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flix T+ LZERCL T LCEETHEL, DFTR, Thi®Hgo kT, pro-
gramming vsystem DREOBIEA S D12 > TADHI LR L LS,

1. NRO programming system

XD programming system | subroutine % (#3241 DOT H-7, IBM L
Harvard k%2> Howard Aiken %% 1937 4E7 B 1944 SEIZ 0 CHA%E L /- Harvard
Mark I &5 S0HBEO BBV TR (F21X, switch, relay, fgifi, (34a7e &) AL
7o KB (electromechanical) computer 23 Xz hTh -7, FDH, 1949
Fici3 Mark IT 23, 1952 4Eiziz Mark IV 2352 LT\ %, 1049 4Fo> Cambridge
K220 EDSAC (Electronic-Delay Storage Automatic Calculator) \3B#)L Ty %
stored program R computer TIIR L FHDL D TH - 7125, =i, subrou-
tine library 2% programming OFEETH - 7o .

1947 £ 5 49 ORI TR L7 IBM ¢ Card-Programmed Calculator {38 < (%
e WBREICEA R EE TH -7, ZHhil control board 12 il AT5Z &2 X -
TEDOBELHIET 5, program & LT 1D card 4 & Hff% punch LT,
CPCzh% % L ¥ card % 1 LS Lk - T, FOIEATHE - THFY L, B
fik% card i< punch ULTHAT5, #-> T, RELR S < & {A-DDERITIT
DOV IHPRBETH 7. Tho, &L ORIEEXR D % X 5 75% BT (general
purpose board) %> 5 Z L LFAIRTH ~7co CPCIHLTUL, DX 57— D%
Hey#ltfg s programming FFEE 5 Z &L/ ), SHOFREN 2L bR TUFRX
hice ZULT, R, BlgitEooiit, CPC % 3-address TIEEFHIEENT
&, SFHR, sin, MFPo L% K2 subroutine ZHIZGAA TS R E LTHES &
CIZHEE LIz, =D CPC B3 28T ki~ stored-program computer o
programming system 2% < DEEY 52 22 LD TH 5,

PO AE) programming OHTH - & FEERL DD 1-2i% MIT o> Whirlwind
project TH2, 19474 75 51 FEDEIC D bivt- Whirlwind 13538\ i+ S ER 7
computer TH 7=, =D computer (X135 16 bit T, Rohi-sdE, HTHho
EREIEEE LD » Tl oo, Z OB machine language #{# ~ T pro-
gram ZfflirZ SI3IRTEICRETH 5 72D T, programming FFEAPAFEL LS &5
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BN F hts, 19534F 6 > Summer Session Computer (3 Whirlwind o %)
#Ao interpretive system 0 1> T, ZhiIEH course m2fA iz Whirlwind % {#1>
BDEOHEEINALDOTHD, & DX 5 IsHiostiE Whirlwind 1zxf LT 1952
4F. 12 A1z Comprehensive System & \+5 programming system %# {2 F - 7z,

Rifh e L CORBBIREFHRME LTRYIO L O, 1951 Ficiifi S h/z Univac
I thsr, =DX>57/: commercial computer = B3 % £ #¥) © [1%) programming
group t LT, Univac #>< 7 Eckert-Mauchly Computer Corp. (= A3 B7ZEIT
Sperry Rand ¢ Univac §fCdh2%,) » Grace Hopper {112 L » T i bt
group 233 %, Univac I3 103, alphanumeric ‘¢ mnemonic instruction % 3, -
T\ 12T computer % machine code THEH$T5 - ENBHICTXR, ¥/, 17E
DEXE127FT, HIEE N scaling 2BFC Uic, FMELCEL B 1000
38 (12000 ) T, ¥ access time 3 200ps TH 5B, &= AT, 2D X 57 computer
EXHLTE, Bo521E, Lrd, HEDHS5ELDHRTL L assembly system
%> compiler DHFFISXATLEL LSO BRVOREATHS, Ll O OB
Iy 2vhs> 53, Hopper {8111 programming | problem-oriented language ¢
RINBERETHDHL, T, BREINRDTHASEWS HEEEXL-> T WD THD,
Hopper {#+£® group (¥ Univac IZB§4%—@ D language O3 N TORAFITEEG L
Twhe ThHOHFTI9534 8 AN A2 compiler system (3L KD X < fbhic
LDTHH5, LUF, =D system o TRRHEMTDOXTHE 5,

