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Yautyaham
(A perspective)

Tun 5@ ﬂWHWQQﬁwﬁs sudathiaulauansnafuamAs (conjoins three
different interests) #a iniasulusunsue1du (professional programmer),
UNaaMLULATYY (language designer) WREINAA T LWL ARG (language imple-
menter) uaNATM yﬁﬂa%d 3 ﬂém%ﬂﬂﬁuiaLﬂéwﬁ FUIWANE LU AR T EEA ITUE -
W1seRads i lan Ms¥enT9789ReINILARY (computer organization) ULaEasaHe
%ugwu 293 AWEWIIO AT UM I

A1737 inifeullsunsy (programmer) Lﬁuﬁwﬁiﬂﬁgﬂuuuﬁﬂtqu NUTECRoty
AWUANFTIFIANITENRI N 5s§uﬁﬁ1aﬁuuazﬂ15ﬂﬁz§n61§ﬁaaﬂ15Lgﬂuiﬂfuﬂﬁu 2 L
Faoutdy YnieuTusunsadaciduSew coBoL 12 Fleh wisaanta Enatuae
MINsAaNREaYR WUANH1IIIN fin FenTilsunsada Fen ﬁauﬂag@ﬁwﬁa (compiler)
a7 Pascal w3sintdemTsunsadoaanuun msveassde oy iseawy lunmwa asl
(LISP = List Programming) wisinifenTusunsy Fa52u Fushusinan 189 FORTRAN
gﬁanﬁﬁqmw%ﬁaﬂisnﬁ%nﬁau (complex engineering problem w?aﬁﬂLﬁﬂuTﬂﬁuniué
ﬁmuWixuuﬂﬁﬁanWﬁﬂao&aﬂﬁzyaamaMWﬂhiﬁwﬁaﬁa (a multiprocessor operating
system) Toglinmwn Ada  lumiadnen LS avuEnE i auane e ad e
Tatin19ands s nwuwg@ﬁﬂﬁqﬁwqq Tuﬂ1$ﬁﬁxgﬂéqﬁaﬂuﬁu@ﬂéﬁaﬁuiuuﬁaxawmw

o . 6 Al . Y
Unaanlb UuA N (language de31gner‘) LﬂuaﬂL‘nau“ﬁu\jﬂ‘lﬂﬂLﬂﬁl\'}ﬂu U3

AN 19U LAWLAR (APL = A Programming Language) War asi (LISP = List
Language) Fompnuvylemmunilony  &oewudaer i Tuiinonionsnoniin (vere de-
signed by a single person with a unique concept) Wuﬂmsﬁ ﬂﬂﬂigu o odu
FORTRAN uav COBOL iihuuandsnaansimmanznl Toengaiinaaniiunwn (lang-
uage design committees)

SR e AeeR (language implementer) muwaﬁqﬂuw?aﬂémﬂu Fatian

w o o Ay @ PR g a e a & - &4 A I'4
ﬁiuﬂagﬂﬂﬁaq $ID FRHRART NI LA THUILUABUWILADI LATAIRUI RIDABNWIL RS
4 . . .

%aTE o LATAY  (is that .person or group which develops a compiler or

interpreter for a language on a particular machine or machine species)
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dnlsgvwtesra foudaradideaeusn  dwIu Y wuedas X e leau3ing
o Y ar | ' @ o a V ks w~ PO
HARLATAY X 88T LTy auUarea1Rs FORTRAN ¥ lHasamatera Hawlagemiotian
nemer a4 a Y 4 a

< o A ! < £ ~ @ a a !

loe IBM dmiuiaiasaaaiaiend 1B, andawilatamles DEC dw¥uie3as DEC, Bn

w w B o ar < - aq [ d & wae @
g@ﬂuﬂu@mqlﬂﬂ CDC d@WTut@Tnd CDC Louyl Uusu Uﬁﬂﬂﬁaﬂ@uiiLadﬂLﬁuww@uiﬂiuﬂa

Y T " a Qe ) a . .
gﬂﬂﬂadﬁaﬂ LﬁuLmﬂnﬂngéuuﬂjaﬂiuwﬂﬁaﬂﬂﬁaﬂ (university research groups)

a , o o < v o g
FIDRTILEU R IINEIRE Waterloo N@MW@?HﬂRgﬂﬂWNJ FORTRAN wa¥ Pascal il
I3 4 a = LY ' 4 w
dsy Toru luS o e@ay N9 3em TN 23UNANET LWTIE 3R L3093 Tunsudla
HAPIRI LAENIT MWINAFININ (because of their superior diagnostics and
5 kY
compile speed)
. a ' 1 o < as a
ﬁﬂ37%53N§BﬂuﬂﬂTJNWﬂTE%UWQ uﬂLﬁﬁuTﬁiuﬂﬁN UNDAALUUNTIHT LR UN
° 2 ' P 2 O 4 & 6 o g o a & =
ﬂWﬂWHWTﬁLﬂ@NR u@atﬂ@h@aﬁLﬁﬂi%ﬂ??%%?Lﬁuuaxﬂﬁﬁﬁﬂﬂ%JﬂqﬂuﬂTﬁﬂ AINTINDULN
) . a a el w2 @ o = i<y ...
fo988719  leEUREaN SNaanLuuATYIRe §a9Ltwiing dew lUsunsuna (By definition,
. A o
a good language designer must be a good programmer) Tunanansa  dinasn-
o @ o o a
LULA R TARE L LURANAN T8 LR L DRERAUL T N6 I8
‘o (PR ¥ ' [~V I V= a o v a [ Y < -
T tueasnann i nsiamin hinwn W Newa leasn st ansua
& & :a o . \ = Ve < ¢ 4
i Dwalinrin s i fes 99 lliesideuTsungy war liamnuessa ddonssuadanas
(Needless to say, no effective implementation of a language can be
developed unless the implementer has unusual programming and software

engineering skills.)

