF(X) etc. I 

These subprograms perform double-precision arithmetic with the 
a!d of an internal double - length ficcumulator whose value will 
be denoted by e1ther DLA or (DLA1,DLA2). He~e DLAl 1. the 
most significant and DL\2 the least e!.gnificant part of DLA .' 

In what follows X and Yare s1ngle - ler.gth float1ng 
point express1ons, and (xey) sc~nd6 for one'of 

(X, Y) , (X·y) , (X+Y) or (X-Y) , but not (X!Y) • 

Here (X,Y) denotes again ~"e doub:'E>-length numbe:- ",,"ose most 
signlrica~t part 1s X, least s1gnifl~ant Y. (X· Y) denotes 
the double -length product of the single length numbers X and 
Y ,and (X+Y) 1s the double - longth result of add1ng/eubtract1ng 
X and Y ; wnereas 1n FORTRAN these results would be truncated to 
s1ngle-length (27 b1ts), they are treated a. double -lengt~ 
(54- b1t) numbers whenever they appear as arguments of DLADD F 
or DLSET F • 

In t he table below, DLA+X represents tho double-length 
s~m obta1ned by add1ng the s1ngle-length X to DLA. S1m11arly 
for DLA.X and DLA/X. A and B are names of single-length 
floating point variable~. A,B,X and Y may be subscripted a8 
usual. 

FORTRAN f;catemenc Symbol!c Def1n1~1on 

CALL 
DLADFtl 

DLA • DLA+ X 
CALL DlMPF X DLA e DLA- X 
CALL DlDVF X DLA = DLAjX 
CALL DLADDFlxey l DLA a DL.H(xey) 
CALL DLSETF Xoy DLA = (X"Y) 
CALL DLSTe(A, B) A • DLAl and B • DLA2 

The f1rst f1ve subprog~ams (all but DLSTe) may be uaed 8S 
funct10ns in single-length arithmetic express10ns, 1n wh1ch 
case their value 18 obtained by rounding the latest value of 
DLA to s1ngle-length. For example, the atatement 

Z • DLADDF(X·Y} 

• 
~ 1/10 ~ 

2 
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Prelim. 
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P . 2 "DUD FI! to "DLSTe" 

1s symbolically equivalent to the two statements 

DLA • DLA + X.y to double - prec1sion 

• 

Z • FRNF(DLA1,DLA2) • precision ) 
(FRN F Is described In SHARE DISTRIBUTION NO.1502· It rounds to single 
However , note that the only way to alter or extract the value 
of DLA is to use the six subprograms DLAD F etc. as dea -
c~1bed above . Direct references 1n FORTRAN to DLA , DLAl or 
DLA2 are useless. For example, a statement 11ke 

CALL DLSETF(O ., O.) or CALL DLSETF(O,O) 

1s the only way to clear DLA J the more general statement 

CALL DLSETF(X,O) 

sets the double-length value of DLA equal to the s1ngle - length 
(perhaps truncated) value of the expression X . The statement 

CALL DLSETF(A,B) 

would normally be used only with values ot A and B that had 
previously appeared 1n Bome statement 

CALL DLSN(A,B) • 

Note that the value ot A in the last statement equals the 
t:uncated value of DLA ; the statement 

A = DLADDF(O,O) 

would be used to Bet A equal to the rounded value of DLA • 

In (xey) there must be no doubt about the identity of 
X, • and y. For example, (P-(Q-R)-S) is ambiguous, but 
«P"(Q-Rl )"Sl has X C P·(Q-R) , •• ", y. S I 
(P·«Q-R ·S) has X· P, •• ", y = (Q-R)"S I and 
(P*Q-S-P·R-S) haa X· p.Q.S , Q • - , Y D P-R-S • 
Because X and Yare truncated to single-length, these three 
express10ns (xey) may all have d1fferent values. It helps to 
remember that when deal1ng w1th single-length floating point 
arguments the 7090 automat1cally produces double-length sums, 
differences and products and only truncates these when they 
are themselves to be used as arguments 1n further calculat10ns. 
Since automat1cally produced quot1ents ar e just single- length, 
we cannot let (X"Y) · be (X/y) I for double - length quot1ents 
we must use DLDV F • 

Note. DLDVF(O.O) c +1.585E38 with the correot Sign, oeta DLA 
to this same value, and reoor41 iVERFLiW. 

- 2/10 ~ 
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EXAMPLES: (l) for large N 

Example 1 

(2) (scalar product of two vectors) 

L_X_-.. y" 

(3) C = COB Q = ""il / ,j X-!. il·Y.. 

(4 ) S2 = sln2Q 

(5 ) Residual r = b-Ax 

(6 ) Solve ill-conditioned equations • 

= 

(7) Solve quadratlc ax2tbxtc = 0 with near-equal roots 

(8) Evaluate Polynomial by nested multiplicatlon 

(9) Large Matrlx multlpllcation 

(10) Raylelgh Quotlents 

(ll) Stralght 11ne flt by least squares 

In all examples except the last, the stored values of 
the arguments are assumed to be exact, and it 1s supposed that 
there 1s a good reason to calculate with extra precision. 

N 
S 2 L: Xl 

1=1 

CALL DLSETF{O,O) 
DO 1 I=l,N 

1 S = DLADF{X{I)) 

for large N 

This would be usefUl, for example, 1n numerical quadrature 
or infinite series. 

- 3/10 -
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Example 2 

Example 3 

Example 4 

Scalar .product 
N 

P = >!'y = ') X Y 1=1 1 1 

CALL DLSETF(O,O) 
DO 1 I=l,N 

1 P = DLADDF(X(IfY(I» 

1 

xx = 0.0 
Y'i a 0.0 
CALL DLSETF(O, O) 
DO 1 I-l,N 
C " DLADDF(X(I).Y\I» 
XX = FRNFIXXtFRNF X(Il·XIIl1l 
YY = FRNF YYtFRNF Y(I ·Y I I 
C = C/SQRTF(XX·YY) 

This program will yield C = cos Q to with1n a few units 1n 
its last place, except if overflow or underflow occurs. There 
1s no need to use DLADD F to calculate XX and YY , because 
there can be no c~,cellatlon there, unless N 1s very large 
1n which case desp1te the use of FRN F there may be an error 
as large as N/2 units 1n the last place. Such an event 1s 
most unlikely. 

S2 = , where Q was defined above. 

Here we cannot use 32 = I.O-e.C because 1f 32 1s small 
it must be the 1naccurate result of cancellation between 1.0 
and a value of e'c very near 1.0. Therefore, we use 
Lagrange's ldent1ty insteadJ 

The daub1 e sum ! f. f. 
1=1 J"l 

)L ~l 
can be replaced by ~ L-

1=2 J=l 

because of the symmetry 1n the indices 1 and J I prov1ded 
N > 1 • 

- 4/10 -
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xx - FRNF(X(ll'X(lll 
YY = FRNF(Y(l lIY(l 
82 = 0.0 
DO 2 I a 2,N 
DO 1 Jl=2,I 
CALL DLSETF(X(I)-Y(Jl-ljl 
XY = DLADDF( -X(Jl-l)'Y(I 

1 S2 = FRNF~S2+FRNF~XY'XY) 
XX = FRNF XX+FRNF X(Il~(Illl 

2 YY = FRNF YYt FRNF Y(I ~(I 
S2 = S2/(xx'YY) 

Residual vector r = b-Ax 

i.e. 1=1 , 2, . ",M 

If x nearly sat1sf1es Ax: b then r w111 be the result 
of cancellat1on, and unless DtADD F were used the round1ng 
errors 1n ria calculation could swamp r. 

DO 1 I=l,M 
CALL DLSETF(B(I),O) 
DO 1 J=l,N 

1 R(I) : DLADDF(-A(I,J)"'X(J» 

Solve the 111-cond1t1oned equat10ns 

: , • 

Although the coefficients a,b,c may be exact, the solution 

x : , y = 

cannot be calculated accurately unless the determinant 

1s calculated carefully . 

CALL DLSETF(Al'B2) 
D = DLADDF(-A2'Bl) 
CALL DLSETF(Cl'B2) 
X a DLADDF(-C2'Bl)/D 
CALL DLSETF(AlfC2) 
Y = DIADDF( -A2"'Cl) /D 

- 5110 - 6 
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Example 7 

Rxamp1e 8 

, ; 

Solve the quadratlc 

If the roots are nearly equal the dlscrimlnant b2-4ac wl11 
be 50 emaIl that it could be obscured by rounding errors 
unless DLADD F were used . Note that 0.5-B ls calculated 
exactly 1n our machine beeause it uses binary arithmetic. 

x = -0.5-B 
CALL DLSETF(X-X) 
Y - SQRTF(DLADDF(-A.C)) 
IF (Y) 1,2,2 

1 X = X/A 
Y • Y!A 
complex roots are X+1Y 
••••• 

2 R1 = FRNF(X+SIGNF(Y,X) )/A 
R2 - C/(AtOR1) 
real roots are Rl, R2 
••••• 

The use of DLADD F etc. ln this example 1. polntle •• lf 
A,B and C are inaccurate themselves • 

• 

P = N N-1 N-1 
ao~'+a1~' +a2~' + ••• +aN-1x+aN , 

Extra accuracy 1s needed when x 
The following program uses nested 

1 

P = ( •• ((aox+a1)x+a2)x+ 

CALL DLSETF(A(O),O) 
DO 1 I-l,N 
CALL DUlPF(X) 
P = DLADF(A(I)) 

• • • 

18 near a root of 
mul tlpl1catlon; 

+ aN_1)x+aN 

N > ° 
P = 0 • 

In Newton's lteration one would need PI = dP/dx ln order 
to calculate the new value of x 

l.e. x-p/Pl 

Here accuracy 1n P 1s tar more important than 1n PI J 

which can be calculated eas1ly by extending the recurrence 
used above thus: 

1 

P = DLSETF(A(O),O) 
P1 = 0.0 
DO 1 I=l,N 
P1 a FRNF(P+FRNF(X.P1)) 
CALL DUlPF(X) 
P • DLADF(A(I)) 

- 6110 -
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Example 9 Large Matrix Multiplication 

A = B-C; i.e. a
iJ 

= t bikOkJ k-l 

for 1=1,2, ..• ,L, 
This program 1s worthwhile 

DO 2 I=l.L 
DO 2 J=l.N 
CALL DLSETF(O.O) 
DO 1 K=l.M 

j=l,2, ... ,N 
only if M is 

1 CALL , DLADDF(B(I.K)-C(K.J» 
2 A(I.J) = DLADDF(O.O) 

• 

U.T. I.C.S. 
Prel1m. 

Oct. 1963 
"DLSTG II p. 7 

very large. 

(A(I.J ) = ••• is put into statement 2 instead of statement 
1 1~ order to achieve more eff1cient indexing 1n the object 
program. ) 

Example 10 Rayl ei gh Quotients 

I f A is a symmetric N x N matrix (aij = aJi) ' 0< is an 
approximation to an eigenvalue of A I and v 15 an 
approximation to the correspond1ng eigenvector, then the error 
in 0( and in v can be determined with the aid of the residual 
!:!. = (A - o< I )y. • - £2 = !:!.*,!!/y!tY. • and the Rayleigh quotient 
Q = v.~v*v. These are both usually very emaIl if ~ and Y. 
are good approximations. 

Q = 0.0 
Q2 z 0.0 
EPS2 = 0.0 
VV = 0.0 
DO 2 I=l. N 
VV = FRNF(VV+FRNF(V(I)lIV(I») 
CALL DLSETF(-ALPHA*Y(I» 
DO 1 J=l.N 

1 W = DLADDF!A(I.J)*V(J» 
EPS2 • FRNF EPS2+FRNF(W-W» 
CALL DLMPF V(I» 
CALL DLADDF(Q.Q2) 

2 CALL DLST@(Q.Q2) 
EPS2 = EPS2;Vy 
Q = FRNF(Q.Q2)}VV 

Now there is certainly 

(). 

an eigenvalue lI. of A 

_ 0( _Q)2 ~ E2_Q2 .... 

- - 7/10 --
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Example 11 

and if there are no other eigenvalues of A 
of the value (0( +Q), then i\ sat1sf1es 

within +D, say, 

I). -o<-QI ~ (E: 2_Q2 )/D , 
wh1ch makes (O<+Q) a much better approximat1on to A than 
was 0< • 

In the more general problem w~th 

A~ ~ 0( Bv , 
where B 1s symmetr1c and positive def1n1te, we would want 

~ : (A-o(B)~ 

Q : v"!!lv.~ 
, 

(The value o,f E 1s much harder to calculate) • 

Q = 0 . 0 
Q2 • 0 . 0 

VFN = 0.0 
VFN2 • 0.0 

DO 3 I=l,N 
CALL DLSETF(O,O) 
DO 1 J~l,N 

1 CALL DLADDF(B(I,JrV(J)) 
CALL DLSTe(FN,FN2 
CALL DU1PF( -ALPHA 
DO 2 J=l,N 

2 CALL DLADDF(A(I\J)-V(J)) 
CALL DIJo1PF(V (I) ) 
CALL DLADDF(Q,Q2) 
CALL DLSTe (Q,Q2) 
CALL DLSETF(FN\FN2) 
CALL DIJo1PF(V (I)) 
CALL DLADDF (VFN , VFN2) 

3 CALL DLSTi (VFN ... .vFN2) 
Q = FRNF(Q,Q2)/vFN . 

Now (o<+Q) 1s a much better approx1mat1on to an e1genvalue 
than was 0< • 

Stra1ght 11ne f1t by Least Squares 

Given a set 
choose a and b 

of N observat1ons 
to m1nim1ze the sum 

55 • ~ (Y1-a-bx1)2 

. - 8/10.-
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For desk calculators the normal equations are put in the form 

82::1 t b2::Xi - LYi 

.. LXi + ~x~ - LXi'li , 

but this 15 !"lot a good method for an electronic computer. 
Nonetheless, here 1s the correspond1ng program. 

D 
D 
D 

1 

2 

3 

4 

DIMENSION SX (2),SY (2) ,SXX(2) ,SXY (2), X(N),Y(N) 
CALL DLSETF(O,O) 
DO 1 I'l,N 
CALL DLADF (X(I)) 
CALL DLST~ (SX,SX( 2)) 
CALL DLSETF(O, O) 
DO 2 I - 1, N 
CALL DLADF!Y (I)) 
CALL DLS~ SY,SY(2)) 
GALL DLSETF 0,0) 
DO 3 I= l,N 
CALL DLADDF(X(I)-Y(Il) 
CALL DLSTQ (SXY,SXY(2) 
CALL !lLSETF(O,O) 
DO 4 I=l,N 
CALL DLADDF(X(I)'X(Ill 
CALL DLSTil (SXX, SXX (2 
Sl = FL9ATF(N) 
B = (Sl"SXY-SX·SY)/(Sl-SXX-SX·SX) 
A = (SY- B*SX)/ Sl 

A better method by far, and one which avo1ds the use of any 
double-precision ar1thmetic , involves the ~rl0r transformation 
to a new origi'! at the mean of the (x1' 'l i) S " Th1s better 
method can a: 50 cope with a we1ghted sum of squares 

in which all the weights Wi are pos1tive , Let 

x =L wixi/Lwl , iiXl = xi-x, 'l = LWiYVLwi ,ii'li • Y1-'I 

Then where -< = a+bx-y 

The normal equations now take the simple form 

, bLw1 (.6.x1 ) 2 = LW1&1Av1 

- - 9/10 --
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XEAR = 0.0 
YEAR = 0.0 
SW • 0. 0 
DO 1 I=l,N 

• 

SW = FRNF(SWtW(I)) 
YEAR a FRNF(YEARtFRNF(W(Il.Y(Illl 

1 XEAR' FRNF(XEARtFRNF(W(I · X(I 
XBAR = XBAR/SW 
YEAR = YEAR/ SW 
SWXX = 0.0 
SWXY • 0.0 
DO 2 I=l,N 
DX = X(Il -XBAR 
DY = Y (I -YEAR 
SWXX • FRNF(SWXXtFRNF(W(Il'FRNF(DX*DXlll 

2 SWXY = FRNF(SWXYtFRNF(W(I 'FRNF(DX' DY 
B • SWXY/ 5WXX 
A • YBAR- BtIJalAR 

In both methods, if the Bum of squares 55 1s very small, 
1t might be calculated w1th the a1d of DLAD F etc. Thus: 

5 

SS = 
D05 
CALL 
55 a 

0.0 
I - l , N 
DI.SETF(A-Y(I) ) 

FRNF(S5.FRNF(W(I)'DLADDF(B'"X(I) )" 2)) 

TIMING: The f1rst column of numbers belvw g1ves the average time 1n 
7090 cycles (2.17 ~sec. each) to execute the correspond1ng 
reference to DLAD F etc. The t1me spent 1n the call1ng 
sequence 1n the user's program 1s included. The second column 
gives the number of cycles "that would be spent to perform a 
corresponding single-precision operat1on, and the third column 
does the same for FORTRAN II double - prec1s1on. 

c:z::cles for Dlad F etc. S-P D- P 

DLADFrl 381 10, 55 
DLMPF X 62 15 101 
DLMPF 0 44 6 
DLDVF X 64 17 117 
DLADDF X, Y 50 lOt 55 
DLADDF 0, 0 ;4, 10 
DLADDF XtY 17 94 
DLADDF 'UY 59 2l, 148 
DI.SETF X,Y 18 4 16 
DI.SETF XtY 22, 10, 55 
DI.SETF 'UY 27 15 101 
DI.ST9(A, B) 17 4 16 

- 10/10 -
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DISCLAIMER 

Although each program has been tested by Its contributor, no warranty, 
. express or Implied, Is made by the contributor or BHARE, as to the 

a.ccura<;y and funcUon!nq of the proqram and related program material, 
nor shall the !act of distribution constitute any sucb warranty, . and 
no respons!b!l1ty Is assumed by the contributor or SHARE, In connect!on 
therewith. . 

• 

1 



• • 



, 

),S - ,/2 '-'1 - lli.~ T-

• FAP DLAD F. DlMP F. OLDY F. OLADD F . OLSET F. DlSTO OLAOF 0 
COUNT 66 CLAOF 1 
ENTRY CLAO ClADFIX) Oll."'OLA+X CLAOF 2 
ENTRY DLMP DlMPFIXI DlA"OLA*X OLAOF 3 
ENTRy OLDV DLDVFIXl DLAaDLA/X OLAOF 4 
ENTRY OL ADD DlAOOFIX •• YI DLA"'DLA+IX • • Y) OL'&'OF 5 

FNTRv OLSE T DLSETFfX •• Yl DlA"'CX .. Y} CLADF 6 
ENTRY ClSTO DlSTOIAl , AZI I AI,AZI-OlA CLAOF 7 

CLAD FA D DLA IAC , MQ):::OLAl+X CLAOF 8 
STO STO DLA DLAOF • 

XCA CLADF 10 
TRA uFA OLADF 11 

DLMP XCA CLAOF 12 
STO TEMP CLADF 13 
FMP OLAl DLADF 14 
STO OLA2 =X*OlA2 CLADF 15 
LOa TEMP DlAOF 16 
FMP DLA (AC,MOI=X*OlAl CLAOF 17 
TRA STO CLAOF 18 

OLDV HE OVF LO OlA.DF I. 
STD TEMP :X CLAoF 20 
CLA DLA CLADF 21 
FDH TEMP ClAOF 22 
STO DLA :(OlAI/Xli OLAQF 23 
UFA DLAZ CLAOF 24 
FDH TEMP DLAOF 25 
XCA CLAOF 26 
TRA FAD DlAOF 27 

OL ADD HE ZERO CLADF 28 
LRS 0 DlAOF 2. 
STO TEMP CLADF 30 
FAD DL A OLAQF 31 
STO DLA CLADF 32 
XCA CLAOF 33 
UFA TEMP CLADF 34 

UFA UFA DLAZ CLADF 35 
FAn FAD DLA IAC,MQI,.NEW DLA OL.&.DF 36 
CLAST STD DLA STORE NEw DlA DlADF 37 

STa CLA2 DlADF 38 
FRN DlAOF 3. 
TRA 1 .4 OlAOF 40 

DlSE T LRS 0 OlAOF 41 
TOA Dl A. ST OlAOF 42 

OlSTO CLA DLA OlA.OF 43 
LDO OlA2 OlAOF 44 
STO· 1 .4 OlAOF 45 
510· 2.4 OlAOF 46 
TRA 3 . 4 DlAOF 47 

ZERO CLA DLA OlAOF 48 
LDD OlA2 OlAOF 4' 
FRN OlAOF 50 
TRA 1 . 4 OlAOf 51 

OVF lO XCA OlAOF 52 

CLA DLA OlAOf " Tap '+2 ClAOF 54 
CHS OlAOF 55 
ORA INFY OlAOF 56 
STO OVtNO OLAOF 57 
TRA CLAST OlAOF 58 

tNFY OCT 317777771111 2 DlAOf 5. 
OlA2 pzE 0 OlADF 60 

• 
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).. ' -~/2.. ' '/ - ]) c A F 

DLA oZE 0 54 LOCATIONS + 71171 Ol ADF 61 

COMMON -1 DLAOF 62 
OV IN D COMMON 1 DlAOF 63 

COMMON -20 6 DLAOF 64 
TEMP COMMON 1 v. KAHAN SEPT . 1963 DlAOF 65 

END DlAOF 66 
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This program and its documentation have been contributed to tile Program 
Information Department by an IB'" employee and are provided by the IBtoi 
Corporation as part of its service to customers. The program and its 
documentation are essentially in the author's original form and have not 
heen subjected to any formal testing. IBt-1 makes no warranty expressed 
or implied as to the documentation, function, or performance of this 
program and the user of the program is expected to make the final 
evaluation as to the usefulness of the program in his own environment. 
T:lere is no conunitted maintenance for the program. 

Questions concerning the use of the program should be directed to the 
author or other designated party. Any changes to the program will oe 
announced in the appropriate C~talog of Programs; however, the changes 
"lill not be distributed automatically to users. \'lhen such an announce
~ent occurs, user$ ~hould order only the material (nocumentation, machine 
readable or both) as indicated in the appropriate Catalog of Programs. 
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MAGNETIC T~PF KEY 

This '<1'01_ contain. one tape _rk at the end of the ... lIterial. 

It ••• en.ted uain" til. Ul'DATE feature of the .4/BPS AIIselrbler 

(lee rBH Sy.t.e~360 Kodel 44 procrra-.inq SYlteJ!l: "Ise!llbler 

Language, For- C28-6Bll and Guide to ~y.te~ UI. , Par. e28-6Il2) 

Density 800 BPI. , 9 treek recordLnq . Bloclted 2000 byte. per 

block. 

Basic f'lat.erial 

Fint M,ell'bly 

Second ~aseRbly -

Third ~seRbly -

Fourth Assembly -

Fifth " .. eri>ly -

Sh.th ""SIIclllbly -

Pa.. 1 of a.sembler 

Identification Ctl1 . 73-80 105100000 

7634 records - 80 cha~acte~. per record 

Pa.. 2 of s •• e~ler 

Identification col. 73-80 AS200000 

5040 record. - 80 characters per record 

Deoo<ler 

Identification col. 73-80 DECIOOOO 

ISlJ records 80 cha.racters per record 

f:'nc:ock~ 

Identification 001 . 73-80 ENCIOOOO 

1440 records - 80 characters per recor~ 

Librarv reader 

Identification col. 73- 80 LI8RIOOO 

25] rt'lcords - flO characters per reco~d 

,..acro lihrary utility 

TdentHication col. 73-80 I"'CUI0000 

787 recorda - 80 characters !H!:r reco", 

-'-f-

~ 

AS.,..CT 

Tbe macro ••• embler for 360/.4 It d.llgned to ~Yld. macro 

capabilities lor the model 44 op.-aUng Iyltem. The IMcro packa"e 11 

written In .... mbler IIlI'9U11ge. It 11 composed of six pnlIIIraml; 11 Aaaernbler 

phu, one, Z} A ••• mbla- pha •• two, 3) o.coder, 4) tncoder, 5) Mo,oro 

11m-ary routine and 6) Ubrary reed routine. A ... mbl .. phau one Is the main 

routlM. It call. and control_ aU other muttn... The macro lilll9U8qe Js 

a IUo.lII. of OS/360 mll(%O lill'l!lu&ge. Thl' POOCh", al,o hal Ubrary OfIpObUJ

Ue. for 'yltem and ul" macro Ubrlll'l •• • 

-5-



z • 

~ 
~ • • • 
~ 
• 
~ 
g .. 
! 
;; 
• 
~ • 
~ 

o 

• • • • g , -. 
~ 
~ 

~ 
; 5 
< • 

• 

, 
~ , 

, 
• , 



~ 

The MtXIT tnwuctlon OlIn be uud to termlMte proce .. 1n9 of. maao

dUlnltlon. 

Th. MNOTt In.tructJon can be lI.ad to oenerate a m ••• eoa. 

The conditional ••• embly InaUUctlol'l. may be \I.ed to vary t.hoI .~uenee 

of .Ultementl oenerated fC'l' each OooU""nc8 of" macro tn,tructJon. 

ConcUtional ... emblv metroctlon. IMY allo be u .. d ouulda IIII1C1'O

definition., I..,. among the •••• mbl .. lal'\9uaga Itat_enta In the 

proqnllD. 

THt MACRO LIBRARY 

The .ame _cro-deftnlUon may be /MIde .v.llable to ..... then OM .ource 

proqram by pieCing the macr-deUn.ltlon. that OlIn be u.ed by all the 

.lIambl.r 1.nguaq. ptOQram. In en InltauaUon . Once _ II\8cro-deflntUon 

h .. been placed In the IItrary it IMY be u.ed by _It!n9 _ COfTe.pondlnQ 

m8cro-In.tructlon In _ .0lWce proqfam. Th_ procedure {OI" pl.ctng-..cro

definition. In the utrary I. d .. albed In IOQlgp S. 

VARYING Tm GtNtRATtD STAl'EMl:NTS 

... 

t.ch time a macro lnItNeUon .pp8W' in the .ourne P'09I'am. tt I. repleced 

by the .. _ .equence of allambler t.nguaVe .tetemUll'. ConctiUonal 

• 1I8mbly 1n.tn.lctlonl, howev«, may be u.ed to vary the nUlftber end 

rormat of the venerated .tatement •• 

VARIABLE SYMBQLS 

A van-tile .ymbol I. a type of 'ylllbol that t. _ .. Ivned vadou. valu •• by 

either the proQfammer 01" the a"eJ:!lbl.r. Thill, v.rtabla 'ymbol. allow 

difrerant value. to be aul;nad to one 'ymba!. When the .1I_bler u." 

-8-
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• macro-definition to determine what n.temenll are to replace a rMa'O

wuuctJon, var .... bl. l)'1Iltola In the lfIOdal no.temenu .~ repleeed with 

the cunenl value •••• !qned to them. 

A venable ,ymbol 'a written a. an empenand followed by ftoll:l one to 

leven letta ... and/or digiti, the flut of ",Nch mUlt be II latter. 

IyPtl of V ..... b!. Symboll 

There &fe three typa, of vMlcbl. _ymbol,: lymboUe parameten, .yltern 

varlable avmbol. and SIT symbol •• the SET Iymboll are furth. b"okan 

down WO SETA 'ymtoll. SEl'B Iymbols. Md sac symbol.. The three 

typel of vartabl. aymbola dlHec in bow they are elllqned velue., 

As,IOW Yaly .. to Y_uable Symbol. 

Symbolic;: pue.ete.,.. are alll;ned value. by the proqfalllmer each tl.Jne he 

.ote. a IIIltCI'O-lnIl::NcUon. 

The 'yltelll variable ')'!:IIbol, &SYSNDX, ItI u.l;ned a value by tbe ... emblar 

Nch time it P'OC8' ••• a _ao-In,uuctlon. 

SET .ymbou are alllvnad value. by t he ~ammer by mean. of oondJtlonal 

.... mbly In.tn.lctlon •• 

sn Symbol • 

T .... value. elllqned to SET ,ymbol. in one lIIIlcro-deUnJUon J:!Iay be u.ed In 

oth~ macro-deUn1t flon • • 

Symbolic;: paramete"" and the .,IIt ... variable, &SYSNDX,'YlIlbal an. local in 

natura In that they lire only ref.renced wtthln a mao .. deUnltJon. 

-9-
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SECTION Zj HOW to PRIl'ARE MACRO·PEFINIIIONS 

A moero--<ioBnttion conilitl of: 

I. It. m"a'O-d.allnlUon heod.- .ta!lement. 

Z. A macro-ln,Welton prototype Itetomel'lt. 

3. Zero or mDfe model .tatemantl. MOOT. MNOTE, or condlUon~ 

assembly In.tNetlan •. 