Univac oA JJ#EE L Unityper & XX 5 typewriter T, =}l keystroke i
Lo TEE MT EREFEY O HIENTEDIORR- T D, fil, HOEELE
LT high-speed printer 2345 T, i MT EOFHY EI%’JWVCE@L“‘CEUEU‘
THZENTED L - T B, TD XS5 Univac TiX computer oA M
TNT MT %23 UTfTisbh s, £D IV, AT 603E 2 —BiLk LT fTisbh
Ho Zh% block & XA TW%, #- T, input tape difgat 1 block iz hicis
WL 0 % padding U7giud 7eHiguy, program H T I h 3 o EERED

layout |ZkD L 5 /n - T 5,
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000
control block
059
060 000
_l059
. 060 )
working storage + B input block
119 )
120
A input block
239 179
240
9 blocks for
compiled program
779
780 2 blocks
of
floating decimal
arithmetic
899 _ o I
900 2/3 rds block pool of
939 constant 7 o
940
output block
999

control block iz system ¢ control instruction (ffjz (¥, MT 5> compiled
program % XA, &\ Haaies) BNAD. ZiuUL programer (TIXEEEBAMRL
g\, working storage DR H)D block |Irflfs R & 2RI BEER AN S
TodDITfF IS, input block (i} data 23 MT ;Wb rAZ g TL %, block 512
2 HBHH G multiteel 150 input NAETH S, WHEIL 4 25 FbhTTL,
compiled program ¢ block jz program A b X 570\ B B )i segmentation
1%, floating decimal arithmetic ¢ block {Zi¥, PURICEI3 %IR8
T 5 OB instruction PRI TU 5%, pool of constant |Zi¥ k { f#id>
5 constant 2 FHA »T\%, output block iik BIERERN AN bhZ, =0
block 2i—MCictUX BFNC MT Zh&HEh %,

Lz AT, = system T, @z i¥, working storage |z data A Ik Z. .z ¥,
ED XS ik hoich LT HH I TR LD 2T system (X DD



Programming System oOFE (1) (FE) — 37 —

pseudo-instruction #HE L T\ 5%, = DEEICIIKRD pseudo-iustruction z i 5,

o

1 2 3 4 5 6 7 8 9 10 11 12
el o fw@o] & | o |

2 tape handling unit number 2i§E-$%,

Greee Yo input block | data % L R - wEET D,

S evenan data 2MuJfE working storage |z transfer X A& IEET 5,

Wvennns data 7\ working storage mOfa[Fih (HXITFEH) 2 REM I HIEE
T %0

AT

{GiM’IlOlZ[A‘O{l‘210!0'0‘

DISTIHETHEERD X 5 e\ &t /s b, tape handler No.2 7.5 data % input
block 4 3z 1 block 73 k& Z AT, JHin b 12 sE% working storage o Hxt#E b
000 M BIE%¥ A& transfer 9 X, compiler 3= & pseudo-instruction % &R
L T subroutine library &> 5 Input Generator % X O'H! L, pseudo-instruction
& Fhill-T, generator |1 pseudo-instruction |[Zf5E XL TV % parameter %
{#f > T 84 {fld> machine language ¢ instruction (subroutine) % generate -+ 3%,
= it compiled program o 1 ¥ &icsh, wic, MWAERED pseudo-instruction
DEE LTIEZ ST X 5,

alafolcfaly B ] |c]y

Ao BEEBD M ST\ % working storage DR,
B.... HEBDM I T 5 working storage DiE Y,
C...... HERKELIRMT 5 working storage AR,

lA‘M{Oso}ois‘o‘oiq‘o’l’s‘

(008) + (000) —— 018
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Tyl

SOk 5z, A2 compiler system it 4 DORKNCBERZNDH D, FRHIT

1. subroutine

2. library

3. pseudo-instruction

4. compiler
T b, subroutine |THFEH ¥ T HBERIBEE T/ 5 OICHE—# 0 instruction
Dbl oThhb, fziE, MAIEE L2 sin O FHERETHS, library (JEEEER T
subroutine ##% T, HBIEFIC 7o b DT, A2 compiler system it MT i
alphabet Hiz) & = ¥ CLv%, pseudo-instruction (¥ compiler system {2 L » T
DL B Xh 5 instruction TH%, compiler [T preudo-instruction % machine
language iz translate 3% master routine T3} %, translation |} program o
execution T4 - TiTsb b,

L= AT, A2 compiler system [T st} % compilation |3 kD L 51T b,
%), compiling |23 tape handler 237 A{fbh b, LDFDEDDHBRIRICTT
MO THB. -