. < ! o & ¥ o o ¥ a . o vl
AANIANEENIEIAE, DORntAEY W haus  Wienizeu ldsunty e

o " a ¢ é ° [ YN . . o v o [ v
F AN I UIAIN INTENRL T AT L Aeeaadnen ey g satienn ThdnL 516

. < o o
cenaddTEantua

1.1 s¥1%eA a9 (Programming languages - An overview)
Y 4 aal o o o A o o o &
NataE I LAENERESI 5NN 1uﬂw1uaaﬂﬂquﬂﬂﬁaa AIDIWUNA T IEAAIE AD
Y 3
- a a 4 a a . -
Temsriunasiiu way eunTilTeena e uminaaaliu (by their level and by their
a —————m— —

4 ™ v o e
principal applications) uANAINUL A¥ILMALEILER IRLAulen F3aminTaaa

1 . z o & & o
66 ENUNTELRTBIATHIRIIG UBNINNUY AEAREY LLIBBNLIL 4 TERL mwmzﬂ 1-1
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AL dven e
(Declarative  languages)

nw&w:aﬁuﬁq

(High-level languages)

-
MM WaFL TR

(Assembly | anguages)

P
EILATAY

(Machine |anguages)

gﬂ 1-1 1:5unaanwuﬁg@ﬁwﬁo

awLBIlsEnnd Lﬂﬁaunwu1§qﬂqnn1ﬂﬁ§ﬂ Roluduindenusniaan uar i
wﬁﬁﬁ (are the most like English in their expressive\power and func-
tionality) LﬁunﬁﬁwﬁaéiuszﬁngogﬂLﬂatﬂ?ﬂntﬁﬂuﬁunwuwgu - Tﬂﬂﬁugwu o
A IRIFI9 U (command languages) ﬂauquTﬂaEaﬂdwugoﬁdﬂ "aenarl1" ("what
to do™ WIANI "weinedals” ("how to do it™  F7BENRNIN BEIATLRAT
Tounn w1 Badtd Lfu SAS usy SPSS WavnT¥IAUAUFIUEENA (database retrieval
languages) i7u NATURAL uay IMS nwuwlnéwﬁgnﬁmmw&aﬂ aauReda L e
R R REY Lﬁun137?0ﬁ1u17n%u§1§aé1071@L?a L FalFluaueasiea
Toebisn i dusias Tulini BeuTisunin w3a Jasdmglunis FeuTisunmy

-~ o o o + - .
D FeduEs Lﬁuﬂﬁﬂﬂq@ﬂWﬁdad1fuwﬁﬁaﬂﬂn?nﬂ§ﬂ (are the most widely
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i
used programming languages) faudisn as litiunimsendlammin A cva

o - -4 @ - I § ¢+ f '
nﬁiﬁaaﬂa§ﬁugﬂuﬂquﬁqu Tusedimianaraloan s dou Faaudte 147 lalas e las

- <y 4ll 3 @ < <dar ﬁ‘l 2 a
int e Tusunsuau s URNITINUU ﬂ?Hﬁix@U§d UNAITUINHUT DI NTLAIBUYEI D
. . { X ’ a o 2 a . a é
(portability) U MUNEAIIT wugﬂﬂwTWLﬂ@ma {implemented) UVURBUWILHDI
“v & o & P W a 'l - < a a Fy
TomateiaTay AL AT LAIRUENE LTWAN INARBLNILERTLAT AR TUEIA RN L R1as

af - ay @ o * Y - 2 P v X '
ANLATEINLY 39 Iedne Tes lasasdnisun Lo Indaganuinuie Tuﬂaﬁuzﬁﬂu ATHILRAT

% Sa.3en31 hidsseaniedas (sachine independent)  §28E798RIN WIS
16us Pascal, APL uav FORTRAN (A w¥uauing @ a@ms), COBOL (& m3tanuliznia
uaiaga), SNOBOL (& w¥uautlseaanaiandiy, LISP Wae PROLOG (AMIua u
drovilnnlsedivg, © uar ada (@mSuwouFeuTisunsuszmn  uar PL/1 (&m3u
el luwiedaiat  wdtenadnen dlensenw nspanuuy wasnaTia bl

S W . ) & 1 32'
ﬂ?tﬂﬂﬂﬂ‘lﬁﬂ U LRAUTEHATEILBRIULNIUN
9

ATULAFLENLA UAL ﬂWHWLﬂ%BQ Lﬁﬂﬂﬂ&ﬁ%uaéﬁvtﬂéaa (machine depen-
dent) AENWILABYLRRY A38Y L9y Digital’s VAX s annae Tas L awne
war L et iU T Les L T ﬂwuwuaﬁLﬁmuﬁtﬂugﬂuuunwsuﬂuﬁtﬁqﬁqﬁnﬁﬁ &
ﬂﬁHﬁLﬂéacﬁLﬁﬂﬁﬁaaﬁu (The assembly language is simply a symbolié repre-
sentation form for its associated machine language.) ﬂﬁﬁﬁiﬁﬂqﬁﬂﬂﬁLgﬂﬂ
Tﬂ1uﬂ1uﬂ1LﬂaﬁﬁﬁﬂﬁaﬂﬂiﬁnﬂﬂﬁLﬂ%a@ a3 lsmem nTuEa lRagnaa Rea s ne-
ATTNAIAEILEEY LIS L TE wIun 3 Ben Tl ny Tonieaniua  laisnseLih
amwngesnlana

sa i Lﬁuﬁauﬂﬁdﬁaqiﬂﬁuﬂﬁmluawuﬂwyw%ﬁwqﬂutmﬁauﬁu waaa 7w 8

t % ] - ; ‘*I
umnmwaﬁugwuienaﬂaﬂﬂ375s@uﬁa ATHILAFLEIUR WREATHILATAY

Pascal Assembly language Machine language
Zi =W+ X %Y L 3,X 4130C1A4
M 2,Y 3AZ20C1A8
A 3,W 1A30C1A0
ST 3,2 5030C1A4
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@ f v v X ) v oo, . < “~ & ' v » ' rs
FIIRE 1T IITUL LL@N%&L‘WWN ﬂjﬁq%’agﬁxmnm’mj’] as'lﬂa%mmL'aﬂaamm:umm
u
v as < Y '3 f ' ' [ [ by
AU L AT BIABUNILFIATIINNTA uazmwa1nRHDWQWﬂﬂaﬂuLﬁﬁiﬂﬂaquguaﬂﬂm (The lower
the level of language, the closer it is to complete comprehension by a
particular machine species and the further it is from comprehension by
. o as PR & ' - P « e
an ordinary human.) N TTENUSLULIRLINERUI TV 2RAMNSINA TR WA LTUUR AV
. ar y a t% f o a - @ e '
s g TRas i ATaseatlin  daumneneddy  lutune Sodewd (X, Y, Z, A
o ar o a + v < - o
Avwdu "uan”, M dwin e FalilunsiasuTsunsunywaditins luoneh Tie
“ [T 2 L - £
Fnan (DC1A4, Ltuew 1771316 leanauiaieas
&y L o <4 < - N
nwsLﬁﬂuiﬂiuﬂinmuﬂnwuwsxmnga PIBN W ILBFLTUUD MBINTTEL FanTeE
. . o < i <
U198H7) (some sort of interface) fuAWILA3Bd o LaAITINITI Tlsunsy Tusy
5 [~ 2 g 1 ‘o a ‘ ar ¥
1-2a fia 1-2c  udnd loms L dankea s anddgigesnia  loun  uwesiduluas

