%

1)
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=
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(Data type)
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= < = o o o A Y a A v 9
ﬂWSL"’lJEluI‘]JSLLﬂﬁJL‘]Juﬂ?ilﬂlﬂﬂﬂ?ﬁ’ﬂﬂ’)ﬂﬂnﬂﬁﬂiﬂu !,Wﬂslﬂ!,ﬂ@ﬂﬁ!,ﬂﬁEluu‘ﬂﬁﬂmj"llﬂlla

U

A P = y & A A o A 9 a va o Y
ﬂT]El1ﬂ'E]llW'JW]ﬂj1/]\Tﬁa1fﬁ]gNIﬂj\iﬁi’]\?WUﬂ’]UﬂlﬂN@Uﬂuﬂ@ ﬂ’]jllﬂuﬁllﬂll”a, ﬂ’liﬂgﬂﬂﬂ’]iﬂﬂmﬂﬂva,

uazmImuguaRuMITHhauiudoya Jouanaueuaaznizazegnismsmvuagluuumsunu
v o A s a4 A A B = 4 o ~
Toya  MIMmuayHatoyanugy  IsMsdanuenlasuulasteya  msAnvUREINULLDYA
) = o A o w 0 ) 4 o ¥ A 4 = an 0
Peyavaduiugiudinylumsmanud luneiulaseaiwesmmaenimes  5IDITMIM

Tdsunsununen

5.1 puanliAvesvoya
(Property of data)

e Tdsunsulsgmalddoya amauianionudnyuzlsznoudoyanazaelildsunsuly

]
=3

) S vy v A v o . ' o ya v o
qmmayauu”lﬂ Usenoudiy ¥evedvaya (name), mmuﬂuﬂuaﬂﬂmmmhmummmmayauu
(location), wﬁmm%’aga (type), fiwm%'mgja (value), °1%qu (lifetime) tazvaULVA (scope) VBN

4
Yoya asiaededlszmaluniu C ae'luil

const int MAX = 30;

int n;
n=27;
n=n+MAX;

4 < { o < 4 1 {
Fovewdoyano MAX, n, “30”, “27” Tae n Wusedmls MAX WuFevessnei “30"uaz “27”

~

v dd o 4 & & a I ' o A o
WumaiGend literal Fonwmuatvzlidwmriiog (address) luntsanuiidarziamslag
a Y o 1 dyd a o ] 1 Y A
Tilsunsuszuy sHavestoyaludrediiitluriamuiuiwau (integer) Avedoya MAX Ao 30,
n Ao 57, “30” fw 30 (W30 00000000 00011110 TugdnuvVeUAVFINETBI) HAzAIVDY “27” fip 27

1 1 o o o W Y { 1 Y
%Na1fyuaaéﬁ’ayjaﬂzmag@aamwzmiwmmaﬂm%ummmmmﬁ “UE]‘]JL“UGIﬁ%E]HEILﬂﬁWﬁﬁﬂJﬁQ

v E4
0/ =~

~ 9 1 % d‘ o [
Qﬂﬁﬂﬂi%ﬂu ﬂgﬂgﬂ18111!611’E]‘]JL"]JC‘I"UE]QWQﬂ%uﬂ“ﬁﬂﬂ?ﬁilﬂﬁ?uUiii}ﬂ

e

@ =

nnquantaneg  vesteyadinandwdu  auaulianienudnvurnianud el

v ) ¥ A A ) & I

VNN TUMIATINABUANNYNADIVRITEANNTY Aosilavestoya (type) telisunsuines
A g a ¥ ' a v = & 4 ' o

Usemayedoya uazriavedveyawy int n; yiadeya int zvendIvIIAvBULON TUKHHIBANIN
{ < 1 [} o a ] A g [}

ndedlFlumsinumvestoya n (¥u lduua 2 Tud wie 16 dn), vendrasuesmiiiull1d evu

[ o 9 " a = o A o v w 4 ' Y

Avestuumades hinu 65535), vendamsnsziamnsanseinuals n 18 @su aansoly

v 1] v ' Y
MAWINm 7 = n+MAX;) Josmuaaieg Mieuilesturiiadeyationin szuvriiadoya (type

system)
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5.2 szUUvHATIYA
(Type systems)

mssmuariiadoya Ao Mitmuawavesaazmshivualjiamsiawnsonseiiiuam
' QSJI ] a gy . = A g o <
a1y Y ilaveya int edusavosmMidumyd Ay {.., -2, -1,0, 1,2, ...} uazwsaveq
a va { o w o I a 1
ﬂgmms {+,-, %/, ...} NEWI50NTLTINAVUIIUIUAL, %uwﬁ'eyja boolean 9 HUEDAUFAVDIA
A33NY {true, false} wazmslgiians {&&, ||, !}
a9 A A o Y A A a g Y o o 9 &
szuvytadeya Ao szuumimihiwenlesriadeyainiudulsuazdoyadusg  lu
a a 4 o ]
Tulsunsy saudamsiinalnlumsasaaeuanugndesvessiiadoya npineunuaes lagna limu
A a9 ~ a o Yo ' o ' 9 .
M1 C, Java szieuleasiiadeyaiisarianedlnnuuaazands wu Joanuilsema int x, y; 9z
o Y a A a 9 . Yo o a 9 . Yo o A
mlmnamsyonleariaveya int lnududls x uaz siadoya int nuduls y TasmsiweuTee
a 9 ] 4‘ Y] a dgl 3 (BRI o a SN w ] dy
yiadoyanuFoausazimaluawasiimsnon nd lUsunsy  mineuiaaes nianyuzUTie
Fon nwidviatoyanidd (statically typed language) navglin11u19lsznn isun1s APL,

LISP foyanalidudsulaousiadoyald szniumsduiunuaeslisunsy dedrugudids
LIST « 10.3 1.8 0.0

<3| o Y] 4 I 4 Jaa < 1w a 1 o & 1
Whumssmuadunlsade LIST wluesisduamen wumduasnaien awal arlmdsaeulu
Talsunsy

LIST 44

Y { - & o o 0 g (o o J
dwals LIST azgnulasuriadeyailudwalsmonnuanaviauday  mwnnlidnvazuuuiios

iSon nwndviiatoyanaia (dynamically typed language)

Vo
Ao o A

A o A 9y a a dgl v A 9 Y a A
Gumzﬂﬂmﬂmmmmm ﬂJﬂNﬂWﬁWﬂ@Vﬂfﬂ%Lﬂﬂ"UuVlﬂm@llﬂTd\WlWEﬂfﬂiﬁ]%i%ﬂ]ﬂﬂfmﬂ"ﬁu@

U

' 4
o ¥ v A

wu SuedIven s C Usingyamdadil

union value {
int a;
double p;

Jou;

double x=0.0;

ua=1;

X =xtup;

A 1A

o < A <3| A . 5 @ ' o
dwils u Wuwiadeyagiion naudeniuldwia@erno int n5o double Feludedradmuald

v
@

<] 1og a o, o o 1o o 1 I~ 1 Y A
nuaniuyia int @roMdswa = 1;) uamdeganelumediuilumaGenlda u Miluwiia double

L Ay dAa 9 a A4 o a v o Aa
mﬂu%umaga‘nm VOHANAIATNNYINUTUAVDYDLFUULTINIT type error
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I

v 9 o
Mneuianes nilszuuriadeyanannsoasvnuderanainiaats inerdeiuyiia

9 T I [} = [} [ ~ 3 (= a
"lJE]i;I,allll'ﬂi]zLTJ“L!fﬂiGIS'Ji]W‘UGLL!"B'N?]E]lIUlWEIWSE]GLu"]YNSUTﬂiLLﬂﬁJ WITINMNHIUUNVISUUTUA
{ o

Y ~

< o [l dy Y 1 =1 A
Foyaiiuud (strongly typed) Areg1anwlszianii laun n1p1 Java, 71w Pascal Msliszuvuwriia
9 A 9 < 1 9 S A A = Y dgl v 1A a
VOUANLVULLU ’ﬂ%“]f’)ﬁlcl,ﬁiﬂ'iLlﬂillllﬂ’NlluM%ﬂﬂﬂllﬁ%iJﬂ’N‘ngﬂﬁﬂﬂ’q\ﬁm 71 C 3@NUILVUBUA
Y A g 3 9 ' ~ A Aa v [ A A

VIUANLVULVIUBYNIINTYN Java (Liﬂﬂ??lli&’ﬂﬂﬂfl!ﬂéll@%’lﬁ@@ml@ nio weakly typed) LHBDIINNIT

L2

{ [ a 1 J a L4 ]
asnvasuinenustiadoya luuee Tusunsuwesannsa@eouiingd x+1 1alag lidesidoriny
' Y S a 9y ° v = "o < ' . A
7 x deuiluriadoyalszaninuaylalsznmteniniu (x ewilu boolean, pointer #3o
a1 18)

Tilsunsulswnnderanaraferduriadeya vwisonin Jridaveyaiitlaoads (type safe)
v o A v Ha a v A9 . 0 q ¥ R
auiuTastouudinmniszuuriaveyaMiuuds (¥ 7w Java) il lsunsundeulu

S A a 9 A @ Y Aa o A A A 1Y a 9 Y
muniuiistadeyanasads mszderanaanmaeiineuilesiuriadoyaszgnasianylalag

4
ﬂamvlmaamaza‘zuuﬂizmawa

msAsdeUrIavoya

Aa a . § g Y [
szuuriiadoyadinalnlumsasiadeuwiadoya (type checking) ivorilunanilszium

d‘ 1 Y 29 A d‘ [ a Y 3 a
Il]iuﬂill‘ﬂWTL!ﬂWS9”]i'Ji]ﬁE]‘]JLLa'Ji]ZVliJiJﬁlJE]NﬂWQWQGLﬂ“] NPINUFUAVBYA VYUABUNITATIVTDUTUA