•• A macro-<leOnlUon trail ... telement • 

Dle"pl for MOOT. MNOTE. and COndIUODe! ... embly Inltnlct.lonl, thl, 

leeUon of the pubHution de.crlb •• the statement. that may be u,ed to 

prepare macro-d.eCnltionl. Conditional allembly In.trucUon. are d •• crlbed 

In Section 1. MCUT and MNOTE hutruetlonl ared.latbed In SegtlO" ~, 

Macro-deOnH!on. In a lource program mUll appear before all other ltate

menta In lhe main program (except MACLlB cen:lll. No InltNCUon mey 

appear botween macro-definlUon. If there II more then one dennlUon In 

the lourC8 proQTam. 

The ICTL InltNcuOtl cannot b. u.ed to alter the normal format of the laecrG 

component .tatamenta. In writing a maao definlUon. the begin column I. 

eDlumn I; tha end column I. column 71: and Iha conUnue oolumn I. column 

16 . ConUnueUon o f on8 cord to the next II indicated by a non-billflk 

character In oolumn n. Continuation cordi mlY only bl und In mIcro 

RforolYRI ItalRD!eoll gpe! 19M'" magp-Inltnlctlonl. 

MACRO -- MACRQ-PqINIIION Hf.ADQ\ 

The mll~-deUottlon heed. atetement denote. the beglnn1ng of II mll~

definition. It muat be thellrll .talemant 10 f1Vert magp-<leflnltloo. 

The form of thl •• tatement II: 

•• -10-

, • 

Name 0. auon O,~"" 

NOC llIIed, .... "'0 Not u.ed. 
IIIIU1I IIOt be IBU-' not be 
ptuant prelent 

MEND -- MAQRO-PEflNlIION ]'1Wl.ER 

Tn. macro-daflnlUon traUer statement denote. the end of. macro-definition . 

It mUlt be tn. la.t .tatement In every lIIac:ro-deUnltlon . The form of thl.l 

lUll.,..,! t..: 

Name Onflratton OnArand 

Sequence M1:NO Not Uled, 
Iymbol « mUll not be 
blank .. elfin! 

MAQRO-IHS'rRUCIlOH PIIOTOME 

The ma~-In.trl.lcUon prototype Itatament (0110 ca.Ued the prototype .tate· 

menO IpecHI .. the nama eDtry. mnfllQOll.lc operation oode. and the form of 

ell ..... cro-ln.l7uc:t.lon. that refer to tha maao-defirUUon. It mult be the 

.econd .tatement of every maao-def1nJUon. The typical form of tnl. 

.tatement 11: 

Hllme o erellon OMKand 

A lym))oUc A .ym))o1 Zero to 49 Iym· 
parllmeter or bollc para me-
not u.ed tor ••• epo.rated 

by comm,n 

The .ymbollc pftl"ametllrl (Ire Uled In the mllero-defln~'~on to reprolel'lt 

the name entry (lad operand. 01 the cOlTe.pondlng macro-Inllruc:tlon. A 

-1\-
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delalption of Iymbollc pllCametII" ap~ar. followin<;1 Model SUltemanU. 

The name entry of In. prototype .tatelllen! may be W1W1ed or It may contain 

II IYll1boUc panuneter. 

The symbol tn the operation entry Is It.. mnemonic opel'lltton cod. that 

mUlt eppear In all lDlllao-ln.tTUCllon, thot ref. to thi, maao-deftnlUon. 

The mnelllonic operoUon cod. may be the .ame al the mnell'lOnlc operation 

code of another meCl'o-deflnlUon In th. louroe program or of • machine 

Instruction or a .. embl. Inllructlon, in tnt, ce •• the lolt defJntUon wUl 

prevail. 

The operalld entry may contain zero to 49 .ymboUc p8r"emetllfl 'ep&rated 

by comma •• 

The mllowin" b II prototype .tatement . 

Name ~ .. aUOn 0 .n' 
&NAMt MQ\'t &TO &FROM 

PROTOTYPE STAttMENT FORMAt 

The macro Instruction prototype .'a' __ nl can be -nnen In • torma, similar 

to the format lUIed for other ... ~bl. language natementa. To allow fa- the 

Inclul10n of up to 49 symbolic parameteu In the pR:ltotyPe ltate.ent of. 

macro definition, •• many conUnuation CMd, a. required IIIl1y ~ used. A, In the 

normal a,sembl« IIU1QUGve IUHement JOflnat, tM nome field, U Uled, mUll 

!»gIn In column I, and the OptlfllUon field follOWed by at lealt OM blank 

mUlt Ilppelk on tM firll card of the .tatement. The other rules are: 

1. U the lymboUc poramet ... In the operand field e:ld:end up to 

the end column, colulM 71, and If column 7Z contalnl a non

blank c haracter, the symbolic porameterl can be conUnu.-d In 

column 16 of the neJlt card. A 1II'I91e .ymboUc parllmatec can 

-IZ- • 
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3. 

,. 
be 'pUt between two card •• 

A blank foUowtng a lymboUc p4fllm.t« liQlnWel the end of 

an lymboUc pIIrametera. 

Commantl can appeac aftar the blank that Indicate. the end 

of.U Iymbolk: parameUlra, up to and Includlll9 column 71. 

II column 7Z contobu a nonblank charact«, tha commant can 

be continued In one Ildd.1tlonal card, beQinn1nQl in column 16, 

Of .ny column th« .. tt .. . 

MODEL STATIM ENTS 

Model Itetament. are tha maCl"o-dafJnltJon 'UItemanti from whlch the de.ked 

lequance. of machine In.truc;:tlonl and certain .... lIIbl.r Inltructlon. are 

van«ated. z.o 01" more model .tatelll.nta may foUow the prototype .tate

_nt. A lIIOdel .tatement conatau of one to four .ntrlal. They are. from 

I.ft to rlght , the nam., operation, op.and, and canmentl antrla •• 

The nama entry 1liiy be Unuled, or 11 mIly contain an ordJnary .ymbol, a 

lequenoe Iymbol or a VWlebi. ,ymbol, depend1nQl on the particular nat ... 

ment. ( •• mey not be lubliUtuted in the be91n column of e 1IIOde1 atatamant.) 

The operation enlJY may c:antain any machine, a .. _bler, 1)1" IIIoIIc:ro inl1NCUon 

lIIII.monlc op«llJon coda, or Jt may contain a variable IYlllbol. VarLable 

Iyml:loll may not be uud to 9.n.ate START, MACRO, MtHD, Mcar, SOA, 

SETB, SOC, AlP, AGO, ANOP, Of IMCI"O-tnltructlon IIUIotllllOniC OperoUon 

code •• 

VarIable .ymboll may not be u.ed out.lda of maero-dafJntUonl to Vanatote 

mnemonic operatton code •• 

The operand entry may conta1n ordinary Iymbol. or variable Iymbol •• After 

lub.tltut.1on, Ihe operand must not extand beyond column 71, and modal 

- 13-



.tal.m.nl «.Id. mUll !oilOW' th. rul •• for patr.e! apo.troph ••• amp .... and •• 

and blank., Sequ.noe .ymboll mUlt appear In the operand entry of AGO 

and AlP Inlttuctlon., 

The oomm.nl' anuy may oonta.1n any combination of cbaracl .... Subltl

tutlon by the u •• of va.rt.abl •• ymbol. II not allOW'.e! , 

The oomm8flt ll.1d I. cond.n.ed.o that all extran80U' blanuar. omIU.e!. 

SXM80LJC PAAAMLlmS 

A .ymboUc paramat .. II a type of variable .ymbol oonll.ung of an amp.land 

follOW'ad by one to •• ven leU ... and/oc number. , the fit.1 of wMel! mull be 

a I.ttll!". Symbolic param.ter. appear In prototype and model lIat.m.nll. 

They are alligned valu •• by the progr4mmer when he wrJte. a llWlao-ln.truc

tion. The programmer may very lIatemenli that ar. general.e! for Nch 

occUITane. of a maCl"o-ln.truction by varyln; the value. a •• J;ned to .ymboUc 

parameter,. 

The i:lllowing are valid .ymboUc parameter.: 

&RtADlll. &LOOPZ 

&AU456 & N 

&X4FZ &S4 

The Iollowtng are invalid 'Ylllbolic parameter.: 

CARClo\RtA. {Out character 18 not an 4mperaand} 

&Z568 (llut cllllracter after ampeuand I, not a l.tter) 

&AAEAZ456 (more than aeven charact"l aftel" the amper,and) 

&8CO(34) (contain, a 'pectal character other than Inlttal ampersand) 

&IN AREA (contain, a 'pectal character Le., blank, other than 

Initial amperaandl 

-14-

The following I. an example of a macro-definition, ~t. thaI the 'ymboUc 

paramet .. , In the mod.l .ta.temenll .ppear In the lX'ototype .talem.nt. 

Header 
Prototype .... " Model 
..... 1 
..... 1 
fraU .. 

No_ 

& NAME 
& NAME 

0 nu"" Q9~and 

MAClIO &TO. 
MOV!: &TO.&I'ROM 

'" Z,SAVE 
L Z,&nOM 
Sf Z.&TO 
L Z,SAVE 
Mond 

Symbolic par4m.ten In mod.l lIat.ment. are replaced by the chaTact ... of 

tile IMCI"o-lnltructlon Opefllnd tllllt conelpond to the .ymbollc parameter • . 

In lhe following example the charactets HERE. PIELDA, and PIELDB of the 

MOVE macro-lnltruCUon COIT •• pond to the 'ymboUc parametera &NAME, 

&TO, and &FROM , re.pectlvely, of ttle MOVE p-ototype ,ultement . 

Nom. I O~.'UDD :td:J 
HERE M VE m DA,rrnOB 

Any occurrence of llle lymboUc parameter. &NAME, &TO, and & fROM In a 

.ode] IIl1t_enl wW be replaced by the character. HIlI.E, f'lrLDA, .nd 

FIELDB. re'pectJvely. If the preceding macro-In,tructlon _. u,ed in a 

,curc. program. th. following allembler laroguage lIatemenU would be 

gen .. atad: 

Name o eratton o erand 

""' Sf l,SAVE 
L l, PIELOB 
Sf Z,PIELi:». 
L Z,SAVE 

-15-



1t 

The uample below Ulu.lCat • • another 1,1 •• of the MOVE maCl"o-ln.tructlon 

u.ing d1fferent..operand8 tban~. that appear In the precedlftljl example, 

M.= 
Generated 
Generated 
Gen«lItad 
Generated 

N._ 
tABEL 

1ABEJ. 

L. 

0 "..., 
MOVE 

ST 
L 
ST 
L 

0 "" IN OUT 

I,SAVE 
l,OUT 

'.IN 
l,SAVE 

-. 

U .. • ymboUc parameter appear. In the COII1manti fiald of II. model nat.ment. 

It b not replaced by the COIT •• pending cwact •• of ~ maCl"o-ln.U\lcUon. 

Con9!!tenaUn9 Symbolic Par.mat .... w.lth Other Ctw'.ct .... c.- 9\"" SYmbolic 

P&I'.mete ... 

ConClltenaUOn II tM procell of Unklng or Joining tog.ther t.n •• equenoe, 

with a 'PKUled cder . To QO!!O!tenat, II to Join togMba' in a .pecJfUld ...... 
U a lymboUc par1lllltltef In a modal ltAtament II 1mnIed1aUily pncedtd or 

followed by ouler Chorac:t.1 01' anothtr lyaboUc per_at .. , 1M c:baract ... 

that carr •• pond to the .ymboUc pWII_t« &l'e combined, in tbe OI'dar IItv.n, 

In tt.. v.nerated ltat.lMnt, with the oth. charllet.1 or the choract •• that 

CorT •• pond to the other Iymbollc paramet • . TMI proc ... Ui OII11ed conca

tenation . 

The mecro-d,Llntuon, mecro-In.tructlon, and 9,n.ated .talementl In the 

folloo.-Inq exempl. llIultrat. th.l. rul ••• 

Header 
Prototype 
Model 
Model 

N._ 
&NAMC 
& NAME 

Oparatlon O ..... and 

MACRO 
MOVE &TY,&P.&TO,&FROM 
ST&TY l, SAVEARr.A 
L&TY l .&P&F'ROM 

-16-

Model 
Mod .. 
fiall. 

Ma= 

Gen«.ted 
Gen.attld 
Gen«ated 
Generated 

HERE 

HERE 

STUY 
L&TV 
MEND 

MOVE 

STD 
LD 
STD 
LD 

,. 
l,&P&TO 
Z,SAVEARtA 

o FltLD A 8 

Z,SAVEARtA 
Z. PI.ll.DB 
1, FIt'LDo\ 
Z,BAVEARtA 

Th. 'ymboUc p&nlmeter & TV Is uaed in each of the four model ltatemente 

to vary the mnemon1c Operation cod. of each of the generated .tatement •• 

Tn. chllractec 0 in the 1114cro-JnltrucUon COITnpond. to 'ymboUc pora

met. &TY. Since &TV ta preceded by other characten (I •• • • Sf and LI 

in tt. model .tat.menu, the cl'loTacter that COIT •• pond, to &TY (1. ••• 0) 

18 CClnC&tanated wtth thol. other c.horIU;:tc. to 10l'1Il the OJ*"tlUon field. of 

tIw gen._ted IlIIt.mantl . 

™ 'ymboUc patallleters &P, &TO , and &FROM ar. u.ed In two of the MOdel 

... tementl to vaty pert of the operand field. of the oorr.'poncUn9 9.nerated 

• .. t_ent •• The choract ... FIELD, A, and B cen •• pond to the .ymboltc 

pal'a_t... &P, &to, aDd &FROM, r.'JMCUvely. Sinc. &P I. followed by 

&FROM In the 'MlQDd model ltet_.nt, the character. that oorr •• pond to 

thelll II . ... PttLD end B) are coneantenated to form pen of the operand 

fI.ld of the .econd 9.nerated .tet_.nt. Similarly, FIELD and A &l'e conca

tenated to loon pen of the Oper-Ind 1I.ld of th. thttd lIen.r.ted ltatement . 

U the pI'09r&mmer wuh .. to concatenate a lymbolJc par ..... ter with a l'tter, 

di9n, cr pwlod iolloo.-ln9 the 'ymboIJc peramet .. he mu.t immediately 101100.

lhe .ymboUc paramMer with a pa'IOO. A p«lod II opUol'IIII1 If the .ymboUc 

parameter u to be concatenated wIth anoth. IY9Ibol • .: parameter, v&l'lable 

Iymbol, Of a Ipeclal character other than a , ... 100 . 

If a aymbollc parameter II immediately followed by a period, then the 

Iym bollc para meter.nd t11e period are replaced tv the chara cterl that 

-17-



canelpond to the .ymboUc par.meter. A ~rtod that lllunecU.teJy folJowI 

• IYlIIbolic parameter doel not apPflOl In the lIe~ated 'UIltMlent. 

The iDLIowlng maCl"o-deOnltlon, maCl"O-lnltrucUon. and gen«ated ltatementl 
lUu.trate the .. 1\I1el. 

Heeder 
PTototy~ 
Model 
Model 
Model 
Model 
Trailer 

M.on> 

Generated 
Generated 
Generated 
Generlllted 

N'me 

& NAME 
&NAME 

HtRE 

Hm 

O.l)8ra.tlon 

MACRO 
MOVE 
ST 
L 
BT 
L 
MENO 

MOVE 

BT 
L 
BT 
L 

0 .... 
& P,&S,&Rl,&R2 
&Rl,&S .(&R2) 
&RI,&P.B 
&RI,&P.A 
&Rl,&S.(&RZ) 

flELD,SAVl:,2," 

Z, SAVE( .. ) 
2,PlELDB 
2, nElDA 
2, SAvt(4) 

The ~mboUc paramet .. & P Ie Uled In the leoond and thJrd model ltatementa 

to vary pan of the OJMRnd field of each ot the oorrelpondJ.nQ generated 

IUltemenll. The cMrlllct"l FIELD of the ..... cro-lnlltnK:tion conelpond to 

&P. Since &P II to be concatenated with a leuer lI.e., Band AI tn_ell 

of tile ,Ultemenu, a pWJod lm.medlately ioilowl &P In each of the mod.1 

ltatillJl8ntl. The pWlod doel not eppear tn the lIenerated ltiltemenU. 

SfmlJarly, .ymboUc paramet. &5 II Uled In the Wit and fourth lIIOdeJ 

ltatements to vary th. operand aeldl of the c:orrelpondtng qenerat~ .tetements. 

&S II followed by a period In each of the model "atemonta. thlll J, optional 

_au.ell I. to be IXlnoatenated with a loft parenthedl, a IPOCUlI char.cter. 
Thl plrlod doe. not appear In the g.n.,at~ .telament • • 

-18-
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Comment. Statementl 

A -.odel Itatement may be a COmlllenti ltatement. A commentl ltatement 

conilits ot an alterld: In the beQin column, followed by oommentl . The 

COIIImelll. ltatement II Uled by the allembler to lIen .. ate an a .. embler 

language OOllllllenll .tate_nl, JUlt a. other model ltat_entl are uHd 

by the allembler to generate a"embl .. Language Itatemen~. 

The prQ9r.mmer may 1111.10 write commentl 11."III.nU tn e m.cro-deUnhlon 

which ore not to be gener.ted. Thele ltatemenU .... ult Mve. p ... 1ocI tn 

the begin column, 1Jnmedlately iollowed by an ellerllt. end the oom ..... nlll. 

The flnt ltatfllnent in the following example will be u.ed by the auembler 

to gen .... t •• commentl ltatement; the lecond ltatement will not. 

Name I Op«atlon ODilfand 

• Thi. Ilatement wUl be lIer\Olfated 

•• Thll one wUJ not be generated 

The ..... of v.riable .y .... bol. for .ubltttuUon 1n commentl ltatemenll I. not 

eUowed. The. · of a comlllel'll .tatement, cannot be aeated by lut»tttution 
for a v .... bI. IYlIIbol. 
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SECIION~; HOW TO WRrrE MAQRQ-INmUcrX>HS 

The typk:el fona of II lIIoIeI"O-tn'tructlon la; 

Name ~atlon ODM'and 

A 'ymbol Mnemonic Z.o to .9 
.equence OpareUon opa-andl, 
'ymhal, or Codo .epacated 
not uaed by comm ... . 

The nama entry of the macro-ln.trucUon may contain II _)'mba!. The .ymbal 

wlU not be defined 1n the lIaneratlon ~ooell unl ••• II .ymboltc parameter 

eppeGn In the nllllle entry of the pcOlotyp. and the eam. panl.llleter appell'" 

In the name entry of a Q."..ated model etatemem:. 

'-. 

The operotJen entry contatn. the mnelllOntc operation code 01. Ute macro

inltruct.lon. Tha mnelllOnlc operation cod. muet be the aame al the atn_onic 

operation cod. of I maa<H:I.ef1nttlon 1n the 1Oun:e pI"OgI"am or 1n the .-uo 

library. 

The lDIIao-d.f1n1Uon with the lam. mnemonic ~.Uon code 111 uaed by tM 

... _bler to procell the mac:ro-1nlltrllCUon. U a maa0-4.fintl1on 1n the 

louroe prOQIlUIl and one In the 'lIIIao utn.ry hava tha eama 

mnemonic ~atlon code, tM macro-dafinJUon In the lou:roe pl"ogI'am II 

0 ... . 

The placement and order of lhl operand. in the maao-Jn.truc::tJon may be 

determined by t he placMnenland «tier of the .ymbollc pllrameten 10 lhe 

operand entry of the prototype etatemflfll. 

MACRO-INSTRUCTION OPERANDS 

Any combination of up to ZS5 character. may be u.ed ae a macro-InetnlCllon 

-2.0-

• 
operand provided thet the following rule. coneemtng lllpo.trophe •• comma •• 

and blank. are ot.~ed. 

fH1td Apourophe.; 

An operand may oonteln II .aquence of charllcur. which I, enelo.1id wtthln 

.lnQla ape.traphel. (The .. quane. of chuact •• Itself may contain patrs 

of apo,twpha.). The .1nqle apoumphe •• whJ.ch enclo .. the • .,quence of 

chuact ••• afe 0111«1 paired apoltrophe •• Th •• equanc. and tu pIIifad 

apo.bOpha. lIIull be Immll(114tllly preceded by 1M lett.- C which may be 

~ctoded by II numenc .. l! de11n1n<;1 t-=. 

!!2!!: Apo.troph •• need not be pa1ntd unlll11 the "quane. of charact.,.. 

I. lmmediataly Pfeceded by the latter C or nC wh •• n I, a num.rlc lelf 

d.f~ t.".. 

Commllj 

... comma Indlcat.e the end of an operand, unt ... tt I. ploced be~en paired 

apomophe. pr.OIIded by the ch .. aet .... C. Thll foUow1nv examplee U1u.trate 

tMe rul •• 

!I!M!; 

C'M,C' 

4C·AB.C· 

... blAnk 1ndJ.Cllt.e the .-wi of the operaDd entry. unt ... It I, placed between 

peJred apoetroph .. whkh are pcec:eded by the lett. C. ne following 

.. mpl.e Ululu •• \bl' rule. 

C'" BC' 

9C· ... 8' 

The follow1n9 are vaUd maCfo-JnstructJon operand.: 

SYM60L 

lZ3 

X'l e9,,' 

• 

." 
XYZ3 

ML)O(N 

_ P'4096' 
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SA)B 

C'TCN • 10' 

C'COMMA IS,' 

..... 
C'PARtNTHtSIS 18 " 

ZC'A.POB'rROPHE '5 ". 

The Collowint;! are Invalid mIIao-ln.tfucUon operand.: 

(15 B) 

'ONt' lS'I' 

(blank not placed be~en 

paired apo,troph.,) 

(blank not placed between 

pIIItred .po.troph.l) 

An operand ,. aut.Ututed 'a. I,' wherever ceUId I« ..,lthln mod. I IUIl.menU. 

Care ahould be taken such thot the .tat.ment genwated . after ell n-.oellary 

luhlUl uUonl and conc..tenotJon. are maO., confonna to the .... mbl. 

JanQUIIg .. oonvenUona. 

SfAT£MtNT FORM 

MIIcro-ln.tfuctlol'l. mU'1 be writtan u.IIlIiJ the .ame form that can be uud to 

write prototype .tOllmanu . The .ultlment format I. de.crlbed in Section Z 

IInder the .uNactlon ~ MaCl"o-ln.ullcUon Pfototype. ~ 

OMlITtD OPgtANDS 

If an operand that appear. In the prototype .tatement I. omitted from the 

maero-ln.truetlon, then the comma that woliid have .eparated It from the 

next op«and mutt be pretent. U the leu operand{.) I. omItted from '" 

lI'IGero-ln.tfuetlon, then lhe oomma(.) "peratt"", the la.t operand(.) from 

the neXI pl"eVloul operand may be omitted . 

The toUowln", ex"'mple .how. a maero-Inttructlon preceded by Ita COITel

pondln", pc-OIotype .tal~ent. The macro-In.tructlon operand. that cOf"l'e.

pond to the thltd and .ixth operand, of the prototype .tatement are omitted 

In this example . 

-U.-

• • 

Ham • 0. ratlOfl n, «and 

txAMPLt & .... &B,6C.&D. 
&t,6P 

txAMPLt 11,*+-4. ,AREA, 
FIELD(6) 

If the aymbol1c parameter that CQlTe.pond. to an omitted operand II \lIed In 

.. model .tatement, • null cheract.- value (not II blank) rapl.c.. the .ymbolic 

peramet. In the <;Ianerated .tatement. I . eo. In eHect the ')'1!Ibollc parameter .. 

removed. 

for UllDlpl., the flul .telement ""low I •• model 'latemeot that contain. the 

.ymboUc parameter 6C. t! the operand thet corr •• pond. to &C wa. omitted 

from the macro-ln.truc::t1cm, the .econd .talblent below would be'ilenerated 

from the lIIodel .tat_ent. 

Name Or e ratlor O rerand 

All 1,TH&Rt&C.ZS 

All 1.THDU:ZS 

INNCI MAClto·[NmUCIIONS 

A m.c:ro-lntUvcUon mey be u.eel a. a model .tatement In a m",ao-definlllon. 

Macro-ln.truetIOl'1' u.ed e. model ttatelllentt ace called inner maero-ln.uucUon •• 

A mac:ro-ln.tn.lcUon that I. not u.ed al a model 'Ullement I, r eferred to "'. an 

ouler mac:ro-lnatruetlon. 

My .ymboUc parameter' u.ed in an inner mac:ro-In.UucUOn a re replaced by 

the oorre.pondln'il operandll of lhe outer maero-tnltruetlon . 

The InOCfO-de£lnlUon COITe.pond1no;l to an inner mac::ro-In.uuction I. u.eeI to 

",enerat. the lIalemen" that replace the inner maao-Inllructlon. 
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• 
For u.omple. the foUow1no macro definitJcm II t;IIiver\ 

IN.m. oo •• Uo. n. ~ 
MACRO 

ADO &Nl,&N2,&N3.&REG, 
OAREA 

L &REG,&NI 

A &REG,&Ni! 

A &REG,&N3 

ST &ROO,&ARI:A 

MEND 

The r:recedlnq ADD maao I. uled al an 1M .. mIItn) in 1M 601l0'lll'tnq .xample. 

IN. ,me 0R.aYon 9wand 

MACRO 

COMP &AREA,&Rl.&Rl,&Yl, 
&VZ,&VJ,&NA .. &Rl.&R2: 

C &Rl.&A.REA 

.NE ONA 

ADO &Vl,&VZ,&Y:1,IZ.&AREA 

ONA A &RI,&AREA 

MeND 

COM' CHECK,IO, 11.X, Y,Z, 
eHNG .. 10,11 

C IO,CHIa: 

.NE CHNG 

ADO X, Y,Z,ll,CHIoe 

L 12:,X 

-u-

• 

CHNG 

A 

A 

Sf 

A 

12:,Y 

lZ.Z 

lZ,CHtCK 

10,CHECX 

Note that the Inltructlon. 'ilenecated In the preceding example by the 

macro m.uuCUon ADD, lI..eeI .1 an Inner maao in the macro definition 

COMP. are lc:t.nUc:al to thol J.natruct.lona that would be genuated by the 

macro ADD 11 the following macro tnltruCllon were given. 

Nam, OperaUon Operlll'ld 

ADO X. Y,Z.IZ,CHECK 

L lZ,X 

A 12:, Y 

A 12,Z 

ST 12:,CH£CI( 

Note; An IImpel"und that IJ part of a .ymboUc parameter II not conltdered 

In detttnrlin1Dg wheth« a mIIg-o-inltruc:tlon opetllnd contalne an even number 

of ~.ec:ull~ ampa-sands . 

LEVELS OF MACRQ-INSTRUCTK>NS 

It. maa-o-daflnltlon that corresponds 10 an outer macro-hutructlon may 

contain any number of Inn. _ero-Insuuctlons. Tha outet" maero-lnSUucUon 

Is called a Uru level maao-instructlon . Each of the Inner macro-instructions 

Is called a second level macro-tnSlnJcUon. 

TM macro-<ief1nltlon Ikln COITesponds 10 a second level macro-lnstructJon 

may ccmlaln any number of Innec macro-tnllructlon •• Thele macro-ll1Itruc_ 

lion. are called thlrd level tMCfO-in.ttuctlonl. etc. 

The nUll1ber of level. of maao-inluucUonl that lI1ay be used depend. upon 

the oomplwty of the macro-deflnltlon and the amount of uora\le avallable. 
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Note: Macro dafinilion. oontatnlng d ... pl~ta prototype opflnltJon code. 

a. !.nna, macro In.tNcUon. mey ra .... lt In • loop during prooe •• tnv. For 

example: 

MA""O 

ZO' 

L' 
OT 

ZO' 
SR 

OT 

!::!.E!E.... 

MACRO 

ZO' 

L' 
OT 

ZOPQ 

MtND 

&.A,&8,&C 

&A,&8 

&A,&C 

&A,&B 

&A,&8 

&A,&c+~ 

&A,&B,&C 

&A , &8 

&A,&C 

&A,&B,&C {whera ZOPQ oont.Ja. 

80P a. 1Nl.r -..cxoI 

The nt.uJU of .ucheloop ate ... ndert_lned. Th .. k.-ea.aero .hould I'IOt 

coli IUeU or a macro of which It I. an Inn. macro. 

-z6-
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SterlON 4; HOW 1'0 wpm: CONOrTJ)NN- ASStM8LY fNSIlWCTJOIlS 

The conditional a .. embly tn.truction. aHow the programmer to: (I) d.fin. 

and a.al9n val ... aa to St::r aymholl that con be .... ed to vary parta of ;an.

ated alMamanta, and (zl vary the aaquence of gan.atad at&tamanta. Th ... a, 

lhe progrllllllll. OlIn ... aa the.a Inetl'ucUona to genarata many dlfferant 

.. q ... ancea of alatamenta &'om t .... Mme macro-clel1nltkln . 

There era eta oondltton.l ... embly tnatructlona. They ate: 

SETA 

8I:rB 

snc 
AIF 

ACO 

ANO' 

T .... pr1m&ry ..... of the conditional aaa.mbly inaauctiona I. In macro

definitlona , However, all of them may be u.ed in an .... mbi .. lan;ua;e 

aauroa pfogfarQ . 

