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dl
ava3dauLls Weridu aliadeya Aana uazBeau) Aldluns@oullsunsn azfasiniadenteaa
Y o aa A o = ' L = v o = o A a
dniupnaniRvesTamantiwane $endn1g binding nsAnenlidnlatianisinteesds
, = > y = A a A e @ o °o o =
pinee a1 nsdadsde luusumauansineiy iWuinerdidnyresnisdaullsunsy
Tuunilisnaznaae syntax Wuguzesde AAslunEilsunsy guantFRvesdiaudls Telszneudae

1iadoya LoALMIA wazATefouls  wanaINHEaNa19eMANNIg binding WAL binding time 39MY1Y

TUATDITDY R V]QV]L‘]J‘LM‘LAWII@H@WI@TLA LL@Z‘HMWH@H@LLMUNIV’IN@?’N

10.1 %Q(Names)

P oA =2 o

aunazyaiesiauls azaeyaieAnaniRnugwetmilewibulsieuiuiae T uananie

a

4 9 o o Y o oA o y Y I I~ . = -
AZINENTRIALALLTUAY HQLﬂﬂQﬂUTﬂTQ@?WQ@u“’] Tuldsunsugiog Wiu Avped Tdsunsueas wisdmas
dl A = =

LA B s = o , 4 de
ToVTRFENEANeLNMIN Identifier uNeDsamTanldluNNIsEYResing (entity) Tulsunsu Fansiag

= O A oX ‘o < o = P I v X
Na1saun lunnessTafuuag i syntaxk Pa9n111 launau mm%mgmmmmnmmmmmiﬂu

U

®  ANNENNTENTE  (Maximum length) Nsnlisunsslugausndninmusliadinonuennla
1NN | Fortran AMuuAliRANENY 6 fadnmsuaziludalunvianun Fortran Tuge
PRIRQEFNVLNLAINLN9TU 111 Fortran 95 nnuualilainiu 31 dadnws  Tuunanim il

NM2911AANNENT8T uiaaazlfAud A lannzanETENSuaIuILuilagy nEn C

unasturdalunnenieidu C# uag Java filianiaainuanauay ldmanudn Aty iunen

Q

o o

® fdnassiiAn (Special character) wane®] Nuayye W dRaENwssfAEld 1nantm

e lildinessaiReavizaneiowinty wu e lunguiseaiunimn C ayyalild In

1y

a9 (_ underscore) Aty wslsifidannualunisld unanimn wu Cobol eyl
1t 2m (- hyphen ) Tausdasladldiufuiseasineds

® ANUANANIEUdFRENHIANuATnenes g  (Case sensitive) N lungn Pascal
A 10 &K K o o =3 1 o :,/ = dl 2 o o =3 [ o 1
visa Ada azliarflsiesdneadnlug Auiuns@autefasadneadnlug)sneis

A @ G| dl = o dl v o | A U
alpha, Alpha 1172 alpha Analuralaafi GH\‘I"QZ[ﬁ]i‘\‘i‘lﬂ\iﬂﬂﬂ’]‘]ﬂ’]sluﬂigﬂﬂﬁﬁﬁ C aznan

'
a

4 2 T I Xo o S 9 o v o ,
Taviealdldtedaaiy  wanannidilunaneiaieanuduaunldiduiu e PHP 7

P X Y ° o
‘ﬂ‘ﬂﬂLL‘LI‘LISL‘MNVN@@Qﬂ?mmuﬂgﬂu@ﬂ‘]ﬂ’mzﬂ’]iuﬁiﬂlﬂ]

4 A

e Al (Special word) Tunimllsunsulpasinazingudannivualinewuds e

il ldvadiaouunnaanizadne  uazldaunsoianldlunsestelsd  nguAmanll

] o o o

#8N91 AN499U (Reserved word) 1138 A&NATY (Keyword) daumnsineAn Keyword ag

ol

20

uagiusunsaudng enatnnldssmals us Reserved word aglyianunsninnnldssaae L

foatinay lunnm Fortran A191 Real  Welusuilszlupndoniusasdiaaznawiy
4~ o . . v . .

keyword TaRANNUNIINTUNNILIEAARIULT WAMINANNAIYATEIMHNERAUART AT

& & o v oo
DawduTasaulls AvFaatng

Real Apple
Real = 3.4



10.2 Aawils (Variables)

Foulaiudaildlunstnsdaaadisanguigadlumicaanindaman  Gadedudedndnylunis
=~ a o o a o > o Gl A Agyy K& o | \ °
d@eullsunsuidaindauaziieing lunwisaesiuy daulsine Tanlddndeiiumisesaganuan
(Memory location) siuAafaulsazilunis binding TaiumIumle (address) nindeya (type) A1 (value)
o . . X o G @ on £ Ao o oo Py ¥
wazangnisldenu (ifetime) wanannil aauianresdaulsfiludnamuantiinienddynandudiecs
A v
N7 binding TIA 2 dnenie TEun
® static 71n17 binding aziiATunausulLsunsa (before run-time)
® dynamic Ain17 binding aziinluanziulllsunsy (at run-time)
da T S T LV v ey
naluiiianis binding @ wiudaluEesddny setradu nenlaauindnazld  static
. 2 ¥ A = ¥ V@ Ao 1o v '
scoping A8 fasiin1sdszniAdianeunis@anldiane  uAnduenAdeldandludedsznidaundnag