4
doyauaasladeiodieae 11

aq ¥ A sAq Y A ~ o v A Y VA oy ~
ﬁﬂﬂﬂiﬁﬂ1y1ﬂﬂﬂwmﬁﬂiﬂ1°ﬁﬂlﬂuIﬂiLlﬂﬁJ llzﬂull‘llﬂ1ﬁ\1‘1flﬂfnﬂﬂ1191 Java LL@%U@"]JE]H@?J

' 4
¥ v A

= a A . A a 42} A o ' =) 2 o
INNFDIVUAND int LA boolean Tdsunsuneuaumes viumuaaeion HYAMAIAIU

// compute result = the factorial of integer n
void main () {
int n, 1, result;

n=2_8;

i=1;

result = 1;

while (i<=n) {
i=i+l;

result = result * i;

E4 E4
JUADUMIATIVAR U HATEYATIAT]

' [ ' Y
1) asndeundulinlszmaldyndadedizen ludiu
Y

TuTdsunsuuanoseadnadu Imsdsemedunls n, i, result Fasazdusldyon lid

v Y
fu arumsasrvaen ludunouil
a 1 o
2) asnasuyiatoyainininlenseivesniun
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[
=)

o a o 1 I . @ .
mudldiuasiadeyavesdulsindeuilu int nie boolean dauals n, i, result Uszma

[ a . 2 na.zl dy
MNiurtia int JEUMIasITo U IUTUADUT

o o Y = a ¢ A sy A A a '
3) aualsnimsonndluinainniinaudesimilsemareuazsiianinou
a L v . . . @ . s
dniluTdsunsu'ldun 8, 1, i<=n, i+1, result*i HmM315d2u17 i, n, result Fadimsdszmer
Y XK 1 na.zl dy
WA Wumsasaou ludunoull
a g A v @ a 7y Yo o A
4) wiadeyandunadwinnmsdszmanainnidesIdsumsasiaaenaail
Y a o I o = A oA a g v J a 3 I a = Y%
4.1) owaitludunlsfervsenuns) siadeyarnaanivesininazusiafenua)
= | 1 ng
uilsnsen1iue

Aa J. 4 o a 4 I
4.2) SMHnniTms laTearnemuianendinmans + - * ) maunﬂmaméfauﬂu

4
a a9

A . o J o I a .
¥Ua int LazHaaNFINNMIAIUINIITUFUA int (mmanmﬁﬁ%uﬂmay‘mﬁmam
¥4iaA® int 11az boolean)
Y a L= y A =) = ! 14
4.3) MUNIUTMI MaTearaTeueaum (<, <=, >, >=, = =, =) MouNNNoNADY
I a . v J A < A =1 I A
Wuwia int pazHaansvesdnaiiTeumeuiurila boolean
a d. 4 I A
4.4) MinaiimslfnTesrnunenssny (&&, ||, 1 mamnﬂmauéfauﬂuwﬂ boolean (g
Y4 I A
NaanTazuwila boolean
a P ] [ 9 o I a . a Jd . n’Jl .
unvaed lullsunsuaiedadsenouaiednay 8, 1 iWuwia int, Unway i<=n N9 i
I a . a . na.zl . I a . a 4 . na.zl
wag n usia int, Ywad i+1 N9 1 vaz 1 iJusia int, taginoy result*i N9 result

.9 a o, @ 3 a ug.ll
uaz i Wuwila int duiusiiadeyanimuagndes

Y v o "9 =} a 9 o o 9 A
5) deanudsdmuamdesiimsasinasuyiadoyavesdmslarenis @uisndneiioves
4 1 [} [ a a o a J 4
1N5091110 = ) NASITUNDYIAToYAVEIINNIAUMI (NiNuNloveunT oG =)
9 o a 9 o a o 3 . o
Fon1wda n = 8; wiadoyavesdmlsuazvoiinaiilu int asain
M a I . @
Honnwdai = 1; wiavoyaiu int asaiu
v v a v g . o
VoA result = 1; siiadoyaiilu int aseiu
v o . . a g ST o
Yon1wde i = i+1; wiadoyailu int asain

M a I . @
JonNUT result = result * int; %u@%’agmﬂu int A53NU

[ na.zl Y T o 1 Y1 a8 a 9 ~ 9
ﬂﬂuu’diql]Waﬂ1i§°’l§'Ji]’d@‘U"UE]ﬂ'ﬂll’d\?ﬂ?Wu@]ﬂWllﬂ'ﬂiJ"]fuﬂ"U@iJa‘ﬂgﬂ@]ﬂ\1

U

v 9

¥ v o A A o A /9 o = Vg A
6) mammmmqmzm‘umqau"lmmzﬁmuiau uwwiummmmmimnaamnﬂu%uﬂ

ﬁlallﬂuua boolean

v '
a d . v o W

o w . v J I a @ . a
Al i<=n lufida while Mwadnsitluriia boolean duiuA1ds while Uwila

e

A Y
YANYNAD

a

' Y v
wellsunsurudunpumsasnngeunwug  2eaglldnTdsunsuulaneiSoa lididodia

v
@

H v
waalaneanuriadeyacunsosumsdszuianaluduaela)/1d avn Tsunsudims e
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Aa ] o I a a 9 Y a dy Y
Aanata wulszmedanls n iuyile boolean szuuwiadoyaszasvnuToranatnll uazud
o
Joanudou Tsunsumes Inmsud lvTdsunsuy
a 9 dy a dgl 1 4 ~ 1 .
miasdouriatoyationnvzmaiulusismsaonlnalisunsy  (Soni1  static  type

Y
checking) 1150 019921naUu Tug95uT1sunsu (Son21 dynamic type checking)

a o 4 [ a @ 1 1
muIneuiiaesn lisrulidestimslsemartiaveadiualsarani iy aawn APL, LISP,
A I . . 4 a
PROLOG misasivdousiatoyasziuuyy  dynamic type checking 119991n9gNI1U¥1IAY0
I~3N1 4 @ $ A, . . <
doyaldnaeiiolimssuTsunsunazdldiloudoyad dwadovesdd dynamic type checking f

A o ) = | £ Y a v ' ~
ﬂf]IﬂjLlﬂill5]81/]1\1']uvlﬂ(']ﬂa\iLWi’]ZLﬁﬂma’]ﬁauqﬁuQVlﬂﬂ‘Uﬂ’]iﬂj?fﬂﬁ@ﬂ"ﬂuﬂmﬂyja (e‘l'l\iﬂ'lﬂﬂ'ly'n/]

(3

@

wnlilsemastiadoyavesdualsnoumsldau wu awn C, Java, Pascal M3InsI9eoUTiia

e 2

o 9)::’ K o o PR % o Y3 19 A "9y
Foyavzinlanwarsnenlnaldsunsy  hldrnsuldsunsuinml1diz wadefvesns lides
Uszmeariiavesdunls Ao aunsaldanudulsidesrsdandgu mazdulsizRualszanlanld

dgl 1o Y 9 g
Juegnumstoutoyardinvaesuldsunsy

b U

Y o Y a 9
mwwmu?mawumaya

a 4 o % "9 @ a @ a [} Y
ﬂTH1ﬂ’E]3JW’JW]’E]5Iﬂﬂ‘l/l')vlﬂllﬂi]ZvlﬂJl,"UiJ\TJﬂﬂ‘]J"]quUﬂ\m’JLLﬂiiﬂﬂﬁ]umu‘lﬂLWS1$§]$"]5’J?JGI,1’iﬂﬁ

9 T ]
WouTdsunsurinldedu lufelinaiautid writability uaee li/annuainia reliability) daualshil

[l
A AA

a ) v @ Jq ¥ o o 1 @ 9 A 1 [} dy a 9 =}
riaadeiuinezeylan i ldauluddsswiula Tunsdinlimstanduanil szuuriadoyavsdl
A 2 o A 9 Y o 9 a 9 vy e
na lnmsasnnaeuiuiy Wufe Assasrvdeuanudnnu lavessiiadoya (type compatibility)
Y
W30U1ATUToN AN Houiuveriadoya (type equivalence)
Y o ] A v ° ' 3 A Y o P A
anudniu Idvestiadeya Swundosesniludestszian Ao AL 18 Tagde (name

compatibility) uazaud11 14 Iae Iagea 719 (structural compatibility)

Y A =2 a g AaA [ 1 . A& a 9
ﬂ?]?l!slﬂﬂ‘l-!llffﬂﬂﬂ‘lfﬂ HUIWON TUAUDUANUYDAININDU YU inf X, y; xUAS y amﬂu%uﬂ%yja

U

[ =~

A 9 £ A A a v Q. A o Y o v = A v
‘V]LﬂﬂﬂuvlﬂiﬂEJ“]f’E]LWiWZiJ"]fuﬂ"lJE]M”EIHJu nt (MUDUNU mmmnnu"le’ﬂﬂﬂimmin HUIYOI TUAUDYD

ad o A A 9 A A o % [} 1 qy o Y o 9)3
N%ﬂﬂiiﬂuﬂiﬁ]MTﬂiQ’dSN‘m‘VﬁJGUﬂH maﬂwm'lﬂmmmaﬂymzmmwmu%mﬁmﬂszmw
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type tl is struct {

int y;

int w;,
b7
type t2 is struct {

int y;

int w;,
}r
type t3 is struct {

int y;
b7
t3 func (tl z)
{..