WheJ"e the u.a of an InatrucUon ouutda macro-definILion., the dlfferance 

la daacrtbad in the aube~ant text. 

TbI StTA, Stn, .nd sac J.n.atructJon. _y be u.ed to au ton arlUulleUc, 

blnaJ'y, .nd chllract .. value., reapecUvaly, to SET aymbo1a . Th. SL"rB 

inatruCUOn 'a de.crl.bed after tha SaA and srrc InaU\lct.lona, beeau.a the 

operand of the SrrB tnattuctJon ta a CQlllbinetion of the operand. 01 the 

StTA and sac tnatruct.lona. 

The AlP, AGO, and ANOP tnatructlon. may be uaeel In conluncUon with 

aequanc:e aymhol. to vary tha .aquance In which "etamanta ara euembl.d, 

The pfogfamm .. OlIn te" attrlbuta. a •• lgned by the a .. ambl ... to 'ymbol. IX" 

macro_ln.tI"ucUon operands to detecmlne which statementa II'I to be 

proca.sad. 
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• 
Elcampl .. Ulu.ltraHn; the u.se of condlt1onal ... embl)' Instructions are 

Included t~oUQhout thll .ecUon. A chert lu.IIUII4rtzlno;J the elemenU that 

can be Uled in each 1n.truct~n appeal'll at the end of tllb section. 

SET SYMBOLS 

• 

SEl' IYlllbol. are one type of variable symbol . The symbolic parameters 

d.!scuued In Son ton l ere another type of var1llble Iymbol . Set symboll 

dUrer from Iymbollc parometers In thrae ways: (1) where they can be used 

In an ossembler lanQueQe source pfOQ'OIl'l, (Z) how they are asslQned volues, 

and (3) how the valuel eUIQned to them can be clwlnQed. 

Symbolic parameters can only be Uled In maao-deflnlUonl, whereal SCT 

symbols are aUW;Jned valu.s by SETA, StTB, and StTC condlttonal .uembly 

Inltruct1ons. 

tach symbolic parameter 11 aSIW;Jned a aln9le value for one use of a maao

deflnJtion, whereal the voluel aUW;Jned to Mch SaA, SOB, and sac 

Iymbolare not 10 restricted. 

Defining StT Symbols 

SET symbols ne.d not be deflned by the ~al!llll. before they are used, 

all undefined SET symbols are .sslqned to value of z ero. Wben a SCT 

Iymbol Js derined It II esslQned an initial value . SET symbols may be 

a .. IQned new valuel by means of the SETA, SETS, ond SETC Insuuctlonl. 

A SET symbol can be redefined at any time. 

y,lng Varlabl. Symbols 

The SETA, SCTB, and StTC Instructions may be used to CMllQe the valuel a 

e .. IQned to prevloully defined SET symbolS. When a SET symbol eppears 

in a statoment, the cunen! value of the stT symbol {t.I., the 100t value 

-Z8-

• 
• .. 19ned to II) replace. the SET 'ymbol In the ltatement. Howe ... «. If 

the IUlI8ment 'I ill oonditlonal aa.embly Itotement-. &lMltn.-8eT--atutCl"III' 

no replacement OCCWTS, 

FCC' example; 

&A 

&8 

&C 

SETA 

snc 
snc 
L 

'A' 

'SUA' 

&A,&C 

The followin; will appear on the generated U.tln9. 

&A 

&8 

&C 

SETA 

mc 
SETC 

L 

'A' 

'&MB' 

I,AI 

U , ,, I. " .ymbollc plrameter. end th. correspondln9 charecterl of 

the maao-lnwuct.ton are the .ymbol HERE, then HERE replac •• ~ 

OOCUTence of &A in the macro-definlUon. However. If &A .... sa symbol es 

m the eJl,lImpl. above, the va lUtl alll;ned to &A can be Chlnq.d, a nd II 

dUferent ".lue c.n repla ce various OCCUITencu of &A In the moao d1flnlUon, 

The IlIIme ver~ble symbol may not be uled al eo symbolic parameter and 

.s a SET symbol In 1.1'1. same m4ao-deftntuon. 

The foUowlnQ illustrates this rule . 

Name O......-aUon Onerand ~~ 
&NAME MOVE &TO &mOM 
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If the natement ebove 1. prototype .tetement, then &NAME, &TO. end 

&FROM may not be u .. d a. SET .ymbol. In the maao-dellnlUon . 

The Mme varlable .ymbol may be \lied a. dUlacent type. of SET .ymbol. 

tn the Mme macro-defInIUon. SlmUarly, the ume varuable .ymbol molly 

be u.ed .. different type. of SET .ymbol. out.kle mac:ro-det1nJt!on •• 

ror- example. tf &A " a SETA .ymbol In a macro-deUnlUon. It can be 

redeUned a. a sac .ymbol In that deUnltlon. Simtiarly, U &A I. a SCTA 

.ymbol out. ide maero-deflnltJona, It can be redefined as a sac 'ymbcl 

out • .kI.. macro-definition • • 

StT .ymbol. are treated .om_hat Uke onllnory .ymbol.: uwu II. they are 

placed In the .ymbol table of the a .. ambler. Once defined. they can be 

referanced throughout the ."embly. Th_efcr. eare .hould be .x_ell" 

In u.lng the •• me SI:T .ymbol. In.kle and out.kle macro def1nJtJon •• 

For- example, if &A ... e vaz-lable 'ymbol (either S£1' .ymbol 01 .ymbol1c 

parameter) 1n one macro-deflntUon. it can be u.ed •• a vorlable .,..abol 

(tither SET .ymbol or- .ymbolk: parcunet.) in anothw deUnltJon. Slmtlarly. 

II &A I. a variable 'ynlbol (StT .ymbolor- .ymbolk: par.mM.) tn a macro

d.finltlon. It can tJ. u.ed a. a SLT .ymbol outllde lIUI(2'O-deftnltlon • . 

Howev., unla •• redeOned the prevtOUli Yfllue 11 a •• ~. 

All varlable .ymbol. rn.y be ooncotenated with other ehanlc:ter. In the .. me 

way a. 'YJllbolie param.r ..... The lUI .. for concatenation are In Section l 

unci. the .ub.ec:tJon Model Statfm,n!., 

Variable .ymbol. In macro-In.truetlon. ar. replaced by the charac:ter valu .. 

allJqned to them, fmmedlately prIor to the lIart of proc .... ln!I the d.flnltlon . 

Note: StTA and StTB value. are converted to character valu •• before 

.ubatltuUon taka. place. 

-30-
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ATTRIBUTES 

The a .. embler allilin. attribute. to maero-In.truct!on operand. and 10 

.ymbol. In the pr1)9fam. Then attribute. may be ref~ed to only In 

Conditional a .. embly lnatrucUona. 

There are two klncl. of attribute •• They ate: type (T') ami length a.') 

II en out.,. macro-In.tructlon opWancl I. a 'rmbol befor-a .ubltitutlon. 

then the attribute. of the op_ancl are the .tune a. the corre.pondin(l 

attribute. 01 the .ymbol. The .ymbol mu.t appear In the Mme entry of 

an a .. elllbler lal'l!luage .tatement 01" In the operand entry of an EXTRN 
.tat_ent In the program. 

Jr an Inner macro-lnatrucllon operand I. a .ymboUe parameter. then 

ettrlbut .. of the opWancl are the .ame a. the attribute. of the corra.

pondtnIJ out.,. macro-In.truction operand. 

Each attribute ha. a notation ... oclated with It. The notation. are: 

Attribute 

T,,. 
Lel'l!l th 

Notatpn 

T' 

L' 

All the atU1butea of macrO-in.tfucUon op •• nd. lIIay bI ulf.-red to In 

condltlonal .... mbly lnatructJoM wltMn m"ao-definIUon, or outllde 

deflJlltion.. Symbol. appee.rtnll In the name entry of vener.ted .tatemanll 

are al.o a •• lgned attribute •• 

The pl"OIJI'amm« may rafer to .n attribute In the followtno way.: 

I. In a .tatement th.t t. oUlllde macro-definItion •• h. may 

write the notation for the attribute ImmedIately followed by 

a .ymbol. (t.II •• r'NAME refen to the type attribute of 

the 'ymbol NAME.) 
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• 
z. In e .tatement that .1 In 1:1 maao-deUnllion, he moy write 

the nOUltJon for the attribute Immediately followed by II 

symbolic pOr.meter . (t . g .• L'&NAME refer. to the length 

attribute of the CMcIlClIIS"I In the 1IWI~ln.tructlon that 

conespond to symbolic pe.rometer & NAME). 

Type Atulbute [T') 

The ty~ attribute of a maao-Inltructton operand or II symbol I. II )etter. 

The programmer may refer to 1:1 type attribute In the operend of II SOC 

Instruction, or In cheraeter relaUonl in t he operands of SETS (II" AlP In

struetlon, or In other Instruction. where .... e of the c: haracter I, yalld. 

• 

The followlnll letterl are uled fOl" .ymbol. that name DC and OS .tatementl 

and for outer maa'o-ln.U"uction op.-and. that are .ymbol. that name DC 01" 

OS Itatementl . 

• 
C 

o 

E 

r 

H 

x 

A-type addrell con.tant, Lmpllad 

len;th, allvned . 

Character conltant. 

Lon; OeaUnll-polnt constant, implied 

length, aUllned . 

Short Deatln;-polnt constant. Implied 

length, aligned. 

full-word fixe d-point conltant, implied 

lerw;lth, aligned . 

Half-word fbeed-polnt constant, lmpUed 

len\jth, allqned . 

Hexadecimal constant. 

The following letten are uled (01" Iymbol, (and outer maao_ln.tJ'uctlon 

operandi ttwlt are .ymbol.) ttwlt !WIme statements other than DC 01" OS 

'Ulemant, or that appear In the operand [leld of an £Xl'RN "alement, 
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T 

W 

Machine Instruction 

Control section name 

l:xternal symbol 

CCW os.embler Inltruetlon 

• 

The followlnIJ letters are uled tot Inner and outer meao-Instructlon 

operand. only. 

N 

o 
Self- de!lnino term 

Omttted operond 

~ 

N 11 II lIlgned to aU symbolic parameters whole first ch4rllcter I. numberlc: 

or flnt 2 character. are, C'. P'. E'. 0 ' . H'. X'. In the usa of C' 01" NC' 

where N II a dllllt, paired apo.tJophel are expaCled. 

T~ letlef" U (Undefined) II uled for Inner and outer macro-inltructlon 

operandi that caMot be alllvned a ny of the above letterl. The type 

attribute of all Illetall appearlnq al macro-Inltructlon operandi liN. 

Ltnqth Attt!bl"a (L') 

The lenqth attribute of meoo-lnlU'Uction operand. and .ymbol. I. a 

numeric value. 

The len9th attribute of a Iym bol (01" of a lIIlIao-tnltJuctlon operald that II 

a Iymbol) ts al desatbed below. 

TYPE LENGTH TYPE LeNGTH 

A • H , 
C li!ngth of X Length of 

constant conltant 

0 , SETA 3 

E • SET, I 

r • SETC o - • 

-33-



Reference mun not be mode to the length lutrlbutel of Iv=boll or macro

tnltrucllon operandi whole type attributel ere tM letten N. O. or T. 

SCOUliNCE. WOOLS 

The name entry of a statement may contain a uq\>enc. Iymbol. Sequence 

Iymbol. provkle th. programmer with the abUity to vary the lequence In 

whtch Itatemantl .... proc ... ed by the •••• mbler . 

A lequence .ymbol II Uled in the operon4 entry of an AlF 01" AGO ItOlemant 

to refer to tbe I tatement named by the .equence Iymbol. 

A .equenc. Iymbol may be ulad In the nama .ntry of any .tat.ment thet 

doel nOl. contain a Iymbol at SET symbol, .xe.pt . prototype statem.nt. 

at til MACRO InltrucUon. 

A sequence Iymbol oonlllu of a period followed by one lhrou9h I,vel 

letter. and/or diOltl. the UU! o( which must be e letter, 

The foiloW'1n9 are valid lequ.nce Iymbol.: 

• READER 

.LOOPZ 

.N 

.AZJ456 

.X4PZ 

.54 

The foUowlntJ are Invalid sequence Iymboll: 

• 

CARDARtA 

• Z46S 

.AAEAl456 

• ac[)%S4 

.IN AREA 

(flut character ,. not. perkld) 

(Ullt charact. after period II not. lett.-) 

(more than leven characterl after period) 

(contalnl a 'peeial character oth .. then 

iniUol p«locI,) 

(oonlalnl a Ipectal chllract.-. I.e .• blank, 

olher thon Inillal period) 
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If a .equenee .ymbol appearl in the MIlle enuy of " moao-in.tfucllon. 

and the correlpondll19 p«Itotype Itatement cont41nl a Iymbollc parameter 

in tM name entry. the .equenc. Iymbol do .. not r.place the .ymbollc 

parlmet« wherever It II u.ed In the mocm-deUnltion. 

Tbe follow1n9 eX4lllple IIh,l.tr.te. thll rule. 

1 

3 

• 

Ho_ 

&NAME 

&NAME 

.no 

OD •• Uon 

MAClIO 

MOVE 

ST 

L 

ST 

L 

MEND 

MOVE 

ST 

L 

ST 

L 

.. '" 
&TO,&fROM 

2:,SAVEARtA 

Z,&rROM 

Z,&TO 

Z , SA V£AREA 

flELDA FIELDS 

Z, SAvt:A.RIA 

2:. PlEWD 

Z, J'IE1J)A 

Z. SAVIAREA 

The lym.boUc parameter 'NAME I. !,LIed in the I'IoIIl1'1e entry of tbe prototype 

stotem.nt (It.tement I) and the first model Itatelll~t (Itatement l). In 

the _ao-Instl"ua.lon {natement 3}, • sequence Iymbol (.S'iM) c:onelpondl 

to the IYm.boUc parameter & NAMt. & NAME II not replaced by • SYM, end, 

therefore, the Oener.ted ltatement (Itatement 4) doel not contain. name 

entl"y. 

SETA u SEt AJUTHMkTlC 

The SETA in.tructlon ma)' be Uled to a .. 19n an arithmetic value to a SETA 

.ymbol. Tha form of thl. Inltl"uctlon II: 
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The parenthe.J:ted poC"tkln or portion. of an arUlurletlc. exprenlon are 

evaluat ed before the telt of the tem. In the eXj:W'e .. lon are evaluated. 

The SETA arithmetic eXP'e .. lon OlIn only heve one lewl of pillenth .. e •• 

V.lna Stl'A Bmw!' 

The erlthmetlc value a"l9necl to a StTA aymCoI I. aub8t1tuted (Of' t he 

StTA . ymCoI when II la u.ed In en erlthmetlc relation, U t he SCTA 'ymbo! 

I. not u.ecI In .n IU'lthmetlc expre .. lon , tM arithmet ic. value I. complete!y 

COflWfted to en un.lqned Int.,q_, with leed1Jlq eflro. removed, U the 

value I. :t .. o. it I. oonvenl<l to a . Jnqle :(ero . 

The foUowllUJ example Hlu.trate. thl . rule: 

• 

, 
3 

• 
s 

• 

Name 

&NAME .. .. 
• C 
.0 

&NAME 

HIRE 

HIRE 

n. atton 

MACRO 

MOVE 

SETA 

'ETA 
SETA 

''''A 
57 

L 

ST 

L 

MEND 

MOVE 

aT 

L 

57 

L 
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,,'" 
&TO,&f1tOM 

10 

IZ 

&A-&B 

&A+& C 

2 • SA. VEAREA 

2,&FROM&C 

2,&10&0 

2.SAVIAREA 

FIELOA FIELDS 

2. SA YEAR F.A 

Z,flELDB2 

2 fIELOA8 

2.SAYEARtA 

• 

Statetnent. land 2 n.lgn to the StTA .ymbol. &A and &8 lhe arithmetic. 

value. +10 and +12, re'pec:t iveiy . Therefore. Itatement 3 a"lgn. tM 

SETA .ymbol &C Ole atlUllnetlc: value _2 . When &C I. u.ed In a talemant 

5, the vUtwneUc. value -2 I. converted to the un.~ned Intll9er Z. When 

&C I. u.ed In 'Ultement 4 . howev_. the erlthmeUC ve lue _2 I. u.ed. 

TherefCQ, &0 I. e .. lgned the ar llhmetlc. value +8. When &0" u.ed In 

,wlement 6. the arithmetic. value +8 I. converted to the un.lgned Inle<Jer 

' 0 
The followtnq example .how. how the value a "lqned to a SETA . ymOOI 

_y be chenql<l In a mac:l"f>deflnUlon. 

, 
3 

• 

N._ 
& NAME 

'A 
&NAME 

'A 

HIR' 

HERE 

n. e atlon 

MACRO 

MOVE 

SETA 
ST 

L 

SETA 
Sf 

L 

MEND 

MOVE 

ST 

L 

ST 

L 

-."" 
&TO&nlOM 

S 

2, SA VF.AREA 

2,&nlOM&A 

• 
2,&TO&A 

ZSAVEAREA 

FJELDA PlELDB 

2,SAVEARtA 

2, rlELDB5 

2, rn:LOAB 

2.SAVrARtA 

Statement I ell'<;In. the arithmetic value +5 to SCTA .ymbal &A. In 

. tatement 2. &A Is converted to the un.lined InteC~t 5. Statement 3 
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11151\11'1' the arithmetic value +8 to &A. In IUltemenl 4, therefOl"e. &A I. 

converted to the un.lgned 11'1189111" 8, InllNd of S. 

SETC -- SCT CHARACTER 

The SI:TC Instruction I, uled to 11 •• 1;" II character value to II StTe symbol. 

The focm of thb In.lructlon b: 

Name : OD¥lItion Opsand 

A SrTC symbol SETC On. operand 
of the form 
d •• crtbed 
below 

The operand may oon.l.t of the type attribute, a charaetel" axpre •• lon, OC" a 

.ub.ulng notaUOII. A SETA .ymbol may appeet In the operand of a SITe 

ltelement . The telliit I. the cheracter repre.entallon of the dec1mei value, 

uns19ned. with IHdln9 l.erOI removed. If the value I. Ull"O, OIIe ded..lllal 

ZeI"O is u.ed . 

TYPE ATTJUBUTE 

The che:racter value alllQMd to a SOC .ymbollllay be a type attribute. 

If the typa attribute I. u.ed, It mUll appear elone In the opaand field. 

The foUOWln9 example allilln. to the sac ,ymbol &TYPl: the letter that 

I. the type attribute of the mac:ro-In.tr\lctlon operand that COITe'pond, to 

the 'ymboUc parameter &ABC. 

Name e .. IIIUon o et"and 

&TYPE SETC T'&A8C 
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CHARACTER DCPRI:SSIQN 

A character 11,,11 •• 101'1 con.tsts of IIny combination of choracte ... enclosed 

In apo.trophe. . The chMacter value enclosed In apostrophe. In the operand 

Ueld b aUlgned to the sac symbol In the Mme entry. The maximum lenCjJth 

character value that can be alllt;Jned to II sac symbol I. four eharacteu. 

If II value greeter than" Is .pecllJed, th.l.ftmo" of cheracten will be u.ed . 

EVALUATION or CHARACTER EXPRESSIQNS; The followlrl9 "atemenl alll..,n. 

the character value AB'lI>4 to the SETC symbol &ALP!iA: 

Name OperaUon Operand 

&AJ,PHA scre ' AIB4 ' 

Two apolllrophll mu.t be Uled to repre.ent a apo.lnlpha that tl part of a 

charaeter elqInI •• ton. 

The follow1n9 .tateme", a1l19ll' the character value L ' SY to the SOC .y;nbol 

&LENGTH. 

Name Opennlon Owand 

&LENGTH SITe :J:ft 

Variable .ymbol' may be concatenated with other character' In the operand 

field of an SETC In'truct!OII accordlnll to the lIenerai rule, for concatenattl'lll 

Variable ,ymbol, with other chal1lcten axcept a period I, not removed In,lde 

the quote math . 

If &ALPHA hal been anillned the chill ractel" value AB, the following .tate

mant may be uled to aSllgn the character value STAB to the variable Iymbol 
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&GAMMA, 

Name QReraUQn Operand 

&GAMMA StTC 'ST&ALPHA' 

Two ampoeraend. must be used to represeTlt en amper.and that I. not pIIrt of 

e var1eble Iymbol. they art repleced by a single amp!rlllnd. 

The klilowing .tatemant alltQn' th. character value HAL& to the SOC Iymbol 

&AND, 

Name Operation Operand 

&AND SETC 'HAL&&' 

SUBSTRING NQrATION 

The character value elllQned to e SErC Iymbol mey be a .ub.trtnQ 

chllrecter velue. Subelrtng cherecter velue. permit the p"09"a_- to ell'Qn 

part of a varleb1e Iymbol to a SETC .ymbol . ThU pennia the examlMUon 

of the variable . ymbol to the character level, 

If the programmM went. to alllQn pIIrt of a verJ4ble .ymbol to a SETC ., 
symbol, he mUlllndlcete to the allambler In the operand of III soe 
InstructlOTl: III the varleble symbol Itself, and (l) tha pIIrt or the varlable 

symbol he wants to allign to the StTC symbol. The concatenation of III 

end (ll In the operand of a scre instruction I. called a subltrlng notation, 

-u-

• • 

Subnrir'Q notation con.l.la of a verlable .ymbol, lmmediately rollowed by 

two arlOunetlc expc.llion. that ere .eparated frOIll each other by a comma 

and are enclOled In perenth •• e., The.e parenll'lele. do not count when 

det.rmlninQ the number of levell or pareTlthe.el, The two erlthmetlc 

expr ••• lon. may be eny expre •• loTl thet I. allowed In the operand of a 

SEl'A Inltruction, 

TM flut UIIrelilon Indlcatel the flut Charecter (In ll'Ie vertable symbol) 

thet I. to be IlIIi(jned to the SETC .ymha! In the nallle entry, The .econd 

expre •• lon indicate. the. number of conaecutive charecteu In the vartable 

.ymbol (.tattInQ with the chMecter tndlcated by the flut expreliSOnl thnt 

_ to _ .lIlqned to the SETC .ymha!. H a 'ubltrlnQ .pecUtee more 

chuacter. than arlo in th. variable 'ymbol, the number of eve.t1eble 

chlract •• wtU be ,upplled. 

ThllII&X1mum .Iu variable .ymbol th •• u~tr1n9 chllract .. value can be 

c"'len from I. l55 charect.u. 

The following ere valid aubltrlnQ notetJon.: 

'&ALPHA'(l,4, 

'&Aa4'(&AREA+l,1) 

'&RST'(6,&AJ 

'&GAMMA'(&", &AAIA-l) 

The rollowlng are Invalid lubatrlnO notatlonl: 

'&BtTA' (4,4) 

'&ALPHA' (B &FID.[)*l) 

'&BtTA' 4,6 

'&ALPHA' (l.4j(l,l) 

(blankl between variable symbol end 

arithmetic expreliion.) 

(ar1thmetk: expression. not .ep.arated 

by a oomma) 

(ar1thmetk: axprellion. not enclosed In 

parentheses) 

(double .ubltrlng notation I. not permitted) 
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• 
V.!OQ soc Symbol. 

The character value allignea to II sere .ymbol II substituted rOC" the SETC 

,ymha! when It 11 uled In the nama, operation. or operand of Il lt4teme.llt , 

~ 

for axarnple, con.tder the following macro-definition, lMc;:ro-lnllrucUon, and 

generated statement •. 

Z 

3 

N._ 

<NAME 

&PRtPIX 

& NAME 

""" 
""" 

C !tralion 

MACRO 

MOV>: 

SETC 

ST 

L 

ST 

L 

MEND 

MOV>: 

ST 

L 

ST 

L 

0 ,,,'" 

&rO,&f'ROM 

'PItt' 

Z • SA. VtAJH:,\ 

l.&PRtFIX& ~OM 

Z,&PRtFIX&TO 

Z. SAvtAAEA 

• B 

Z. SAvtARtA 

2, FIELB 

2, FlElA 

Z, SAVEARtA 

Slat..,enl lalllllni the clwlracter Y81ue rIEL' 10 the St'l'C .ymbol &PR.ErtX. 

In . ta temenu Z and ]. & PREFIX 1. replaced by n£L. 

The following example show. how the value a .. I'ilned to a StTC .ymbol may 

be changed in a lMao-definltion. 
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Z 

3 

• 

Name 

& NAME 

<POErD< 

& NAME 

&PRtm 

HtRt 

""" 

o «atlon 

MACRO 

MOv>: 

SETC 

ST 

L 

SETC 

ST 

L 

M END 

MOV>: 

ST 

L 

ST 

L 

re 

o erafld 

&TO,&f'ROM 

'PItL' 

2,SAVEARrA 

Z.&PREPIX&F1I.OM 

'AREA' 

2,& PRtFIX&TO 

Z. SA VF.APJ:A 

A B 

2,SAVIAR&A 

2, f'ItLB 

Z,ARtAA 

2, SAVEARI:A 

SUlt.ment I 'UII;nl the character va lue rIEL to the SEre symbol &PREFIX. 

Therefore, &PRtrIX I, replaced by rIEL In l tatement 2. Statement 3 e lll;o. 

the charllcUlr va lue ARfA to &PREFIX. Thereb. , &PREFIX II replaced by 

ARtA, IntIMa of rIEL. I.n Itate_nt 4. 

The tollowln'il example IJlu.tJate. the u.e of a 'ub.trIng noUlUon a. the 

opecand field of II StyC in.tJucUOn. 

Name o eraUon o erand 

MACRO 

6NAME MOV>: &TO,&mOM 
, 

PRE:rlX SETC '&TO'II .4} 

6NAME ST Z , SA VF.ARI:A 
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• . ., 
(T'&ABC Nt T'&XYZI 

(T'&PIZ to C'P') 

Tha foUowlnV ore InvolJd opeI'"lInd field. of SETB In.tfuctlon.: 

s' 
~&PIZOOc'r'&~ 

~&PIZOO'M 

(not enclo.ed In porenthen.) 

(two t .. m. In lucceuior\l 

(mu.t haw. che.rllcter mocUfle!" C' F") 

Evaluation of Logical Expreulon. 

The following pfocedure is ulad to evaluate a logical exprellion In tha 

operand field of II SETB Instruction: 

I. Each term is. evaluated 

Z. The two tlnn' are compared acconUno to the relaUonal 

operetor . 

3. The ".lu. of I .r 0 (t, ue Of fall.) II aulvned to the SETB 

eymbol In the nlme field . 

V.IDS! SLlB BvmWi. 

The logical valua alllqned to a SETB Iymbol II Uled for tha 51:1'8 .ymbol 

appeartnq In the operand of an AlP tn.truCllon or another SET InItNction. 

u. SOB Iymbol II u.ed In the operand of. SETA InltrucUon, or In 

.rlthmetlc relation. In the operond. of AIF and SI:'rB In.truCllon •• the btna.ry 

vah.el I (true) lind 0 (fa I.e) are converted to the arithmetic valuel +lllnd +0, 

relpecUvely. 

U a SETB .ymbol I. u.ed In thlll op.and of a SETC In.tructlon, In chollraClar 

ralatlon. In tha operllnd. of AIF and SETB In. UuCllon., or In any other 

ltatement, the binary volu •• I (true) and 0 (f.llal, life converted to the 

c haract. value. I and O. re . pectlvely. 
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The following example U1UIUlltli thela rula.. It 18 a88umed that 

L'&TO EO 4 I. tfue, and &T EO 0 I. falle. 

, 
3 

• 

H._ 
&NAMt 

8" 
SBZ 

SAl 

SCI 

&NAMt 

""" "DIE 

'---

o erlltton 

MACRO 

MOVE 

SET. 

8m 

SETC 

SETC 

ST 

L 

ST 

L 

MEND 

MOVE 

ST 

L 

ST 

L 

o erand 

&TO.&FROM 

(L'&TO to 4) 

(L'&T to 0) 

'& BI' 

'&8l' 

Z, SA. VEARI:A 

Z.&FROM&AI 

Z.&TO&CI 

Z, SA. vrAAtA 

FIELDA FIEIDB 

Z,SA.vrAAtA 

Z, rrtLDBI 

Z, FlEI.OAO 

Z , SA. vrAAtA 

BecaUIIII the operand of ltatement 111 trlJe, &BI 18 aSllqned the binary 

volue I. Therefore, the choracter value +J II .ubltltuted for &Bl In 

Itatement 3. Becaul e the operand of Itatement Z.J falle. &BZ I. alJllgned 

the binary value O. Therefore the character value 0 Is substituted for &BZ 

In ' Ultement 4. 
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Alf __ CONDrtJON.y. BRANCH 

Tn. AIr in.tructlon I, \,lIed to alter condlUonally lhol .equence In which 

lOUI"Oft pl'09J11II 'tltemenll Ir. p-oce .. ed by the .... mbler. The typical 

fCl'lll of this In,uuetlon I.: 

Nem. a .... ratlon o •• nd 

It. leqUlnee AlP A loa1cel 

.ymbolOf IXp'"'lon 
not \,lIed enclosed In 

porenthe.lI. , 
Immediately 
fo l tow.d by .. 
,equlnee 
.ymbol 

AnV ICXIleal eXpre .. lon that may be uUld In the op.and of a serB In.tructlon 

may be u.ed In the op.and of a SOB 1n.ln.lcUon Il)aV be ".ed It! the operand 

of an Air 1n'lJ"uctlon. However. the fona. 