A lares®e war saudan 189
a

Program is Machine X Equivalent .
. assembly —_———— " Machire X
language Y I Assembler

language X

Execution
output

Execution
input

gﬁ 1-Za The assenbler interface

Progmam o Machine X Equivalent
Mmoo o Ay
language Y rComp'ﬂcr_-: ‘ ;:nguage X

I

Execution
input

71 1-2b The conpiler interface

Execution
output -
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Program in Mactune X
high-fevel
language Y r---1
guag Interpreter
[ b

Execution
output

51 1-2c The interpreter interface

PR W@ WAL L T Bl TEE UL EE LTUL A Las L FaNTTEANE s
Y 1 HL @ < a . ©
LEURES ueay 7ol wila TsunTy Wt ldsunsimesileufn (equivalent program) lu
& a § o g , \ o
AR X 3RIABNNILEASHISIL (host) 11U TUSEULENGIIRAN AaunITATENINAT
(execubion) Lumaasatuiw dawidad il execute ARdlagesd W A VIERUSS
v Al . 2
v Tesludasdzusaun slseniauanaunin
B .. o - 4
Tosma MIuRTAATN LUUNTELUIUNIIIN Y lna@vnilasaninwe s Lasas
£ f © a4 o @ 4 ) ;. = ' . . .
ABINILEES VNI nawilasded mTuiaTesreatinisaid e (Compilation is

a far more machine-efficient process, in general, than interpretation

- TN Y o
for most common machine species.) 30§Lﬂ@ﬂuaﬂﬂdﬁﬁﬂ@ LWTIZ TR TUE

' + < < €) . ¥ de @ e %
R et Qﬁ {loops) ﬂadwﬂﬂi@ﬂﬁﬂuLﬂuﬁﬂﬂﬁdﬂmuaﬂ execute 1om S IRATR
. o - . o PR I [~ & = 5
ajumauﬂaqﬂﬂwao u@axﬁaﬂawuﬁalﬂgﬂ@ﬂawu WA IINLEULUE L A T LATH L WEN AT

« . %
LABL NN

1190 w7 TeemEnuds e aweRay Cinterpreted languages) Ldu APL,
PROLOG WR% LISP s e luniodan 1w Pascal, FORTRAN, COBOL,
P1/1, SNOBOL, C, Ada uar Modula-2 Ynstupiwmiassw  (compiled  lan-
guages)  LuU1IN0 ﬁ:uﬂaqmﬁwﬁaqzﬁiﬁL%@ﬂéﬁﬂ%unwuwaﬂawu L% LISP wag lunia
AR 17w HouUan de SNOBOL4 183 Bell Laboratories 5ﬁﬁauﬂagmﬁwﬁqiﬁlﬁaﬂ
LR UTIu

o o ' - < ' e & <~
mutlannde Uesese LTuRdudBuNINNDY naulaganis lunrmeans wie
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q 2 o < ' | 3 Glli'v
Tudawmaanaaindfoe Lasu lsunTy  lean s 3a ety v wearasa Lneagaai
mgLlasuutas Tusa TUsunsueasini ey (where each mnew run of a program
involves a change in the program text itself.)

annwﬂaoﬂ753ﬁaia Lay Baﬁﬁuﬁgunﬂiuﬁgﬁvﬂuéaq SMTUN IR Lo
a v a1 Vv a a, ~ v
FlluEY AN IURA I LWI RN BEAITINANAIUNAWA T8 LnRe leeFTIHUT AR
1 Tu s Tbsunsandu

(The quality of diagnostic and debugging support for inter-
preted languages is generally better than that of complied languages,
since error messages are tied directly to statements in the original
program text.)

UBAIIMLED BafasnllsEANEATWAE traditionally enjoyed MAIATH

¢ A T < e X o v A aa,
wilaeny %@uag LRUE AeAean L i awagnﬂaﬂaaﬂiﬂ AULUBIRN FIRNTS

ﬂ' (I ‘/d s -« v L L] + Q‘

789LATRIADNNILABT %anWBWﬁaawuLﬁunWﬂﬁsxmu§q Toednuiae  S28879000 LATEY

- 1 . - ¥ d g
LISP §7lnuBaaanuuuidaisy « 4 1a Symbolics and Xerox Corporations

1.2 reagasn ¥ raf1®e  (Historical Prespective for Programming

Languages)

v -~ @ @ % & o o

dnteuTsunsy  dnaanuuuney  wasiionin e 1L iews BBINWIYARTE
i3 & et s 0 ells-i. ¥ [ T ] o <
F291E113 IIN1T L NI R aen ¥ Iege  LWBaN3T axiﬂzgmﬂ131ﬂ11Mﬂﬂﬂwaqmgm
@ e - T a . o
aﬂnmsumﬂmweﬂutﬁuﬁtﬂuagﬂa?nu (why different features are present.) a3
' ' T e w 6] 1ey 2 @ y o o &
AENILAU AN IRe daanan LR L aauEe Go To %aLﬂuna1nﬂ3uquisﬂnmﬂ LAY
P 1 - " a ¢ & "
Unadognema TuL uamneaFdgnifesi sasdimnismaisusd uar  n1suasuTlsunsa
Trsadda

o ¥ - a - 2 1S v

TupPstiuzenuse Go TO swfiu  IF LﬂuTﬂiqﬁswaﬂauquﬁﬁiwiﬁLﬁaa
15 @ < (=] 1 73 '] }
i dncaeu Tusunsy T EﬂuUUﬂaaTﬂﬁaﬁiwq WHILE %38 IF-THEN-ELSE %
< .,35 6" o & < . wa r'e a
LAaBN MIUL LUENAY NTHY FORTRAN Fansmwdlaan u Uiz ed ded ﬁaanﬂnﬂg@ﬂﬂaa
i e}dw ql. 1 16 ar
A9 LFIBNRILEN LY NLRUTEAINRY GO TO LAw agﬂumaiﬂﬁuﬂﬁu