}

tl a,x;
t2 by
t3 ¢y
int d;
a = b; /* (1) */
x = a; /*o(2) */
c = func (b); /*(3) */
d = func (a); /x(4) */

o ' ay 9 v 9 v a 9 A a
mﬂmaaEJNTﬂmmﬂummﬁnymmmu ﬂ?ﬂ?ﬂWucl%ﬁ%UUGﬁu@ﬂlﬂiJ“ﬁﬂﬂu’ﬂnﬁlﬂW?%‘]ﬁu

9 A 9 o 9 A
Joyandnulalasie

v
o v

% A $ o A < a 1 I
«  Mdslunssia (1) DenAanaaneatusiadoya (type error) 51z a 1Wuwiia tl ud b iiu
a v
¥ila 2 Dl t1 uay 2 3z Inssadranioununaiy)

o o v S a A o
. ﬂ?’dﬂu‘llii‘ﬂﬂ 2) NADUNIIE X AT a Wurie t1 mvouny

v
@

o o o a d o 1w a d a 1o dy
o Mdeluussia 3) Aamsizileansu func Uszmansumsiimessia tl uaaiaall

adaya b
{ o A
nluwila 2

' v Y
o I v o

o % a U 1 1 o 1] A 1o Y] Y
o Mdaluussia @) Aamsiziladdu func demnsuduyiia 3 uadidailddunls d M
¥iia int SuAINTlanTu

v o YQY w Y o P2 A ~ o o o e A Ay 9
ﬂ\?uuﬂ11"]5ﬁaﬂﬂ15ﬂ313JL"]J1ﬂullﬂIﬂfJ”]5E] i]ZiJLﬂW1$ﬂ1ﬁQGLu‘]J551/Iﬂ (2) IMUUNTUAUDYADNAD

Uy

v a A ! Ly Yo Y o Y v o
mmymmma@ﬂqumﬂ"uuﬂaﬂmﬂ%aﬂymzmmzﬂnﬂuUlﬂiﬂEﬁﬂﬁmin Glumﬂﬁm

Y

o o 1 g A §
Tilsunsudredu drdslunssiia (1), ), 3) Woulagndeunsiz t1 waz 2 doudlustiadoyaiidniu

v a Y I , , A o to o o a A
Tameiilaseadameluihy int v; int w; wileuiu uamdealuussia @ JanuAanaia

= o a 9 v o v 3 a 1 <3| . & A 1 9 1 [
lﬂﬂ?ﬂﬂ%uﬂmﬂﬂ”ale'wéﬂ\?ﬂ%u func gamnauituyila t3 ua d W int G]f\?ﬂ@')’liﬂj\iﬁi’]\ulﬂﬂgn\iﬂu
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o [ I [ 4 o @
111 Pascal Muuaanudniul@duuuudniuldlaess awn C Mdanyazanudniuld

T Tnssadeuasniiudoyariia struct Nn w1 C anvuzanudiiuldTasio)

d’ a Y
ﬂ?ill/ﬁf]'l!“b’l!ﬂ‘ll@%[ﬁ

Y
19 =

ug.ll o o a { a a d a
Tueaseginuuiidsdesmsyiiadoya T1 uadeyaninavussuiluriia T2 61 Tluaz T2

[l
= 1

I~ A @ < o < A { o
Wuriadoyaimdninldlsunsunaunsoiiauld uad Tivaz T2 Wuwiadoyaiaieny 019des

T¥sla ﬂu%ﬁﬂﬁfl}ﬂu_’a (type conversion)

msnfasuriiadoyall ldaesgiuny jUuuuusnSoni Tadsesu (coercion) lumsulaou

a [ wvAa J 1 . . . . % 1 [ o 0‘/
wiiadoyald Iagon Tuiia lasaow lwass (5on31 implicit conversion) Averusu Mdsnw C

ao 'l

int x;
float z;
X =Xx+tz;

Y A a gy A o 7 A a 9 Y o A '
amtls x wag z HPUAUVDYANATNU ﬂﬁmllwma'mmﬂaﬂu%uﬂmya X 1ﬂ1ﬂu float uazIoUINAT

'
o

< o oda A A v & . e S v 9 s &
PR NﬁﬁWﬁﬂlﬂﬂﬂJu%%Qﬂ!ﬂﬁEluﬂﬁ‘ﬂ!‘ﬂu mt ANUUANTI x = x+z; VNAU ﬂzgﬂﬂanulwmmuﬂmzﬂu
x = (int) ((float)x + z);

A a 9 A ~ ' Qg/ . I v o A a 9
manjasuatiadeyagiuunnaesseonin maay (casting) umsieaunlasuatiadoyalag
4 ! .. . @ ' o W J
Tdsunsumes (Send1 explicit conversion) MAAILENMTS x = x+z; ¥19du TUsunsumes010

LY @

A a g 4 g A a 9 vo &
1N ﬂlﬂﬁﬂu%u@ﬂlﬂyﬁﬂl'ﬂﬂ V4 LW]ucﬂﬂgl‘}JUﬂ'ﬁﬁJaﬂusﬂuﬂﬂlﬂial'a"llﬂﬂ X Ulﬂﬂ\iu
x=x+ (int) z;

$ a < 1 $ [l -4 [} . I
malasuriadoyaninvadnluguuanlvau wu 910 int lihilu float w3091n short
. I . ~ 1 o Yy 9 d?’ . . 12 1 Y "9
int 174 long int Fon1 M3rH1lEnI Ty (widening) vz hilinansznuaennugnassvesnidoya
1 = a 9 (BRI < ] I . ~ 1 o Y
muﬂmﬂaauwmayamﬂmumiﬂmuqmmmaﬂ w10 float iy int azi3enin msviluavag

. 1 [ 1 { [~
(narrowing) ®199zliNansznuApAIvEITeYa 1w 1.5 019gnildsunnilu 1 wie 2
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a d
53 ‘Uuﬂ%@ﬂﬂ!!ﬂﬂﬁ!ﬂﬂ1§
(Scalar data type)

a v s A & . A2 a4 "
yiadoyauuvmnmsduriadoyaiiugiu (primitive data type) MuAALY 191 $109U
o ! a g & g ~ 71 a 99 ¥ 9q ¥
1Ay, 9NUITE, AINIING Glﬁnlﬂ"llﬂy‘aWuiTL!U,‘]J‘]Juﬂ']EnﬂﬂiJW’JW]@3ﬁ")ull’]ﬂﬂ$ﬂﬂﬂllﬂﬂlﬁﬁﬂnqjiﬁlﬂi%
9
=4

@ (] . . ] o o [} [} a .
Fonldlddui (Senduily built-in) Taed1d ludesdsuddsadraiulvg wu siiadoya int, float,

char lunw C

a 9 o = .
yiAvoyaayiIuIUAY (integer)

I a9 A1 A o o ) I 2 1 o 3 Aa wa ~
Wuatiadeyanimizesdrauannmsranuauay ldemsmwauuan mslguiansn
o w o 1 a I'd 1
ansansginudeyalszneudie msmusmadiamans Idun MsuIn, av, o, M3, voqla,
a =\ =\ U 9 1 9 [ 1 Y J A [ J A 1w T W [}
s msnfSeudieualdun desndi, 1A, YesnUTowiY, MANNKUTBIMIAY, iy, i
INY
I 9 o < A Jd A YA -
manudeyaaviaumanluaeuianes donliismsdesgduny YR 5.1 ) jduvunsn
§ <3| <3 [ ] o a 4 o a 1 I a § o { v o
U 5.1 a) Wumsinualae ludesdisresuanernusiavesan 1Wuasnldna T luaswndesu1d
9 a Y] J 9 Yas a 9 . . ]
Avallszmaytiavosdlsarmiay 1935msnsnndeurtiatayauy static type checking 151
- - =\ < ° a = 1 a U < 1
My C, Java juuuuiaes (3UN 5.1 b) ImafumefuineiuytiavenuenanmsinuaIved

I ax = A o . . 1
éﬁ’mg,a Wudtmsnlslunmnnilu dynamic type checking (%1 7181 LISP

sign bit
l binary integer
110111

(a) No descriptor

type descriptor sign bit

binary integer

A 4

(b) Descriptor stored in separate word

A v & Y o < a s
'i‘ﬂ'ﬂ 5.1 Zﬂllﬂﬂﬂ"ﬁ%ﬂlﬂﬂﬂlﬂy’ﬁmﬂlﬂ”lu’JULW‘IJGLUﬂﬂiJW’JWI'E]ﬁ

U
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a 7 1 a o I {
TunneN N3 11NN 15U Pascal, Ada eyanalniszmasiadoyamuduaumaniil

a 9 =

' ' ' ' I~ [} J '
youwavoaegnwlugIwag 1wy 1 89 10 w30 -5 99 50 sHadeyaMmiuruaug HiFen

U

I Y
subrange ¥30 subtype Faligiuuudnlszme (1111 Pascal) fail

type natural = 0 .. maxint;
digit = 0 .. 9;
small = -9 .. 9;

days of month = 1..31;

Y a g Ao 1 ' 1 dy ' Y Y o
mﬂwumana‘wmﬂuﬂmwmmmﬁuu ﬂ%%’)ﬂiﬂﬂﬁﬁﬁ’mﬁ’ﬂﬂﬂ’ﬂ‘ngﬂﬁEN"UENT‘]JSLLﬂilI‘VH

A ¥ ] [BY, o g a 1 o o
ladotiu 1wy darilegiiuves d Miluwiia days of month st 31 waglulusunsuiimslddida

J T a 1 1A g
d := d+1; ﬂE]ZJU],WH,’Iﬂ3@'1“15ﬂllﬁﬂ\isﬁl’ﬂﬂﬁqﬂlﬁﬂuulf?{’ﬂﬂq"llﬂﬂ d Lﬂu"llﬂ‘]JL"ll@l"Uﬂ\i“]f’NﬂWﬁLﬂuulﬂnlg{

yiatoya@yi LI (floating — point)