AIF 

AIr 

(0), • .,qutlnc. Iy.bol 

(1) •• equence . ymbol 

,M 

ate invalid. The .equence 'Y!IIbol In tl1e op«and mull ImmedlatelV follow 

the clollnV parenthlli. of the logical expre .. lon. AlP operand entrle. mu.t 

!'lOt contain expUelt bool .. n .. ero. or one • . 

li2!!.: The pM*nth .... enclo.11'I\J the ioIJlcal pp.llion do not oount toward 

the level limit. 

The ICXllca l expre •• lon In the operand II evaluated to determine If It I. true 

or fal.e . If the expre .. lon Is true. the .talement named by the .equence 

.ymbol In the operand 11 the nen Itatement pwce .. ed by the a .. embler. 

. If the Ixpr ... lon I. fll. e. the n.n .equentlal .tatllment .. p.roce .. ed by 

th. a •• embler. 

-50-
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Tn. ltalement nlmed by 1M ,equenee ,ymbol may precede or follow the 

AIJ' instruction In macro •• How.~ IIquenot 'ymbol, mult follow the 

AlP In.tructlon If u.ed outllde of IMa"O'. 

if In AlP In.tfucUon I. In e macro-definition, then the leqllenot .,.mbol 

In the operand mUlt appeal: In the .... m. enu-y of •• tatement In th' deUnJtlon. 

U en All' hwuucUon appear. out,ida mIIcro-definltion., then the .equence 

'Vlllbolin the op.and mull appear In the name enlfv of a .tat amlnl OIItllde 

macro-defInIUen •• 

The foUowln9 a re velld operand. of AIF InllJ"uctJon.: 

(&AAtA+X'ZO' GT 1.9).Ru.DtR 

(T'&PII. EQ 'F'I.THDIE 

The follow lnlJ a re InvaUd operand. of Air in.tructlon.: 

(NAME £Q 4l.Q 

(T'&ABC NI: T'&XYZ) 

.XU! 

(T'&ABC Nt T'&X'tZ) .X .. rz 

(NAME II not .. ,.U deUnlnQ term 

Of variable .ymbol) 

(no .. quencl .ymbol) 

(no lo<;Ilcal expr ... lon) 

(blink. between logical expreulon 

end .equlne •• YlIlbol) 

The IoltowlnV maClo-deflnltion lMy be u .. ad to venerate the Illltement. 

n-clad to me". a full-word fixed-point number hom one .. torag. lIlea to 

another. The .tatement. will 'be venerated only If the t ype attribute of 

bolh ,torage .... a. I. the letter f. 

N._ o efetlol'l n . tlrand 

MACRO 

&N "'0"" &T,&f 

AIr (T'&T Nt T'GO,END 
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,~ 

elementt; ~n be u,ed In a .ln9le condtUonalllllembly instruction . ~ch 

column I. u.ed to Indlceta the condltlorlllli 8118mbl)' Instruction. In which 

a pIIntcular element can be u.ed. 

. "'" 
S. p. SETA SETS SETC T' L' 

ETA n IN 0 N n N 0 

. 0 0 1 0' 

IN.o IN.o 0 

1 .1>' 

.M 

ANOP 

~OnlY In character ~1eUon. 
Only In arithmetic relation, 

6bblllxlaUgDIII 
N I. Name 

0 I. Operand 

S.P . t. Symbolic Pal1lmeter 

't 

'nIe Intersectio n of a Column and a raw Indlcatel whether an element ClIn be 

uled In an Instruction, and If.o, In what fields of the Instruction the 

element can be used , For example, the Intersecllon of the first row and 

the flrlt column of the chart Indicate I that symbolic peRimeterl can be 

uled In the operand field of SETA Ini truction • • 
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SECTION S: ADOlfDNAL rtATl}RtS 

The add.HIOI'I4I feature. of the .lIambler Ia"'iluage allow the pl"ogrammer to: 

l. Tenalnllle procelllnQ of a maao-defintUon. 

Z. GenMate error m.nIlV8 •• 

3, Us . a sy.tem vllf14ble .ymbol . 

Morn -- MACRo-OEFINITION EXIT 

TM MtXIT Ins truction I. \LIed to Indl0ll18 to the ... ambler thllt It .hould 

terminate proc. .. 1n9 of a mIlCl"o-deflnltion . The typical fonn of thl' 

Intlruction I,: 

Name 0 ratIon 0 .M 
A sequence MEXll Not u'ed, mu.t 
symbol or not be pre.ent 
not uled 

The MtxlT In'UlACtlon may only be Uled in" mllcro-defWUon. 

If the M£XIJ' In.lnictlon oecu,. in tI macro-definition con.spondlng to an 

out ... maCf~lnltructJon, the next Itatement procelled by the a"embler II 

the next ltatement outllde maCfo-defWlionl. 

If the MExn' Inltructlon OCCII'I In a maCl"~deflnJtlon correapondlng to a 

second or th.d leYel ~ct'O-lnltructlon, the nax! Itatemant procesled by 

the allembler Is the next atatemen! atter the lecond or third levelmacr~ 

InstrucUon In the macr~defln1tlon, relpectively. 

MEXlr 'Muld not be confused with MEND. MEND Indlcatc'll tha and of a 

macro-definition . MEND mUlt be the laat .talemt- O of every macro

deflnJllon, IncludIng thole that contain one or more MtxJT inatructlona. 
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The followlnQ .umpl. IIlu.trat •• the ut. of the Mour tn,uucUon. 

z , 

.. -
&NAMt 

. 0' 

&NAME 

0, «aUon QIL_and 

MACRO 

MOV!: &T,&r 

AlP (T'U to C'F'I.0 

MOOT 

>NO, 

ST 2, SAVfAJttA 

L 2,&P 

ST 2,&T 

L 2 , SA vtARtA 

MEND 

Statamant I II ua.d to determlna If the t7JIe' attribute of tha flut II\IICI"O

InltrucUon oporand I. the letter P. If the typl attribute II the latter P, 

the allembler proc ..... the remainder of the maa-o-def.JnIUon Itart1nl;i with 

ltaten!ent 3 . If the tYpllllUlbute J. not th.teHer F, the next .tete_nt 

proce .. ed by the .... mbter I, atet.m.nt 2. Be-tem.nt 2 Indlcatel to 

the ... emlll.r thot It '- to '.nnln.te p-oce •• 11'I9 of the macro-dettnltlon. 

MNOTt STATtMtNI 

The MNOTt In.trucUon lIIey be Uled to lIIener.te a mellage lind to tndjcate 

whllt error leverlty code, If any, II to be allocl.ted wUh the mellellle. 

Tha typical form of thl. InltructiOn II: 

Name ODeraUon ODerand 

A .equllnclI MNOTt Sae examplel 
Iymbol or not below . 
u.ed 

-58-

~ '-' 

Thie operand .ntry of the MNOTt allembl«-ln.tfuctlon may be written 

In one of the followlng form.: 

I . ..verity-code, 'lIIellage' 

2, ,'me.Age' 

3. •• '1II ••• age· 

For 2 end J above, the "Y8flly code 1J alllUlled to be one and z.o 

rllpee-llvely • 

The MNOTt In.tructlon mey only be u.ed In II maao-deUnlUon. Verlable 

.ymbol. may not br uaed to generata the MNOTE mnemoniC operaUon code, 

or the Hv«lty code Indicator. 

The reJulUng .. verny code Indlcotor may be a decimal Integ.r 0 to J, blank, 

or en ellartlk, The Integeu Indlcotll the leverlty of Ihe .nor, (0 I. the 

leut .. vara; 3 I. the molt .evera). If the .erverlty coda IndlOillor I. blank 

or CMIIluad, I 'I allumed. If the lev«lty cod. II an alterl.k, t he MNOTt 

I. nOl conald_ad an .lTor mll'aga, and the m •• lag. II conllidered a 

OOCIlIlMlnt . MIII'lIIe' can belll.neratltd with lubetltuUon u.mlll varIable 

'ymboll. 

Thie MNOTE .... tem.nt .ppear. in the U.t!n9 with a .tatem.nt number .t the 

pOint whfi. It w •• oen •• ted. If the leVerlty code IndlOitor WII' en Int~« 

or a bl.nk, thl •• Ult.ment nWllber ta plaCId In a lilt of .tete •• nt numben 

01 MNOTt and other error Itatementl near the .nd of the 1I ... mbly lIatln;. 

Il tha lev .. lty code II an alterllk, the IUltement number I. not pLaced In 

Ihi. lilt. 

The mellao' portion of the MNOTt operand I. enclo.ltd In apoluophe., two 

apo.trophll need not be uaed to rep-... nt 0. .In;le .po.trophe, Any variable 

Iyml::ol. u.ed In the me •• ,;e Operllnd are r.placed by value. alllcJned to 

them. Two amper.end. need nOI be u.ed to repre ..... a alnole ampenand 
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that t. not pen of e varloble .ymbol. 

The followlnv example Illustrate. the uu of the MNOTE Instruction. 

, 
, 

• 
5 

• 

N._ 
&NAMt 

& NAME 

.Ml 

.M' 

0 aUon 

MACRO 

MOVE 

AIF 

Alr 
ST 

L 

ST 

L 

MHOTt 

MEXlT 

MNOTE 

MEXIT 

MNOTE 

MDiD 

Oa-end 

&T,&r 

(T'n NE T'&F).Ml 

(T'&! HE C'r'j.M2 

Z • SA VEAJttA 

Z,&P 

2:,&T 

2: • SA VEAJt&A 

• • ' MOVE GENERAtED' 

3. 'TYPE NOT SAME' 

J • 'T'tPE NOT F' 

'" 

Statall'lent I I. uMd to detel"mln. if the type atlTlbut •• of both rnaO'o-ln'lTuc

lion opllfand. are the aam •• If they ate, .tatem.nt Z I. the next ,uHement 

proclI .. ed by the a"llmbler. U they are not, .tatement S I. tbe next .tat.

ment proce.sed by the a •• embler. St.tement S cau.e. an .,.(11" m .... Q. --

3. TYPE NOT SAME __ to be printed In the 'Oll'ce prog:ram 11ItlrM;!. 

Statem.nt Z I. u.ad to determine If the type atUlbute of the Utst meO'o

In.truction operand I. the leltef F. If the type atlTlbute I. the lett.r r, 

statemenl 3 I. the next st.t.ment proc .... d by the .... mbler. If the 

.ltrlbu. I. not the letter f •• t.tement 6 I. the next .tatement proce .. ed by 

the ••• embl.r. Statement 6 cau.e. lin e rToe me .. age -- 3, TYPE NOT f -

to be printed In the .o .... c e pI"OlJr.m IIst lnq . Statement 4 I. In MNOTE which 
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I. not treated 110. 41'1 error me.,lIg8. 

SYSTEM VARIABLE SYMBOL 

The .yltem variable .ymbol J. a.lfgned II value eutomatlceUy by the 

.... embler. Ther. I. one Iystem variable .ymboL: &SYSNOX. The .yltem 

variable symbol moy be u •• d In the neme. operation end opel"lond entz"le. 

of .totem.nt. In lIIeac-definitlon •• but not In .tetement. ouulde meao

definition •. 11 may not be defJned el symbolic parameter. ~ SET symbols. 

nor may it be 8111gned values by SETA, SETB, end SEre InstructiOn •. 

§,SYSNDX __ Macro-In.tructlon Index 

The .y.tem verillble .ymbol &SYSNDX may be combined with other cl'limlcteu 

to crlMle unique neme. for .ultemenu ~enerated from the sam. model 

.tat.m.nt • 

&SYSNDX I. a .. l9ned the fo .... -dlqlt number 0001 for the Unt mecro-In.truc

Uon prooe .. ed by the a •• embleT, and Jt ia Ina.ll'lented by onll foe each 

'ub.eqUoant lruillr lind outer mecro-Instruction proca .. ed. 

U &SYSNDX II u •• d In a model 'Ult.ment, sac (It MNOTt instruction, « 
• cheracter r.l.tlon In • SITB 01" AIF In,tructlon, the valu •• ub.tituted fOl" 

&SYSNDX ia the four-dlq1t number of the rnaO'o-ln.ttucUon belrM;! proce .. ed, 

IncludlrM;! lead1nc;l uro • . 

If &SYSNDX appears in arithmetic expre .. lon. (e.q., In the operand of a 

SI:T" In.llueUonl. the value used fa &SYSNDX I. an arithmetic value. 

TItQuahout Ont ulle of a macro deUnlt!.Qn. the valu. of &SySNDX max be 

con.ldered a constant, Independent of any Inner macro-Instruction In thot 

definition. 
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The example fo UowlnQ lIIu.tr.tel th"e rule.. It II .... u.rned that 

the Unt maao-Inltn,II;Uon PfOCeuecl.. Otltl:Rl, I .. the 106m macro-In.tru~ 

tlon pl"ocelled by the auembler, 

Statem.nt 7 I. the 106th IDIIcro-lnlll'UCUon prOCelled, Th •• fOl"e. &SYSNOX 

t. alllQned the number 0106 for that macro-Inltructlon. The nUIIlbm" 0106 

I. lublUtuted for &SY8HDX when It ,. uled In Itatementl" and 6. St .. tem.nt 

.. 'I uled to a .. 'Vn the character value 0106 to the SETC Iymbol &NDXNUM. 

Statement 6 'I uAd to create the unique name 80106. 

• 
3 

-
S , 
7 

• 

Name 

A&SYSNDX 

&NAM£ 

& NOXNUM 

&NAM£ 

B&SYSNDX 

ALPHA 

.CTA 

ALPHA 

o lIraUon 0 0"" 
MACRO 

INNDI.I 

8M Z.S 

C' Z.S 

" 8&HDXHUM 

• A&SYSHDX 

MEND 

MACRO 

OtltlJll 

SCTC '&SYSNDX' 

5R Z._ 
AR Z.' 
INNtRl 

5 l,-r'IOOO' 

MEND 

OUT&RI 

OUTERI 

SR Z._ 
AR Z.' 
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All 107 

BOI06 .= 
AGI09 

10101 

SR 

CR 

'E 
• 
S 

!III 

AR 

SR 

CR 

" • 
• 

'.S 

'.S 
BOI06 

AllI07 

2.-P'1000· 

'.-
'.' 
'.S 
Z.S 
BOIOB 

AGIO! 

2,-r'1000' 

Statem.nt 5 II the 107th maao-tnltructlon pl"oc .... d. Therefore. &BYSNOX 

I .... I<pI.d the num.be:r 0107 for that maao-In.tructlon, The number 0107 

I •• ub.Ututed for &BYSNOX when It II 1.11110 in .tatement. I and 3 . The 

numbef 0106 II lublUtut.d for the StTe .ymbol &NOXNUM In Itate-

lII.nt Z. 

Statelllant 8 ,. thol 108th maao-ln.truct:Jon prooeued, Th"eftlfe. IIlch 

occ..,..nc;:e of &SYSNDX I. r'plaoed by the nWllber 0108. Fgr lUUIlllple, 

ltat.eanl 6 1. uHd 10 a .. te the unlqUl name 111)108. 

When .tat_ent 5 1. uHd to pl"oeell the 108th m8C1"o-in.truction •• tIltem.nt 

5 beO(lInel the 10!th macro-tnltJucUon proce .. ed. Therefore, e"ch occurrence 

of &SYSNDX I. replaced by the number 0109. For example, I tatement I II 

u.ed to aeate the unique name AGIO!. 
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• 
tHe fARM OPTION 

PARMn I, an addlUonal parameter to the IX!:C statement. It I, IlmlIar 

to the SYMBn pa.femeter In thet n I, a decImal numba- not to exceed 9999 

(the Villue for n mUlt be grMter than 12:8). The Pl"ogremmM' e.timate, the 

llmount of space required by the DEOODDI: for It. paramet.- liIble, using 

t11e formula below. and Inl«ta the relull. (or n. The Iyltem re.erve. n 

Urn. two byte. lor the I.ble. 

n- RP+M+ tc 
Z-

p.. Maximum number of pll.rtlrnetet In the latgelt mattO 

(Include all Inner macro parameter.) 

M- Total number of macro. uled by one e6lJ, I.e. the 

• um of Inner macro •• 

E C" ToULI nulllber of Character Uled In the parameter,. 

For eMmple: 

U macro A 1'Ia, 6 paramet ... (including t .... Mme) and .. en 

parlUlleter t. 6 Character. long and calli • macro B with S 

pMiUllet ... 10 cnarllct •• 101'19 then n .. 61. 

Solution: 

n" 2:P'" M'" E C 

• 
p- 6+5-11 

M .. Z (The macro A and th. lnner !Mao B) 

c- 6(6)+5(10)-8& 

n" R(ll)'" R'" ll- 67 

• 
Note: Compute n for the moxlrnum number of parameter for " lingle 

macro call not the .um of ell macro calli. 
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StenoN 6: COMPATABILlTY WITH: 80S ASSEMBLER 

na. IBM SYltem/360 ModCIl 44 Mocro A.lClmbl.r Lan;ue;e 1.0 

lelecred lub.et of the IBM Sy.tem/360 Be.lc Opera tin; SYlrem.. The 

folioWin; Chart Ivmmarlu. the major featurel """Ich are not compatible 

be~en the two .y.tema , 

Macro In.tnx:tion II. Polltlonal II. POlltlonal 
SUltement •• ......... 

3. Mixed Mode 

Macro Ubnlry Llbrary of 10W'C. Llbrary In encoded 
• tatementJ format . 

SyJl.em vartoble I. &SYSNDX I. &SYSNt'X 
Iymbol • •• &SYS£CT 

3. &SYSl.18T 

Varlabl. Iymbol I. (;10"-1 Nead DO t define pl"lor to 
definition •• Locol u.e,u ore conlldered 

;I~I. 

Maximum nl,Ullber I 10. .. 
of .ymboltc 
p8ralMterl 

Ham.1 of Macro. JAIl namel mUlt be HaIM need not be vnlque • 
uled In an al •• mbly unique. lb. late" deUnttton wtlt 

ptCIvaU • 

Ule of variable I May generate May not be u.ed to generate 
'ymhal •. mn.montc operation mnemonic operation codel 

code. outJlde of outJlde of MacrOI 
M&crol 

Macro Inltructlon Up to 121 chal1llct.,. Up to 255 chal1llcten 
operandi In th. operand tn the opllrand 

Subllit. Supported Not ,upported 
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Inner Macro. 

Atttibut .. 

SETA .ymbol. 

SETC 'ymbol. 

I. Type 
Z. Lenqth 
1. Scaling 
4. tnteoar 
5 . Count 
6 . Number 

Ranoa of value I. 

_Z'l to +z'I_1 

Maximum value of 
8 character. 

SEre concaterllltion I ltoe form to conceterlllte 
I. &A SEre ·A ' . IS' 

Sub.trlng ICharacter .trlng •. 
mey be u .. d. 

AC11I 
/su

pported 

MNOTE Severity code 
Indicator I. 0 - U5 

SublCrlpling 
/supported 

AlP Character relaUon. 
mUll be In.lde 
llpo.tropne., 
I.e. 'F'. 'f' 
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A IMcro lMy not cell 
It.elf or"n outer IMcro. 

L ,.,.. 
Z. Length 

Renge of value II 

_ZZl to +ZZl_l 

Mexlmum v"lue of 4 
character.. SEl'C .ymboll 
may nol be und In the 
opere .... of 01 SETA. 

'nle period lMy not be 
u •• d to conceterlllta. The 
o nly COOC4tenetlon Illow 
I. of the fonn: 

&A SEl'C 'U&C' 

Only variable .ymbol. lIIIIy 
be u.e<!. 

Not .upported 

Seventy code 
Indicator I. 0 to 3. 

Not .upported 

ChllRilcter relaUon. mu.t 
be preceded by the leiter 
C, I.e . c'r', C'C' 

J 

StcIJON 7; PIAGNOSTIC Mr;iSAGm 

In addition to 44PS Ala_bJ. dlagnoltlc. the tnOa-o proce .. or 1.luel 

dlognolUc me .. ege •• All mea.lIge. _capt two orlglnete In the Encod. 

during creation of the mecro alteleton. 

When In .-ror la detected In e l!etGlllent, It II fl"99ed on theU.tlng of 

the dellnltlon. II the erTOneoua I!etement II gen.eted during the ""embly 

proce .. It ",01 be fl099ed egeln by the e .. embl ... One of the dlaonoltJc 

mellO\1a. wUI £ollow the .-roneou. Itetement . (PIoure I). 

Sl'Iould the tncod .. detect an error In the prototype .tatement of a macro 

definition, 01 (Jag of X With 01 .everlty o f l will IIppear on the left .Jde of 

the IJlun{!. Thl. (lao Indicate. that the entlr. defJnlUon wal flu.hod by 

the tncoder with no furthEr erTor checltlno . 

Qfcopm DIAGNOSTiCS 

The follOWing I. a lilt of the dlognolUc. mell0gel, thalr lever1ly and 

nagl, oen.ated by the DlCOom. 

atx.lIi:.r: llIlL Mellgge 

• p • mROFt ..... INVAlJO CHAFtAcrDl; ... .. 

• p • ERROR ..... lLLlXiAl,. SYMBOL LENGTH .... . 

• p • DmOFt ..... lNVAlJO CHARACTDI; Af'TDI; 

AMPDtSANO .... . 

• p • ERROR ••••• UNPAIRED PAADJT1fESlS ..... , p • DlROR ..... UNPAlRlD QUOTQl ••••• 

• p • ~ROR ..... lNVAUO TDl.MlNATOR IN NAME 

OR OP rll:lD ... .. 

• p • mltOR ..... MISSING COMMA TDl.MINA.TOR ..... , p • Dl.FtOR ..... mltOR IN sac OPDlANO fiELD ••••• , p • mltOR ..... Dl.ROR IN sa STATEMENT NAME 

rIIJ.D ..... 

• X • mltOR ..... mROR IN PROTOTYPE STA.TEMeNT ..... 
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• 
P£CQPD3 P16GNOSJICS 

The DECODDI. doe. not cheek syntax of II generated canL It 'illve. the CMd 

to pall one of the allembh .. for .u"'II1b1y and error checking. 

The DECODER doe. I"ue two dlaQnolUc mes.aqa • . When either ID.II09_ 

occurs. the DEeODD!. t .. mlnates proeessing and return. control to pall one. 

The following ate the decoder menage.: 

• outOR ..... UNDtFtNEO SfX)UtHCE SYMBOL IN AlF OR AGO 

SYMBOL IS (sequence .ymbol) 

Thtl malleQII give. II severity of l ClOO III neg of U. 

* ERROR u*** DECODDI: PAAAMtTDl TABLE 18 TO SMALL. USE 

PARM OPTION. 

This mM.aljje Ijjlves a .everity of] and a 80Q or W. 

The PARM option may be used to CO/Tect the .-roc. (Section S). 
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SECllON Ij BRIg: QIiSCBImON OF THE LOGIC OF THE MACRO PRQCISSOR 

lNIROPUCIJON 

The 44P5 " .. ambler 'I II two pan a .. embllll'. All Mo(%o proee •• I"9 occur. 

duf1nv pall one of the assembler. The Meao procellor con.lsts of two 

routines; 1) DlCODER end l) DECODER. . 

Th. ENCODER routine II used to aeate a coded form of all Macro definition • 

In the source Input. The •• coded (orml are called "Meal) Skeletons," The 

"Skeletons" are COI'e resident during pass one of the lIuembly proce ... 

Ih. DECODDt routine 18 Uled to Interpret the "Macro Slte.letons" and create 

source card ImaljjM for the assembl« when a macro Instruction is tlncountered. 

THE tNCODING PROCESS 

The fNCOOIJ!. routine Is loaded into coce by pall one of the allembl .. 

when. macro card (macro deOn(tlon head .. ) i. encount .. od. Thi. routine 

r.sid.s In core foUowlnq pass one . (FIgure 1) 

The tNCODD!: USM the prototype statement of the dertnttion to buUd a macro 

nome table (Figure 3) and • symbollc parameter UJb1e (FlljjUf •• ). Pa .. one 

of the allembl .. t. used by the I:NCODD!: for all Input and output. The 

I:NCOODlscans eIIch Input card and makes code substitution where nace .. ary. 

(.A list of codes and lln example of thler use are Ulustrated In flljjure 5). 

When the card scan Is completed, the card t. returned to pall one where it 

.s treated as It comment cord foc lat .. UstiO\l. This process continues unUI 

all deUnlUons are encoded. 

THE DECODING PROCESS 

The DEGOOD!: routine I. loaded. by pall one of the a .. embler when an 

operation code on the .ouree Input card Is found In the \tacro name table. 

This routine overlay. the I:NCODIJ!. area of core. (rlljjura l) 
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the DECODER UIO. the Macro In,tnu:t1on to form II tablet of PAl"ilmet ••• 

The macro In'truCUon can! I, retum«l to pa .. one where It I, tteated •• 

II tlOmment. 

The OECODDl: pn>eeed. to Interpret the "encode:!- macro. It build, up 

II CMd lma..,e which .. then given to pu. one where It I, auembled e. 

a .oorcelnput card. 

Pa .. one I. lI.ed by the DECOD~ for Input, output, evaluation of 

character and Ill'lthmeUc r~.tton. and evaluation of aU S~ Iymboll. 

When decoding I, completed. conlfol retum. to pell on •• 

Q!.RORS roUND BY MACRO PROCQSOR 

Whon eln "'01' I. dotected during ~lIflc:odl"9~ the Itetement I. OOl,lglid. 

An error m.lleg.l. pieced In the .keleton Imm«ilately following the 

orronlOu. clltd ImOl,le. Thl. mellage wUl eppear when the mllCfO I. 

~decoded. ~ The Deg will IIppMf on the U.ted definlUon. U the orroneou. 

card I. the prototype It II Q09ged and thl definition I. Qu.hed with no 

further PfQCe .. Irl9. 

The DECODER rellel on the u .. mbl .. for .-nil' ehed.tng of the gen.etad 

card Im0ge.. If an erTOr I. detected In the macro In.tnlcUon the Itetement 

I, Ca'il9ec1 and the mecro I, not -deoodad. ~ 

The Cag W with ......... !ly of 3 I. Illued by the DECODIlt when In.ufUclent 

core I. available for It. paremlt. table. Thl • .-ror can be corrected by 

u.ln; the PARM paremltor on the IXte ,uulIIDent. 15_ SecUon S) 

A lilt of !l.il erTOI' m.lIlIg •• lind th.lr ..... orlty I. contained In 5ecUon 7 of 

thlt publlceUon. 
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CORE REqUIREMENT 

The tNCODtR r.qu1r •• appnatfDlltely 4800 byte. of core. The DECODER 

require, eppr'OJdnwltely 5400 byte. of core. The macro "'kllaton" I. of 

variable lenqth depending upon the number end Ibe of the Il10(:10 deUnlUon •• 

Ttl. macro Mme tabl. requlrea 12 byte. tOl' .. ch mltera d.Un~ . lOOO byte. 

• ....... .,."ed after the .It.leton for the DECODER" parameter l.abl • . (Ug. l) 

The rlllllllnlnO .tora\l8 I. u.ed fot the .... mbl.r· •• ymbal. attribute and 

Iypelnd '0"9th etllibute tIIble •• (H1jI. l) 

-71-

e 



""". -
UPS Supervl,or 

Pou' HPS Mocro 
ASl8mbier 

ENCODER 

Macro Skeleton 
(lfertobl. length) 

Mocro Neme Tobl. 
(vtlrlable len9 th ) 

rtg. 1 - Core Allocation Ourlng Encoding 
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HPS SupervUot 

Pa .. I 44PS Moero 
" .. embler 

DI:CODER 

Mecro Skeleton 

DECODrR Pllrameter 
Teble 

Symbol Teble 

AttrLbute noble 

Type ond Len;th 
Attribute Table 

Mecro Nome Teble 

rtg. 2 - Core Allocation Afler [ncoclln\! 
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Macro Name 
8byt .. 

rlq. 3 rot'l'l'lat of Macro Nome t.ble 

Symbolic Panlllaeter 

8 8ytOl 

MilJt.ImullI of 49 Parameter. 

Fig ... trw::oder P4rt1meter Table 
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.. byt .. 
Relauve 
Dllplacement 

Pig. 5 - MIet'1) Skeleton Cod •• 

Hexadecl.trlal 
U •• of Code 

Code. 

BO" Ir .... rt the folloWing n CMI1I1;:ten Into the c.!Itd linage. 