No.1 A2 compiler instruction
No. 2~5 working tape

No.6 A2 library of subroutines
No.7 pseudo-coded instructions

compilation {¥ 4 > phase T 5,

Phase I—Translation

compiler o k>0 routine T % translator |3 4 pseudo-instruction #
FND, L pseudo-instruction pMr] 570> operation %#477c 5 § O TH B 7t HiE,
¥ -3°, catalog #J§-~NT% D operation 7% library oodicHh b = & x7-Lmnd b, +
LT, pseudo-instruction (¥ compiler )EH I information %2545 % L& 5]
hEES R I I I3, ORI Ihic pseudo-code (% Tape 2 ith&x &
NHe ZOBERIKTT 5L, END OF TRANSLATICN ¢ printer 1= HIE 37 7¢
bhd,
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Phase II—Sweep I

= o phase TXER X7z pseudo-code 7% ¥k 41 F~N BT f]Had generator
DRAENLE 5 H, FiX £t machine §& (2 jvh own-code L \s5) Thrphic
subroutine /¢ 5 ﬁxf;‘iﬂéuﬁé§;}15o 3, L generator A8/ b, library 23 EX R,
FhHEERC I A ¥ b, generator (3 pseudo-instruction ¢) parameter -
$#€ -~ T subroutine % generate 3%, 2< h HiX /- subroutine (I block BA{ii T
Tape 3 & & = ¥h, control [T E( compiler {4, X%, -2\ T compiler {2
H @ pseudo-code TOWTR LI && L Wz T, & L own-code subroutine ((C,‘jj‘
4=~ fz7n b, compiler | Tape 3 =ik b block {7 ThmEx = ¥s, fEiff, = D phase
TiY compiler |3 Tape 3 |z sub-libray #2< 52 + i/ B,

Sweep I CiL{ 5 1D operation N fTicbh’b, =il Segmentation &\ 3>
B, program DIEFTEFICIL program D7zHiz 9 blocks (540 5E) LI T 7z
VA h, & 2T compiler (373t pseudo-code % & segment (Ziol}t Bk F
¥ T, segmenting sentinel % pseudo-code DT %, @ segment {ZiiT Hivie
pseudo-code |x Tape 4 it - ¥hb, D phase &% & printer jz END S.1
LHEF SR,

Phase III—Sweep 2

BB E h segment 43} Hifc pseudo-code o 2 [BIH & sweep i1 compiler =X}
LT control pseudo-instruction 4 » & X ¢ WhEF DL 5 T H-HITfTbh
%5, Tape 4 77 pseudo-code % computer » i I 4 = ¥ h 5 & computer (T
jump A E T, Fhuoiiontul, &0 operation number 2 control 3% % s
73_»;,;(, Tape 5 o record ##:1 T, % operation number % Z-Di} %, record |
(Y. operation number &I compiled program ¢ subroutine 'FIEFE A
 HEZERTHE2E, ZoFBPREIHINT, WERBC L T2 pseudo-code i
TNENE i, DL HITBIELHE X 7: control instruction % 4¢y pseudo-code
(X Tape 2 K& Z M5, o phase iy printer i2 END 8.2 LHIFEIh 5,

Phase IV-—-Main Compile

Z o T, Tape kD X 51l -» T\ 5,
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No.1 A2 compiler instructions

No.2 expanded, segmented and control substituted pseudo-code

Z
e
o

generated sub-library (generated subroutines and own-code)

Z
I
S

working tape
No.5 record (not used in main compile)
No.6 library of subroutines

No.7 original pseudo-code

Tape 2 ZhpuTuv% pseudo-code (3142 compiler %} LT 52&C MEOM Y%
R LT\ 5%, = pseudo-code %% computer Db X A= ¥ b &, compiler I
FAls operation 2 {77 B mx 2B, b L F p generated subroutine %
own-code subroutine |z k 7 operation ThIut, %4 T5L 0% Tape 3054
T %. b LDl D THIUE, Tape 6 o library % §£§, compiler | I—iC
O~ & DD subroutine % computer {Z X & Zts, % LT subroutine o> FihEA
RIS UT #2412 8IF+ %, compiler (34 subroutine & o\WTC 2D E#< D
Z LT s, b4 link LT final program #->< »h HiF Tape 4 1=
7 X H4, compilation »# v izt printer = END COMPILE lHiExh 5,