= { o a o a { o & '
mﬁ%mﬂueﬁ'ayaﬁzﬂu%ummmuaumqﬁmmgmmuﬁmwuﬂiﬂﬂ IEEE Llﬂﬂlﬂuﬁﬂ\iﬂqn

A 1 oAA =~ o A A v .. =~ o Aa a A
o ﬂquﬂllﬂ')’llll‘ﬂﬂ\iﬂj\i@'] NIBVLITYNIN smgle precision (ETJ‘VI 5.2a) LLaZﬂanWiJﬂ')’]iJW]fN@iqqq 1ie

! . { : & A ! ,
i5on31 double precision (31U 5.2b) Flumwr C sxuriiadoyanisondn float naz double

AUAINY
sign bit
L 8bits 23 bits
exponent fraction
(a) single precision
sign bit
I 1ivbits 52 bits
exponent fraction

(b) double precision

{ v a ° A
'i‘ﬂﬁ 5.2 ﬂ'ﬁﬂﬂlﬂﬂ%u@eﬁ’ﬂy‘ﬁ!amﬂqujuﬂﬁ\iﬁ']illﬂﬁﬁﬁqu IEEE 754

U

a P a 1 a o a
Mneuiaaes n1Fluaugsne wu a1 COBOL, PL/I imsdwiiadeyamuiiuiuesa

{ g a ' . . 1 @ 1
szinniillumanaiion G011 decimal 130 fixed — points 13U A29819 1181 COBOL

X PICTURE 999v99.
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I 1w 9 < 1w a Aa o 9 a @ @
Wumsdsemamauis X 61,1’7ﬁ'ﬁﬂﬁﬂLﬂ‘]JﬂW]’Jmmmﬁuﬂﬂﬂﬂﬁ?tﬁﬂlﬂu?ﬂqﬂﬂﬁuﬂﬂﬁ'ﬁJWﬁﬂ LagInY

nasganAeudoInan (u X = 115.34)

yipdoyansing (Boolean)

a [~ 1 a <3 @ {3 a
wiladoyanssnzlianiiulldaosmne 959 (true) uaz v (false) nazdmalsiduaia
assng awnsmiunlfianminiessng 14 #9ldun msnseduay (and), n3o (or), Hids (not)
] a s o Y gy A4 A~ £ a A '
maunudeyanssnzluneuiunes  lasuanmsuddlgieniesriiaaieunual  true/
== 1 Yy a ] o a o Y a 1 o =& J =X
false NIiBIND LANTBNBINHIBANNIIVOITLULABUNAABS V2 E1989AT NazeEadmIMHa A 9

2 Y o A 9 A | . . 9 VY a '
uﬂmmumﬂgammﬂuﬁmaﬂymzm GI,"]ﬂWEN’d’Ju sign bit LL‘I/I“L!"UE]?;I,EIG]iiﬂZIﬂfJUlllG]ﬂ\iWinim1ﬁ’Ju

E4
=

A A ¢ A gy A Ao 2 Y s A Ay g s o
‘V]LW@E]GU'E]Q‘I‘]J@, Wiﬂi%&uﬂ‘ﬂVl\illﬂﬁiﬂﬂslﬂfnﬂuﬂlﬁ/lu false Ltazﬂmum'lucl%ﬁummu true (aﬂymzu

191 umm1 C)

yiadoyaonyss (character)

a o o [ o $ g § 1 o
Muneuimes Inen lunudeyadnuszalesriduoan (ASCID) nldilelinitennu

% 4 @ . { { o o 3 o $
nilalud (0w Java 1939 Unicode lfiilohaodludnsounquiiauoainivua nuandosian
A A a o I o [ 4 [ 1 o o ua.zl
UNUMEINNANAY) SHauead Iddudavan 0 83 127 iounudnUTLa1ee 128 9AUTY AU

doyadnuszdeamsmihmlSouiouddunou-nasld wu ‘A” < B’

yilpdoyaudnuaa (enumeration)

=

A v g a v A 1A o v 7Y 4
"]51!9]""@Haui]ﬂllﬁ]Qﬂ“ﬂu%u@]ﬂlﬂﬂuaﬂlﬂUﬂuﬂEJ'JﬂTVi“Llﬂ‘lﬂIﬂﬂiﬂiuﬂiﬂm@iﬂ?ﬂﬂTii%u%ﬂ
a v i 2 @ 1 [} o o
siiadoya wazmaie miull1d dedruguluniu C fids

enum Class {Freshman, Sophomore, Junior, Senior};
enum Class studentClass;

3 a 1 4 1 o w . o
Wumsszywiadoyausnuaemiye Class Taoliauiomua1aunn Freshman 1i/fs Senior Seihld
Yo o = 2 ' Y 1 o a 9 = 9 Y
MmdulSouionmla iy Junior < Senior m3Ismuawtiadeyaiuldmuanudesmsves

d Y [ o O'J 4 @ 4 [ o O'J
Tisupsuwesisuil szaeldmamsudidalullsunsudonnunmngldsamudy wumsl¥a1da
if studentClass = = Junior then ...
= A o 1 Yo w
PANUNUIINFARUNINT 1FA 1T
if studentClass = = 3 then ...

£y v A a <A 1 A 4
UsNNNMET C 1A ZPUMBIADUNAUNDIOU] 1¥U NI1W1 Ada, Pascal ‘V]E]“Lalﬂl.ﬂ@'lclﬁ

a 9

J Y V2 9 v o 1 9 9 Y 1
T‘]Jﬁu,ﬂ'imnE]iﬁiwﬂmﬂﬂlaya!,mﬂufﬂﬂmﬂmglmm A991710819 Class VAU mmauagiugﬂuuumm

e

@

I
7191 Pascal 9211 ua9i

type Class = (Freshman, Sophomore, Junior, Senior);
var studentClass : Class;
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5.4 FiavoyauUUANINAR
(Composite data type)

a a I a 1 1 & 1 )
wiadoyaney Indaiusiadoyantiauilungu (compound or aggregated data) ldunwila

9 o W A A4 a g 9 A a . a 9 =3 .
VOYAUDIANUNITOD13158 (array), ¥IATOYAVOANNNIDAATY (string), WHAVRYALHEY (union),

a v s A Y a 9 ] J .
%Uﬂﬂjﬂyjaliﬂﬂ@iﬂ“ﬁiﬂiﬂiiiﬁw (structure), ¥UAVDYANDYLADT (pointer)

a 9 U dyd 1 a g a 9 dgl a9 dy A oA
%uﬂ"llﬂial'mﬂﬁWuLiﬂﬂ??%uﬂﬂlﬂuuﬁﬂﬂMTWﬁﬁ stwzaiwmumﬂﬂmmjagawugmmﬂummm
4
=< o

Y o o Y a o 1 1 ] s o o ] Y ] .
LLa'Ju13J1ﬂigﬂﬂﬂﬂuiﬂlﬂﬂlﬂuﬂ1ﬂq3~l IBY 91359V DUAVIIUIUAY I WUUINNQVIIUIURAY (lllt)

o Y 1A Y
TTﬁ1Elmu’)ui’JTJS’JZJU],’JLTJuﬂE]iJLﬂEJ’Jﬂu

a 9 g o
FUAVONAB1ILTE

s I A o o o a 9 a Ad 9 2 o Ao Y
EﬂilifJ'ViiE]Ll,ﬂ'Jﬁ?ﬂ‘utl]u%uﬂ"UE]Hﬁﬂﬁ]lIIWﬁﬁﬂlﬂﬂm@ﬂaﬂi&ﬂﬂlﬂﬂ?ﬂu LLEI%?J%]WU'JU"UE]H@

U

A9 15U Alszmaluniun C

int A[10];

o [ o

I o s a s o X ° s o
L‘]JL!ﬂWﬁTJ'i%ﬂWﬁﬁ'JLL‘]Jﬁ A ’JWHJM%H@%@H?I@W?L?EJ “ﬁﬂllﬁﬂﬂﬁ’ﬁﬂﬁﬂmﬂym [ ] %11!’31!%@33&15]1811!@13!38

o

Ao ) v o & o < 'Y A o s <
UITUIU 10 6UE]?J”EI u,azmaganﬂmmummmmmumm LWIﬂ1L"lJfJUﬂ11J5$ﬂ1ﬁH1UﬂTH1 Pascal i]ZLTJ“L!
Y
gage 11
A : array [ 1 .. 10 ] of integer;

¥ @

4 I a <3 J . . 1
ganual[ 1..10 1Tunm Pascal Wlumsseymineauduans (index or subscript) Traian

o a <3 P $ <3 ]
1,23, .., 10 Aansosmualdminemudwandisunmlsn 1§ wu [-5..4] waneda -5, -4, -3, .4

9

a

& A A S Y a 9 A o o o ' s o o
PINNWN1NNIET C 11350 Java NOUANFADUTUAUN 0 INTUY LWﬁW%ﬂTiﬂTL!3mﬁ11lﬁuﬂ1u@13lﬁﬂﬂ3ﬂ1

5 ' o a 4 o ' 4 o ]
159159091 7w Pascal sygnalidimuaduangdisalszmnouvuenmilonnmusnuan1d

v W

Y
@081900 1)1l

type Computer Manufacturer = (IBM, DEC, HP, SUN, APPLE);
var profit : array [Computer Manufacturer] of integer;

9y a A a

I a 1 4 4 a o 4
Computer Manufacturer L‘]J'L!61511!ﬂ"fl’ﬂy’ﬁLlf‘flﬂlmﬂﬂnﬁﬂllﬂu%ﬂﬂiyﬂWwﬂﬁlﬂﬁﬁ]ﬂﬂﬂﬂwmﬁﬂﬁ