I 6 e |g4¥ VUQ fo &% @ au @

MW Ae UsEIRAEAST IR (1) LIRkun T adesaueia

o < < - < £
‘ﬂﬂQﬂ']H']IIﬂﬂ"lf‘N (2) mugwgvaﬁaqmwmw ﬁﬂ"lﬂﬁ]ﬂﬂ‘i‘iuﬂax‘lLﬂﬁBJﬂEI}Ja'JLG]aT Loy
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£6) W ! Y TN
W&y MITUTEING HIUNISEBNLLLINIET ey (3) LUEMANLATINIBRNLLLTEWAIA L
= e < =
AU IS T@ﬂtiﬂuz UL IsuzaYEaE (Lo see the evolution® of families of
programming languages, to see the influence of evolving computer
architectures and applications on language design, and to avoid future
design mistakes by learning the lessons of the past.) 71 1-3 Lﬁu
=5 e . w“ﬂlqv‘ mda?{,
wiunw leeiaasUnTIaaniuLn #In W sEALEINd AL T9n 0 wud liam desu Tusen 30
eiruw
-4 ar i < s o © -q’f vgld
JUAL unu RIEENILAT @ BEIATIARIEIIRILATL Tl T A
oa'zq; <uc§u Sw‘ ' I. e .
gaAEITLEnE oty A I N 100 At NdBRNg o AU LFu AMBIT,
‘2
BASEBALL, LOGO wat MAD ATHNERY o LWATW Wanun i  lewaas 13 lusy 1-3
& a F4 o X . a o < @ a x § Lo
ﬁawannywLuwuogaugﬂLaaﬂﬁumw LWSIT DY ONEWATLAILS ILATRLALUY B9 bEPuLAn
v o= « DR = B V) as o -
SERIVINALBEU LITLATNA N, L UL AZITUN 1S BANLI uaxﬁm@ﬂHM3ﬂﬁiﬂ71ﬁLﬂ@maﬂad
ol L N TV I S-Sy %

CowveTeL I eseveainasaandu i 49 inesnuuun v Lwggmin (confront)

' . o o a = . .
o8 uay 3 wdsu leordating dew llawnsu L wdomiias
a hd > U

= 2 .i : % R .
31U 1-2 Tidutdaudan eienge  LAUL MNEE UTSWUTY eeesd (direct
ancestry) a@jidulsr wunets lS¥uBniwann (strong influence) #9Iagi9LTu
- — .
FORTRAN 1 Lvuuﬁswygviﬂawsoﬂao FORTRAN IT  ‘lusteh FORTRAN, COBOL,
- Y o
ALGOL 60, LISP, SNOBOL uax Assembly language A R WdInueL 3 ansua
ME ANSRAALLUATEY PL/1
g‘:lun: a L ' a fl
wamn I lu gl BBy ANS i Aswanen it doniueiesgiu
ﬁﬁaﬂaqaw%gaLu%ﬂﬂ tAmerican National Standards Institute) Tﬁﬂﬂﬁgniadﬁﬂ
£ . [ | ' . G N o
LI83U (version) BaIAHILIUNIRTIIULRIY G ﬂWHW%QLﬂumwmsgwu RUIBOS LATDY
o 'L 5 . 11 [ 2w Yo v ¥ e
AIMNILABT Lo T4 implement Atwiu  #adL3niuls (conform) RuAanwuenad
2 1, P
N@IgIUNIvAe (all of the standards’s specifications) @auu Talsunsaia
a4 v P a P < @ a § i < - Yy
dansoiaaeuing ldide  vineesiaaasiaTamls lifsnatiaimadan.aTaamia 16
o Y s a & : . v fu
wlmpzeasdzinalusasnissdasmiaieas lon  Bolidfiuifu Laedfuessounns
gy o V2 o @ v G o & '
e« Badiiuayuii waeinanswang WL unssun s funiesgan Lusiedn
w« él!.zb o £ = a
7§uwaﬂa§%aﬂawwaLmaﬁsﬂaim@nga Tuzs

. 4 L & oa 9w il
gornelusl 1-3  u@es R Lvusnswaty waet nau @.#. 1960 NITRABNLLY
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Application

Linguistic 1960 1970 1980
Area Origin
FORTRAN FORTRAN FORTRAN ANS ANS
1 1t _ FORTRAN FORTRAN 77
. N .
, o "\ Algol58  Algo]60 FORTRAN . Tascal ANS
Scientific algebra *"\\““-*‘Q——'Q _______ ' __--.,Q\‘U O pascar
A \ \ -
\‘, \‘ BASIC . .|| { UCSD Pascal
\\ Y T 0 ansmasic
N (ORN '
- \ . \\ APL Y ANS ‘,
-“ COBOL58  » \\ y COBOLeS ANS
Data Processing |English t----- +Q — — O cosoL74 '
] \ \ A '
—_J \ \ ' 1
\ ' v A \ i
AT '
N A 6 Algol 68 \
\\\ Y “ ANS ANS
Cfner al ‘%PL/l \\ |‘ rPO]_,/] PL/1(G}
T =
pur pose ; \ !
SO ' \
; /’ I ‘\ v
o e S \ \
Artificial | lanbda | use S K \
Intelligence | caleul T 040! “ o
calculus : ‘ v !
|__ e | ! LISF” \\ \
.15, ! \
\\ ! \.\ '
Text ﬁf&"ﬁc—)} ! \ éNOBOL 3 \ \\ oon
, N Rt L —4+(O—*(0) SNOROL4 ' === == =¥
Processing {?%?inf_ SNOBOL | R Vo
; \\ \r//
i v,
o e
System von Neumann Assembly and i ¢ N
: - T~ - +C.. -\ ANS Ada
Programm ng machine maching language [ ~-._ e
e — T o~ - . Ada
‘O——.o Modula-2
Modula
1960 1970 1980
Eﬂ 1-3 Hstorical prespectives for several