LA EAY A2 compiler system D@ XOKETHS5, THTH 5L S5, preudo-in-
struction |} Bl computer ¢ machine EZIEFEIZ LD TH 5B, Ticbb,
BifE» computer |3 Univac I p% software {Z X » CHLEE L T\ /o= & % hardware
ko> TS 5 £ 5T 0 TOBE VL HDTHS, SBIC, T system O
(% subroutine IZH B Z LIXBHELNTH T, ¥, & RIBALEXET OB
MEBDOE ¥ 5% T, *h% machine FECEER T2 &\ 5 Fx it explicit 1KixH b
Ty, LasL, 120 pseudo-instruction {Z—7fif¢d machine Fia % I8
%5 &\~5 programming language o FE/ BN WIRCH L L Tk, ZoOM8T
A2 compiler system |} compiler OEERHFEL LT 0T 2 &N TERVEEXD
5,

Math-Matic * \vP> 3 5% 1956 4F 6 F o algebraic translator AT3 {, Univac o
automatic programming system ¢ LC2< b, Db ALGOL Z o fiiod compiler
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A Bz o, BEcZ L [ AT3 p3C % % Hijic Univac |1 scientific computer
ELTRTTRTIENICLD - T LEST2DTH B, [ﬁ"‘J'Béirkc, Flow-Matic (1956
412 f) &\ % BO compiler {3 COBOL 1= KX/ 8% bz T\ %, i, 1951
121X Univac programming group {2 X » THg#)D sort generator 230 HiT
WAL, Ff, %61k symbolic form Thmhic B MO EE % 17725 symbol
manipulation prograrm §,>< 5 T\ A2, ZHITIEE L & DfEd program & LTt .
DL DTHAS S5, Univac D, 5 LoD group (14 H T\ 5 computer-oriented
compiler @ ¥ BB % & - T\ 72, Anatol Holt ¢ William Turanski {3 1957
4£ 1 Hic GP (Generalized Programming) &\>5 compiler Z#BEF L 70 = HutIE
T —RBHY 7o subroutine library o fEfE % HijiR T35 system THBH, TXTD
program {3 H7ch b L by library program THL 1D L Sphbd, T LT,
program ¥ compile time |Zf5ZE D library program %0 1 FiGg 1z HIXi- b,
BIE XN 7-h LT assemble X }1 %5, +7cd>b, programer o ps\7- program |i
parameter % specification TH - T, FICHE-» T —BAY7s library program [}
HEDOMER X ITHHHNEDTHDH, = system (I Univac II iz LTBIF I
fo GPX CT—BiEEh T\ 5%, Zo group (¥, F7z, program ¢» segmenting <
Rz B33 U7 storage allocation o RifE7 - &1z B@D“Z b o7z #HED group o1
THd, BHLDORIEEL BRI AL WOD RD XS EZXCHBH L Bbhb,
3 /td>, programer 35 computer ($Hi7g% hardware TiX7g <, program O
translation & EfTiohnz T HHD 5 FEIED service % library maintenance
He# BB /-¢ programming system |2 X - Tsifb I/ hardware 75702 B8 CH
%o

1952 5> IBM 701 {3 binary DAHE computer & L THBICHIHRHIDO L DT
HbH, 701 1 l-address, binary, [T/ EIEE o computer Th - 7zA, Speed
Code &\ +5 programming language [} Z 1% 3-address T 10 EFE NS IEE Y
fT7e\vsy, L index register % 3,-> computer & LTS Z & A[REIC L7z, 701
%4 5 PACT & 5 system {3 RAND, Lockheed 7 & @ computer user o
PACT group 7319554 1 QIR o 7ci#HD system L5 HT 1 2DEF & oo T
WB (704135 PACT 131957 4E 1 AIRSER L T B)e Lavd, Thbit system
PR I TA D &3 T computer 23 BREILL T7c kv 5 3 380 TL OB O
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> TNBDTHDH. PACT o idea 3 SHARE organization 0§ FicfT
tebh iDL ORRICS DR B 521,