U

@ . < a s I3 ' o < A & o a o a 7 ' dy
wazaws profit WuriaosIsanUA1aUIIUIUEAY lﬂlﬂuwaﬂ’lvljq]ﬂﬂﬂiyﬂﬂﬂﬂwalﬂ@ﬂﬂa'lu

v
[ RY

o v . <3| o a o 15 '
aulumslemids profit[IBM]  Judlumsszydimaiilsvesuiin IBM  azmiulaims 1y

] q a & A & o ' ] ~ o o A Yol 2
VoAU UDUANFUNUN ’ﬂglﬂuﬁ’lm"u%’)ﬂiﬂfﬂil“llEluﬂWﬁ\iﬁﬂﬂ’JHJﬂiﬂﬂulﬂﬂﬂﬂ"Uu

) ' ° s o A a s 2 I~ 3 Yy o o o
mayjatmammauiumiﬁﬂ (ﬂiﬁ]ﬁﬂ?%ﬂ‘ﬂ@\iﬂ?iﬁﬂ) ﬁ'?lﬂiﬂlﬂu@1ilifﬂﬂ PNUUNITINTIHIUA

a { J an . . . o Y] [} [} Y
%um‘]’ayjaﬁmummﬂwmﬂm (multi-dimensional array) Jeennso1a dednedieniy C aeluil

int x[10][20];
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a

g o 1w v 3 s Aada v 7 R Y o
Wumsmvuaaas x lidluensisdaeaand 10 w1 uaz 20 aeanyl Fadrazilszmeaals
o A & o A
Tagaasranuuaednuil a1 Pascal aziiluaail
var x : array [1..10, 1..20] of integer;

MPIABUNIADTUNAIYT 16U A1H FORTRAN, APL, Algol 68, Ada autymclﬁ’szu
sudndfiiuyald wu luaw Ada mﬁwﬁw’éfﬁ x(3..5) awmnedamingn 3 Mluesisd x (M
Ada ¥haToanune () ieunueisdunuiiazle [ 1 wieulumui € FuRoumhiums 1¥amdds
x(3), x(4) taz x(5) mﬁszyﬁmﬁﬂcﬁzﬂwﬁwmhqf‘:ﬁaﬂﬁw M3 slicing @uazuil i )

4 . g _d aa aa
5U%N 5.3 uaaams slice 015158a093aA Lazaula lun 1, FORTRAN

L)

(@) Column (b) Fow (c]) Multidimensional
slice slice slice

31 5.3 maszygedeyauuesisddiemdenlesiniu A(1:4,2), B(3,1:3) oz C(3,1:3,1:4)

Tun1y1 SNOBOL cdﬁﬁ%’ﬂLﬂummﬁﬁ%ﬁﬂ%’agmmuwaiﬂ (dynamically typed language) 9%

d Jd a a J d a 1 @ v 1 1 Y
38n01515631 e (TABLE) uavaandnateluensisd daiiauanaeiuld dedednane 1

T = TABLE ( )
T<'RED'"> = ‘WAR'
T<b> = 25
T<4.6> = ‘PEACE’

9 o 9

I A s oA g o 1A o ' S
T Ll]ulﬂluawgﬂ@']iﬁﬂﬁlﬂu"u@lla 3 TUIU "lJE]H’dMUﬁuuiﬂE]gﬁmLmui T<‘RED’> Lﬂuﬂ'lﬁlallﬂﬂj'lll
Y

U

o A A o ] I (Y o A 1A o ]
‘WAR’ doyadindetegidumia T<b> mumanay 25 uazdeyadiNawegidiis T<4.6>
I v 9 ¢ N 3 Y1 1 A J I a 9 1 o o ]
nuaony ‘PEACE” sz ldnaniinunieluensististiadoyauana1any uagmsssydumis
g ' I 4 @ < A o v o . 4 1
913150uAaz 99z seluonTeduay nld Taen1u1 SNOBOL vz 1435 duius (associate) Fov04

o A 1 [} 3 [} v o Jdo U d o dgl ~ 1 . .
ﬂﬂﬂ”lﬂlﬂﬂf]gﬂluslfﬂﬂuu 1¥U T<b> aAUWUTOUAT 25 915158UVVUILITINI associative array
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M Perl im3l¥ associative array isuaeniu Taslaioanueiiey % hwmthyedauls

& Vo g g A L. Vo & g Y 4 v Lo
oszydszanndmlstiwiluriia associative array 1wuiideae liiimihnaie associative
array

%$ClassList = (“Michelle”, ‘A’, “Doris”, ‘B’, “Mike”, ‘D’);

' . <3| o .. < ° ' °
5513 ClassList fludauilsilszian associative array thudoya 3 3w Jeyauaazdiuiu

'
v A

1o ] 1 U {2 ] 3 1 ] ] 4 .
Uszneudogdwureres (3o key) uazaminulugesiu (Sondn value) 1Wuves¥o Michelle

P P Y

1< 1 @ ' Yo A
nua1 A fﬂi1‘]5\11‘1,!01'iL'iElLLﬁ@WI’JE]E]W\iU],ﬂﬂQM

$ClassList {“Michelle”}; #has the value “A”
@y = % ClassList; #make array y a 6-element enumeration array
for ($1 = 0; $1 < 6; S$Si++)

{print “I = ,$1i, S$yI[S$il\n”;};

v Ay Y 1< 1 ~ o W v
maansn lavziluam key taz value Iag key 9250981 UNNAIONHS
I =, 0, Doris

, B

, Mike

D

, Michelle
, A

HHHHH
Il
~

g w N
~

wlavoNaansy (string)

9 A a . 42} o o ~ a " W < 9 a
VBANUHIBANTA (string) YsNDVIUNINONUILTHAYONVTLFERAADNY MINVYBYATANT
2R o I 1 o S o o 1 % [}
vainziNueg luanyULY0915158¥0I8nV5 15UAIBE1TUA Y C
char name [10] = { ‘B’, i, ‘I, ‘', 10°);
I o A o s o ~ ] o o A 9y g
Wumsdsemaanlsye name ludnvauze15sduednusziuia 10 WIBUNIMHUAANTUAMITIU
SO~ \ o v & ! s @ ! a
Yoaw Bill Felinnuen 'l 10 dnvse auiudimimaevesersisdez lildgnldau aaselunimn
Y
o 1 [ < @
C WwasmeaeenuszIng (null character or \0°) @4tiu@ s name %mu%gaﬂn 5 9NUTE NI
4
UsmAdals name 9197 1adndnpazaail
char name [10] = “Bill”’;

° VA v o dgl "y o 1 1 < 1 o I ] a A
ﬂﬁiﬂﬁﬂuﬂﬂ%ﬁﬂﬁuiuﬂﬂﬂm%u Ulﬂ@lﬂﬂi%uﬂﬂ"’lﬁ%'ﬂﬂ UAMSINUAIVDIA LS name wuruaune
=) @ @ o A I~ o '

InYYDYAY 5 9NVUTY Tﬂﬂ@ﬂﬂliz%ﬁ‘ﬂ 511udnUIEIN
a <] @ < <] a @ <
Glumm Java ﬁ@liﬂﬂ%gﬂlﬂﬂil‘lﬁﬂBm%ﬂlﬂﬂﬂﬂﬂLﬂﬂﬂlﬂﬂﬂﬂ?ﬁﬁﬁﬁﬂ ﬂ?ﬁﬂﬁ%ﬂ?ﬁﬁmlﬂi%ﬂﬂ]u

@

< < e
ﬂ1§ﬂ'§$ﬂ1ﬁ§]ﬁ]ﬂmﬂ@ﬂu
String name = “Bill”;

v Ao

a wva [ a ay Yy 1 [ 1 a A d‘ ) dy
myUgiamsnuaasall ldnaegluuusanaieinldluuaazaiw Ugiiamsndagliai
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(1) M3 ¥UADEATY (concatenation)

9 A o1 99 A 1 a [}
Ny Java lmasoanune “+” Tumsi¥ounoans 15U

String fullname, firstname, lastname,
firstname = “Bill”’;
lastname = “Gates”’;
fullname = firstname + lastname,
// fullname is now “BillGates”

% 4 1 a 1
211 C 1Filana strcat Tumsi¥ounoans 1

char firstname [15] = “Bill”;
char lastname [6] = “Gates”’;
strcat (firstname, lastname);
/* result of concatenation is in firstname */

(2) m3lseuieuansa
= =% 9 I = =% o o 1 [ v W 9
msufseumeutennuazilumsilseuneuaua1aUNDU-1ad VBIAIONHT IUVDAN NI

@

o o 4 a I o Y
C 4ilandu stremp wvonfouiiouanss Tasfigiuouilandusil

int stremp (char *strl, char *str2)

]
1A

Y 1A [~ 4 J 1w FY v A1 9 v 4 v 9
ﬂWﬂWﬂﬁQﬂﬁULﬂUﬂumlﬁﬂﬂ’ﬂ strl (@ str2 mnu AMNTINAUNATUDYNNFUILUTAIIN strl U9y

1 A Ao w 1 Y 1 d‘ 1 v A 1 J 1 1
1731 str2 %130 strl YaAUNDU str2 HAZDININEINAVNATNINNINFTUY LFHANIN strl 41NN str2

3) MIAARBNAINIDIUDIANS
mifiadenansado (substring selection) vzdlumsszydumsvossnusznieluansa
Tun1w1 FORTRAN f1ds
NEXT = STR (6:10)

< @ @ o oA a < @ 4
Lﬂuﬂ?iﬂﬂlaﬂﬂ’é]ﬂ"’lli%ﬁnlﬁuﬂﬁ 6 ﬁ\i 10 91ne»353 STR Lﬂﬂkl%sluﬁﬁllﬂisdﬁﬂ NEXT