programmng | anguages

10
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o a . ' a v £ I o @ + .
AWYAATRY fapdnaldu  FQANMINIIWYTANS  UENEUADHIANINABNITDANLULN K
) @ as e & @
FORTRAN (laz N1¥1 ALGOL Tun19@afiugn AHBINgE NENTURRSNTTHALN
) o k4 dg o w ¢
COBOL aauaﬁﬂﬂﬁuamﬂugg(chursh’s lanbda calculus) Lﬂuwugwunaqﬁ@aﬂﬂmLﬁo
& w 'v 4 I's
Haf¥usaani® LISP savnianainiaad Markov Lﬂuuiqgeia 1ﬁLﬁ@aTmazﬂuUUﬂ15
LY v '3 x Qa
JuA7EINTH) SNOBOL fo BN TUAaNNILEDT 189 Von Neumann 93 J@MIANTIN
. . ¥ iw:"/ G o g . e ar 4‘1
Turing machine nauwuuu LYueWLLWUS W (basic model) &MTURAALLULATEY
a £ ] @ <~ = e tg oo i o f
amtteasau i ludvdulnie  LeSaseamiaieasinay Ll WsousiEnEWaRan 10
13 VR~ o . -
BALTNY L uaBoLiu nsaus L Fofiie (operational framework) e luga
@ < £ <l 3‘ @ -g
Samuamsirsulisuntuszny  nosands e lus eas L aBeunERaEs FILUVEALIAL AR
) e £ ar |"‘ 1 [ ud'owlbd g '
Lildmolseaoanaswiiodaiant  adnalsneny Suusadfig Pl e L
aNSuaARANz AU iugiwmwﬂﬂﬁﬂaonwqu@ﬁwﬁqgﬂuﬁﬂ o BENIRLY LarEDTUTain T3
& o a ° o @ W
L0 Lanaanaen N IA T BNEE IR I
= N = : - Py ™ - Py
PRI Banasnl ooy Fagnasnatuis les BB IAINGE VA INRLILLANDY
a < . . . e g -~
fu LaTueHe turing machine (von Neumann machine), aanasinulyl Markov #5a
oy =N & =«
WantuL dpulaLng
(Any algorithm that can be described in English can be equiva—-
lently written as a Turing machine (Von Neumann machine), a Markov al-
gorithm or a recursive function.)
vy o o & G vy o « . R 2 a4 o
YBEUEUL Lﬂuﬂzaﬂﬂuﬂaﬂoﬂawa @8 "Chursh’s Thesis Y1 w7 L B eudana—-
£ = f . B I o
S5 o qleanT dsuTisunsuenon leasasanrare leelisas Fedar n113ale o
ﬁ\'a . 4 o a < . EH . .
289 msiiuialyd (generality) #iadaBenisLasuldsungilukiiaeafiaea (program-
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Case study Application Language  (Chapters)

area where illustrated

1. Mitrix inversion Scientific Pascal(2),Fortran(3),APL(8)
2. Enployee file Data processing  COBOL(4), PL/1(5)

mai ntenance
3. Text formtter Text  processing  SNOBOL(7), C(12)
4. Mssionaries and Artificial LISP(9), PROLOG(11)

cannibals Intelligence
5. Job schedul er Systens pro- Ada(3), Modula-2(14)

gramming
gﬂ 1-4 The case study problens and their illustrations
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o o v R . 1 a; é a
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b o o yo &b = w R -4 {d a w
(infixed) L7unld Wiz wdetienall  suenadonsy #nlfiinang (udansosamin
- ¥ FVRE ¥ |d’l [ { Y Vo Y w
(prefixed) uazﬁaﬂaﬂuaoﬂacﬂaLﬂiaauuﬂaaaLauaﬂﬂaﬁmgim FAIRENAN 4 AxENy
a r I's v v % ! o & v
Yre Ton lunwdangy Wealaazasin  warawswSetiaenin FaauFduq dorne
L4 [ 13 do Tas I‘N'O'n ) u»n‘ﬁl
ERoRMHlL = WAY sz LWL TR0 REREEN9TmLe uAneNIan faeEnaR@ey U
< “w o € » [ v ] < ' « )
nmaes dgdnwi = sanllaweld LuialfiifnsolFauneeenader ot
. ¥ o oo (& < . ¥
"if A = B then ..."» usrddmiwgn Sudnuadiduilsaninbeandinie = Jouen
[ [ <4 s "d u‘ i "us
ATAMUAAIEENAINNIT LUSE L NEY  Snviieu Lﬂuqmanuﬁﬁu@nmwaannﬂwﬂﬂﬁnﬁa fatin

) A “ o el o aon o o a a -
ﬂ@ﬂ101ﬂq ApInTLaan ﬁ@aﬂﬁmﬂa¥1ﬂuﬂuﬂ17ﬂﬂﬂﬂﬂ77 WA aﬂﬁuaT@ﬂ@ﬁdﬂU RER[;N]

2DNRENITA L JUBDINTHA
oy g .. ¥ “ o & 2 1
(2> fmoalithesnag  wneRenuiing usreuminenainien snsly

fmy Taawasiunielu uazanyﬁﬁ (By "well-definedness", we mean that
the langusge’s syntax and semantics are free of ambiguity, are inter-
nally consistent, and complete.) Satu Hrvanten i Rees 289N TIREY

16asna8 ﬂasmzﬁﬁaﬁwmuﬂiwﬂasLgﬁﬂﬁangsﬁ 189 iUl AW BENTBIN AN
WaZATIMINEAI, nlurisusasiiu fnuaruTisunsy ALdulaegsiy AdTeeRNiTa
AIRATLUNGANTIY B89 MNSudRdREnURareEna  (Satagneiay fau  n1INTEinase
(actually executed) ﬁdangﬁ ey lpsnan Eaﬁﬁuagun15lﬂ§auﬁwadﬂﬁ

LS £ 2
uaznﬂ7u§au1ﬂ
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a i ] Y [ vy v L3
Fapfe  awozeusn vaamn Inislew A Ldu 194 DO loops LU M
FORTRAN
DO 1O I =1
E = 't [~ o a o U ] ’l
1@Qﬂ3LﬂSWsmﬂisawa (to be parsed) Liu AEINAUSAT LUTIE I ﬁaﬁd (spaces)
‘8 e a 5 ‘e < o y
Tmﬁwaq wardalds (17w po1oD et iusasinaTdsennd d3un 1y FORTRAN
fe A& © 4 o . %, v o v 4 an
LIDSTULIBLT I U ﬂ@ﬁﬂLwawuﬂauﬂwwimgﬂﬂamaaﬂiﬂ AULUBINIIIN  WMUINT HE
al o <
TR0 MUET1ERE L ABAATHINTINT WAEATEUIUMININTZUEDIN YT (due to the eve-
lution of formal language description methods and language standardiza-
tion procedures.)