1953 SEEED & ERREE L X drum R computer 2T DH bbilaw,
1955 4 v B 56 SEITHF € 2t JEHIC B/ computer THhoto, 195440 IBM
650 (Drum 2-4K) (37D X 5 7¢ computer & UL TR L ER LI DTH -7, 6501%
machine F5C program % ifli{s Z L2385 T, data B OFEF TREEAELED LD
L TEbhc, UL, 650 FFAREMALE LT, Obicdit Shics, hardware
X HFEMREREOEEY R\ T, £2°T, Th%{T785 & 5 /n interpretive
system 23 ERR I N0y, Fh HDHT 1955 4 9 A< Bell Telephone Laboratory
ToL bz BELL X {Hbh T3, ZHuTETONC CPC ofif#gs o 701
® Speed Code [Z2>3\T5 B % 512 <% T, 3-address floating point
system Ty automatic looping O#EE%R & %, X HiZ mathematical subroutine
AR L T\ 7o, interpretive system 3Dz LA L b\ X STl Tc
2%, B Til micro-programmed computer & OBJE THUEFE L TEX T\ 5%, 650
1L, ¥, drum o §547% BN instruction < 5 HEEIC X - T program
¢ optimization % ®AEIC L7-. 19554F 11 H» SOAP (Symbolic Optimizer and
Assembly Program) {} symbolic assembly & = o HERY optimization #§54 L7
bDTHD, SOAP HBAF X hicEs, symbolic assembly system pYK< 5T AR
BiemnE 5 hit SR B2 TH S A, optimization k> EHILIEEICAHL D
DTH%o

650 DE N BFHFILE U 1954 £ Burroughs ¢ Datatron 205 THh o1z, &
AL 4080 ED drum memory % 3 o T ey, =0 5 o 80 LB HERIE N TThE
TH5HEWS TN H - 7o BANLZ D computer {, hardware TIEEPNEUEEE
BT E I io®, 4 interpretive system <X° assembly system 2% X,
FEVNEEEOEE Y 52 1co L, DOBLIC NI hardware pusinEh
T\%, Datatron 205 ¥ 50 & 2D fFEILHIIO computer O TRHNC index
register # H.x , subroutine o [{#Ej#j/; relocation A ®JEEIZ |7 computer TihH5
EWVOFICH D, fBo computer TIXYHFL Z SHid programming system i X -
TTisbit T,

Ix F)7> Datatron computer @ 1 -0} Purdue A2 3B X iz, & & T Al Perlis



Programming System ORE (1) (FE) — 43 —

EHHCg Bl group i X T 1957 & 7 B Datatron {23 U C#flio> algebraic
compiler DN E ORI i, T8 H § ¥ /- programming (¥ programming language
THEINBRETHHEVIFEEL > T IO TH b, LI HH, Pl Datatron
¥ alphanumeric input 3% 572 TX7/hv» 7o, computer (I Flexowriter {2 print
ENBXFEX 2O0HFTHbbTiThEd, key % 1 A7) CH L—MoRF%
DD HFTEEL T oo kDTHD, DT LTDL S/ WENPIFEIND X
<, Purdue compiler o3 % A JjiL source language % AJC 2 2D HFOHITH
ENZ BRI o THfS iz, Perlis i§1p Carnegie THRARFIC B o ThHbidk
[F#k7c compiler 231957 42 BiC 65012 L T2 < bhic, Z X IT (Internal
Translator) & A1 S5 Twv b, 20#H, IT (WA WAHET I, Case
Institute (IBM 650, Datatron 220), Ramo-Wooldridge (Univac 1103A, 1958 4E 3
H) North Caro]iné K% (Univac 1107, 19594 9 fj) Armour Research (Univac
1105, 196148 ) 7 & T2 bh T\ 5,

2. IT compiler

IT FEi3JA < ¥ L7ciZ#)D universal programming language th 5, Fhdxz,
Z T IT & % @ compiler TRRFHEL SN TEI 5, AT TiL Perlis & Smith
iz X » T Carnegie TR K%T 650 D= HIBIF S h, DHic Michigan k220 Digital
Computation Unit T2 HhicgifbIhie ITEL ToON%S,

IT program (¥ IBM 026 Key Punch {24 % Symbol % {fi, Thhhrb, IT 3&
(X machine FEH X TE 572 machine DRI & L Tuigl, Program
Iz statement 207z b, statement (I FE BB S DN BB (compiler 7k
X o THPES R, LB OBUIAME 100 fEidFFEhd). IT (X one pass & two
pass D2 @Y ICHEz H X5 - T\ 5B, one pass L L T{FzIXEBHIZ machine &
A card o< h AN B, ZHL 1D card & 5 word (1 word (% 10 #$ 10 )
4332 punch THTWT, EEEED EITH BT LI EN TEDH L5
T\r B, two pass & LCffixi¥, SOAP ZEc [ Xhi- program pifED HXR 5,
SOAP = 1 4544% 3¢ 7 57c % mnemonic code r 1+ 1-address 72675 - Tu»
5o 220 address ¢ 121 operation DfEAFH T, MUIKICETTNEXHLHDOAT
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¥
Ei[_l
&