[y 1 ad .
4) MIVUAUNNNTU (pattern matching)
ad o o = S {
uwmdswilugiuovvesdindsingludennuy n1wr SNOBOL uaznwn Perl iilunmmin 1y

@ o ad U a A ad
dnyuzMIIVGUNIIRT NN IMEIReN IR oun msszyunndsulune Perl oz ldgiuuy

a Jd a . 1
VoIUNIUInA (regular expression) 151

/ [A-Z a-z] [A-Z a-z \d]+/

<3| ad 9 1 dg’ Y Y % nle 9 Y% A o @ 1
AUMITZYUNNNTUUBITBANUINVUAUAIAIDABTNNHUMNAIAITNYINTOANAY  MIIVY

ad v @ 1 1 ¢y
unninsuaae ldaadiednade 1l
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$ = <STDIN>; #Read in input to argument §
if (/ha+b+$/)

then {print “yes\n”;}

else {print “no \n”;} #Match § with a+b+

o " Y Y 3 o v oo Y o v > 'y o A 2 9

C‘I'JE]EJNGIH\WIHHJU?‘H?NTUGUE]?‘I'N?J NUUATIVADUUDANUAIAAUVITING (IATDIHUIY A) IUDINY
@ A A = 2 1A 1 ad £

UsINA (195091110 $) MoATINAOUNTONUTE a taz b Usngognie b (zyunmiisu /atb+ &

= 1 oA Jd a 44 YA 19 Ya do 1 Y 1a do 1
MeumnuinIulInd a’b )ﬂﬁJﬂiWﬂ;]E]giWWllWﬂTﬂ yes ﬂ1V13J3JW3JWﬂTJ1 no

a 9 = .
YUAVONAYLUYY (union)

= . == A A 1 1 &2 A & a g = =K I a
grugu (umon) Hu1end OR ﬂi@ﬂﬁmﬂﬂﬂﬂﬂﬂﬂ’iuuwEN“H“LN?H %umayjagmﬂuwﬂuwuﬂ
9 A 9 a 1 = a ] £ A I 1 Y
mayamnmsﬂszmﬁsm"lwma%uﬂ UANTINTVDYAIIY A B INIATHUN %maaﬂmmﬂmwm

= 1 g/’ 4 1 1
Usznnfenniu @red1asu Tune C

union shared_tag {
char c;
inti;
long I;
float f;
double d;

} shared;

5 o a 4 < S A .
uJumsmwumm%’agagzﬁﬂu% shared_tag ‘lﬁ’awnwsagﬂu%au“azﬂu%uﬂ char %30 int %30 long

A A 1A Y A = =& J 3 ] Yo o
150 float ¥15© double Lmlﬁ@ﬂvlﬂl,Wﬂ\uLUUl,ﬂﬂ? U VUSLINTHUIUNTUU IBU ﬂ?ii"]ﬁﬂﬁ\i
shared.c = ‘$°;
J A 3 o N Y a Yo o
LlILlﬂ1il,aE]ﬂLﬂ1JE]ﬂ"U5$ $ LL@]@]@?JWﬂﬁJﬂWii"ﬁﬂ?ﬁ\i
shared.d = 123456789.8765;

I A < 9 A o I A o a
L‘]J'L!ﬂWiL‘]JﬁEJMﬂTiLﬂ‘]J“U’E]ial'ﬁﬂWﬂsﬁuﬂﬂﬂﬂliglﬂu%uﬂmﬂlﬂTﬂ’Juﬂi\ul‘ﬂ‘ﬂ double
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ﬂfﬁﬂﬁﬁlaya Inse@s | (structure or record)

A v s A ) I 2 9 o A
%UWUE]Hﬁliﬂﬂ@iﬂﬁiﬂiﬂiﬁﬁi%ﬁ (structure) lf].]“L!ﬂﬁ'l,ﬂ'U"lJE]Hﬂﬂﬁ?ﬂ’ﬂ1u’)u‘ﬂllﬂ5$m1/l

HANAAY 151 Tun 1w C

struct EmployeeType {
int ID;
int Age;
float Salary,
char Dept;

} Employee;

I 1 {1
Wumsdsemalaseaivvesdoya Employee Milsznoudisdoyaddiu fio ID, Age, Salary taz

Dept Fauanslaseaiialadegli 5.4

U

ID —* 00012

Age — > 25

Salary —¥ 1100.00

Dept —» Z

1 v
51 5.4 Taseadumssamnudoyaves struct Employee

U

4 I o o
mstlsemalassadanomnudeyaves Employee $1uu 500 au awsni1 lddiemsaing

J o [ dy
91313YUDN struct AU

struct EmployeeType {
int ID;
int Age;
float Salary;
char Dept;

} Employee[500];

v A a o = o NYY o o 1 g
miszum@yjauumﬂummwummﬂu% 4 ﬁ']jJ']jf]‘V]']llﬂﬂ'Jﬂﬂ'lﬁﬁﬁﬂ‘lﬂu

Employee [3].Salary = 13000.00;

[ 4 o a kL 4 1
Tunw Pascal azizondoyalaseasiviusanosa wazawnsonmuailanlusnaesaliiia

@ Yy A ' . @ i 1 a A o I A
LL‘]JﬁNullﬂ (159071 variant record) AIDYIULU NuaUYINNNUeIzLeneenluaoslszanfe

@

o Ay Yo a A Ay a A v AA o @ AN Yo a I
wummﬂmmmﬁmmu (AZUUBYADATINUADU  LUAZIUNTUNINIU) uazwummﬂmmmmu

U
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9 @ 1

19919 (ziivoyasniAmd e Tue, S Tuaihaulnd, Suda Tueinualanal)

U

E4
=

J o o 1 [
msUsemasanesauuundsaulunien Pascal Llﬁﬂ\iﬁﬁﬂﬂiﬂqé’]}ﬂ\i

type PayType = (Salaried, Hourly);
var Employee: record
ID: integer;
Age: integer;
Dept: array [1l..2] of char;
case PayClass: PayType of
Salaried: (MonthlyRate: real;
StartDate: integer);

Hourly: (HourRate : real;
Regular : integer;
Overtime : integer)

end

v 4 s o o {
Taseadumsdanudoyaves Employee ftsanosalivinausdu’ld uaasdagiln 5.5

ID
Age
Dept
MonthlyRate HourRate
StartDate Regular
Overtime

a Y 9 o A s a v
iﬂV]55Iﬂ5QﬁTNmﬂgﬁwuﬂQTuﬂﬁﬂﬂﬂiﬂMﬂDWMUDuﬂiWu

U

a9 < 4 .
YUAVBNANDBYINDT (pointer)

@ { @ I a < 4 4

dunlsildSumsdszmailusiiadoyaionnss (@remilfnsosmue <+ lumw C uaz

4 o { % §
C++, 15091318 A lua1w Pascal, uazlddvonu ‘access’ Tummn Ada) azshminnmudiaun

o ' 1 o A g I 1 A . A o (=) Y Aa o 1

seudunisvesiitonnust  wiomuiuar  null wie  nil  iedehilimsdrededumialu
HUWANUD

3 s y 2 v o s A A ~ 9 9 ]

Woumasgnasniudieingilszafdetlszms  Ae  emsisonldmvesdeyalasdon

1 Y [
(indirect addressing) uaziems IileRreanuiuwunaia (dynamic memory allocation)
4

A1 C ao il naasmaisonldmvesdoyalasnsa (direct access) Aremsisenly
@ a @ 1 . . ] @ < 4
dudsalnd uSsuioudumsiSenldmvestoyalaodon (indirect access) Audlsiioonos

A a dgl ] o P =~
LLE‘]ZLlﬁﬂQﬂ?W‘V]LﬂWU“L!GI,L!Wu’JfJﬂ’ﬂlliﬂvlﬂﬂ\igﬂ‘ﬂ 5.6
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intvar = 1;

int *ptr;

ptr = & var;

printf (“%d”,var);  /* direct access */
printf (“%d”, *ptr);  /* indirect access */

1000 1001 1002 1003 1004 1005 address

mevar =1 | | | | 1, |
I
var
- 1000 1001 1002 1003 1004 1005
e e | L 42 | L1, |
I I
ptr var
1000 1001 1002 1003 1004 1005
pir = &var; | | 1004, | | N |
| I
ptr var
e 1000 1001 1002 1003 1004 1005
pringf("2%6d”,"ptr); | | 1004, | | AN |
| I
ptr var *ptr

P~ P} ' o A A Yo a g 7
zﬂ‘ﬂ 5.6 Iﬂi\iﬁ51\1ﬂ1ﬂiu'ﬁ“L!'JEJﬂ’NlIiﬂLlIE]?JﬂWiGI,"]M’JLLﬂi"BuﬂWE]me@i

@ 1 9 Y ] v I 2 o 1 ' o A
NNAIBVYINVWAUICINUIN ptr LA &var l‘]J‘L!ﬂ135$uﬂ\1ﬁnl‘ﬁu\ﬂuﬂu'Jflﬂ')qllﬂfl,u"llm$ﬂ

I = 1 ad 1 [l o 1Y o w ~ [ Y a 1
>l<ptI' lae var Lﬂumiszumﬂmmuagiuwuaﬂmmm N1TTSYMNNIWYATEN *ptr 138N N1TIDIBIAN

(dereferencing)
Y] [ 1 3 {0 [} . 4
mitszmeaduliioomesdeeszyd lifialszianla ¥y int, char, float) eld

Y1 o ] § a 3 $ 4 [ o [l $ 1 {2 o
aowlwans 3 Ndwriandwdlihiuennlud  @waasdeiednlugli 5.7) Tasarinuludn

< & 2 o VoA v VoA Y a
LU_ITWE]EJW]ﬂjﬂglﬂ_luc‘nllwu\ujN@um@\iﬂqmgﬂﬂq\iﬂq

int vint = 12252;

char vchar = 90;

float vfloat = 1200.156004;
int *p_vint = & vint;

int *p_vchar = & vchar;
int *p_vfloat = & vfloat,
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vint vchar viloat
— "
p_ vfloat p_vchar p_ vint B
997 998 999 1000 1001 1002 1003 1004 1005 1006 1007
1003 | 1002 | 1000 | 12252 | 90 | 1200.156004 | |

!