81 Skip to the next field (o~""tlon. operand. or comment) 

8Z End of CIII rd 

"" Inlert the nth parem.tat Into the card lmagll. .. thIs II the MEND (macro end) 

BS Thtl 'I a MDClT (mecco extt) .. Till. I'll MNOTE 

"" Thl. I. an AGO InltrucUon wHh II .equence .ymbol n 
cl'laRicten Ion; . 

as" follow. II .. quence symbol In an AIF or AGO whet. n I. the 
re1aUve displacement In the .keleton of the sequence Iymbol . 
If n -0 II forward learch II made for the sequence lymboJ. 

" In,.n the C\ll1'ent SYSNOX value lnlO the card image. 

BA The followtng 'I an All' expre"lon . 

.'" nil following n character. ,. II •• quence eymbol In the 
name field. 

Be" The following n ellarlllcteta II II lequence Iymbol following 
an Air expteilion. 

• D The following Iia let Inltru(:tlon • 
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Huadec1mel 
Codes Un of Code 

BE The following I, an error statement. 

BF, The followln'll& I aubUrinl}. If n- 0 to "9 then n spc!clflu 
the symbolic peRimeter to be .ubltrunq. If n. 128 then 
a SET symbol I. to be .u~trun9. If n _ US then SYSHDX 
I. to be lub.lruno . 

The folJowlng IIlulttllte. a IOurcl! card and. lu encoded form. 

Defini tion card; 

.AUO AIr {&8T to X'P1FZ').8UT COMMENT 

Encoded C8 rei: 

880 .\.JSCIE4C481BA800 14D8003S0C2E3BO0840 CSca'40E71DC 
6FI8Q04C6F'27DSDBC044BC2E4t28800008180084OC3D6D4D4CS 
DSE382 
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SECTJON 9; ......... CRO I..IBRAR Y CAPABILITY 

The model .4PS Allembler Mac::ro Proce.sor haa the capability of 

creatin, and. maintaining .. maCro library. Thb I. ac:c:omplhhed by the 

MACUTIL routine ..... hich i. a permanent member of tbe 44PS phase 

library, and rnay be called into eIecuUon by u eXec:ute card: 

II EXEC MACUllL 

9. ! MACyTtL. Proceuing and £,ucuUon 

MAcun ... calli uPOI\ the Macro Procellor'. encoding rOutine (ENCODER) 

to create a Ubrary. The encoder then processes the macro, <: r ealing .. 

macro name tabl", and, macro skeleton table (figure 9.I.l~ The MACUnL 

rO\ltlite then c reatel th .. maCrO Ubrary (rom thele tablel (I .. c tion 9. Zl . and 

place I It in a u .. r d.lignated data .et. 

u 1m. macro lIbu,ry routine 11 updatln, an .. xilting library, It caUl a lub. 

routllte c .... l.d WBRDR. 

W8RDR It nloeatable and reald ... in the phale Ubrary. It II uled by 

either MACUTIL {filllre 9.1.2101' the a .. embler to read an eldltinglibrary 

into core atora,e. Addrell locationa for the Ikeleton table and name table 

ara palled to It by the c .... Ung routine. UBRDR rehlrna control to the 

caU .. r (or further procelling. 

t. Z Library Data Set Conltructlon 

MACUTIL proeellel data in blockl of 360 byte •• The data let conllau of 

a header . macro name table . and an encoded Ikeleton table. 

The Iibnry header II one block long. 
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Library lIeader: . ". No. of Byt ... Content. 

0-7 • Ubrary name 

8·11 • Number of mac r o, in Ubrary 

lZ·15 • Le"lth of .keleton t.ble 

16.17 , La.1 b lock of the namlll table 

18·19 , Number of byte. In the fiul block of the 

namlll u.bllll 

19·Z0 , nut block of the .kel"lon table 

ZO·U , Laat block of the ,ke le to n table 

23.l4 , Nwnber of byte' in the laat block of the 

akeleton Lable 

25·36 ,,. Not used 

The len.lb of the name table is dependent upon the number of macro •• T be 

IAble II Inverted., will be leen. Each n.me entry II IZ byte. Ion,. 11. fo r 

example. the lable conlh ted of one block and two entrlea, then the fo rmat 

would be a, follow,: 

Namlll Table: 

.". Bytllla Contenta 

360·349 " Name Ent ry 

348·335 " Name Entry 

334· 0 ". Not uaed 
---

Name entrle, have the followln, format: 

Name Entry: 

By<. Contents 

349-]56 Macro name 

357·360 OIapiacement of the macro akelelon from the be.lnnln, of 

the .keleton table. 
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The .k.leto" u.ble II Qot hlyet>ted. and i. of v.dable 'a",th (naurlll 9. ZI. 

9.3 Creatln. a Library !Oata ~tl 

Since a libra r y I. III dau. .et p r lllpaud by MACUTlL. It may btl t reated a, 

any other dau. .et undlllr ,upe r vi.lon of the 44PS .y.tem. 

To c r eate a libra r y . 'pace mu.t be aUocatllld (ALLOCI or acce .. ed (ACCESS) 

lor the data , ,, befou the MACUTIL routine" ea.ecuted . In addition the 

10Uo...m, carda a r e nece ... ry-; 

Librar y Nama Ca r d: 

Col \Ul\ft Content a 

1-' libra r y name· · a I to 8 character name blll,lnnlng in column i. 

• bl ank 

XX a twa dilit Dumber 'pecifyin, the S YSUNllnd ea. of the device 

whJch " to receive thlll data .et 

Write Lib rar y Card: 

Column ContenU 

1-' WR,JTUB · ·keywo r d ,peCUIIIIIII the end of all macr OI for thh 

libr a r y 

Ea. I : II II de,lred to c r eate a libra r y called MAC UB I o n tape unit XXX. The 

followlA, job control carda nU,ht be uaed: 

/I JOB 

/I 5Y5VVY ACCESS MACUOI, XXX . 

/1 EX.EC MACUTlL 

MACUBI Zl. 

MACRO 

MEND 
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• 
MACRO 

MEND 

WKlTUB 

/. 

/. 

• 

5YSYYY II the lymboUc unil to be ... llned to device XXX. ZZ I. Ita 

SYSUNI Inde. lor the Iymbolic "nit (lee IBM SYltem/l60 Model 44 Proa"am

mini SYltemj Qyide to SnU:ID V.e . lor detaUed information on control c ud 

UI&ge). 

Ex. 2: It Ie delired to create. library named MACU8Z on dllk XXX. The 

followlna job let up will ac;:o;omplhh this . 

/I JOB 

II SYSYYY ALLOC MACUB2.XXX - 'VOLlD' ,BLKGOUNT 

" LABEL 360 

/I EXEC MACUTIL 

MACLJB2 ZZ 

MACRO 

MEND 

WRJTLJB 

/. 

I. 

In thi, e:o:ampJe it is requi r ed to lpecUy • block count on the allocate card. 

MACUTIL procenel output In block. or ]60 byt ••. Since the block count 

I. vart.ble It may be adVlt.nt.,loul to fln t build the library on t.pe, or 

dummy data let. MACUnL wUI lpeclly the number of block. \I..ed •• 

part of Ita Olltput. 

9.4 U.ln8 The Mac ro Ubrary 

To IIle the mao;ro library, the lollowin, ca rd Ie nece .. a,y: 
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Llbnry SpecificatlDn C.,d 

Column Contenl l 

'0' MACUB -- Keyword tdh the ... embler that there II • 

library , ...... 
XXXXXXXX Ubr.,y "a.me--el.aht ch.,.cte,. mannuu" 

X ..... 
XX A two diai! number .pecUyina the S'tSUNl index or the 

device where the Ub .. ry il fe-Ide"t 
- -- --

Ex. ) We wllh to ,ue the Ubrarle. c reated in Ex. I, a"d Ex. Z Ilon& with 

neW mlCfD deUntllona: 

II JOB 

II SYSOO) ACCESS MACUBl,18] _ 

II S YS004 ACCESS MACl.lBZ,OCO .. 'VOl..lD ' 

II EXEC ASSEMBLE 

MAC LlB MAC LIB I 

MACUB MACLl.BZ 

MACRO 

• 

/. 

/. 

MEND 

START 

END 

o 

• 

" .. 

I" the ",,:am ple above. lyrnboUc unih SYSOOl alld SYS004 have been all lIned to 

'ape unit 183 and dilc unit OCO , re lpectlvely. The MACLlS ca rd mUlt im_ 

mediately rollow the /I EXEC ASSEMBLE card. 
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The macro library f.atur. may be u .. d with a .ourc. c.rd macro library 

In conjunction with the UPDATE I.atur. of In. A •• embl.r. 

Ex. 4: s...ppo ••• tape .du. th.t cont.ln. cardlma,.a 01 a aet of m.cro. 

definition a (call It MAC'CA.PE). Th.a •• r. I.queneed from MAC00010 1.0 

MACOO2:00and followld by a ctummy card which II .. qu.nc.d 99999999 

(th ••• were put on a u.pe u.inl the copy uUHty). W. wtlh to merle thla 

•• t of m.cro. lnto a pro,rlUn that u.e •• macro Ubrary (MACUSI). and 

an .... a.t of macro delillltiona. 

We may accomplbh Wa ta.k U the mac:ro card. In our ._rc. deck are 

aequcnc;ed from MAC 10000 on; &lid w. ",a. the .... mbl.r UPDATE f •• Nr •• 

The followin. c:ontrol card. may b. uaed: 

1/ JOB 

/I SYSOOl ACCESS MACTAPE . l82t 

/I SYS004 ACCESS MACUBI . lU_ 

II SYSOOl ACCESS NEWDECK. lU

II EXEC ASSEM.BLE (UPDASMBI) 

MACUB MACLJ.B1 

MACRO 

I
I. 

MEND 

START 

END 

" MACIOOOO 

MACI ___ _ 

Azl. updated d.c:k wtll be written a. c;ard tma.e. on tape 18l. Tape 181 

will In Nm become the Inp,u tape to '"' a ••• mbled (F'lsure 9.4. Ij. 
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9.5 Updallnl and MalAtalninl a Macro Ubrar r 

MACUTIl. c .... add. delet •• &lid rename macroa in &lI W.tln, macro 

library. Th. foUowln, carda ar. n.c ••• ar, lor any library maintenanc.: 

Del.t. Card: 

Column Content. 

.-. DELETE - keyword. denotln, action to be taken by MACUTIL 

1 Blank. 

8-80 name [!name •..• J aU.t of mac:ro. nam •• to del.1.e from 

the library •• ac;h a.~rated by c:ommaa 

Aa many DELETE c.rd. aa needed are permitted a. Ion, a. they ar. 

conlll"'ou, In their ord.r. and they Imm.dlat.ly foUow the lib rary name c;ard. 

R.nam. Card: 

Colwnn Cont.nU 

.-. RENAME - keyword. d.notln, acOon to be Laken by MACUTU .. 

1 61&l1k 

8-80 nIUTlC • .,.WI\ ..... "b[nam •• n.WI\aJn." nam • • •.• J 
---a Uat of nune. to ba chan,.d . A comma muat '.parate 

the n .... name from 0,. old. 
----

A. many RENAME c:arda .a n.ed.d are permltt.d. 

Aclcl C.rd 

Column Cont.nu 

'-3 ADD ___ keyword denotin, action to b. taken by MACUTIL. 
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An add card m\11t be followed by the marCO ddin.iUona tll.&t are bem, added 

to the library. The RENAME Or ADD carda may be ill any order, but mult 

foUowal1 DELETE card.. The WRlTUB card and libr ary name card are 

required ., prev!O\Ialy atated. 

E ... 5 Suppc,. .. we ""hh to marupulate .. library l,lalna aU MACUTIL option •. 

The (oUowin, deck let III' will accomplhh the t •• k: 

1/ JOB 

1/ SYSOO) ACCESS MAGU8l, 18 .. .. 

1/ EXEC MACUTIL 

MACLlO! 13 

DELETE NAMEA, NAME8 

ADD MACRO 

MEND 
RENAME Da.rnel..noname,1\.M1C!4, namel 

WRlTLlB 

/. 

/. 

2.6 Error Me ••• ,el and Recovery 

t .. 

I. OPEN UNSUCCESSFlJL - JOB TERMINATED ___ a data ut h not properly 

ueHned. Chack the .. aUdity of the SYSUNI lnde:ll and the device naN •. 

Z. SYNTAX ERROR ON U8RAR Y CONTROL CARD ---a library control 

card fa not properly derined. Check job control .",t up. 

). NAME CANNOT BE roUND IN USRARY ---macro NAME ha. already 

been deleted , or renamed. Check to lee H pr oper library fa bein, 

proce •• ed. 

4. ENCODER PHASE CANNOT BE FETCHED ---the ENCODER I. nOt 

pre lent In the pUn libr.ry. L.NKEDT and KEEP the ENCODER and 

retry job . 
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, 
S. INPUT - OUTPUT ERROR - JOB CANCELLED _ •• an I/O errOr 

oCl;urr"d durin, JOb proc" .. inl. retry the job. 

o. MACRO LIBRARY NOT REAl) - I/O ERROR. • __ WBRDR '"" ...... . 

The IIbra.r,. .101 notolln the ... olwnn r . q .... . t.d. Chack, ... d retry. 
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, 
•• PS Supe .. "bor • 

.... PS SIt,..",,' . or 

MACUn1. 

MACUTlL 

ENCODER DELETE UST 

U8I\DR 

SKELETON TABLE 
(yarlabl. I."ath) 

S 
ENCODER 

(a.efla 

s 

SKELETON TABLE 
(". , Iabl .. leflath) 

:::. I 

S 
MACRO NAME TABLE 

",.,table lenlth) 
n ....... l ".m~ I 

MACRO NAME TABLE 
(variable lenlth) 

Fisure 9.1.1 Cor •• lIocation durlnallbr.ry creation. 
fll"U! 2.1.2 C QNlallocation dudnilibury "pd_t., 
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HEADER 
( I block) 

NAME TABLE 

S 

(variable ienBth}, .• Ilaffi"z,name 

SKELETON TABLE 
(variable lenath) 

.s 

Ftaure 9.2. I Ubf.ry data • .,1. 
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"MACTAPE" 

Tape 182 

'- '~ 

GOATE " NEWOECK" 

Tape 183 

• 
CARD READER 

n."" macro. 

~ 
~ ----

"MACLIBI " 

Ta pe 184 

'-- 1-- __ I ./ 

(~EM8LE I 
Fir'. 9.4.1 A aOUtee macro library II to be metied with ... o'l,e., deck , 

con~inina macro definition. , udnS the UPDATE h,.ture, and then .... embled 

-rlth an encoded macro Ubr. r y. 
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sglO" lOj NOIQ ANP RI3IBlCIIONS 

LOCN. AND CiLOIW. OPQWION COPGi 

If the proqraDUaer wl,he, to r ... ln compadbte with oth. 08/360 ... embhn 

and II'. local and global definition., It I. recolMl-.da:t that h. define 

macro, lilln; local and global operation code. al matto name •. The •• 

mllcrQl need do notn lnQ. An example I, a. follow,: 

.... CRO 

LetA 

MEND 

With the above the LCLA operatlon code will not r.,lIlt In an 8T(11". 
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TM. tape t. blocked by. factor of 2:000/25 . The crd.- of date I. iI, 
followa: 

Program Pha.e Name Identification 

I) Pus I '1-'ST Serial number ABIOOOOOO 
2:) pa .. l BLAZ' Serio I number ASZODOOOO 
lJ Deood.- OCCOOtR Serial number D£CIOOOO 
4) Encoder £NCOOLR Serial number ENCIOOOO 
5) LJl::I'dI- L1BRCR Serial number LIBRIOOO 
6) MacuUI MACUTlL Serial number MCUIOOOO 

The conttol card. need to a ... mble the data ora 01 tallow.: (The Input 
tape I •• "lImed to be on 184) 

II 10. NOOUMP 
//S'iSOOz ACCESS TAPt,184_ 
II I.ABl:L >0,. 
IlpASSI [)([C ASStMBLt(OECK . NOLlNK, 

UPDo\SM83) ( .... 101 field) ,.. 
99999999 

II REWIND SYSOOl 
//PASSl OO:C ASSEMBLE(UPDASMB3, DECK, 

"Pro ASlOOOOO NOLlNK) ,.. 
99999999 

II RfWlND SYSOOl 
//DtCOIX [J([C ASSEMBLE(UPDASMB3, DECK. 

"pro DEClOOOO NOLlNX) 
I' 99999999 
II REWlND SYSOOl 
//ENCODE OO:C ASSEMBLI(UPDASMB3. DECK, smo ENCIOOOO NOLINK) 
I' 99999999 
II REWIND SYSOOl 
//LIBRCfI OO:C ASSE:MBLE(UPOASMB3. DECK 

"pro Ln.tIOOO NOUNK) ,.. 99999999 

" 

'-



• 
II 
//MACUTn. 

SKl'TO 
r 
1/ 
/& 

_z_ 

REWIND 
oa;c 
MCUIOOOO 

REWIND 

S'tSOOZ 
ASSEMBl..t(UPOASMB3. DECK, 
NOLlNK) 
99999999 
SYSOOZ 

The object deck must be Unk.398 edited 1,I.ln; the phase Milia "bove . Thev 
can relkle at problem cere . Thenfore II typical deck lel1.lp would look til 

follow.: 

Deck letup for pM.a e..semble: 

II 
//SYSABI 
II 
II 
MODULE 

Pa .. 1 

pHASE I~T.· 
INCLU DE PASS! • L 
r 
/& 

JOB 
ACCESS 
DELETE 
ExtC 
PASSI 

Object dock 

92 

NOOUMP 
SOSABS , OCO-'VPt003 ' 
SDSABS (BLAST) 
t.NKEDT(KtEP) 

•• • . . • 
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SNAP PROCESSOR (PROTOTYPE ) 

360D- 03. 3.010 



DISCLAIMER 

This p rogram and its documentation have been contributed to the Program 
Information Department hy an IB'! customer and are !>rovided by the IB~l 
Cor poration as part of its service to customer s . The program and its 
documentation are essentially in the author's original form and have not 
been s u bjected to any formal testing. IB·~ makes no Harranty expressed 
or implied as to the dOClli~entation , function, or performance of this 
program and t he user of the program is expected to make the final 
evaluation as t o the u~efulness of the program in his 0"'" environment. 
There is no committed maintenance for t he program. 

Ques tions concerning t he use of ~~e program should be directed to the 
author or other desiqnated party . Any changes to the program ~ill be 
announced in the aopropriat e Ca talog of Programs ; "o~oJcver , the changes 
~:i ll not be distributed automatically to user s . Nhe n such an announce
reen t occurs , users shoul d order only the material (documentation, machine 
readahle or both) a s indicated in the appropriate Catalog of Programs. 

IV 

.' 

\ 
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CONTRIBUTED PROGRAM LIBRARY SUBMITTAL FORM 
(for IBM Sl360, 1130 and 1800) 

IBM Corporation 
Program Information Department (PIDI 
40 Saw Mill River Road 
Hawthorne, New YOMt 10532, U.S.A. 
Attention: Program Control Desk 

~I--------------------~--------

• 

Thd form should be completed and Rlbmitted with the program package to PID at the address shown above. Standards and 
instructions for Rlbmitting programs are in your User Group Reference Manual or the Contributed Progrsm Submittal 
Standards Manual available from PID. 

Program Order Numbet'" (to be filled in by PID) . 
360D- 03 , 3, 010 

System Type (machine) 15 , 1 ,3 ,6,0 , . . 
o 
CD 
o Search Key {,E , XE,C ,U,T,E,S , f, ,S ,N,A,P, I ,A, I , ,B,A,s l 

II ,C , ,EN,q L,I. S , H. , f,F.O, R , I, , T, E,X, T, pll,OI 

IC , E , S ,S ,I, N,G , , I , F ,O,R I ,H, U, MA, N,I, T, I , E,S , ,LI 
I I.B , R,A, R ,I ,A , NS , ,E,D,U ,C, A, T, O, R.S , , I.E, T, C,!I 

o Name of Author (if different than submitter's) . • . . • __ W"",i~l~l~ia""m"-,M,,",,-,R~u,,,,h~s~a~m~ ________ _ 

Mich ael P . Barnett 

Submitter's Name (direct technical Inquiries to) Michael P. Barne tt 

Submitter's Address School of Librar y Ser vice 

Colwnbia University 

New York, N Y JOn? 7 

o Title of Program. . • . SNAP PROCESSOR (PROTO TYPE ) 

® Submmus User Group Affiliat ion Code and Installation Code 

® Submitter's Own Program Identifica tion and Suffix (optionsl) • 

ls.J I B, W, Y, 

IPI E TI ~ 

@ Primary Subject Code . 

@ Secondary Subject Codes 

I2..d... • .l..1 
l..Q.l.. • .i.J l.Q.£... • .i.J l.Q..2... • .2J L- . ...J 

@ Operating or Monitor System Required IS,E ,E , A,B, S ,T ,R ,A ,C T 

@ New or Revision Code (if revision, show pr ior Program Order Number in item 1) • 

@ Year Completed . 

Date of Submittal 

Documentation (number of original page! wbmit ted)· 

l!'!J 
~ 

12 ,1 , 0,4 6, 9 1 

,3 .7 1 
@ 
@ 

® Abstract (should contain WffiCIMt information for a reader to determine the valUfl of the program). L isted on 
rhe reverJ#J side of this form are wb/«:ts which may serve as a guide for a descriptive abstract. 

1 



CONTRIBUTED PROGRAM LIBRARY SUBMITTAL FORM 

Subject Guide 

L PUfpOle 

b. Programming lIngu .. uted 
c. Venion and modification 1...,,1 or rele .. number of IBM Programming System ullid. or program onf« numbM' 

for non-IBM euthored program ullid 
d . Field of eppllcation 
e. Type of rou1ine (mein program. klbroutine. etc.) 

f. Specific: description of mechint raquirementl 
IJ. Engineering Chengn (EC)I.vel of equipment (if pertinent) 

ABSTRACT 
The SNAP processor executes procedures written in the SNAP language-

• "basic Eng1 ishll for 1 ibrarians, educators, publishers and others to instruct the 

computer to perform mechanical test processing. (see H. P. Barnett and W.M. Ruhs am. 

IEEE Trans. EllS. Vol. ews -II .2.45.1968; M. P. Barnett. Computer Programming in English . 

Harcourt,Brace & World, Hay 1969). The SNAP processor Is wri tten In FORTRAN IV. When 

compi led It consists of • root segment of 56K bytes, the translator segment of 45K byte 

that converts SNAP procedures into the numeri cal SNAPI C- code) and the interpreter 

segment of 48K bytes that can be overlayed wi th the translator. The minimum requi re-

menU for the compiled processor are 128K core storage, card reader, line pc.inter and 

I tape drive (or an equival ent drum or disc). SNAP instructions to punch cards and pape 

tepe, to read and write magnetic tape and direct access devi ces, and to punch paper tap 

can be used in SNAP procedures that are run on eQuipment with appropriate units . The 

c ompiled processor can be 5 tored in a language I ibrary and used conveniently under 

OS/360 . It has been used extensively for class excercises at Columbia Uni versity. 

(PllYse .rtltch MJditiom' (»geS if ~ryJ . . . . . . . Totti pages ttteched 

Permission to Publish 
'" he~'1 give MJ'Ione IHrmission to reprint, reproduc., and distribute this progr¥n to .n'lontt tIIM. .. 

@ 
@ 

S~neture of Submitter end oe1. ___ --;J~1I17'tV-=-~=='-"'-p-·-~=""~""l..4'------------
Slg ..... ' of Imtall""n Add' ..... --fl'tI..L~""'41~d.u.)AlL!>~--I./-~!..->.. _/L..(B.O=J"'I------____ _ 
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Table of conte"U 

I. The t."" key .h<'l't: Tbb deacrltHt. the aubmith.i tape, which b 
_dUen with (II Iho:o roR TRAN ian8'l". lOUlI'el' ...... lion of th .. 
SNAP procenor, and (ll • Job IIrum to compile. Hllk rdll, 
and dC!mo"nr.l~ th", SNAP proc .... or on .e .... rli IIlll.trallvI! 
SNAP proe,ulun •• 

TIL" pro'r ..... w .. itl' "p. lilt. do:o,,·rn, .. ~ t:~. t. -ef.n 01"· ... 11011 ,,( Ih.· 
pr...- .... or, ..,hi .. h "a" be' foil ..... " I ... ,1 .... U b, ro-!-u'lle' 1-: th ... ,,"r<'1' 
pru~,.m .... hlcll ~ontain. 10m .. Z(lOO co" ,., .. ntl ca~,;~. 

• 

Pa, .. ' 

... 
". )' 

.... 
•• 

T.pe key .hed 

The .ubmilled VO\ll"", h. ~ track unlah .. lh,d mall".·tj, ';:r,pt' (l!xl~rn.lld~ntHiu.ti"n 

Cl!G4611 wrluen In 1600 b. p .•. with Iwo file. (of EflCDU" ~ud 1m ..... , loon byte •. 
I .•. 2:5 card .m., .... ~r blod.). _d two lape n, ... "_, toO (011_ •. 

I. FII. nO_ 1(62:52 .. ecorda. with leq .. uce n\lmb .. u In columnl 7}-80'
TI,e f'ORTRA:' tV lauree v"'r.lo" 01 Ih,. <;NAI' p,o.:~.~or. cOII.hlln~ 
of Ih ... ",,,in pro,ram I-lET, and lh~ .0bJ'!'"(.~r .. ", S<.;IIAR Ihat o.;omprb. 
I"" rool au"",nl, th .. nbprogn.nu CO~iPL. !JACK. CIf'ST, <:NUBR, 
ECTNUM. ERRPP. FORE. f'VERB. IF1'Y? KOMI'L. :-lAMES. 
IlLlNF., TRANS. Ih'l c<>mpri.e the Inntt.lnr tellment, lind th ... ob
I'roltrama ~AI·l. ABJ.ST. ARTHM. 81.KLO, COPYl. 1;:01EK. ERROR, 
H'ltr I'RI:-ln PII!"I' MfAi'll. STOllE an" l'AP(-T lhlll camprla", the 
Inl"rl,rrl ,-r tf'~n>. nt 

r_r" ",.rk 

1. F'lie nO. :! 14(,0 r .. ~ord.): A leal and d .. mo,,.tratl,,n Job .!ream th.t 
<"_t'.u or \1 all-p. 

(II r:OM~·;AI·. th,1 !nvoloo ... th .. f'ORTR,.A:'iI <omtnler fUVF'OI' n 10 
-Omp.)" Ih ... pr~", •• or 

ell LI~y'SNAP, thai In'-o);", til", LINK l:DI rOR. e", .. WL! to lin\< .. nit 
th .. DO. I~CLUDI:. I:"ISERT and OVERLAY IIaltl""' .. "I> needed for 
ovl'rl,y ;ar", inciud .. d The load mool"lf' I. r .. uln ..... In ttmponry 
IIIOU •• for the forther t 'epa III eool<! _~ ,tor" and calalol"" In 
" t.n.ualle lIbury by c:hanging Ihe OS~AME In the SYSLt..I.OD 00 
nat .. ment from" COSETIMAlN) to th .. name of the lanllOare library) 

(ll TESTOI. that \nvok"" Lh" SNAP pro"enor. which h .... ju" boo"n 
hn~ .. : ~trod. by thf' .UI",m .. nl 

TF.STOI EXFf': I>c.M Ll'lKSNAP SH.t-MOO 

10 ."",cul. the ar" of Ihe SNAP t.,.t al>d demon_Iratio" ptoc"urel 
14J-f11' T£STOl to TESTI5 ttIat invoke the SNAP ptouuor In Ih. 

tam" way to e".,cut", ttl., futlh",r SNAP tett and demon.tratlon procedure. 

4. Tape mark 

• The .... quenc"' nUmbUI Ire IOOflOO)316600(lO)316620. )16700(lOO))8l500. 382510, 
182600{\00)469000.47l900{lOO)55100. 55UO, 5<;1I00{lOO)5M600, 56(,610. 5667001100) 
628100,64470011001'>44800_ A uniform Increment ,..111 b ... u .. d In a forthcoming 
,ev\llon. 
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Th. rue no. Z CIUI tMo puncbed .. dlh tb. oh.nda .. d LSM "tUlly ,,_title I£BPTPCH. 
Ttlh b donI! at Ill. Illbmlttln . 1"ltaUatlol\ with II deck tb,t I, pu.n.ehed •• rollow., 

I/lAStlSl101 Jot (U.ToUOl, L , IOOO , )()O) .J1. ' .a.oJI.NttT . MSCUvt ..... 
/flSnup DDIII\!1tooSYSIlTI ,D£V1CE.2400-9 , 1D-(Ct/0461 •• ,I'll,) 
I/PUNClUOIL ute I'CMoo IUPTPCH 
/lSYSPI'IHT DO <;TSOI1T~" 
IlsTSIlTL DO ~~1""21oOO·' . VOL_( .~rr"IN . ;(k.(.~04~l) ,t..A!!L-(l,NL) . 
II DI ~p. (OLD . PASS) • DCII_ (IIrCfH_n . t.a(c .... ao. ftll\S 12r_2ooo) 
IISYSUTl DO SYSOlrT.,. 
/Ins!", DO .. 