BT TEMTD S,

2. 1 character

fEbh 5

By omb9%T

XF A hbZET

BRiE () t—=-s/

RETHBH, HHMOTT BROWEDRFC printer DHIYIC X »C HAFT
BOobERBCENBE. LinL, HKMBOHC bobhEBATRT, FLFI
IT ORTIO L DDV Lo e, 20X DNHICHE SR,

HYELE
EVEE) FNE
( (or L
) ) or R
- UMD cor J
«— (ftA) = or Z
= (BIREEET) u
> 14
> W
v or K
© (5IHAD Q
Type | r
Finish F
Extention identifier E

T IYC

e o0mboLtB

LT T, & L m, n g EO/NCFIIEBEDIED integer % & His>T,
- WEFEE
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LT Tk
+ + or S
— — or M
X % or X
/ / or D
exp P () Y1 PY23 Y1 D
ERNE | Gt A
(---+) (unary—) (=) or LM...... R
2. 2. ERDONET
B NS
Yn, Yo, YII, () Y3, YI47, YII21
Cn, Cln, CII, C3, CIO, CII'7

Y, C 5 LA DOWTWABDL subscript ¢, Z d X 51z subscript & subscript %
DB ELFHIhD, Y § C L@RENXFE /oA, data i X » TR Tas
CEEXEZ TH5D0TH5, Zhbik computer N TIHEREENERTRRIN D,

I UL

In, 1Ly, Il (@) I8, 1136, TII2

ZRBIEREA £ b, flxE index & LT{fibh b,

composite ZEE

Y(ooonrd) () Y(I1+6)
I(on) I(II3%19)
Clounrs) CI(I1+2))

BN TooF N2 DML TRIENETH b I HxX & 528 Tlhlthul/isbic
Vo
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Z AT matrix ORS AT wise I FhFh YO, Y1, ..., CO, Cl, ... T} % matrix
D—EEEETH %o FFEMOFORIIEE PR TRRIhBEY L OBART, 7271
DOFBXIEET 5. row dimension L column dimension | Il & I2 =F+hFh
BETZ2. THFL 0HHBEL, FRTLD L 12D WETR D, filif

YO Y1 Y2

Y3 Y4 Y5

Y6 Y7 YS

Y9 Y10 Y11
feBIE, YN, 0) 1% YO, YN(L, 2) it ¥5 T, IL, 12 3EhEh3, 4 Thoe

2. 3. constant OnEFH
B NURER (BB

mug..m; E<10 (ff]) 1066,129234556 123, iXfEh&EL
NS E R

a) M. M. Nepp.ny RZS8 (F) 14.92,.11,13,

b) mns...mBm kL8
T DWEIL st X 10m 25 2 L ThHhDo T Neewne (TEBTH B NISE
BT I\o m X mmy EIIT —mmy WHEDRD, 2L, mimy (XBE T
FRIEE DoV, m py —mymy 7o BEREE LN T,

(#) (1066B—11), (—727B-5) ZuirhLh 1066X10~1, —727x 1073 D&
TH5bo

¥ 7z, statement (k) O T fFbh b FEYMEOIELRY EOT i ulie b
T, R TEEOTFEV NSO A & - TLbioly,



Programming System DOFE (1) (FE) — 47 —

(F) 14.9211 14792 1<,
2. 4. operand O)HEF

a) variable } constant |} operand TH 5,

b) wul, ¥2 23 operand 7¢ &5F, (vldw2) i, operand TH %, = =T, 4% operator
TH%o

c) subroutine (F L[]\ < 250 operand OB THA) 1, operand TH 3,
X “mE 01,02, o937 v, identification number 25 n (n FHHE D exten- |
sion) ¢ subroutine ¢, ol, v2, ..., vj OPFKTH B LA RT, 15626 THB,
2 1¥, sin subroutine OF TGN 21 THIUL, sin(Y1+Y2) |1 “21E Y1I+Y2” b
<o

d) wul, v2 2% operand THhiuL, 01402 13 ¥ THB, = =T, 4% operator TH
%, compiler {315 5HA % operand & L THisig\v Ay, FTXTD operand 13T
BHBo B norm LizFBOEHOZ L&\, 72i2L, space (ki <, programer
13280 B 5ELET B o din T o statement [ZIEI A ST UL e B\