$ a @ <] v 1 .
51/ 5.7 msdredemvesdunlsiieaines liderlszinm int, char nag float

Y A Y a d‘ (5] o & 1 o 4
fni2511Lﬂﬂ"llE]Qﬂ?ﬂgﬂﬂNEN’NElTJﬂUhJ@lMﬂ’NiJﬂH‘IIMWE]ﬂTi‘VINWMSU'ENﬂ'E]iJllWLﬁE]i Tﬂﬁlﬁﬁ/‘ﬂ%

Y Y
v A A

A Y a g 9 1 v J d Y A dyo ] <] d o U
WVlglﬂfn\TENLﬂumﬂgﬁﬂ@ﬂl%uﬂWﬁﬁﬂ VN'L!LW'E]GI,TTfnimE]‘L!fﬂ'islf@nll,ﬂuxi"llﬂ\in]ﬂm@ﬁfnll@

=)

lunsain
Y

1 Y- 1 1 Y I [ §
pg1agnAes Asedae 11l (taauilunn1ddegi 5.8)

intif5] ={10,11,12,13,14};
float f[3] = {0.0,0.1,0.2};
int *iptr;

float *fptr,

iptr =1i;

Jptr =f;

printf("%d”, *iptr++);
printf("%d”, *fptr++);

A o P A s 2. 1A < a & o s &
%Tﬂg‘ﬂﬂ 5.8 ﬂ%ﬁ'ﬂlﬂ@lklﬂ'NﬂWﬁ'i%u‘]f'ﬂ?ﬂﬁﬁﬂ iuay f Iﬂﬂulillnﬂm‘ﬂ3%Hﬂu&@ﬂ“]ﬁlﬁ]\1613ﬁﬂ b

2 o ' S I o A o w @ 3 =~ = T dyc,’
HNUUOIA TV UAULTNUDIDITETY UUAD 1000 Loy 1250 fuaIay muumszﬂﬂmmﬂumm‘lﬂmﬂu
934

i==1000|f==1250
&i [0] ==1000| & [0] == 1250
&i[1] ==1002 | &f[1] == 1254
*iptr = =1 [0] | *fptr ==f[0]
*iptr+1) ==1i[l] | *(fptr+1) ==f[1]
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intif5] ={10,11,12,13,14}; int *iptr; iptr = i;
1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 ... 1111
| 10 | 11 | 12 | 13 | 14 | | 1000 |
/ [11[0] i[1] i[2] i[3] i[4] iptr
*iptr
iptr ++;
1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 ... 1111
| 10 | 11 | 12 | 13 | 14 | | 1002 |
ii0] .. / L[l] i[2] i[3] i[4] iptr
*iptr
float f[3] = {0.0,0.1,0.2}; float *fptr, fptr =f;
1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 ... 1300
\ 0.0 | 0.1 | 0.2 | 1250
If f[0] *fptr 1] 12] fptr
ﬁ)tr-i—-i—;
1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 ... 1300
| 0.0 | 0.1 | 0.2 | [ 1250 ]
f f]0] *fptr I 1] 12] fptr

i A o < s A A
g‘ﬂ‘l/l 5.8 ﬂﬁLWiJﬂWI’JLL‘]JiWE]Elmf]’imﬂ%m int (e float
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1 4 o 1 & o a, 1 a 4
lunsalvesmsdadoyaoisisdsznineilandu audefmuavesniv C A3msdinsines

I a o 1 o VoA 4
wilunnuTaemisneds  (pass-by-reference)  WuAeszldmsdadwmiasuduvosensisdlyly

9
Hlansu dadenaTlsunsusae i

1: /* Passing an array to a function */

2: #include <stdio.h>

3: #define MAX 10

4: int array [MAX], count;

5:

6: int largest (int x[ ], int y);

7:

8: int main()

9: { /* input array value from the keyboard */

10: for (count = 0; count < MAX; count ++)

11: {

12: printf (“Enter an integer value: ),
13: scanf (“%d”, &array[count]);
14: }

15: printf (“\n Largest value = %d \n”, largest (array, MAX));
16: return 0;

17: }

18:

19: int largest (int x[ |, int y)

20: {

21: int count, biggest = -12000;

22: for (count = 0, count <y, count++)

23: {

24: if (x[count] > biggest)

25: biggest = x[count],;
26: }

27: return biggest;

28: }

o ' o do o A 7 s o o I 4
Gluiﬂsu,ﬂiumamﬁwgfu 'V\I\iﬂ"]fu largest S‘UWﬁ"I?JW]'E]iHJu'E]'ﬁLSEJ uamammmummﬁﬂ

s 7 o A A A= TR T Ay S IR A ~ " W
UDNUUIAVDIDIILTY ﬂ'lii‘]_lWTi'IlIW]f]i'ﬁ]'ﬁLifllfl_lUﬂ'IC‘I'ILLWuQLill@]Ll"UE]Qﬂ'liﬁfﬁNllW'ﬂlﬂfl‘ULﬂTﬂ‘Uﬂ'ﬁ

9
14 noanos deno i

int largest (int *x, int y)

{
int count, biggest = -12000 ;
for (count = 0 ; count <y ; count ++)
{
if (*(x+count) > biggest)
biggest = *(x+count);
}
}
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A o a d A Y a Y Y o A o @ a
M1 C+H wannniaulsriaoones Mo01999a1 lasdeuudd deimsmruadlsrila
|dgl 9 = 1 Y A 9 a . A o £y < d A 1
TnivulsnuFoni auls¥iiao1999 (reference variable) NUMIMOUATIONOUADS 1NUIANTS
819891 (dereferencing) aiizUiuuMmdandendn naziinss1edalilaoda Tulda dedremdaas
9 ] o A 1 dy 1 U o A g o
gﬂmwimmﬁnwmﬂmmm (3Un 5.9) ao il nammNuuAnAITEHINA T siaTennes s

Y a 9 a
a3 ¥in01909

int dataval = 6.5; // regular variable
int *ptr = & dataval;  // pointer variable to dataval
int & ref = dataval; // reference variable to dataval
*oir++; // increment the value to which ptr points
ref++; // increment reference variable
dataval++; // increment regular variable

1000 1001 1300

65 | | 1000 |

|
ref " 11

*ptr dataval

1
ptr

A = = o a . a
317 5.9 nfFeumeudunlsyiia pointer azaiia reference

=~ < 1w a o 4 1 ' A A o

1NN 5.9 wmundlssianosmeseNANNIANAINTEHIN ptr niluredunls
<3 o A & = dy o % Aa 9 A (= 1 ] dy
Woumes oz *ptr Milumidagnd Tasdmals ptr uedulsyiadrede lulimsuenanuuanaiausuil
o A A 2 1A = & Y a 1.q 9 o va o Y a q9
NNATINITEYFO ref drnmodImMNgnmaNe ¥ulumioedsminlaedn luda dnvazmiodeli

Y wa 1 Y 0 1 @ ] s A a
Taoda Tui@wuidl  gmiwnldlume Java  Teeluiimsldaulswiiaiieamesiioan Tomaiia

Y a =
Jaranaialumswen lsunsy
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5.5 FUATOYAUINGIIN
(Abstract data types)

Y

a o Y q'/ o a 1 .
mymmjwama'3114i’lﬂﬂq‘UuTﬂEma“lﬂnmzﬁ%’wwuﬂei’fayaﬁugm 1Y int, char, float 1Taw

v ¥ s ~ v Yo a a 9 & Ry A s A
ll'ﬂ'ﬁiﬂﬁllﬂﬁlllllﬂﬁﬁ'lil'ﬁﬂﬁﬂﬂi%ﬂquulﬂcﬂucﬂ %u@mﬂﬂﬁWUiWuﬂﬂﬂgiuﬂ'lyqﬂﬂllw3!@@5“’7@“”%5

4
U

v

2 A

~ ' . . v A 1y o v A a g AYg Y A
13NN bu11t_1n types uaﬂmﬂuwumauammguaﬂummm fJ\UJ“]fUﬂ"UE]iJﬁ‘V]NGI,"]fWEE]

U U 9

'
a A

4 1 A a 1 a { 1
Tilsunsuwesada¥unudn Sona1 user_defined types wiladoyandl¥adraniuay sza319yuan

a9 d’l ' a 9y Y
BUAVDYAWUI U L1FU %uﬂﬂ]ﬂﬂvaiﬂiiﬁiNGlUﬂTH1 C

typedef struct {
float real part, imaginary part;
} complex;

< v a 9 £ 1A 9 a 9 & A A a9
LﬂUﬂ1§ﬁ'31ﬂsﬂu@ﬂlﬂ‘MuﬁﬂJu1ﬂN%ﬂ complex IﬂﬂﬁﬁWﬂ%?ﬂ%uﬂﬂlﬂNﬁWHiWﬂ float WaNTUATVDYD

U

42
complex 17 1%uudn Tsunsuwesmansatlszmeadns Ididuyila complex Tasail

complex a, b, ¢;