"'''" ,< 

To punch the fU. ('lIewhere: (I) the job card .hould to. chlnled to aive the 
uu!r'. 11"0;:01.11\1 numb~r and nam~, II) Ih. ,. SETUP cud .hould.,.. omitted 
If ASP b not uud, III Ihe tape I. D. ahould boe chan,ed, to that of th" tape 
on ... hieh Ih'" prOc:""or ha, HOO r"c:eh,~d, in tho SYSUn .tatemont (and In Ih. 
,. SETUP 'ht"menl If ASP I ....... ·d). 

An"r punchl"l Ih .. fiI~, "JOB card ,hauld be ,dd..! .t 11m hoe,lnnln,. a " SETUP 
card If ASP It uled, the lIpe I. O. ,bould hoe ehlnled In the SYSIN ' Iat"m"nt I" 
thl! ""p COMPSNAP. and Ihl! card . punched ,,_ REPLACE nus CARD BY AN !:NO 
OF' DATA SET MAR1<ER at tha and ot thl! "I!p WNKSNAP and lb. nfteen II!'U 
.hauld hoe replaced approprlataly , • • •. by ,_ card. In mo.t In.tall,tlonl). n .... 
• 1xleen card, that .... ed ... plac~m"nl ar" the Zlrc!, 59th. 83rd. 10''''h. !l8th, 1881h, 
ZIOth. 2Z7Ih. lioZnd, Z'Oth, 3Z9th, 35'th, 385lh, U8111. "Un<!, and .. 601h So..,. 
eMn.". allo may II .. ne..:ted In .paea allocation and olher detalh of Ibe ICL e.rd. 
in. Ih" eompll" and link "dlt Iter' Th"", eln b .. found by III.pecU .... Ih" dl',noilic 
m'uu.'~1 If Ih" run talh . 

An Improv.d SHARE .ubmltll\' that will provld" th" eornpl"l" Job Ilrearn .. 
th .. ",<=ond m". Ih" ro.ult. of Ih" tell SNAP procodu ...... th" third 81a .Ad 
numbor Iho ",,_eord, til thl! nnt ma with un\torm IlIcr~melll if boeln. prepar"d 
and will be .ubmllled .hortly. 

I;! 
'--' • 
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SNAP PROCESSOR (PROTOTYPE) • Pro,nm Wf'lle.",p: April 1969 

Content. 
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Thh .. epot! d",acrlb",. th" .! ..... duro and operallon of th" SNAP 
proc:~ •• or, th.t e"ecute. p r oced ... r~. which ar" e"pre'.ed 'n the 
SNAP lall,ua,e • a ........ Ic En,I!.h for edllor., IIbrarlant, 
ed"e.lor. and oth",r' to In.truet eomput"rl to Pflrform mf'ehanlc:al 
I."t proc" .. ln.. n", lan,ul.e hi. 1I" .. n .ummarllad In tabular 
form (Il • ."d II I, p .. uented In , book dul.n"d for teaehlnl purpo.u 
Ill. 

ne SNAP proc ... or It ,.,rlttell in FORTRAN IV. It con.hlt of· 

fil a ImaU ,aner&1 cOl'llrol ."ctlon • 

/III • Ir.n.lllor. Ih.1 COllv"rt. a SNAP pro~odure Inlo a 
nurn~rkal r"pr~.e .. taUolI In SNAPtC' eode, and 'lor,1'I 
thla III tt.. -procadure lable", 

flll) en In!~ rpr"'t~r, th., e .. ",",ute. pro., .. dur ... whleh h .... " 
be~n .tor~d IhI' •• y. 

In the et.nderd ... "r,iOIl of th" pree ••• or thai I. Ope",UII' at pre_ont 
tha e Olltrol .eello" of th" procl! •• or I. hound e •• .. 001 '.Imenl of 56K 
byh., ."d the Iran.lator .lId th .. In terprel~r .re hound •• '''Imallt. 
of 45K bytn and 48K byte. rupeeU .... ly, that can he overlayed. The 
over.1I COre nqlliromenl of IG4K byl". ".n be altered ••• l1y by ch."alna 
the .1 ... of "erlaln •• r.y. th.t ,,,,, de.crlbod n~"t. 

"-' 
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The Prlnclp-.i Array. 

Th~u' .rr.y. "ore the coded reprennlaholll or prcx:ed.u· ... and 
or It.-ln,I, quanlltlea and 1I1u that th .. S~AP procedure, 
maAipullle. The .1 ••• or lbeu, array_ Impol" limite On lbe 
1.,,,,lb and ocher f.lulna or tb .. SNAP proe",dur •• that Can I:H: 
proceued. The .he. of .,v.,,1 or the .traya are .rltbn 
a.,mbolleal1y. ,,, _'.tementl lhool, tor example. I •• , for _ .. r_ 
now. Valu .... re ,Iv ... to lb •• ymbollc narnt>. (or th ... rra., 
al ••• IniUally. by PIET. Th, pro" .... "r can be m<l.Hned to 
uar .rr.v_ of dIUt'u'I\i .he. accordlnRly by. 

iii ,h.",I"llh., 'd ..... 111 DIMENSION and ('OMMO:~ I'alemenrl 
• .,an n ath: .. ny. a' til .. b .. ,ln""1I or P,£T and ... en 
,"uht nu'!!'"" 

/11) .. hanlln. thl' relavant 1 .. 111-.11 .... 1\0" aatementl I .. PlET. 

Th .. prlno;!pa' arr'YI, their • .,mbelle namea and .h ..... and tll ... l, 
purpo ... an •• (ollowl; 

(I) ThOl pro<:edun ublOl. PROC8, eymbollc auOI PTSlZE. uandu<t 
alaOl 7000. ThOllra .. llalor ato ..... Ihl SNAPIC .. oep .. oe ..... taUon 
ot a SNAP pfoc .. dun In Ihla lable. Quolallo ... (a. In Ih .. 

'" 

Innr~llo .. PRINT A8JlACADA8JlA '\ are .. mbe<lded, In numerkal 
code, .. !thin Inll .. ucllon. 1/, PROCB. The Inl .... prOlIOl .. 
..... c"l"" thOl SNAPIC t ... ttuctlon. I. PROC8. ThO! 100",th of 
a SNAP p .. OCadun II IImlled by IhOl ' .. nllh of Ita SNAPlC 
rOlp ....... ntllln<l. which cannol eltc.ed thOl 1enll'th of PROC8. 
An empirical .~tln ... t., of Ih .. <lumbf. .. of S~APtC cod ... <leeded 
10 repr".01111 ~ SNAP pro<:...!ur .. h Adllt(B·C\ .. bere A h. lba 
lObi numb .... of cb .. racl .. ,. In quol.hona. 8 Ie lb .. combln...t 
numb .... of uncondltlo ... 1 _bl .. menu and of ~ondltlo ... and 
.cllon cla ... aa in co .. dltlonal IIal .. m .. nle, C la Ih .. total 
number of occurr .. nc ... of .. umhera ... am .... quot.tlo .. a and 
enracl ........... lo .... and R It Mtw ..... Z and 1 ( ..... d one .. 
v .. ry tlo .. 10 Z). 

Th .. nrlnl ba .. k. STRBNK, aymboHc ail.OI TSIZE, tlandard 
.1Il0l SOOO. Th. Interpr.ter ator.a .triO,1 that It form. 
by COPY, APPEND. DELETE and OVERWRITE InatructtO"I, and 
Ihat It Imml" by inpul Inltru<:-tlona. In STRBNK. In 
numerl<:-a' cod... Strln., ara Ilo .. ed co",.cutively whOln. 
.. v ... poulblOl, with provi.lon for chal .. ln, al delc r lbed 

,.. 

(3) 

(4) 

(» 

(') 

(7) 

. .. 
at the end of the next .ection. 

The .tring directory, STRDIR, .tlnd.rd .i~e SO: The 
interpreter store. pointers in STRDIR to the strings 
th.t are ,iveo unaubscripted n .. ea in • procedure and 
which Ire repreaented in the procedure t.ble or in the 
.trin, bank, .a deScribed in the next .ection. The 
neme I. repreaented in SNAPIC by th. pointer t o the 
appropriate entry in STRDIR. 

The number b.nk, NUHBK, .t.ndard si~e 50: The Inter· 
preter .tores, 1n NUHBK, numerlc.l values of quantities 
that are given unsubscripted names in a proc~dure. Ihe 
n~ of d quantity ia represented in SNAPIC by lhe 
pointer to the appropriate ~ntry in NUHBK 

The subscripted .tring directcry, ASEC , symbolic she 
ASECZ, at.ndard ai~e 500. Tho interpreter storea, in 
ASEC, pointers to individual .tring, that have sub· 
Icrip ted name •• using the aame conventions .s the 
atr ing directory STRDIR. Pointer. to succesaivt 
elementa of • liat of string •• re atored con.ecutively 
in ASEC. Chaining tactica Ire used when the ai~e of a 
lilt i, ch.nged, aa described at the end of the next 
section. 

The string list directory, ALiST, sy.bolic ai~e 50: 
Tb. interpreter stores, In ALIST, the pointer. to the 
element. of ASEC th.t point to the flr.t .ember of each 
Ltar of atringa. The n-.e of • liar of atringa 1s 
repre.ented in SNAPIC by a p"lnter to ALIST. 

The quantity list directory BLIST. Iymbolic ,i~e 50: 
The interpreter It~ea, In BLlST, the pointera to the 
elements of BSEC that cont.in the v.lues of the first 
element of elch lilt of qUlntiriea. The n..e of • 11at 
of qUlntitiea is repreaented in SNAP1C by • pointer to 
BLIST. 

(8) The subatripted qUlntity bank, BSEC, symbolic . i~e 

(') 

BSECZ, stand.rd aize 500: The interpreter atores , in 
8SEC, the vslues of individual qu.ntitites with aub· 
scripted quantity nemea. Suecesaive element. Ire stoted 
consecutively, with provialona for ch.ining. 

The statement buffer, STRING, standard li~e 1000. 
stor.s I SNAP stat@gent one ch.r.cter per word to 
trm ahted into SNAPIC in th. procedure table. 

This 
b. 

. 
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denoted ')'IIIbollclny, In the ptOCellOt, by £OS. Severel 
other nesative integer. ,lire used .1 delimiters and precedence 
code. within SNAPIC In.t~ctlon" •• delcrlbed below. The 
'rmbolic name thlt i, used for each of the.e i, siven in 
brlcket., after it. value. The .,.bolic na.el for frequently 
used pointer. are aleo jive" in brlcket •• when they Ire .entioned. 
Host SNAP in.tructlon. contain expres.lons that represent 
quantitie. Ind/or .trina" The SNAPIC representations of tbes. 
Ire delcrlbed [ir.t, and the teprelentltlonl of the complete 
in,tructlon, then de1lcrll>l'd In turn. The di£ferenr rona. of 
q .... ntity "Ind Irrlnll; .1Cpr"dl ·n. oIn' oUIIIN!r,·,1 tonsen,rh .. ty 
for tcn .. enll'n~ t.u'r rlltlE'e" ~ 

Quantity Expr~'~10n. 

(i) The SNAPIC tor a numher con.llts of 

(_) the inteser -108, (::3A) . 
(b) the number in hexadecLmal 

(il) The SNAPIC for an unlub.crlpted quantity n_ con.lstl 
o£ 

(I) the inteser -106, (NBR) , 
(b) the pointer, (N). to the n~ber bank NUHBK 

(til) The SNAPIC (or a lub.cript.d quantity na.e conli.t, of 

(I) the integer -107. (NLT). 
(b) the pointl'r, (NL), to BLb" 
(e) 4n inteaer (P~) that 1. equ.l t~ the subscript 

1f th.., .ubsa-I l'lt i, n~riC": and 11 tho.. n~g4tive 
of til .. pointer to the .. leaK:nt "f the n\abc!r bank 
thlt contlin' the value or the sublcrlpt, when 
the subscript II Iiterel. 

Numbers Ind the valuel oC quantitie. that are given 
naDe" ace iL.ited at pre.ent to the cange - 65,536 to 
65,536. 

String Exprelslonl 

(iv) Tha SNAPlC foc a quotation (e . g., "ABRACADABRA") 
conlhtl of 

(a) the 1nteser -LOl, (LO), that lervel a. a left 
quota mark, 

• ., 
.12 • 

(b) the SNAPIC codes for the lucces.lve chI rice ere 
1n the quotation (lee Table IJ and 

(c) the integer -102, (RO). that 118rve. a. a right 
quote _rk. 

(v) The SNAPIC [01:: an unlubacrlpted Itring n_ conlhtl 
oC the pointer, (S), to the .tl::lng directory STRDIR. 
The element oC STRDIR that thi. identiCl •• contatnl 
either (a) a pointer to the beginning of the stl::ing 
in the strtng bank, iC tt i l currently Itored there, 
,r (b) an integer, which when redu."cd by the 8ize of 
the <.trlnJ; "anI<. is the polo'"t-r to !he 1'''Rinnl n& of 
the expl::c .. lon t.hat repre8enu lh.· lrlll io the 
pru""durc table, "'"hen II' il c\lrre., I)" 1'''1. ,,~,'nt(!d 
there. 

(vi) The SNAPIC for an extract expres.ion consl.t_ of 

(vl1) 

(vlll) 

(a) the integer -103, (OT), 
(b) the pointer, (5), to the entry In the Itdng 

directory Cor the Itl::i.ng in which the eXCl::act 
is deUned, 

(.) 

(d) 

the ordinal, (PF), oC the leftmolt character 
of the extract in thi. Itring, 
the ordinal, (PL) , oC the rightmost character 
(thll l~lcI extracts to individually named 
Itring. - the procellor will be expanded In 
due courle to allow extract. oC .tringl that 
ara ,pecifled by sub.crlpted namel). 

The SNAPIC fOl ~ tine reed out.ld. s quotatfon consl.ts 
oC the inl(,l\er -104, (LFO) 

The SHAfIC Cor 4 sublcripted .trtng name conli.ts of 

(a) the Integer -105, (EXL) , 
(b) the pointeI' (SL) to ALIST, 

(c) In integer (PS) thet cepce.entl the .ubscclpt in 
a manner In,logoue to that de.crlbed for .ublctipted 
quantity names. 

The SNAPIC I::epreeentetions (i) to (11i) of nUqber. and quantity 
n .... can .1.0 be uled in certain contextl that cequlre a Itring 
expr.lsion to Itand (or the .tring tbat expresae. the value II 
• deCblal m.aber. 
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(Lx) The SNAPIC cod •• Cor .tring .~pt.,.ion. that are Joined 
by the word THEN in I SNAP in.truction are written in 
sequence In the SNAPIC repre.entation of the in.tructlon. 

Lilt Expr"llon. 

(x) and (xl) 'l'he SNA1'lC code. for the name of an entire tht of 
• tring. or quantities are .nalogoua to tho • • [or a .ingle element, 
except that the third code, which repre.enta the subscript of an 
element, I, 0 [or the entire ll.t. 

The SNAPIC rapre.entatlon. of the different kt.nd. of .tatement 
are lummarlted below. Com.& •• epar .. te . utces.lve code. and 
sequence. of codes that are designated by lettera which are 
explained after their Clrst u.e. The fir,t code of each .tate
ment II called the operatt.on class code, and the .econd code 
u.ually .erve. I' an operation modifier code, that Identt.fi •• 
the operation within a ctass of related operations. 

Output: -2,K,X,-SOI: where the oper .. tion modifier code K is 
1,2,3,4,5 for TYPE, PERFORATE, PRINT, PUNCH and WRITE 
re.pectlvely. X stends for .. SNAPtC string expre •• ion of one 
of the forms (1) to (1ii). or for a sequence of such exprel.ion., 
that repre.ent the .tring to be printed. 

Call: 3,X,-S02 , N,-SOl; where X .tands for the SNAPIC of the 
d!r;ct object, aa juat deacribed, and N atands fore SNAPIC 
UIl.ubacripted or .ubscripted .tring naGe, of the form. (v) 
and (viii) re.pectively, th.t ta the indirect object of the 
.tatement. 

String Syntheala and Alteration: 

COPY: -~,I,X,-502,N,-501 
APPEND: -4 , 2 ,X,-S02,N , -501 
Dtl..ETE: -4 , 3,-lOl.N,1II11ll2 ,-502 . -S01 
OVERWRITE: -4,4,q,X,· OZ,N,III,-SOI 

where N denote. the SNAPIC name [or the string to be [o~ed or 
altered, X denote. the expre •• ion for the Itring to be copied , 
appended or .uperimpo.ed; ml ,III!,. denote SNAPtC number. or 
UIlsub.cripted quantity naae. 0 the fotlll. (i) and (t.t.); the 
va l ue. correapondins to 1111 and IIIZ point to the end. of the 
de l etion zone, and the va ue corre.ponding to III points to the 
first Ind lalt charactar to be overwritten when q 1. 1 and Z 
respectively. 

• • 

~.-

Input: -5,K,L.-501; .mere K h 1,2,3 or 4 for REQUEST, READ, 
FETCH and ACCEPT r"pectlvely, and L t. an expr ••• lon of the 
for. (v) or (viU) to t-lt an individual string. or (II) or 
(xi) to u-.lt a lilt of .trlng. or nu.ber •. 

-7,F,-501; where P point. to the 
procedure t.bl., of lhe in.truction to 

is tran.[erred . 

.Hnary SET Statements. 1.e., SET. TO THE fop bAND c; where 
• snd b denote unsub,cripted or sublcrlpted quantity name I 
and c denotea a quantity nSIlllll or .. nl.Wber: ·a,K,S,C,",·50t; 
whera K t s 1 •.. 8 for SUM, DIFFERENCE, PRODUCT, QUOTIENT, 
REMAINDER, CEILINC, GREATER, LESSER re spectively; snd ",B,C 
denote the SNAPIC codes for the three oparands ',b,c re.pect· 
ively. 

are represented as the 

Unary SET Itatementa: (Le., SET aTO d); -8,K,D,-S02,",-SOI; 
where K ia 9 when d denote. a number or a quantity name, or a 
.tring expre • • ion (that mey be a quotation, .. ILring name or 
an extract, or lever. 1 such Item. Joined by THEN), in which 
case 0 il itl SNAPIC representation of one of the form. (1)
(vi), (vili), or (ix) (with the restriction In thi, lalt case 
that the conc.t~.ted items are only of the form. (iv), (v), 
(vi). (vll!)). 

K II 10 for a list definition of the form SET THE a LIST TO 
n l ,nl" •• ; A ia then the SNAPIC reprelentatlon of the nsee of 
the lat, of the form (xi) delcrlbed earlier, and D conalat. 
of the element. of the li.t, repre.ented al SNAPIC nu.berl . 
(!xcep~ionally, when the 11.t containl only one element, K 
i. 9). 

K i. 11 when the .econdoperand La the lensth of a .tr1ns. 
and D il then the SNAPIC for the expre •• ion th.t represent. 
the 'tring (and which lIIay not contain n~er. or quantity 
na~ea, or n .. mel of other .trinss that are defined directly 
or indirectly by use o[ numberl or quantity name I - thi. t. 
an Iccidental but innocuou. reltriction) • 

• -
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if nece •• ary) and an end of ,eg.ent del~iter, -32,767. (If 
the fir.t .ention of the li.t 1. In • ,ub.cripted name, the 
length i, made equal to the ,ub.cript in this nama, .nd th. 
e.rller elem.nt, limply ,et to 0.) When. lilt 1. redefined 
with additional eleaent., or .n ele.ent whoae ,ub,cript 
exceed, it. prior lenlth I, defined, the proce"or chain. 
the ,esment to the next Cree word by putting the nel.tive of 
it. painter IntO the word bafore the end of legment delt.iter. 
A zero element and end of .es-cnt delimiter are put at the 
end oC the revi.ed 11't. 

Strlns list repra.entlltlon: Similar lactic. are adopted with 
the ll.t. of pointer. tn the lublcripted Itrlng directory. 
The II'nd of a lhe II dt'lllllrked by a 7ero entry, followed by 
the end oC ,egment delimiter, -500 (ASEGZ). A aegment 1. 
chained by putting thll' negltive of thll' chaining pointer in 
place oC the zero boCoro the end of segment deli~t. ter. A 
zero element and .n end of legment delimlter sre put at the 
end oC the revised list . 

4. The Control Section 

Thil conaists of 

(i) th. main program PIET, 

(Ii) the .ubroutine SCHAR which i. u.ed by the translator 
to convert EBCDIC code to SNAPIC, and by the lnter· 
preter to convert b.ck, 

The _in prOln .. PU:T 

(i) c.ll. SCHAR for lnltializltion 

(ii) c.lll OOHPL to tranll.te • SNAP procedure into SNAPIC 

(III) call. SNAP3 to interpret it 

(Iv) call. EXIT when .ppropriate 

5. The Overall Operation of the Trsn.lator 

The tr.n.l.tor con.iat. of the .ubroutine COHPL and ft •• ub
sldlarie., th.t Ire II. ted below. COHPL il cliled by the main 
prosralll PtET . It. overall effect 1. to i .. lIlt • SNAP procedure 

• • 
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Cra- an input deck, and to write the SNAPIC repre.entatlon of 
this lnto the procedure table PROt!. Further Information i. 
.1.0 written lnto ,ever.l of the Olher tlblel which wera 
delcrlbed In Section 2. 

COHPL firlt lnitia11zes the procedure tlble and leverll vlri.blel 
directly and it alia lnltl.11ze •• ome further variable. and 
table. by calling ERRPP and NAMES. 

COHPL then progrellel through a .. jar cycle of operationa th.t 
conli.t. of the following three .tage,: 

(I) 

(U) 

RLINE is cililed to obteln e SNAP .tatement from one 
or .or@ Input r@cordll. It doel thill by t~edlng a 
record, whenDver neec ••• ty, and tran.ferrlng the 
ch~racter. that [arm a complete .tstement Into tho 
arny STRU«;. If the .utelllPnt 11 l.belled, the 
label is .tored in the n.me table, NTA8. 

rVERB i. called to tdentlCy the type of Itatement, 
to set the 8witching peremeter TRA accordingly, to 
write the operation cl •• s code in the procedure 
table, and to set KSTYP to the oper"tlon ~ifler 
code. The other liternl .rg~ntl of F'VI::RB are 
irrelevlnt at this point. Several iteml of 
Informstion are communicated vi. common block •. 

(Iii) The tr.n.lation of the .t.teDent into SNAPJC i. 
comple ted by further portlonl oC OOHPL. which are 
reached fro. .t.tement. that branch on the parameter 
TRA. Hore of the work fa perfonaed by .ubroutine., 
BACK, fORE, ECTNUH, ClfST Ind Ch~8R th.t .her. 
acce.s to numerous table •• nd varl.ble. through 
block common 8torase. 

Thll cycle i. repe.ted, in the ab.ence of Irrecoverable error 
condltionl, until FVER8 recognize •• n EXECUTE in.truction In 
STRING, and .et. the awltching p.remeter. accordingly. COHPL 
then branchel to •• equence oC In.truction. thet 

(Iv) c.lll TRANS to perform the .econd p.I. on .t.tement 
lebel., putting pointer. to l.belled .tategent. In 
the SNAPIC represent.tlon of CONTINUE .nd REPEAT 
in'truction., In PROCB, 

• 
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CIF'ST: This translac •• the portion of • ctz\ditlolUll .tacement, 
that follow. the ~rd If, and occupLes polieions III through 
KKK of STRINe into SNAPtC in the proced~1! table. It call, 
FVER8 to find the verb that .tart. the first action claus., 
and lFTYP to Identify thl kind of condition that this deLLaLt •. 
After encoding the condition, it progre'lel through 8 cycle 
that encod.s each of the IUCC ••• clau ••• In turn, and then 
through I similar cycle for the r,ll clau •• s. In thea. cyclel, 
it call. rvERa to flnd che next co..and word to deltMit the 
claus. under consideracion, and thon call, KOHPL to tranllate 
this claus.. Appropriate delimiter. are inserted after the 
codes for each cl.ute. 

IFTYP(88B,TYPT,JJI,JJ2,KYPT) Ican. the portion of STRING that 
1, bounded by the c~n variable III that points to the end of 
the word IF, and 888, that points to the b"8inning of the Cint 
cOllDaT'ld verb. It .eU nPT to I, 2, J and 4 for LT'lput 
exhaustion, . t ring compari.on. that do not contain SUBSEQUENT/ 
PRECEDENT phrasea, n~b.r c~rilon, and SUBSEQUENT/PRECEDENT 
type string comparlson. re.pectlvely. In thh last Instance, 
KYPT is set to -1 when the SUBSEQUENT/PRECEDENT phrase precedas 
the verb IS (or ARE) and to t when it follow.. the subroutine 
sets JJI to point to the character preceding the relation.hip 
verb (e .g., IS, IS THE SAME AS, IS EQUAL TO), and set I JJ2 to 
point to it. last char.eter. IF'TYP aho put. the codes th.te 
indicate the kind of condition into the procedure table in 
accordance with the SNAPIC conventionl of Section 2. ClFST 
then branche. on tha value of TYPT that lFTYP re~ed. 

KOHPL(TRA,KSTYP): tht, controls the tranilition of a claUie 
within a conditionsl .tat_nt. ttl operation i. very ltaillr 
to COHPL. It h called by CIFST, afur FV!RB h .. identified 
the verb, and .et tIl and KKK to the boundaries of the portion 
of STRJNG that contain I the relt oC the c1au.e. Tha .witchlng 
par ... tar TiA, and tha operation modifier code KSTYP that FVllJ 
found Ire provided aa arJUment. . KOHPL i. a replica of the 
portion of COKPL frOll tha point at. which it bunches on TRA 
to the end, with four obvious minor changes that giva error 
raturns iC EXECUTE, PROCEDURE, CONTROL or inner conditional 
atat .. ent. sra encounterad. 

NAKES(TYPP,8RA,fNAH): Thi •• ubroutine .tore. the name. of 
,triT'lg', qUintitie', and list. in the n~ bank NaANK. It 
a l ao determines whether a name, that I lean just del~ited, 
is in NRANK already. Another lubroutine, TRANS alia use. 
NBANK to Itore statament labals. 

• 'it 

• 24 • 

NAMES I, u.~lly called by • subroutine (e.8 .• BACK , FORE, 
etc.) that ha. deliaited the n~e of a atrinl, or a quantity, 
or a li,t, by reference to context, in the array STRING, and 
copied it backwarda inro rhe array NORD, teft adjusted. 
Thil array, and II, the length of the ns.e piu. I, are tran. 
mit ted through block ca..on. The calling .ubroutlne .et. the 
Cir.t arSUdent TYPP to 0, when the n~e need not be in NBANK 
yet, and to 1 when Ltl absence would be an error. The 'ICOnd 
araument, BRA, contraIl the operation of NAMES I. follow.: 

..... action ..... action 

process an unsubscripted 4 proce,s the name of a 
• trLns na_ 1 ht oC .tring • 

prate. a an unsubacripted , proce •• the name of a 
quantity name list of quantities 

, 
) print the content. of 6 tnitiall~e NRANK and 

NBANK and the associated the a,.oclated tables 
tables (v.i.) 

NAMES, setl the third argument fNAME to 0 when the n~ in 
WORD il aLready in NRANK, and to 1 otherwise. 

NUHK, the writing pointer to NBANK, is lnitiall~ed by COKPL 
to I, and the contents of NBANK are identified Curther by the 
following pointer •• 

kind of n.-

unsub.criptad 
Jitting 

unlub.crLpted 
quantity 

n~ber in n_ bank 

IMt 

'U. 
Uat of .trings ANAM 

USt of '!WI 
qUintiti .. 

pointer to 
beginning of 
H-th name of 
thil kind 

NAHNS(H) 

HBTAS(M) 

ANAHS(H) 

B!WIS(H) 

pointer to end of 
H-th I\aID8 of thil "'., 
NAHNE(H) 

N8TAE(H) 

ANAKE(H) 

BNAME(H) 

deaLa with .tat_nr. label • . The calling .ub-
or BACK) let I the argument POSTT, to diract 

TRANS a. follow.: 

• 



o .. 
N 
o 

~ • • • • · , ~. 

~t: 
~. · " ~. 

!~ 
" • _. 
" . ~ 

io:; o. 
•• o~ •• o 

~~ 
j: .... .. -
8i~ • "0-
'§. 
~ ,. 
~p 
~ .. 
~"O~ ." ••• 

-• 
~ 

~ -• " ~ • • o • ~ 
1 • • 
g 
o 
g 

• 
~ 
o 

ti 
o 
~ • 
• 
• • l 
: • ~ 
o • , 
" 

~ • •• .0< 
. ~ " .0' o 0 .u--, 

CI.::' :s 
S~ . 
O~_ 

• Q/ e ~'O • • · , 
" 0 ~o 
0," .- . - ~ ..... e :::I C GI 
" Co" ... " .. .. " ....... < ~ 
!! .. & 

t; ~~ 8 
• 0 c 

~. -, . ... 
" ... t ... " c-" ..... ... -
c..&.~ .. - " " . 10". Mel_a. 
_~c ..., ....... 

c • II" " .. ..: .. 0_ ... .......... 