(2) FUATANALAY [ATIFT 1] FUNEES ANENITOZAIATNT NRrFluEILAIN
u ; B

wawnwaﬂaﬁaaﬁﬂﬁaga ey swwede @ednasy e Guwtw  warnas
TNANTE ﬁagatwéwﬁ

(By "data types and structures”, we mean the ability for a
language to support a variety of data values (integer, real, strings,
pointers, etc.) and nonelementary collections of these.) ﬁaganénﬂﬁqﬁ
T3 DR uazi:LﬁﬂuLﬂuL%aqau FansaTan Tﬂia&%ﬁoiaﬂawaﬁm LHu 78S
Tes  uodmes  nesteu uaseu il

(4) anwumaggjﬁ WBd 2 GIUAR

AFlAue I &3y A9 Aau TdsunsNgas WaLAINEINITO LAY
BENPBAIAIMT UAIIWIAN 2AY MIBUR R AalRiRng uwaveiledaya Fa dindeu
Tounsy dpasunn1¥1a918 ("Modularity” has two aspects: the language’s
support for subprogramming and the language’s extensibility in the
sense of allowing programmer-defined operators and data types.) Toe
a9 i TUTunTugas wuneR A wEnToTine ey Tistiend waeiloritn (Tasunaa
ot TLiuddTe warnTReRaiIL W1IRLARS MTa FaudTdunane e TumunmnFen
(invoking program)  nwdwlvg I widands (strong) Tudunion Tuonss
T isesuoudes Mieawswrsalunteee lu ﬂawuiﬁﬂﬁu7saﬂa§ﬂqﬁu TunilaRa
\daM v Pascal uat Ada avuaeaimu Ao wE e lud LN AN

o y o Y ® < -
(5) lun1silseiiu Z95UEANNEEAIN AUWN-LAIWN LSRN nsaliuau
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PV YRS ) o q = v oy [ v A a s
2AIATIH ﬁwﬂsuuwnﬁagauuuaWQn ATTUU Las Lﬂwnoimﬂqw LAUL e8I ﬂﬂimuuﬁgu

a £ .
ra3n T Amirgutays uarilingy lun1sfulugtszduind (In evaluating a lan-
guage’s input-output facilities, we are looking at its support for
sequential, indexed, and random access files, as well as its support

= » . [ o i '
for database and information retrieval functions.) uﬂuT@amaiﬂagﬁumuaﬁ
& o [ <4 o < . "4 v v w v [ .
LAURITRS (LBDS eeesanTaunuiunnuinam AvIfua iy Tﬂﬁoﬁﬁwaﬁaaa 33 Towm
o [ L o a L 7% = 1 - oql .
ﬂ11ﬂa§1u NUIBAINIINAN uﬁuﬁaga ﬂﬂaQ¥Mﬂu1ﬂ1ﬂ@M1ﬂLﬂu1ﬂ Fm¥imar Lan
o ¥ o« & & : o ¥ g v ¥ as o
seilsuhenuazasiu tnuey e luminsausniseas s sl VT I LN
. ° £ ™ P G 'Y

Tisunsusnang 3qu1uﬂﬂszgﬂ@1§ Fuusy wannimar it 1e9d3anevs

. a o 2 ﬁ o & 3 : c qY o < It
(8) ﬂ’]ﬂ”]i\ju ﬂqihﬂaauﬂjﬂ‘lﬂ LU anwud J%Qgﬂﬂq‘lﬂLﬂ@mauuﬂﬂﬂu’n@ﬂ‘i

, & éﬂlbuouto " & = 4,
ANde WUAR NITERNLLLATHILUE MINENHUTTY "n15 i tuddTza1nieTag” (A language
which has "portability"” is one which is implemented on a variety of
computers. That is, its design 1is relatively "machine independent.")
v = L) a & 2 v ‘ = v -1 *
Mgl ureTgn ANS  dndiiadaugg ladtendnaym bl wantasnt w
g oA e a4 v . o v ¥ |
AEENENLAENIA dinaziaRaudng 1FdtenIn awau ¢ seliu asar lulsewanela
H f @ Y o’ﬁil
U3 ANS FORTRAN (1977) %38 ANS COBOL (1974) &LUaUU UuANMILAETLATAI
My & O D e oA w - .
Ingleforfionss Lwanzdn fuitunwenesse cduidesiiy lhindsena e lae
o a a r'e o < '
A1 LISP %38 C 11 AL NauaIuAauEIL et lewainmais Luﬁwzunuugﬂuﬂﬁuuwaﬂwqﬁ
N v " & o
faudiinae liihnyanessu nany
o ¥ W A’ﬁ:l ’ ﬁl L7 ¥ v +
asafuEiy A BASIC dsfenmensnTnluniswedaudngld faunin
. P o HY a a My A <4
AHURAT DIUNIY AMY BASIC ngﬂﬂﬁqﬁLﬂﬂNa VUABNWILADT L6L NUNAL AT B
Q
[ 1 o 6 ¥ 1 3 T [ i . ] [ ¥
RN UANTINT WAL AANALAAEAS NN TNIEMAINTL fuses (dialect) TWAnE1IT
FIEEI9 LU FNERIUN9RENN FluEuuNRIMLIgBI e w29 5an W URSELRRE SR
a A
“lgﬂln i I 3 ¥ X o ¥ P _‘=ﬂl’ 4 o
anaanila warunaeene ladivauudaletiodu  Satu LRaNR YW IENNRE  LAREUENE
)
" " o - = e - ¢t -
("port™ Tunsuniwn BASIC anaosniileadiaTainid (UEeaanisLmasantadad
“ o o« . 2 a “ T I ' L Ak < 1
i dndeuTdsunsy a9 seliaseSeRedusasviuanane wazdunes Latdoulnl 29
I & a o @ 2 .a 1 ) a & o , X
Tilsunsy Wnaundufin  mwedeudneld whsdawds lieeed f9lRnges.dul war
TisunmagaTeedunTods (run) wuaasiiasastusns45u 18 Teg lifaslinne L dRsuay

I Lan
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(7 pmvilsERnEa L HuSnRants e le MILATAAIRILRE NIINTEN

a\lmd a £ & w nl‘LvQ " . . " .
115 79057 TUABNWILEET Folunnyin [mLneea (An "efficient language is
-
one which permits fast compilation and execution on the machines which
. & e .
it is implemented.) &Nenau FORTRAN U@y COBOL LT R A BUE 19T TE AN AT
‘™ 11 V I "~ \
1u07uﬁ7ﬂﬂﬁuuﬂitgﬂﬂ1ﬁ Tumasn a1 PL/1 LTua e iduseangaw UanunclSeu
< e - v G ' |x
LREUTL  LULATUASNAARITRI LS FEUESN 1L RUAIIULENEN L KA
LAUNnaI 8196 #uilatad d (compilers) Tesnd wnUseantnm ¥n