N o o Vg ¥ ) A g 4 ' v o
ﬂ’]‘]&l'lﬂE]llW'JW]'051/]E]']11!'3Elﬂ'J'lllﬁgﬂUﬂGlWE\lji“]fﬁ’lll’]iﬂﬁj’l\i"]f”ﬂ"]]@ﬂ;l,a"uuslﬁu GLWLW?J'IgﬁiJﬂ‘U

v v ' ¥ ' ' A as Yy v Ay A ]
ﬂjinﬁﬂﬂmﬂ%ﬂu%%’lﬁﬂﬂT‘ﬂSLLﬂSNﬂ?ﬂﬂiﬂllﬁ%ﬁ’ﬁ]ﬂ’nnﬁnmﬂmu IﬂNﬁ’iN"lJE]imﬂﬁmiJmﬂ%ﬂu

U

v Y
o o [ o

' A I a 9 ' ' S v a Yy a
‘m]Elmf]ﬂizmﬁlﬂu%umlﬁm“aclﬁn ’ﬂ%ﬂf’)Elﬁﬂﬂ’)mcmclif]uslumilfllﬂuTﬂidﬁiﬁmnqﬂﬂ AUNUATYAII N

a d o v Aa
Taa Tomamsnunmdananaln

9 a 9 dgl 1 o ' 9 9 < = 9 9 9 42} 1
msasriadeyaiulninudiesndnduy  iuiissmsadialassadedoyatiulnilae
TaildszynTaseasne niewiadoyade complex dwnsnldnuiuddwmielgiamsuuulaladiag
Y A = ¢ Y o Yy v a v o
msasriadoyalvinauysel asvzaoslimsfivua Inssadudeyanisluvesriiadoyariu
=S A o Aa va ~ o v 9 1 3 Y o ~ a’dy o Y a I
swdedimssmualfiamsiansonsginudeyamaniula mssmuananysaid ildnadu
a 9 A a " oAy
wiiadoyaszinniEenwiadoyauusssy

4 Y
=

A v = a v HAyg Y 9y K 1q 9. ' Yy v
riadoyauwsisy weds riadeyand ldaiunlnyliniidulassaiedoyamely
Y

U

@inzgeuneazidea duminiely  lueuanalddldmeovendnil@suuilawd lulnssadn)

a0 9

v Y
vazdmlgiamsiudoya Moygralddldmenensonldanld) dedlunm C++ o'l

1] T 1 4
ugaIMsMruarindoyauusTIude point NdeaNumINedtadoyagailsznouIunNiig x

uayy
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class point {
public:

point (int a, intb)  {x=a; y=b;}  //initializes coordinates of a new point

void x_move (inta) {x+=a;}
voidy_move (intb) {y+=b;}

// moves the point horizontally
// moves the point vertically

void reset () {x=0; y=0;}  //moves the point to the origin

private:
intx,y,

)

A 9 . = v A aw A ° 3
%u@]"UE]i;IJQUWII‘ﬁiﬁJ pOlIlt llIﬂi\iﬁiNﬂﬁJGLuﬂﬂ WNA X LAY y mﬂummmmmumm Hag

R . ] :JI A
Uszmeiniludoya private Aoldmwizmeluaaamniy  TdsunsumesuenannsaGenldwia

Yoya point 14 TaeTigiamsiaunsoldld 4 Ugiams fe point() Idhmuanniaisuduveye,

' ' Y
x_move() MHasugalllunuinnuuou, y move() Taeuaalulunuinnuds, reset() 1481muaga

v 4
lilnwina (0,0) Ared1emsisenldaiadoya point uaaaldaedl

point pl(1,3);

point p2(55,0);

point *p3=new point (0,0)
pl.x_move (3);
p2.y_move (99);

pl.reset (),

// instantiates pl and initializes its value
// instantiates p2 and initializes its value
// p3 points to the origin

// moves pl horizontally

// moves p2 vertically

// positions pl at the origin
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5.6 a1l

o a 4 o % M o 1 @ o 1
msmauvesllsunsuneunuaes laena lldnegdimshaudiuands  Tasdimuanm
' Y ' ' '
Sudulnnudauls apmntiusgdulasunassvesdauls ldawdwoausnmidsgaieves
D = o o & & 4 v @ o
Tilsunsu anuzgamedannomvesdmlinndr luvazivszsudiwenHadnsnsmauves
Y Y a o v 1 1 A o < 1
Tilsunsy @wsgndaluTisunsuezdediviadoyasidunminumeludisaziiuale ladhe
4 1< 1 { 1 @ 1< 1
e limanuawermsnfdsunassineludusiulledrgndes
a 9 Y o o 1 % 1 =y Y o [
maszyyiadoyalinuduls onvszyednganuneunatenlsaiutls (¥u mw C, Java,
o & . ] A 1 1 A 1
Pascal Gdauilu statically typed language) n3o ludoaszywiiadoyaaranii ualdisanuaina
- T ¢ o . t o .
515wm%’aHaﬁgﬂﬂﬁummziuiﬂmﬂiu (u e Perl, APL, LISP #seuilu dynamically typed
language)
y o A4 9 o A 9 . 34 9 A
NMIATNTOUANNYNADNINNAININGIVOINUFUAVDYA (type checking) Wuninueg
a 9y £ A Y o A 2 9y a
szuuriadoya (type system) Fuiluszuvndseneualenginamiiuiuinnmenstiaduldyiia
) = Yy Y Ia 1q ¥ A Y a A A A o a v
Joyangnavsnteingilszasnnee i Tlsunsupadoranaraiieniiesnuriiadoya (type error)
Tilsunsuflsiannderanartaduriiadoyarzisonil type safe 3o type secure M3IATIVADU
9 a 9 o Y A IS = '
AnugnAvssvesriatoyasmunlaiiudelszian Ae miasrvdevvmzaon IndlUsunsy (Foni
. . 9 Yo & o . o
static checking 19 lanun il statically typed language) taznmiastvaeuvmzsuldsunsy
(15901 dynamic checking T¥ruaesznan dynamically typed language)
a o o L% o a 9 dy 9 [ [ = 1
Muneuiees Iaena il dnszdmuagiuuusiadeyanugiuumdoutuainiv Sonn
. . 4 =% 4 ° a
built-in data type wazteANVazaInlumslFauninezeionlaseadrunelidldhmuayila
9 L 9 Yy ' 1 ' a o
doyalniduldan’ld Sonin user-defined data type mwiguluilagmwiznivuseiag vonn

a [l [ o oo o 1 { o a
aynamsaswyiadeyalvdudidlddeannsaszyilandumsinudng  Aaunsonsziiuyie

3’9
v
9 o

doyariuld Soni viladoyauwsssy (abstract data type)

U
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=3 v Y d'
!!‘]JUNﬂ‘Viﬂ‘VHEJ‘]J‘VI‘n 5

ADINONIE

1. weTdsunsualsemadanals 9y int x

4
=1

' 4
Amanbag(property of data) Mnatunnmsdszmedunlsiiiies lsihee

@

A = [} 1
2. Type system floog 15?2 Innudingedials?
3. Type compatibility Ainez 157 Iendaegaanviiadiedna
4. Type casting @1991n Type coercion 0619152

5. Abstract data type Anoz'15? 1ondied1anmilediedng

v
=

o C% Y A o A Y
ﬂ1ﬂ‘]3~|‘l]‘§uﬂ: 1ﬁlﬁ@ﬂﬂ1ﬁﬂﬂ%gﬂﬁﬂﬂ%fiﬂ

1. wasanaiuvealisunsunim C as il
int list[S] = {1, 3, 5,7, 9}
printf(“%d \n”, list[3]);
wadnin 189ndda printf( ) Aeosls ?
n. 1 Y. 3

f. 5 L7

Y
Y

. { 4 2 < o . { g iy <
2. 1 integer Mnilon 2 lualumsiudeya dwls list lude 1 szldilonnudeyanlud 2
o o
n. 2 ud ¥, 5 Tud

a. 10 Tud a 12 lud

4
3. msmnuartinvesdoyaaasaeae 1 nuldlunwla 2

String s1 = “hello there”;
String s2 = new String(“hello there”);

f. Perl 9. Java

A. Postscript . Snobol

o g § EL < @ o ¥ o [} y
4. §19nv5e (character) lunmiw C 14iiled 1 lualumsiu 1 dnvse Mdeivuateanuae 1
g & Ady  « g
Miend ludlumainudeya 2
char *s = “hello”™;

a1 lud v. 518

a. 6 'lugd 1. 7 lud

5. Mdalunw Pascal s lyil 11y data type 1szianla 2

type score = 0..100;
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f. ordinal 9. subrange

fl. enumeration . short integer

6. frdfalunwn C ae 'l iy data type Jszianla 2
enum days {Mon, Tue, Wed, Thu, Fri, Sat, Sun};

f. ordinal 9. subrange

fl. enumeration 3. array of string

o @ I a o Y
7. 1nde 6 Smvuadudls d fuvila days fail

days d = Mon;

v
@

o { o TS
mdaludelaniin 1 d Jauilu Tue 2
f. d=Tue; V. d++;

A, ++d; 1. gnYnde

8. MnsandiuvesTsunsunmn C do'lli
int list[5] = {1, 3, 5, 7.9};
int * ptr;
ptr = list;
printf(“%d \n”, *(ptr + 1));
Aeusnuesdnls list iy 3Avuheanusidumia 1003 fd printf() viusiA1la 2

n. 1 v. 3

f. 1003 3. 1004

Y
9. Wnsanmsema data type Tunmu C o'l
typedef union {
nt x;
float r;
} int_or real,
Y 9 . y & A s Y y & s A 9 . y & Ad o
tdoya integer 1d1iion 2 Tua doya float 1diiien 4 Tud wiiavesdoya int_or real ldniionn lua 2
4 4
. 2 lud v. 4 lud

a. 6 'lugd 1. 8 'lugd

10. 7111 C waz C++ IFilendulalumsdanuiuana 2
f. strcpy, strcat, stremp, strlen ¥. concat, copy, buffer, string

f. length, mid, str, pos 3. d+, d*, d-, d/
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