e) operand 2By EEx D, ZOMAIEEIEE Y EREAEOEE Tl
e H7s\,

f) subroutine %\ T, operand % composite T, Z D 1 DOHFEVNEDEA
EBlgh, $TNTo operand FZFBYMIUKOMESR & LRI HTRV

g) subroutine DOFEBE|T extension number |7 Y 5 THRD L IICEE - T\ 5,

n<S00 TREYNEUR, nz500 [ERE N

2. 5. statement O xSy

# statement |Z ££626 T35 statement number 2 2Dt A5, EfFOIERFIL
IOBFCERINT, FATWBIRECLE I h D,

substitution statement
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kR vlew2
T, ol B w2 3B, k1Y statement number THBH, it ol OfEN

2 DELELLShRDENWD T EE VAT,
() 7: vI2«114+(I3x(Y3-Y4))

unconditional linkage statement

k: Gn
k: GI ... In
k: G(...... )

k 1% statement number TH 7%, il &M jump HHTH B, () O
fixed point expression #7:¢{, FhE¥HWTCLFE L TH 5, ’

conditional linkage statement

kE: Gn
k: GI ... In IFuslyv2

B: G(.o.nt))
22T, ol i3 operand, 2 BHRTHY, 713=, >, Z OLThrTHD. Zhil

&M jump 5 TH D,
() 4: GI3 IF(Y1+Y2)=9
T, (YI+Y2) Lg% 5 2 EETH 5, eidiuk, Y2iX = o operand

it b,

halt statement
k: H
input statement

k: READ
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R X - TGRS T TRE, FFo data 2 X H i,

output statement

ki Tvl Tw2 Tvd Tvd TvS
T, v AT, list izt s o Tht b, variable 53 composite 7z &5 subscript

PUEELTIET 5, YI6' T “16 Nalesh Y4 v, #E8iT card & punch Xh
74

iteration statement

k: g, ol, v2, 93, v4
T 2T J i integer TFAUT I Higv, vl IXERT 02, 03, v4 13 X, D, PR FE

TWBEATHBH, v © norm % S Z 2 TUXIRBIR, L R D J ETORIK
loop 2#25< b, vl % 02 75 93 «j‘d v4 FThg T iteration 2 f7/05 = & & 5~

T 5o
(BI) 15: 19, I1, I3+14, I4, I5+1

21: Y5«CI142

19: YIleVY5-—7
B ITATH L, 4—v2 2% 03 ThhPhicldiu ol 25 v4 22 2 % Hijc L 9 s

2 Lix& ¥ %, iteration statement ¢ nesting é);‘zﬁgbi 4EH 2 T bt
iteration statement |Z|3EEH A H 5 OB TH B, LTLL, FhefRbhs o
Eix7swvs, Lo, %ﬁuﬂ@%ﬁﬁ'ﬁiﬁﬂ e Bic,

extension statement

= it subroutine ¢ call statement TH %,
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Z 2T, IT program OfjZ HiFX 5,

B y= aur

le—i—1

yes

y— S a.xi@ flow chart
i=0
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IT program (1)
1: READ
2: Y20
P Tle11
: Y2CIl4(Y1xY2)
P lleT1—1 .

o> TS T > B I > B

S . K W

: G4 IF I1=1
7: 01 g

IT program (2) (IS wk¥ix 52 5)

1: READ F
2: Y20 F
3:4, 11, I5, -1, 1 F
4: Y2CI14+(Y1xY2) F
7' H FF

F |1 statement end mark, FF |} program end mark TH3%,

U kol abhsmb, IT (15a8k s £ 5 2iEacil FORTRAN @ 4K
iLEbDHTEUL T3, #€-T, 2D L5 a3 k% > programming language
DOREFL 1950 FREFICZERE THAe ) —BIELL T2 DL EZ TIWTHH D,

Fh iy, IT compiler {33 D X 5 /¢ compilation % {7/ T BDTHA D e
LI cid, IT compiler OFABERTGEDORBEEZ DL 5, Filzid
((Y*Z) +(W*V)) =X
EWVOIBREEX LD, 2 TREBONES &% IT o daciiftbicvwo ket
%o IT compiler |3 ¥ ¢ parenthesis level ¥z %, $7chb, BB L TESEE
REMOFBINT 1B EY GUOFENT 1IETFTARIICLT2L), LOFERLOIS
[tE& ] % parenthesis level L {35, EOBR T IRD L 51275,
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3+
| \._f
1-
0
( (Y * Z ) + (W V) ) —-X

parenthesis level

IT compiler ¢} maximum parenthesis level & 1T 10 -i*@%%ff.]/'c\,\z)o w3
i34 level GoME TR D, FOFFIAGKD flow chart T/RIND X
57bDTH 5o
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Set K=0

OP(0) =NO —OP

Set § to the next
item in formula

(right to left)

operand

operator

CODE Set Set K=K —1CODE

“ ANTI—OP(K), S ” OP(K)=S$ “OP(K), TEMP(K)

CODE

End
of

no

“STORE, TEMP(X)

formula ?