A3 $utlaR ®e (interpreters) #asngldu lUsunsun ey LISP 29 compiled
" ) by o r & a o ow < [
LAT W% execute WAEATI vI U lALINTT TdUNINLGEARL T 33 Aeld aauta
o o ) < - 6 o @y <l . o P
AR PENILINENN MT LERMURRIRS NEAREY o TERIINITRAMT ITUNTY  unsni

o y - Jd‘ouuu' Qs @ ‘;
dsednsauaadiaiay anadialend LidadnFgBufiviaas FulsaneesiinizauTuisunsam

o & 2 PR~ °

PN LTLNTUETL TR

i L < [V X v o |
{(8) 119AMM1 4 "pedagogy"” AATINTINIAY « UUAD Togiupunuas daudns

* < L4 L 1 [ o q'q 4 o | VY 4 B L%
i Faui ldden Beswenin IR ieea ludawsedey 19 nastiany Tisuns
fna Lﬁuﬂﬁﬂwﬁiﬁﬂﬁuuwénaﬁa wasan 1 laeiin, Beu Talsunsamemidn lus wimsing -
(Some |anguages have better 'pedagogy" than others. That is, they
are intrinsically easier to teach and to learn; they have better text-
books; they are inplenmented in a better program development environ-
ment; they are wdely known and used by the best programers in a
. . . v 4 " &
application area.) 13w fu BASI C uar Pascal  wamuinuun ey it
4 -3 L - - g
Lﬂ?aoﬁaa1w7UﬂﬂiL?ﬂuﬂ17aau(pedagoglcaI tool s) Tomawe JURL IR
: i< « a =
BASI C  FauduiienTu TsauSeurlsenn warTsaiTondisen Jeaau n1g e Talvungy
4 @ aa o ) A @ v Y '3 < -
lusnennwy Pascal Liufiienfu cdufieafu lundngasneiininad Tu wmndnende
LY o I's - 2 a0 ¥ ‘
(9 Wl tnafinmibe un s daderine wnems awiiu thse T
Tu AFemn3 9239w uL BeuTaHunsy ("Generality”, the last of our nine
| anguage evaluation criteria, means that a language is wuseful in a
wide range of programming applications.) &apEnaLdu AT APL e T
E% ES 5 < « < - a & . » - .
husdsdaans LNDINY WeRusLBILNmInt (nmatrix al gebra) uavowuﬂnugsnabu5|-
} 4 1 i
ness application) ledituidwadig Turssennmdvsimanun amnde W el
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- ‘ y . 3 2 & é

AN dveithnwn PL/1 nawotee leaanuuy 1 ee i thins sumlseaas
‘ ‘VQ @ Y £ G '5 3
(general-purpose language? WAL IUIFNLRITID a9 u§au31LﬂuLﬁuuu Turm s
< & o« v vy ! ) B} 2 § )
LTITELRY BAA war dalufugnting fadndsld avwaundsraes Ly PL/1 0w
& ) i d'dv ' ﬂ' '
AU« aduTw@aaﬂuunuﬂLuaamgﬂisaaﬂu&sﬂﬂiﬁuﬂuWﬂuﬂnnaw (for a narrow pur-
pose and audience.)
. 2 ‘. % . . . X .
Farn LM 9 Hau e ML 1 Te L Duudeen sy Tues i lesunaTadIu

! v . i o ¢ -1 .
Ay feai (by a uniform scale) Hevmaniudn Lnadimartnonus Lila T

V] 3 v £y < .
nﬁiuﬂtaaﬂ?mﬁm-uazﬁgﬂaugﬂﬁﬂa V29U LmalseAngn W (Admittedly, they are
not. all as quantifiable and conclusive as the efficiency criterion) 23
o ' a o -9 o = v AL Qe w o
Solumiangay U WM (nanosecond = 1070 Ju ) warfalidwunddgnitanuan

) - ) Qe g 1 ' g'
e vt Suldnwn X tusedn dn@iu ¥ wlidy 191y WildeneRessausn 2y
q' ﬂ' a1 o as d‘g b &
tdasua sy lulananug Lhgafiuan agaaEay Laingn L3 mIInsrEanTonTEiu
q .

o L] a 4 ) < -y @ < A
cjmu Tnuﬂﬁm':anﬂammmmﬁwamwmgwammﬂu ATILRAN ATHING

1.5 ﬂﬁﬁaanuunnﬂuwgﬁﬁﬁﬁa (Programming Language Design)
[ < ¥ sto v e o =
LAPNTTUSE LU IMASEE A UL EUAZ19GL GENAUAIINEL LD 189 %nL A
‘ﬂ‘l o LI
Tilsunsy ﬁmSﬁadau ] aenian aduEu lazasiinaanuuun e ﬂﬁﬁaaﬂuUUﬂﬁﬂﬂgﬂﬂﬁﬁQ
-y [
(hinsssiarlsritssuay (comprises and compromise) #2783 IIMAIEIILN
¢ ¢
TosiawanrioenTunaatiaiead A mams. ngulea leanen  uarnNAERT
ﬂlt s o & w ¥ J v < v
Luaqawnﬂwsaﬂnwnwuwgﬂﬂﬂﬂq ﬂanﬂsﬂauiuimﬂgﬂu Faax LA NEm I lun1TaRnLLY
28 - -, “ q.rgl el \g
A luauen L9 Ay fu wEnWugTusaInIsERNLILATY ST AN
o1 I L RansEnausaen s T wmes L
U 6 NMTERNLLLATNT @ A nuRuWuA
UMM 10 NITBANULLLATHY ¢ AINMANE
m 15 msaanuuun o NetumsUiia
a w € o o 1 Y ' [ [
IMNEFVWUT 2DIN W IISATTIEIUNIN 32 U1 LaTIaTe %iaLUunia
Ll
N7 (The "syntax” of most programming languages permits fairly rigorous
e ey . o a 4 < ¢ ' ° a
or "formal" definition.) Uufn Twat.Faanad a5 RLARE uwiﬂiﬁuangmaﬂumz

%9 Foemudeiulm gndpadennuioius vie feermeiulin  ligndes anatis o
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brief mnathematical expression can be used to characterize which
statements are syntactically valid and which not.)
E‘}JLLuumom‘sﬁ 71 I mEpa Antna e WL newa Jemu ?ﬂﬂ‘iuﬂ‘muﬂa*{!ﬂﬁ’lﬁa »3p
Tunsulasifa  faadiesed fannediiug Faawees imunuraudiaes i dunts
Fata v neiiiug wsam Qﬂﬂ‘m‘zﬁﬂaztgﬂﬂaéwLﬁumam‘i (its formal des-
cription device) |ga&IANATrAaIATEY (the language’s character) N33R
ﬂnmmqmmga‘lumm (the elimination of ambiguity in the language) na3
NTERMAT (parsing) NIIILATIEAEWY (lexical analysis) uavEmSwazadInm-
Hutiuf 1u JiluuuntaL Az llsunTn way lunanauiua e Fotpimam  awdemn uay
wama . und 2 ‘