" • " & 
~ 
~ 

~ • -o • • o 

~ • 
o 
5 
• ~ 

o 
~ ,_ 0 
"0 

.~ 
'O~ 
.. !:S~ 
O~O · , 'co ".0 
" · , • • ~" > 

: § 1! ., 
j U := 

" , ., " , "" 0" • • • 
:;~ 
" . • • • ~ 0< 
V"" 
~. 
~ . 

." " 
~~i 
~~ • " . . ..... ..c , 

• 

• 

, 



< 

~ 

• 

• 

, 
N 

• N 

' i· 
" .. i ... l.:s 
~l\il~Ji ... 
~~'S l,·1i 
IJi;~!ii 
J!O>'l:::! ~ .. 5 \I" 
DU.!~ 5.!1l 
!~"'''1!l''a'' s • .<I.s 
'D j"'fiiJ .. I' .h t" i .... 1 ....... 5 ... ...... ~ ·us. 
-j"'-!'o>t i' ~",~!Jl 
... ~'C!.,to~ 
• ;: .00> 

'D ".';0-; e!i ~ 
11: ,. J 

"'~l" ' ~t:l ! 1 ;( ... '5 •• 

~W;U 
1,'i!s~1. ... "a"· 3 .. ~! 'B!l! 
:~~!~';·:l ... ,., e'!i 
~HO;~~GI .- .:, 1" 
;ah·!i11 .... .. - ..... 

J ~ -. _J .. ' u ' 
1· .... 1 
';';'5:: 
1~:;1i 

lii· 
!~ .! ---••• 
t 8.,g 1 
.- 8 ,. ~ 

"!~!I <li-'" 
!.~~ .. 
J!.!c .. 
.... 0 .. 

-" ..... ';i 

lH~ 
3. 0 ! 
ci! , 
~"~! -~, 
,g .... 0 

1l~=1i ::: !I, .. 
:I c. i 
:~.!,., • 
i~~i =: r: 

~f!! t:& g 

J 
, - • - 1:~1! • ~ t l' ~~.~ i 8 .... • 8 'J~ 

1~ .. I~" .elt ':. 5 !1 
H~ ~JL ,-- -. , 
iii 5'11 !. .. .-.s 01 ... : -_. 
'1'1 it:~ 
~.' -. 
J;! j1!~H 

.. J!;:; • ~ .. -.. ;. .!"'iI 
·~l~ ~~;:~ 
8. i J"" 

.i' - '"I ~~a. 3t~ . .... .-1 .... "u .... 
~... .... ... 
"!lj[ !~il! 
~ ••• li'; 'I 
!s" 'r"-·.E~ " '~. .. .! ... :_'!J ;l-I~ • 1 .':~ 
·"ti ~-'il ' ..... 
;;.~~ ,1'"· t§ ~ s.!i. 8 011 1 .... ~ 

, l' 
: ! 1 i .~ .. 
;;'!I " S'lt:1 ~H' !I iii Ii ........ ~ ~ .' ~ U:!l"~11 
'!'2iJ So 1 1l!!! 

~ ~ t8 - -L !p! ~""II 3':·g- ~ 

'i • 'l!~'h! " . '! .-
I - .5' -'H .~! r , - ~"'1 ~ 'i • ~~t 
i, .. • ,to .... t.i t ~~. ; 
~~ H"i !;:It~ , 5!'F "l .l!" "t !t L -1cr'," •• ~ t'. i " . 3"1:1.! Jl1! l ~i "':I,J 

1~1t:: ,,. .. :1:: ~ -
3" • tli!,o"l ~ "I' , -" . i ,-

i ·3· ... "3J!~ -' u 1tl" .. • 

Ii P !'''l ,:s..... .. - "Ii'" 
:l ".'J. 

till = • r!f~'H~ .i hdS.!lJ: H ,. 
c' .. ~ . -r! H !~ i~3'G:·" I :II .~!":=:::1. \I 

i~ ~1 ~5.!!.s·"·i 
! .. 3", • 

l~lsi3' Hli; ~o ~! :~W~~ 
p . - !1 'i'''' 11. .. " :£ '>lt o ......... !I 3"'~3 ... 1 ... IL"·)~~ .i i! ~ .. 1t. J.. _ 

Ii'&h~i~~ !,i 'Ii -:i o ..... .... ~ 
·4 "~p-·l :h~ ..... :ll .. Ii.~ " ~IJ_~ h aplt •• .1 iii Hh .... ... ...... 

i 
: 



• 

, 
~ , 

-t • h •• • is:: .. .!!, 
~t ll·"" 

··i·5'i~ -. • , 1 .,. ... •• 
... l::li~ -, 
l·~·-i~t 11 -. .. 'alllt5o .. ~ .-
hl U -! 

c. --:;lgt15~' 
• 

~: -" ..... ~ .. \l i' 3'" .. 5t .. :: .. .. ~ .. 15 ~_.p~i. -T - .~ oi .. . .... 
1 i~"'-; {s ... ......: 
&' ~.hi· -tt. 

• il ;:.e , ., . ,,: 
• Ii ·;l~dS 1" i 

J!'f" fo l::l:;'a d 
.. :;:! ... - lU~ 

c • .. 
sr 'P'-'I !' -'" Ii 

!~~ ~i~l~i;~ .. , . 
:;I.!~UI-~ ., 

.. ¥ .... e 
0 __ 

.. " ...... 'j: , .... I; . • o~ 

'i'lj.!;!~Zt: .". ... .. .......... ~.:: ! 
3° : ...... ~ -C • 'OJ 
3·S-~J~ .1:!j Ii i ........... 21 p'!! . • 

!I ::~t8~13 · .. :1: 
~.::~ .. t' .... .... ~ t: 
:!h1h 5S !.~ .... rr .. ,... .&. -. 

] 
" o 
< 

• 
:3 
• • ~ 
" • o 

• 
~ -" " • 
• 
~ 

1 • 
~ 

i • " 5 • • 

~ :3 ..... '0 .1:!S .. , ... at °2· . 
~"''''l'' o>"O .. ! ~p-=. .f! ...... 
ci'a:l ~~3J"-:1!C5§ ...... os ............ ~.. ... .. 