Set K=K 41

Set OP(K)=NO—0P

HABERD flow chart



— 54 — BMOF R R H0E B3I

binary operator |Z%f L Tik, —ic, ROF{EH Ai-- anti-operator #¥% % 5
ERTE 2,
A op B=B anti-op 4
BiziE, A+B=B+A4 TH 55 + X rhHHH anti-op TH%H, ¥iz, / O anti-op
(% inverse divide TH b, = ZTIL, DL >/ anti-op pi computer T3~ THF
ATEB4 0L T2, NO-OP & LOAD i3fcpi\ic anti-op THd, 2D &id
LOAD (b); 0+b
NO-OP (b); 6+0
EEZNEHEDLNTHH Y,
& T, compilation (XKD X 5 K, FHHDECER LA TELSERAIC 1 D30
WL, Z0FE D type i & » T flow chart 2R3 X 5 ICABM 4 Dicbhih b,
1. operand (variable % 7:{¥ constant) /¢ 5Hi¥
ANTI-OP(K), OPERAND
& \+5 machine code #->< ) Hi3, counter K |} parenthesis level 3753, i
REBINE 0 i DD B, Blic, OP-table 3% 5T, OP(0) 225 OP(9) ¥TT, TX
T\ %o
2. operator 7¢biE, Zhn OP-table » OP(K) Dffic save %,
30 (b K#&1D2~bL
OP(K), TEMP(K)
L\+5 machine code #->< h i+, TEMP(K) i3 K #%H o temporary storage T
H5o
4. ) Irb, ¥F
OP(K)=NO-OP
MESI DTl LdD, b LIES RS
| STORE, TEMP(K)
&\»5 machine code #5< h L, K & 132l T, OP(K) & NO-OP #
save 1%, [ U7ebiE, Bic K #1 %350 T, OP(K) i NO-OP # save 4
%
COFFEEBRORBE Tzt FebFBRc o h 2 BHT2E kDO L5
Tl %o
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symbol " OP-table machine code
NO-OP |
X NO-OP LOAD X
- NO-OP STORE TEMP(0)
) - NO-OP | NO-OP
14 - NO-OP | NO-OP LOAD V
* - NO-OP *
w — NO-OP * MULTIPLY W
( — NO-OP NO-OP TEMP(1)
+ — +
) - + NO-OP STORE TEMP(1)
z - + NO-OP LOAD Z
* — + *
Y - + * MULTIPLY Y
( - + ADD TEMP(1)
( - SUBTRACT TEMP(0)

DX 5 IT compiler jz}3, operator DEBEMEFEVHSELZHITELELBRE W,
%> T, IT o program TIIEFICFELIIEM L L THEEDIEF #HEE Lt iut
BN DTH B FABRIC OV TIiZEl Eoffuc subscript % subroutine % &0 k

5> TBENS BIEL H DA,

= Z Tt IT compiler (3 7-h HOFTXTH#E

AR TR L) Z ERIERTAETICED S, UL, &#C, IT compiler 53
< b i3 object program (IHVEERD L WD Tlhh -7l X EELTEI 5,
Gl X B program i B§L T2, ®UIO 2 AL ALETHEHL, SHEED
NO-OP @4 \»Blgle DX 5 75 object program ORERDE X240 compiler
DIHBOBHTH - 120

ST, IT 3R 4 < 8% Db programming language DRI L 2 T



— 56 — o R % H0% 3%

%o, IBM k Carnegie THEFAZ: 2% 1957 4 10 A 1@ Bi% L7z FORTRANSIT 25
compiler |}, FORTRAN 05344505 IT KEHRT 540 TH B, BRIITT
X7- IT program [I¥kiz SOAP program ¥R X, H#ic SOAP assembler |z
X - T machine code iz X%, FORTRANSIT (1= o X 5 i IR OF s Hill
THoIeDTRYBER LI -7,