AIMNNE  LUNTIRTITU 1 Lﬂﬂ)ﬂu A URUNE ﬂaqiﬂuUULQJUWﬂﬂﬁuuuﬁ
A3 9 TuTusunsw LRy nI3LaaN m‘m'mmm‘im DENI LANIBEY ("Semantics," on
the other hand, deals wth the neaning of the various syntactic forns
in a program and the selection of suitable machine representation for
them) VoaatEdy 989 AwmaneEnadn T leun m:Tr;‘m'T.m (bi ndi ng),
155988 (coerion) MW Newanparileuay lATIaT19tawse19 4 (i npl enent a-
tion of different data types and structures) ﬂ'l‘i’dﬂﬁiﬁ'n'li'muﬁwa’m
(dynamic st orage al |l ocati on) R EDCSCTE TR R IENIREI (run-time diagnos-
tics)  @37WENNT0 lWNTTLA latasnL Tu (exception handling)  9BULEA (Scope)
separately conpiled procedures, input-ouput war code  optimzation
Farawann avannluamd 10

ienfiun iR pas n1TaenuungRd1A afseluamd 15 Tuiia
fsnn Fareuinedn Tu nasin i e wawliuyaIntsLisuTisunTy Faeilintus
ANHUE TRINTHITINENY

("Pragmatics" of progranm ng |anguage design constitute the
discussion in Chapter 15. Here, we consider additional issue in
inpl ementation and programming style which tend to  influence
contenporary language features.)

Famplunana 1w fecs lown the management of concurrency, optinization,
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programming environments, and diagnosics. ﬁ?iagﬁuHUﬂﬂﬁtﬁauTﬂiuﬂsu
1oun 15w 1du  “logic programming”, "object programming”, "data abs-
» - N . . a & &
traction", "functional programming", "software engineering”, A2WEIWUD
' ~ + 8 o o § 3 ] A -~ ' .o 0
TERINTEBLRAN  uazAEUT 289RILRAN AUN MR ML EuE TULNE 19n
. K
ADIRUIRAL BN
MY 15 #3738 nTilsr L uwTen (assessment) aaqnwqu@ﬁﬁﬁa NN
v < .~ vl o LY i Q
uad vanedn gasiniasuisunty tnesnuuuntet uarlimmiaelvifoua M L5
Y | - < 4 v 2 Iy < =i
mTdTe e tlTauiiey  waenen 29 1eRnu e lumdu «  ansulFeuciey
-".a [ TR v o » “ o v = = ' ' e £
wu lewdn 9 fanleuuein 1y saufiy s i fecansadmn unweng o wadws
QI ] <y 3 1 " " * o 1 v ‘ 1 % ﬁ
W Tonimls walumddnlng Bittsewatsls usiwsiss fuagiuminfauia i
{
L§a3ﬂ511u warenmlsegund
a f | & V <§ v t " + - & v
paRUSLRA L LEada [eunnin SNESHNNEEI L TIDEIILAET  UBNIINULRD
- =t . : '& ) I e !
el TTNE 199 AT LIUAEY N LY Ly a131$au11ﬂﬂszgnmimu UM ¢ usn
A B Qi< e MY 1 & .
FURIAATHILNER Y U Tudﬁ‘nn‘sam‘lmmmﬂmu (and in an equally even handed

wWBY.)

TABLE 1 Genealogy of Progranmmng Languages

Predecessor I ntened
Language Year Ori gi nat or Languages Purpose
FORTRAN  1954-57°  J.Backus(IBM) Numeric  computation
ALGOL 60 1958-60°  Committee FORTRAN Numeric  Computation
COBOL 1959-60" Commi ttee Busi ness data pro-
cessing
APL 1956-60" K. lverson Array  processing
(Harvard)
LISP 1956-62°  J. MCarthy Synbolic conputa-
(MT) tion
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TABLE 1 (Cont.)

Predecessor | nt ened
Language Year Ori gi nat or Languages Purpose
SNOBOL4  1962-66° R Griswold - String  processing
(Bell Labs)
PL/1 1963-64" IBM Conmittee FORTRAN General  purpose
ALGOL 60
COBOL
SIMILA 67 1967 0.J. Dahl et  ALGOL 60 General  purpose
al.  (Norwegi an simulation
Computing  Cen-
ter)
ALGOL 68  1963-68" Commi ttee ALGOL 60 General  purpose
Rliss 1971° w.wulf et al. ALGOL 68 Systens programming
(Carnegie
Mellon U.»
Pascal 1971° N.Wirth(ETH  ALGOL 60  General and educa-
Zurich) tion purpose.
Supporting  struc-
tured  programing
PROLOG 1972° A Col nerauer - Artificial intelli-
(Marseille, gence
France)
C 1974° D.Ritchie(Bell ALQL 68 Systems programming
Labs) BCPL”
Mesa 1974" Xerox PARC Pascal Systems  programm ng
SIMILA 67
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TABLE 1 (Cont.)

Predecessor I nt ened
Language Year Originator Languages ‘Purpose
SETL 1974" J.Schwartz - Very high-level pro-
(NYUD) gramming
Concurrent 1975° P.Brinch Hansen Pascal Concurrent  program
Pascal m ng
CLU 1974-77°  B.Liskov et al. SIMULA 67 Supporting a metho-
(MIT) dology based on
abstraction
Euclid 1977° Comm ttee Pascal Verifiable systens
progr ans
Gypsy 1977 D.Good et al.(U. Pascal Verifiable systens
of  Texas-Austin) ¢ progranms
Modula-2  1977° N.Wirth (ETH Pascal Systens program-
Zurich) Mesa mng, real-tine
Ada 1979° J.Ichbiah et al.  Pascal General  purpose,
(CIT Honeywel |  SIMULA 67 embedded applica-
Bul ') tions, real-tinme
Swalltalk 1971-80"  A.Kay SIMLA 67  Personal  computing
(XEROX PARC) envi ronnent

“Language design and initial inplenentation.
“Language desi gn.

“First of ficial |anguage description.

“See (R chards 1969).

28 CT314