Dil"'tI. '5"'01.-;;°:. '!-o. o..... ,,:. ... .., .. 
.. ....... "I;~" Ii"''' 9' -'1'" i ~1 -"J'! I' .:'~ ~~ ~ .. 5 ... ,." .. I>i'; ....... ·~ ...... .i~.! ... 
... .., '.81;": J,!I -:' .i gl'D ..... ~ ... 1tl 
-.·~s·~3H!i31; fi: .:!~~g~g..:!;! 
.. ~'i 1:: k"'!:I:: Is i'" 
~~~. :"'1 ..... .. .. 1 ... · .. i~ p .. .51"ti:~5!l 
~c:~ .. ~iIl:3r·i: .~ .. 
o:°ll.!·~ .'5"'''' 1. 
'i:[j t!n;!~! ,I~ .. 
!. .... l~f!~!~::!¥t!;::, 
.. ......... .., 8._~ ~15"'r:: t .......... .. J . .. 
~'O.. 1. ~ 
!ol~.; ... t.:: 3 ·1' _.... r" ..... ..or:: I 

- '1 -I.i -' •• t'- .. "J'" 1~"" o:eli';i 8. 3 ... ~. 'I II! 
~Jitt .. i::t~!"' o: ll! 
~. 1 "'n i ".· ~. 3'& ...... ~ ... ~ 
~12"'8;:j ..... u... 1 1--
~ .... !l>!';i' ... I:III! - ; f 
t:~~Q ... t]~g "i'!~" 
~p.r ! ,- .r~ 
I! .2! o': ... Ii.~.!:a • 

• • o • 
~ 
" • " • ~ 

" • ~ 
" • 

• -• -• " ~ • 
f • 

• -~ • -• 
• 
• • • e • 

-• 
" • " o · ~ • • _ii --~ '5 

"" • • 
"~ · " •• .• • o-n 
• 0 -o .--.. • • 
" 0 --til .~ o. • ~ . o. -. • • -. o. •• "" •• 

• -• 
" • > 

~ 
~ 

!: 
g 
• • ~ 
~ • • < 

• 

• 
~ • 
3 e • 
• t: 

•• •• •• .-0" 
00 • • 
"~ • •• .~ • o· • • 
"" ." •• <~ 

~~ 
~ 

~i 
~~ 

" •• •• .
o " • • o 

~. 
"~ 

" " ~! · " • • ~~ 
~~ 
~~ .
-~ • • 
~: 
.~ .-
~; 

• 

.' 

. 





\ 

-J3~ 

ACCEPT, APPEND, CALL, CONTINUE , CONTROL, COPY, DECREASE, 
DELETE, EXEOJTE, fETCH, FORM, I f , INCREASE, LlNK, OTHERWiSE, 
OVERWRITE, PERFORATE, PROCEDURE , PUNOI, READ, REPEAT I 

REQUEST, RESERVE, REWIND, SELEct , SET, TERMINATE, TO FORM, 
TYPE, WRITE (bee.ute of the lubroutine. ClrsT and FVERB) nor 
begin with any or the condition word, or phra •• a 
EXHAUSTED, IOEtn'ICAL, EQUAL, LESS nlAN, CREATER THAN, UNEQUAL, 
nor contaln the word TO (becau.e of the .ubroutlne IFTYP) . 
The exclu.Lon of .ome of thele word. t, ve.tlgal. 
No n.~ that fa u •• d In a comparand .. y contain the word 
SUBSEQUENT o r PRECEDENT (bee.u.e or IFTYP and CNU8R). 

The IoIOrd pain LINE fEt:.O and NIILL STRiNe ara ,lleNe<l (b_ f ro': !'; ) 
in Itd"8 eltpre •• lonl •• oil temar1 ''''!,' to "I" If tl "", and ... v 
not be u.ed .1 namo •. 

~. of ~.ntitle.: These .110 .. y be un.ub.crlpted or 
ler ipt~ . An unlub.erlpted quantity n ... eon,I. t . of one 

or .ore wordl , (th.t •• t1.fy the r.ltrietion. which .pply to 
word. that can be u.ed in the naDe. of .trlna·) , preeeded by 
an ar t1cle (A, AN, nlE) If the user wishe s. The .rt1e l e " 
~ ~ndatory In .ny eonteKt , and ean be eh.nsed, and ~Itted , 
arbltrarliy. when a n ... i . r eUled. 

A quantity name that I I u.ed ,I, the .eeond oper end oC • un.ry 
SET I t .tement .. y not begin with .ny of the function word. 
SUM, DlFFER£NCE . PRODUCT, QUOTIENT, REMAINDER, CElLlNe, LESSER, 
GREATER , LENGTH (bee,ule of the lubroutlne CHUBR). 

Namel or Li.ts and El~ents: An on t ire lilt I, given a I'8IIIE' 
of the form A 8 Ll~~, AN 8 LiST, or THE g LlST, whore g 
denot •• the generie name. The eholce o[ art icle is l-rrelevant 
.nd It .. y be v.rled for the .ame li.t within. procedure. 
The generic nmme g eonli.t. of one ~r more word. t~t 'ItiI Cy 
the .... rule. a. the word. that are Uled in un.ub.eriptod 
I trlng . nd quantity naMel. An individual ele~nt oC a li .t 
i . refo-renee by • l ub.cripted I trlng or quantity name, of the 
form THE .-th g, whet. ~- th denote. a numerieal or 1lter. 1 
ordin.l derived fro. • dee~l integer or a prevlou.ly deClned 
un.ublerlpted quantity n~, and g denote. a leneric n .... 

The flr. t occurrence of the generic nane, a. of the elemenci 
of a l ilt of Icring', 1n • procedu-re , mult be 1n •• t.tement 
of on. of the followIng Idnd. : 

(1) RESERVE SPACE FOR n &LEKENTS IN THE g LIST 

'" '--

(11) 

(111) 

(Iv) 

(v) 

(vO 

(vti) 

-.. -
CALL •• , ...•... , •. " THE 8 LIST. 

READ TilE & LIST . 

IlESERVE SPACE fOR R CHARACTERS iN THE . - th a. 

<:Au. THE III-th g. 

COPY AND CALL IT THE .. -th g . 

READ THE .-th g. 

(vHI) rrYen "put . t.:r.te'llentl "<)fdl6r""oItl''' LO (lil) .nd 
(v. J l' UL wi. 'he verh: REQUfST In pLuec ., ( REAIJ. 

n.e words th"L ,Ire under11ned In (1) and (Iv) are optlond. 
The l.tter. n .nd R denote lnteger., and .. - th denot e. a 
nu.erieat or literal ordinal . A COPY .tatement eannot be 
u.ed at pre lent to deClne a lilt, though COPY .ta t ement l 
can b. uaed to define individual element. The proeel.or 
p .... IC. the .rtlcle THE to be replaced by A or 4N In THE g 
LlST and THE .-th g In the.e . t.cement . , Lhough there leellli 
no r.alon to do 10. 

The fir.t occurrenee of the generic n~, h, of the element. 
of • lilt o[ nu.berl, in • procedure, .ust be in • I t ateDent 
of either ot th~ Corm. 

(I) SET THE h LlST TO 

(It) SET TilE .. -th h TO 

The.e .. kc h • gene-ric quantity n ... , even i[ In the form (I), 
only one el~nt I, lpecified, (I.e. , defining the ll.t to be 
of lenlth 1). Onee h ha. been decl.red • generic quantity 
n.me by a SET It.tement oC the form (I) or (ii) above it ~y 
b. u •• d in further SET sta t ements of thOle (o-rms, and In place 
of g in RESERVE .nd inpvc Itatementl of tho form dla played 
earlier for 11ltl of .t-r1nll. Thele alter it. length .uto
..t ically , If thl. II nece.lary, .nd treat the lilt e lement . 
a. nusberl. F~r example, .xecuting the . t a tement. 
SET THE ITEM LIST TO O. IlEAl) nu: ITEM LlST. 
with .n input card punched 
25,17,304 
would .. ke TIlE I- ST ITDI, THE 2-ND ITEM and THE 3-RD ITEM be 
.ublcrlp t ed quantity namel, with the vllvel 25 ,1 7 and 304. 

\.... 
• 



~ 

.)s_ 

A RESERVE, CALL, SET or input ,taCeDent that define, or La.lci 
an entire lilt let. the length accordingly. I' .entioned already. 
A CALL, COPY. SET O~ input .tate.ent that defines or Uamit. 
• lingle el~nt extend. the length of ehe 11,t to the value 
of the ordinal, If chi, exceed. the prtor length, and make. the 
lntervenlng element. zero or null. 

A negative number cannot be Included at pre~~t in a 111t that 
i, defined or l~ltted In It. entirety by an input statement 
(the . 1gn 1. dropped by the 'Ubroulln~ READl). 

The convent lon, concern I ng II ~ ~. t h.t a .. e pi ven In tl.e for" lent 
note overl.p tho.e In rl'ler~nc"'s (I) and (2) r"nqlderabl,' 
but it set..ed advisable to pCl'ltml thl'1I htore In "'11. 

Statement Latle l -: A 4lDle-ent ,bl·1 (''''tIslst. of QTIe or .:Ire 
words. Articles (A, AN, THE) end Rpa,es ere elided (by RLIN£) 
and ignored so that a l abel cannut con. 1st of Ju.t erticles. 
A label may not cantlin any of the SNAP cOlllllllnd words, 1f it 
is referenced in , condition.l stat~ent becau.e of the sub
rout Ine. (CIFST end fVERB) nor beai n wi th the word WIT!! or 
fROM (becau.e of the subroutine TRANS). 

Error. re.ult i£ a numoer 1n a SNAP .tatement 1. 
the rdnge -65,~36 to +65,536, nr 1£ the v.lue o£ e 

quantity thet has an un.ub.crlpted or • sub.cripted ~ 
goe. out.ide this renge (becau.to INTEC£R*2 .tore,e is used). 
The second operand o£ e blnery SET stat ... nt (e.g., SET .. 
ro TliE SUM OF .• ) Ulust be , quantity n_ and not a nlmlht!'r 
(because o£ the subrout1n" ARTHM). ThC' third operand lWy 
be a m. ... ber or a quantity name. So,) u)' the second operand o£ 
a unary SET .teteetent. 

Stdng Expreulonl: An extralt li!xpr •• : Ion .ust have the £Onl! 
THE III-th OiARActER OF • 
or THE 111- th TlIROUCH n- th CHARACTEJlS OF • 
where I denote. 
statement ... y 
string ellpr ... lon (e.g .• 
expression., etc.). 

crlpted I Itrlns n.... Separate 
tenll' of other kind. of • ~.~ 'R 

• ub.cripted string n .... , concatenated 

Numbers and quantity names m.y not occur in a string expre.sion 
that is u.ed a. e c~parend (because o£ the .ubroutine lFAT). 
Neither .. y they occur 1n e .tring expra •• ion e that end. a 
s tatement of the fons 
SET TO e. 
0< 

SET TO THE LENGTH OF e. 

.. 6f\ 

-3'-

tThh il beeaul. of the .ubroutine "RTIL"!). N\1IIIber. and 
quantity name ... y not occur either In the definition. of 
atrlnq n~. that are referenced directly or indirectly by 
.rrlng eXpre.,ion, in ca=peran4, or SET .t.t.-ent. a. jUle 
delcrLbed . A string comparand aay not eontain an implicitly 
"<,.ted CI.[.nlce of depth greata .. than 2. 

Forced lin. break" A ,lash ~ediately before a quote .. rk Is 
lqnored at present . It can be made to rorce a line break by 
typlnq an extra sla.h before the quote ~ark. 

Lillt. )pngU. l!Xprt: .. ~l...,nll' Th& 1,1 .c"'t"r III equipped tn 
iV .. lullte d ... fNAf'IC'""'iXilr ..... lon I ~ !he ltm'1tl> of ... list. 
t:"tocl~nat.ly the formation 01 1I i, ~rOlll Ull.' "1'111.1' (!xprps,lon 
hal not yet I,een ,.,oded tit inllulllea a minor <lddltton to CNUDP) . 

pa~r tape and eon.ole 1(0: ACCEPT and REQUEST are entirely 
equ val.nt to READ, .1\(1 TYPE and PERFORATE t.o PRlNT lit present 
(beclluse of the subroutines READl and PRINTl re.pectively). 

COnditiOn. I copy <lcU,,", An It .tat. ... "'ent ""'v ,lot contaln • 
COPY ... CALL ... p. ir Of clauee •• because 0# rv~MB. 

Extracta Interprete~a~ number., The prepo.ttlon IN ,"ust be 
u •• a Inate.d of OF in a Btate~nt of the for. 
SET n TO THr I-th THROUGH k-th CHARACTFRS IN •• 
wh.re n, 1-th, k-th and •• tand for a quantity na=e, two 
ordinal a~ject~ve •• and a atrino name respe~tively. 

kaference. 
ill R. P. Barnett and w. M. Ruh ... , A Natural Language PrOgTam.ing 
Syst .. for Mechanical Text Proce •• ing, IEEE Tren.actiona of 
rngineering Writing and Speech, Vol. Eh~-ll, No.2, 45, 1961. 

(' , \I.' "arn",U. co .... put'·r ProJlrammln .. In F.nlllt . h. IlarCOlirl Br.c .. 
.... W ... r1<l. May 196'). 
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WEEKDAY 

Ric:t..rd L. Conner 
Oc.tober 15, 1,66 

Direct laqulriea 10: 
Richard L.. Conner 
IBM World. Trade Corp. 
201 E." 42 Stuet 
Ne. York, N. Y. 10011 
USA 

Woclilic.atlon. to thi. prot"m, a. they OCellI", will be lUVlowu:ad 
in the appropriate C&talOJ at Prot;raml for IBM Datal Proc ... inJ 
Sy.tem.. When & .. cb aD ..... o .... c.m.nt OCCUU, _el'l ebCNld 
order • cOfnpl.~ .... prot,.m Croon tto. P ...... &In WOl'mation 
Department. 

~ 

, 

, 

• , 

'i' 
, 

• 

Tllb1e 01 Conte.nQ 

Pa •• 

PrOITam Ab.t .. &ct 

U .... Worm.tlon , 
DemU.d. ProrTam Duc:ription , 

Ceneral , 
Reetr.letiolll and Ran,. , 
T1"""" , 
Alcb to Mod.Uic:ation , 
CaUi.nj WEEKDA Y , 

AJloritbm • 
Operatin, blltrU(:tion. , 

TutU. 7 
A ••• mbly 7 
U .. 7 
Data Drucription • 110 • Sample Problem • 

Dick Kay • 
5,.-teml Ma~ria1 10 

LIIltI.CC I Ii 
T •• t lhl_r Ii 
WEEKDAY i< 
Sample Output " 



Protr .. m Ab.traet 

WEEKDAY La a .. ubrouUn ... bleb .. W determu.. the day of 
tM _e."- for any date la the Crelorian e.l.n_r {ron> AD 
October 15, 1512:, to AD F.bruary ll, 4000, lncl._h ... 
II oper.te. OIQ _y IBM Sy.t.mIl60 tMt M. tht. Standard 
and Dedmal lnatl'\l(:tion .. t.. II I. inYOk.d by the OSI Tosl DOS 
CAJ..L .... t.rTMInI • thu. it c ... be .... d by prOo&:ram. coded 
in FORTJlAN, COBOL, PL/land Allembler 1.",-.... 
WEEKDAY occupie. fe_:r IharI 160 byt ... 11 _. coded In 
1)64 Aa.embl.r loan ....... a ••• erlaUy reu .. bt. .ubroutiAe. 

ThlI prolram _d itl docll'Ti.ntaUon ",1" writt.n by an IBM 
.mploy... It .... de_loped lor •• pedlie purpo •• and .ubmltt.d 
for leD. rat d.lltrlbW,l_ to lnt.r •• ted partie. in the bope that 
it mlIbt prove b.lpful to other rTMImben 01 chi dolt.a proc ... ln& 
eommwdty. The protram and I.l. documentall<:m an ••• entially 
la the aud:t.or'. orlfinat form. IBM •• rvc. a. the cti.trlbll.tlO1l 
a,eney lD .upptyl", thl. pl'O.ram. Qv. .. tlon. o;onc.rmn. the 
Ill. of th4 pl'O.ram .hoWd b. dir.eted to th •• uthor' •• tt<tnUon. 

- I _ 

- , -

•• I 

l.l.l 

l.l. Z 

z. 1.) 

U •• r Wormatl<on 

o.taU.d Pro.r.m De.ertptlon 

Cen.ral 
WEEKDA. Y determine. the day ol the we.k for a 
,Iven dat. lD the Cr •• ori.a.D Ca.t.ndar. The 
..... orlthm aod the eodinl haVOI bun carefully 
planned to t&k.e ......am"",, .dvaDla •• 01 th. IBM 
Sy.tem/)60 inltnletiOOl, re.ul1ln& LD v.ry 1_ 
e .... eutlOD tlane. 

WEEKDA. Y II coded in )60 OOS/TOS A ... mblll' 
Lanlutl., .. hlcb i. upward. compatible with 
05/]60 Allembler Lana_,e; IoBd It coniorma to 
OS.TOS.DOS .ubrout_ codin, cODv.ntioo •• 

Ra.trlctlol\l aDd !tan,. 
The Cre.orlan c:.alend&.r _. oo-!wl'l lI .. d befor. 
October IS, ISIZ AD •• 0 _ .raumcnl I'Ip ..... Dtin. 
.n .arller da~ baa littla m •• oin.. Tbe ,idlIl1UOQ 
of the Cr.,oriao cal.ndar after February za, 4000 
AD. I. UIIcertaiD. For W. re.''''' aDd Me._. _.1'1 wUl probably oat be eOlQc ........ lib -q. 
eo f.r in tt. Iv.tun. wt:£KDAY i. nof: de.lpd to 
_ark .Uh date. later than UU •• 

WEEKDAY perform. no dI.ck. {or .,.ar.lthiD 0-
.bo .... 1'.",8, or for valid month 01' day. of QIoOQW. 
lnvalid .rlUmen'" will produc. lno,t.t.rmlllaq 
r •• u!tI. 

TlnoLoa 
WEEKDA.Y tak ••• bout Z.) mlllb.eoode _ a ]60/]0. 
Rwo..n.i.D, throe" l .... ely In.tepende_ 01 the .rJlPl'l.nt ...... 

-. -

..., 
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1.1.4 Aiet. to Modification 

Z. 1. 4. I Convenlon to .. H"t .... n! code ie poulble with the 
additiOD of. tIoird par.mele1' ape cUyin, ..... I-byte 
work arc_ c:onlroU.cI by the ceUin, proc,am. Thh 
work ..... m\Ut bella on. dOUble-word bolmdary. 
A free rlll,leler muet be de.I,_led for addre .. inc 
We work a ..... 

Z. 1. 4. Z The .rawneD! format call be chan,ad to padted 
deciJnal. with U .. data pre'ented at a da.c«ltl.nv.ou. 
........ ber. oyyyymmcid.. Cha.n.n would be requir.d 
I.n the code that convert. the .,r ....... el'll: wlv. .. to 
biAary. and to tbat whicb adjv..u the ycar U the 
mODlh '- Janllll.ry or FebTU.ary. SlmUarly. tlw! 

l. I ••• ) 

r •• ult <;an be 1'Itu.raed a, a padted dedmal ..al_. 
01' tl\rOVrlh u.La,it a. aD but ••• a ,trin, of letter. 
can be "hu'_do 

WEEKMY , ........ Uy be modlfiect for a m .. cbinc 
without th. Dadmal liutnu:tioo Set. Only two 
cLedma.1 hutNdloo. ar •• ",.4: lba a4Ju.tment to 
th., ,..ar for a monOl 01 J .... \I&ry 01' FebTU.ary eSP). 
and the .hilt 01 the y.ar prior 10 It. con ...... reion 10 
binary (~API. 

2.. 1.5 CaIUn, WEEKDAY 

2..1. S. I WEEKDo\ Y c .... boa invoked. via codin, to produce a )60 
callin ...... GC. that pa •••• tw(I paramater. ' 'by 
nam." _ ."urn ... t l~tiOll. and re.ult loc .. tion. tro 
that order. 'I'M. cod.l.Dc a. prodw:.d. (or example. 
by u.. Pt./t .tatemenl, CAL.L. WEEKDAY (~TE. 
DAY). An entry point WEKDA Y h provicLed lor 
" •• by FORTRAN-coded cau.n. which an 
r •• tricted to .b.·c_racter _mea. 

2..1.5. 2. WEEKDAY hal no .rrQ.l' re t W'll. and it t.ave. 
reel. t.r U uncii.turb.d. 

• J _ 

~ 

2.2 

• 

Al,orilhm 
The problem can be eUnplUicd in two war-: 
a) Note tbat )6". 0 mod 7. Thue, U e.ery rn., 

ccataifttod. 364 day., any riven date woWd at •• y. faU 
On tboo lame day ot the ••• k. W££KDo\ Y ...... an 
artitlcial yea, of )W day., and applln III cOl'nctton 
for the c"ce" day La each Common Year. 

b) U the intercalary oUy in • Leap Year .ere the !aft 
day at the year, cakulatlon to account for it would 
b.llmplUiecL WEEKDAy ...... ao artiflelal year 
that belln. on March t. 

The •• two aimpH!lcationa are intc, ... l to the ew,rouiu... aD 
the ",ee, need DOt cone,,", hUn_elf with them. n.y.r •• 
h_ewl', tho. foundation of lb. alt;orUhm. 

A brial ,..viaw of Ilu! rule. determiniq Cre,orian ~p 
Year. may be ctillirable. Ktre a. a Leap Y.ar Dad.i_ 
Tabla, 

Year . O mod. N Y Y Y , 
Year.O mod 100 Y N Y 

'ear o mod 400 N Y 

Corruncm Tear X X 
Leap Year Ixlx 

1 , 

U lbe •• nale. are applied .... mall •• c ....... r .1'1'01' I.n the 
ere.od .... Caleodar rem.au... No c:. __ otlcm (01' corre~ 
thl .... bt.; but it baa been ........ t.ct that U a ,... .. r I. 
conc r ... ~ to 0 mod .000. it be m.ade a Common Y .. r. 
WEEKDAY laoore. tb.e error. bec.ue. the c:.orractlOD wW 
not be ne:ce •• ary mrtil 4000 AD. 

WEEKDAY deterrnioe. the diUereDee in day •• m.od 1'. 
betwe.n a known dUe UId the arpment data by applylna 
correction. (01' interven.i.n, y .. re aDd interc:.alary "Y". 
Tbe known date I. the fictiti_ oae 01 Marc:.b 1. 0 AD. l! 
the Cn,orian Calendar went badt that lar, thl. dat., WO\Ild 
have bean .. Wedne.day. Day. of the .e.".,re a •• l,_d 
.erial n ...... bel'. ra.rr..in, fr<1171 0 for SWlday. tltl'OUlb 6 for 
Satu.rday; .0 the .erial _bel' for the abov. ba • ., dak Ie 
J • 

.. -

, 1 
'. 



A lormWa lor delermlnlnlthe day 01 1M week (wi lor. 
li_n yur (y) mo .... h Iml, aad uy 01 month Id) un be 
forTtlad by .pp,.,tnt 1M Ilmputyl", ... umptionl.) and 
b) aboYa, .nd tha Leap Yaar dooeblon table: 

( '1,,9 
l '1' J 

wl'tlc{ 

wty, m.d)" I_IO,), 1 )+d~I+)OnHlm)taxltbx2+c.x)+x .. ) mod 1 11) 

_h.re y il racNc:ad by _ U m a~" I or 2. and 
n " number of monthl IUtca P",cad1n1 M.arch. 
Ilml " .. .....,bel' of monlh.l witb )I d.a'fl ILuu 

pracedJn& March; 
XI " Ly/40oj, lbe n".mber ol400_yur plrio4ll 

Irom 0 AD to y; 
q " y mod "00, the rlmaindoor of the clJYilion 

for X.l' 
X

Z
" LrlflOOJ . tM rw.mt..1' of centuriel ainca the 
lalt pucadini .,aar that ... an Inle,""\ 
multiple of 400. 
1'2. 1'1 fftOCI 100, the I'emalzadoor of th. clJvili_ 

for Xz.; 
Xl " lrl1"J. 1M number olLAap Yea.,.. lince the 

belUoniDl 01 tha u .... ury conLl.lDlnl To 
X .. " r2 mod 40 U •• numbel' of Cornmoo Yea ... 

betw.an y a.ad the 1a.1 p ... ced\nc lAap Year. 

n. eoefficwlltl ., b &ad c npr •• ,,'" the number 01 .. ya in 
a.cc .. of lb4 II'XiI. The _Itoel. wblch are aalUy del.rmlft.d 
~ u... aid 01 the Leap Y.al' o.cld_ Tabla, al'a 

• • .. 91 
b " 114 
'" , 

al " .. 00 
'2 - 100 
a] " .. 

FonnWa (I) can be ..... Iine. 
.Iy. m,d)"td+l+1On+f(m}+-4'h1+IZb2+5']+'41 mod 1 

Furthe;I', note that 

"'7~0 mod 1 
n ... 5 mod 1 

ao that (ZI c.an ba IUl'lbtlr limplUI.d to 
w(y.m,d) " (d+211+15n"'lm)+51'2+.])+.,.1 mod 7 

- , -

'---

I" 

'31 

. ~ 
\.../ 

-Ie ~. c" ...... .J 1<--- \. 

F'n.Uy, d"rU\. Ilml ~1t 15n)+((ml, and conatruet a tabla: 

m " Z(I+ 15n) • ..!lfl modl"~ .. 10 lOZ , .. • , II '" 
, 

'" 
, , , , • , , 

• , 
" 

, 
" 

, , , " 
, " • • , 

" 
, .. , 

, • "' 
, '24 , 

• , I5Z , 15' , 
• • 18' • ... • 

10 , ZIZ • ". • 
II • '4Z S '" 

, 
,- • Z1Z • '" • 
Ulin, th" tabular valuel for I(m), formula III becomea 
wly, m, d) " (dtllm) • 5(.Z~) + .. ) mod 7 (4. 

.hich Ie IbtI formw. Implemanted LD the cod.ia.l. 

Example: 
DdumlDe .(1,"1, I Z, 'I) 

• 2:-l$y mod "00IJ10~ e LHI/10qJ 
rle l't mod 100 . .. t 

'] . lT21"J - l .. t/\I 
d+xl 

-. -

. , ... 
.. , 

I: (Il) " .. 

" TI 5 bt2""']1 ... . , .... I'Z mod .. ",4' mod 4 
'If 

mod TaO 

.. 

-

• 
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Data l)ucl'ipllon 
Th. ar' ....... "nl 10 WEEKDAY b an cl,hi-byte coned dcdm.al 
field containin, ycar, month _d day of month; yyyymmdd. 
No bowICu!'y ali,runen! I. "-c •••• ry. The .. ",wi returned 
by the aubroutinel ... _-byte "oned decimal field 
co."aw", the day of the week: w. M.anin,f,,! value_ fot' 
the ar,WTH!rd and ,.,ull are: 

I/O 

yyyy _ I S'I-4000 
mm_OI_12 

dd-Ol-ll 
w _ o-b, with .. ero repnunt"'" Sunday. 

WEEKDAY perform. no 1/0. 
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AHI .~ . ... . ..... . ....... 'CA~PUS'C AHPUS.CA~PUS.C4MPUS.C> MPUS 
ft H RPo,! • • ••• • •••••••••••• • C~MPUS *c AM FU c;*C t ,MP US.C A "'11' U S*C" MP us 
~H ~, •••••••••••••••••• _CAMPUS.CA~PUS·CAMPUS.CA~PUS.CA"PU 5 

lU Iii: •••••••••••••••••• *CAMPus*rAlolpuS ... r,!.MPUS.CAMPIJS*C,e.f'PUS 
f H ' •••••••••••••••••• *CA~ PUS.C A"IPU s* CAMPlJ~*r. 1\ "'IPU S*C ~ ~P us 

HU-lN .... .. ............. *r AMPU S*C A'-4PU s*t:*, ,",PUS.CA '~PUS'*C'" MPUS 
'H~R~ •••••••• • ••••••••• • c."PUS.CAMPUS.CA~PU5.CA~PUS.CAMPUS 
t.HEP~ •••••••••••••••••• *C.MPUS*~.~PUS*C~~'PUS*CA~PUS.CAMPUS 
.A HE Rl'j ... . ............... . C AMPUS*CAMPU s.r ~ IoIpl!S.C V1PUS*C~ ~PUS 
tHER~ •••••••••••••••••• *CAKPUS.CA'~FUS*C.MFUS.CA."'1PUS*cAHPUS 
.0 HE Jl" •••••••••••••••••• *C A -"PU $*( ",",PU S*CI ~oU *(' A"'IPlIs-r ... MPUS 
~ HrR .................. 'CAI'FUS'CA~PIJ S>Ct MPUS-' A IPUS-CAMPUS 
IHfP~ •••••••••••••••••• *CAMPUS.CA~PUS*r~MPUS.CA~OUS*C!MPUS 
~Hr~~ •••••••••••••••••• • ~1MPUS*CAMPUS*CtIolPU~.C6MPUS*C,e.MPUS 

H'PN •••••••••••••••••• • c.~PUS.CA"PUS.CA"PUS.CA~PUS.C.MPUS 
~HtR~ .................... CAHPUS.C,e.~PUS.CAMFUS.CA~puS.rAMPUS 

Hf P~ .................. . O~P'JS·C ,"~PU S*CA MPUS*CAMPUS*Cft "PUS 
HEPN ................... . cauPUS.C4~PUS.C,e.MPUS*r4~pUS*C&MPUS 
t ~PN •••••••••••••••••• *CA~PUS.CAMPuS.r~~pUS*CA~PUS*C,e.MPUS 

"H [R~' .................. *C AMPU S'c A"PU soC A MPUS'C A "PU s.c. MPUS 
III RN ................... *CA,..PUS,*CA"1PU s·ct MPUS *c A.MPIj S.CAMPUS 

t H RN •••••••••••••••••• *c 6.MPUS*C A C1PUS*C.~ ,...PlIs*r it MPIJ S*C.6 MPUS 
f Hi RN •••••••••••••••••• • CAM PU S.C A~ PU S .u, MPU S *c AMPU c;.C~ MPUS 
tHIP" •••••••••••• • • • • 'AMPUS.CA.PUS.CA"PUS.CA"PUS.C~MPUS 

H! Pftl ::: ................ . CA,..rus*r AMPlIS·C,e. ... PUS.C", '"oUs*c ~ HPUS 

( 

( 
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IIJ [4lSITl JUB IT2 00 . 602 .1. 21.·J fHERN '. ISGlEVEl=1 
C DRIVER TO TEST WEEKDAY S~BROJTINF 

DIMENSION TEXT 151 
DOUBLE PRE' ISION DATe 

I W"ITE 13 . 1011 
101 FOR'-1AT (t1', T48 , ' TEST OF Wft:KnrY .)J!j~OIJTl"IL. ' 1/1 I 

1 T44. ' CORRECT 't T5b, fW ~EKn/V f 

JOB2265 
WKOYTS TO 
WKOYTSTl 
WKOYTST2 
WKOYTSn 
WKOnST4 
WI{OYTST'5 
WKOYTST6 
WKOY TS T1 
WKDYTSfS 
WKOYTST9 
WKOYTSH 
WKDYTSTB 
WKOYTST( 
WKOYTSTO 
WKOYTSTF 

2Tl , 'I NPUT ', T21 , ' DATE ', T46, ' OAY ', T56 ,' ~NswER ' II 
2 READ ( 1 . 102) DATE , TEXT , RIGHT , LAST 
102 FORMAT ( A8 , 2X, 544, 4X , 41 , SX , fl) 

C~LL WEKO.Y IDATE . A~S I 
WRITE ( ) . 103) DATE, TEXT, ~lGHT , ~~S 

103 FORMAT (1 2, A8 , T14, SA4, T·,7, "'1 , T5,) , AI . 
IF (L AST I 4. 2 . 4 

4 'ALL EXIT 
END 

WKOY TITLE ' OAY OF WEEK SUBROUTINE - DICK CO'NER. 212 ~il6-40CO L •• • 
WEEKDAY START •• 
*"'~ .*.*~ ............... * * ....... *** .... .... .:*** ..... * ••••• *.h ••• * ....... ••• .. 

"KO<YOOO 
WKO'Y010 
WKOfoY020 

* 
* • 
• 
* 
• 
* • 

WEEK 
<RY 

*OJ T --
YE . P 

·,..,ONTH 
*0 

01 Y 
• 

THIS SERI~LLY-REUSABLE 
FeR 'NY GREGORIAN DATE 

28 , 4'00. 

• WKO/y030 
SUBPOUTINE UETE~~I~ES TH~ DAY OF TH; • WKO/Y040 
FR~~ OCTOBER 15. Isal . THPOur.H Ft~~ J_ • WKO'YOSO 

CALL 

us 
OS 
OS 
OS 
OS 

WEEKOAYIOATE.OAY) 
WHERE DATE NAMES THE ARGUME~T AND a.y ~"~FS THE 
THEY HAVE THE FULLO~ING Fn~~~TS , ~ESP ~C TIV~LV -
Olla 
lL4 
H2 
ll2 
lLl 

YEAR - ANY VAL"" 1562-400') 
MONTH - ANY VAl~ E 01-12 
DAY OF MONTH - ANY VALUE 01-31 
DAY OF WEEK - OISUNOAYI - 6ISATUROIYI 

t WKOloY060 
* WKOAY070 
... WKOA'1080 

ANSW~R: . ; wt(o'-' '1090 
* wKO/vlOO 

"KDf Yll0 
WKOAYl20 

• WKO< Yl3D 
• WKOAYl40 
'" W'KOlY150 

_ • WKOt. Y160 
* • ........ • ••• , .... " ...... ,,* .. • • ~.~. '. * ••••• ~ •• * •• -. WKOtv170 

WKOHlao 
WKO'YIQO 
WKO' Y200 
"KOH210 
WKOH220 
WKO'.Y23 

caPR 
BINMTH 
H INYR 
X 
lUT 
R,"INIJR 
DVONO 

wlKDA Y 

• 

CE'O'TE 

OE\..I'lV 
[lE' YR 

DEC. T H 
YRSIGN 

FFTBL 

* INPUT 
DAY 
J~T 

INn 

I NM TH 
INDt Y 

193')0223 
19411207 
19660BI6 
19671031 
19690317 
19681012 
15830301 
32000301 
j5670526 

HAS P 

SI>ACC 3 
ENTRY WEKDAY .*. PSE.UDC'~Y'" FnR FORTRAN CALLERS 
<OU 11 ACCUMUL~TOR FOR CORREcTIO~S 
oQU 9 ~O~TH IN 8IN~RY FORM 
OU 9 YE~R I N ~ I ~'~Y FuRM 
EQU 7 _ •• UMULATOR FOR I'TfR~E1IATf V'lUE 
EQU • QUtJTIE~T 

EOU 6 REM~INOER 
EJU RMNDR OIVIOlNDICFERANO 1 FO' OIVISIO~1 

SPAC" 1 
us p~ _; 

SAVE 
USING 
L 
PACK 
":VR 
P~c.1'i. 

~Vp. 

r~ 

. ,1 5 C~LL~R liAS LnADeQ GPQ15 
(14,12) S6VE All NCN-lINKAG~ GOR ' S 
INPUT,3 n,~Tj\\ BASE 
3 . 0p 1 PICK UP SOlrR~E 'Oo~r.SS 
L>ECMY , I "Iruv 
CORR.OECOATE 
DEOHH,l N'ITH 
SII11"lTH,0Ef..O"TE 
8IN~TH, FFT BL-l (e IN ~H .. ) 

~ Ib-..Jt.. 
-,,~ 
F=PO FlJJr.r:: fA ... TDP 

••• 

WKOf Y2'4n 
WKO:Y?50 
WKDAY2bO 
WKO~Y270 
"'KO.W2RO 
lO/'KD!' '1 290 
WK['I. V'300 

WKD'nIO 
WKOtY320 
WKOH330 
WKOI' '1340 
WKDI'1350 

A" 
PACK 
,P 

CURR, AIN'HH 
OECI~Y, J N'~V 
DEVW , =P' 3' 
Y~,IGNtl5 

O,::\"./-'V I O::CYQ, 
dINYR,Dt:COI\TE 
ovO~O . DVON0 

"10 'PPlY IT Tn CORPECT ION 
r.e,,\l<>-o T......,Jl. 

WKDt'1'3I)O 
WI(O~Y37Q 

WKOfYHO 
WKOft'1'39(1 
WKOAY400 

AD JlI ST yt:h Q IF J·~LJ pY Ok FFRRIJARY 
oJ I 
lAO 
'=VR 
SR 

L~GIT1'\ll __ IC;'~ F;")I-.. TAP 
~ r<.l'-t-....t. oh ~,'1;.\"..1 

L~ x,~ USED TO FI~O r~NTIJRY ~nJ 4 
o lJVDND,=F'lOO' FIN') fE.\tTU'-ty 
NR lOr,X CENTURIES HQD 4 

\tR. X,MMNf)R THIS ,\lA~Y ( .. "'i"ON VE\Q" 
SRA RHNOR.2 A'C 
AR 'lOT.R'1N~R THIS MA~Y LeAP YLARS 
Io1H QOT,=H ' S ' 
'R CORR . orT 
4R ':OR~ , X 

SR ~ORk- l, 1RR-l DREPARE TO OIVIOE 
o COQQ-l,=F ' l' 
l 3.4,11 PICI UP SINK ADDRES~ 
STC COR~-1. 0AY 
0 1 OAY , X'F O' PLUG IN ILA~' lO~( 

:SSI;T DEBUGGING 
TO C~LLER 

"'VI 12(13) , X' FF ' 
~ETU~N (14,12) BACK 
EJ [~T 

SPACE 
OS 
OS 
'JC 
OS 
OS 
ORG 
OS 
OS 
os 

OAT~ 
3 

OEFI~ITlONS 

00 
OPl8 

AlIGN~ENT FOR CVB 

4XL1'O' 
OPL4 
PL3 
OEC'1R+2 
OPl2 
PLl 
PLl 

SUCK ET FOR P ~(I EO )ATE 

~ONTH MO YHP OYYYYMn 
yEAR OYYYYS r 

'~ONTH O~MS 

wKOAY410 
WKO_AV 4 20 
WKDaY4'30 

at FL1 ' 0 , 3 , 2 , 5 , O ,~,5,1t 4 ,6, 2 ,~, FUDGE FAtTQP$ 

WKOt'Y440 
WKO~ Y45 0 
wKO'Y4 00 
""DAY47 0 
wKDhHao 
WKOAY49f\ 
WKDA.Y500 
wKOt Y510 
WI(O!Y510 
\;KOA "3D 
wK04YS40 
WKO/.Y550 
""DAY500 
WKD~Y570 

WKO/.V5BO 
WKO,eyS;qO 
WKOH60D 
WKDAY~]O 

WKOH620 
W"OH630 
WKOIY64Q 
~KOty6S~ 

wK.DAY600 
WK()J.Yt/7Q 
WKOAY6BO 
WKOAY690 
WKDAY700 
WKOAY710 
.... KOI Y720 
WKD'Y730 
WKDAY740 
WKO"Y750 
WI(O,eY760 
WKOt Y770 
WKOt Y7BO 
WKO'Y790 
\lKOtYBDO 
WK01YB1D 
""Ot Y620 

OSECT 
OS 
JS 

OlL! 
OllS 
Oll6 
lL4 
ll2 
lL2 

SOURCE AND SI~" 
RESUl T 
ARGUMENT 

OS 
OS 
os 
os 
END 

*1<. VIP IHP.THD~Y **. 
PEAR L H<RBOR 
AUGUST 16 , 1966 
H.k L LOW~ ' EN t 1967 
'14RfiH 17, 1969 
COluM8US OAV . lq6B 
"'~RI~H 1 , 15 83 
MARCH I . 3200 
M~Y 26 , 3567 

'. 
J 
2 
2 
I 
6 
2 
3 
5 

FORMATS 

• 

J OB STATISTICS 
lID C'L LS 

liD C'ROS "EAO -
SVC CALLS 

liD 

WFEI<(l, '1 T I:);T D. T J. 1 
WE~~ Y T~ST DATA 7 
WEEKO'Y TE~T O~TA 3 
wfEKf1. y TlES1 O,~TA 4 
wEcKO'Y 'FST OATA S 
wEE,OIY '0 T DATA 6 
WC:EKD~'t' T _T DATA 7 
wf(KDtl't' TeST OATl 8 
wFEKDAY TEST 04TA ~ 

lINtS PRI~TF) -_ 
0 . 00 ~INUTE~ -oU "', TM 

o CAR Os 
TT M~= 

~~ 

PUNCHED -- 0 . 00 ~INUTF.S 
21 : 24 : 33 O~TE = 09/17/68 

EXECU TION TI ME 
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CAMPUS.CA~PUS~CA~PUS·CAMPU3¥CAMPUS~ ••••••• EN~ 
C. AMPU$ *~ 4. ~PU$ .fIC 4~PUS*CA MP'J$*C AMPU S • ••••••• I"":'JO 
C ":PUS*CA"P!J~ ·CAMPUS*C."MPUS*CIMPUS* ••••••• t:~ 
LAvPUS.(A~PUS·CA~P~S*CA~p~S.(A~PUS* •• • •••• -~l 
CtMPUS.CA~o~S.CAkPUS.CA~PuS*C.t1PUS • ••••••• ~~ 
CAMPUS *Ct.J,4PUS 1<CA~ PUS *\.. J...M PUS*C ... ,.,PUS. • • • • • •• ~.r., 
C t~ru!> 'CA ~PIJS'C "PUS'( AM PU SoC A~PUS • ••••••• r ~o 
CAMPUS.CAMPUS ~"';.AMPUS.C.A"'PUS*C ,'4PUS,x ••••••• L"4D 
CAMPUS*CA,'Pu5 'CA ,PUS'CAMPUS'CAM PUS' ••••••• E~n 
(. ~PlJS.tAMP'JS~CAMPIJ$.l.AMPUS*l..t.MPU~* •••• • • • E\lU 
- AHPUS.C4~PUS -CAMPUS*",AMPUS*CkMPUS* ••••••• !:tljO 
CA FUS'CA~PUS.CAMPUS'CAHPUS'CAMPUS· •••• ••• E~~ 
C ~""PU 5 *C .l;"PUS ~CAf4PUS.CA .,PU S*C A~PUS ;\I ••••• • • 1=" N f) 
CA~PUS*CA~PUS·CAMPUS·CAMPIJS·C.AHPlIS~ • • • • •• • 2NQ 
C;~?lIS.CA~PUS·CAMPUS*CAHPIJS*(AMPUS • •. • •••• F~D 
.AM US.CAIJ4DIJS-l<'~A"IPIJS.\'A~PIJS"'CA"'1F ~· ••••••• E 1.rJ 
C "",I- , OS "'CA -tt>U5 *C,AHt> i.JS *C A ~ P'J S*C A I~PU S •••••• • c -.jl') 

c At<PlI S*CAt<PU5 '':AMPUS*~A "PUS*CA .PU S ••••• • • :N ~ 
CA~.US'C'~'US'CA~PUS'CA.PUS.CAMPU5 ••• • ••• END 
CAMPU~·CAM?US·C4~PU~·CA~PUS*CAMPUS· ••••••• :~1 
t. Af'41.l 'J s.e 4MPUS*CAMPUS*I,..AMPU S*l.A "tPU .. ....... ~ ,,0 
CA~PUS.CAMPUS*CAMP~S·tAMDUS.CA'lPUS ••• • ••• ~~ 
... 1' PllS*CA PUS"CAMPu$*I..A ~FUS:jt(.A~PU~ ••••••• ~I 
C.t..MP IJ .CA '1PU:) JI(.A ~PUS *l,.ArI PUS.CA:~PU .. ....... L ~ fJ 
CA~P~S·CA~DUS*LAMP~S·tAMP~!·C.~pus· ••• • ••• E~D 
CA~PIJS*CAMPUS·CA~PUS*CAMPIJS.tA~PUS~ ••••• •• E~O 
C'MPUS*CA1PUS~CAMPUS·I,..ANPUS·C.MPUS· ••••••• E~n 
Ct~FJ~·tAMPUS*CAM~Us·rAMPUS·CAMPv~~ ••• • • • • ~~D 
C.A lUS *r: A 'iPLJ 5 "CA,Io\PUS ~I..AM P:J 5 *C A~PU. oj( ••••••• E'll!l 
Ckv~JS*CAHPuS~CA~PU5*CAA;US·CA~FUS) •••.••• E~D 
CA~t>US.C~"PUS·C\HPUS·CA~PUS*CtMPU~" ••••••• E~D 
CA.-tP U!. *Ct. "iPlJS -CAfo!PUS .CAMPU S*CA,.. PU S • ••••••• ENO 
(:'A~PPS *c A"~PU:) -CAMPUS.CA"IPUS*C I.MPUS :. • •••••• J:;:-.ID 
tA~~Ui·(tMPUS.LAMFus·r~MPUS.CA~PlIS. "4 •••• E ~ 1 
C J'.totPU S.CA .... PIJ S .CA '-4PUS*c;.,\ MPUS*( A MPU S '"' ••••••• ;. w 
CA~rUS "C AM?U S .C.4.H.PUS *CA P'J S*' AHPUS •••••• • '; 4.) 
c A~F US*C AMPUS-CAMPUS'CA '1PUS.OMPUS • ••••••• ENl 
ClIoHPU .CA14PU,:)1ICAMPUS.CA 4PUS*CAI'IPUS ••••••• f F) 
C'~~US1lCAMPUS.CAMPUS*C~MPJS*Ct~PUS~ ••••••• ~~) 
l.. .6MPU 5*CAHPl' S ·'':AMPUS*C Afo' PUS*C A PU S ••••••• cN 1 
~~NFUS.~~~PUS·CA~PUS~~AHPUS*CAMPVC • ••••••• c , 
CA PUS~CA~PUS.CA~FUS.CA-tP0S.(.t~PU~ ••••••• ~~D 
c.A"'Plr .C.t..tAPUS ~c AI"IPUS .CAI1PU S *L I- "PUS • •• • •••• t .~I 
C~ PUS*CA~PUS*CAMPUS.CA~P'JS.CtMPUS • ••••••• ENO 
C"AfIIP JS.CA·~i>US ~CA~PUS*CA~puS*rAfotPUS • ••••••• '140 
C A"IF JS *c.t. NP1J..I ~~AMPIJ$ *CA A.,P'JS.C AMPU - ... ....... L ~ 
~~ US·C:~PL~~tAMPUi·CA~PU!*rAMPU:)· ••••••• ~) 
CAlP S.CA"4PU "C~M.PUS.C.4'1P.JS.C DU;:,* ........ '"Ii 

CA~PUS·CA~PUS~~A~cUS·CA~P~S*C~MPUS~ ••••••• ENO 
CAM~U5*LA~PUS.~A~PUS*CAMPJS·CA~PUS • •• • • • •• c~0 
CMtPUS*t..A ~PIJ::' "'CA~PUS.r.A"'PUS*(.t MPl S • ••••••• c ~I") 

r ,.HPtJ S --C AfroIPU 5 ,(":'A~i' v; .CA ~PIJ S *CAMPI ) • ••• • ••• - ... ~ 
C MP) S *CA 1,(00u S .("""4 P. J ,.C, A IPlI')* C A ~ PI.; - . ......... €: "l ~ 
CA~PUS .CAMPU S 'C ~~'lJS 'CAMPI! S'O ~ PO: • ••••••• ON!) 
C 6,MPIJ S *CA ,,?US .CA,'" r 'JS.CAMPIIS*C A MPl' s. . ........ E \j ~ 
l.AMPU S *C AMPU') xCAMPUS*CAHP:J S*C oM" PU" ........ E. ~n 
CA~PUS*l.A~~US~C~~P~S*C'~P~S~CAMPU~ •...•.. ~~o 
CAt4!-'U~*CA"'''liS''CAf4.PIJS*C "'P:J')*(A~Pu .•.•••• '\j J 
.. M'::J;).CAMPU~.CA""PUS.CAMPuS*t.M1PI ;, II ••••••• '4 J 

'- Mrv:,*CA"PUSC:C MPI)S*CA.>4:)'JS*CA '};:'u " ••••••• ~, 

tf~PU~.LAMP~~. AMPUS.C MPUS.Ct~P! _~ ••••••• ~) 

J tlf:\ 
J 08 
JOR 
J )g 
I n. 
J I]6 
J OB 
J 1S 
JO~ 

J aR 
J'lB 
J 16 
J 'B 
J:JB 
J 08 
J ')d 
Jag 
J JB 
J'lB 
JOB 
J'l& 
JOB 
J ~F" 
JJ~ 
JOfl. 
JJB 
J ~B 

JO
J ~B 
J Ja 
JOB 
JOB 
JuB 
J'lB 
JOB 
JOB 
JJB 
J 18 
J IS 
J OB 
J % 
J OB 
J08 
JOB 
JOR 
J 16 
J 1)'1 

J OB 
J:]A 
JOB 
J '8 
J 1B 
J 'lB 
No 
Jn~ 

J'1~ 
J 1B 
J Jd 
J )g 

J OB 
JOB 

2265 •••• R J ~ 
12b5 •••• ·1I ~ 
2Z!'l~ ••• · FI N 
,lbr;,. •••• ~ r 
~2:b:- •••• I N 
2265 •••• IN 
2265 •••• 3 1N 
2265 •••• 8 1' 
22'5 •••• RI 
1ZD5 .... ' l ~ 
2?6' ••.• ~ I 
22 0';' • •• II 
226<; •••• I N 
2?65 •••• llN 
226<; •••• 8 1 ~ 
226~ •••• ~ I ~ 
'l'5 .•.• ~ I ~ 
2lb5 •••• ~ I~ 
220' •••• e l ~ 
22-,5 •••• ~ I N 

22&5 ••• * .~ 

'205 •••• 11 
22", •••• 1I 
~Z"5 .... H , 
226' •••• 3 1 
22/')5 ,. •• ~ 1' 
<265 •••• e l ~ 

Z265 * ... I-lI ~ 
2265 .... I 
Z2,t..5 ••• • BI l 
2265 ., •• " I N 
~Zb5 .... ~ t N 
2265 •••• I " 
2Zbl; •••• t 
2265 •••• I N 
226S •.•• B,~ 
22.65 ,. •• tH 
n65 ••• • ~ I N 
2265 •••• ~ I 
226'; .... 1 1 j 

226~ •••• 8 
22bC; •••• p. 

2~65 ., •• I 
Z26~ ... • Poh 
22"5 •••• I N 
2165 •• ,. I 
2 2 6" •••• 
2 ' 65 •• ,. I ~ 
2265 •••• BI 
22bS .... i 
2265 .... I' 
226<' • • •• I 
?2b5 ... • ~ ~ 
2Zt5 •••• I 
2265 ·· •. ' 1 
2ZtJ5 . '" R JI~ 
2265 •• " I 
Z265 •..• RI~ 
2?65 · •.• p t 
2 '65 .... D] 

226' •••• I ", 

60, '.- •• J 
" 2 ••••• J 
b ••••• J 
6 .. • •••• J 
-') ., ••••• J 
., .. • •••• J 
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