#1519 119 binding 2esTesaulsiuAmuantEsne) Suenadulfviuuy static uaz dynamic

AL LUNUILAINNAN (Address)

o Y = s \ o 4 Y = o \ o =
[5]']LLﬂﬁ"sz@\iNﬂq?LﬂUﬁqimuﬂuqﬂﬂqu@q Eﬁ\ﬁqzmﬂﬁﬁ\mrﬁﬁ‘xumq%ﬂuﬁ (address) T@QWFJLL‘]J‘J‘ EiN

anudaraasiaulslunienldsunsnlpadaunnn azidanuoissasaliil

a

o A o o A o y A o - , ~ = , o
e dulsTameaiuealmuvianseiu  Welsngedauazi  warEunldluaainsneiu
melulilsunsuimeandiu frastinady Tilsunsudsnausoalilsunsusas®a subl WAz sub2

a o

< o o w o 4 oo Do o - T
FIVNADIANANATULL local TR sum AU A9l Fudsveaaasned ifaadeeii

'
a

o  FaulnReniuanalAwanfneiy lunatfaneiuneninissullsunsy faatinagu an
Tsunsuelaadisoutlsuuy local WeainsFanldllsunsutiesusiazaiy n1ssvydiuiieang

Anudsnanaaziansngni

Y o

e dsuilsaadsinanniradntenuurisltng A NAI A WIRER Ul aziBandn  Alias
finaeinaimi fauils total WAy sum Wi alias AN TALUAN89F9LT total AazlNany

ANYB9FALLT sum Aae Uiy

ANIaInLUg (Value)

=< | A I

Armeddautls wnneds Adifiveglumitaanindn denaluduauiin Auuass fvdnus
o \ ' o Ay P X ™ ° P o = T A Y R o
Aundalunidagninuan vizedeyatilnau Fuagiunisnivuatiinredsiouls TeuneaiadeLsgnenem
wilsenaazifinannduanindesnisdraiedayaniiuag ludauls wisednedesumisaasdaulsiu

nw Algol 68 lunwusnfiszyannuansnereinisldtevedaulsunusiumds (-value)

AunsldieaesdanlsunuAfiivey (rvalue) WansanAndenmuaaiseliil

X =y +1;



o 0'/ Y % (= o 1 Y o o 1 1 o d‘ v s dj v
anAdsdnesy iunsnuus At lfuA s luiss AN AN uERa Ll x e ldann
HaUNIasAaadsauls y uandu 1 &unmgn dautls x fegnisdnaie (value) unnanamumL A
o A v A I . o |
foutls y Hagduaanila (rvalue) wnnadeauivag lusiumis

Tunnenisdy A ML azatduayunisgnesiaulsuny explicit dereferencing maldszynig

#efaudsinflunisensieavirenennsa latnedaiai 1 nsld operator | Tunnsgnafiam vy y
X =1y + 1;

amFusaudsuuy pointer nsld explicit dereferencing Aindslaad 1 luntwn C/C++ agld

WAFeausng * Tunn981909FaLLTuLL pointer A9FaEiNg

1 int x=1, y=2;
2 int* p;
3 p = &x;
4 y = *p;

ansaetne Adeussiausnidunisdsennasiouds x waz y inliiiansaesfiundnsufauds

Ragea wanAn 1 way 2 ldldlusnumdsiumnansy ussinRaeadunislssndsiaulsuuy pointer

4‘ = Y @ 1 . o o o 1 o o O ] QI/ A o 24 .
Ta p NEAUAT int UIsTANAN sRumderaasiauls x ldlddamuilaans p tiuAenmualid pointer p
FlUnsumees x wazussingavinaduninuaeliiusouls v Taenailédainnis dereference p
d‘ @A 1 dl =3 I o 1 ol/ o 2l o a 1 o
TefiRaAMLiLegluA LT3 x Ties HannsiuarldaAtmesiouls x, y uay *p HAwiniy 1
Fautlsanantiadlu 2 Ussinnie
, , . a X v o d o o . X
® static variable foutlsrtinfiaziauinlaseaiianuiuen Wadn1nMuAsauLlsIY g
binding NATUABLIIAT run-time 1 N13UsznAfauls int x TWA1® C azianisaes

& v

e lundaganuanan 13dmiuiudeyatlssinmaiuwiwsin uazvinnis binding fudie x

P Ao

A = Y R o < | 13 ' o =1
Wadn1sgeneauls x Aazizanldamniives Tuaumiil
, _ . A X o & d oo d oy v Y
® dynamic variable  sulsniatiaziinisreiileMmiceadnanileseanisldaintu
. s X o . o X e
Aeil N9 binding Wntulutwean run-time AYL9se lusaudsaiiatlinaidunumia
weantiagANaTaiudeyansienis saatdy faulsiszian pointer viseanalunig

dsznasiaudsuuuenfistiaglisyyaunn

a Ll T
TunUIaya (Type)
adanessanlsaziilunisninun daeAaessauls (range of values) Miulils waznguanssi

ANTUNNT (set of operations) AnuualinssinAuAITeTiadayati fetvduy 1adeya int Tu

a

a o o

N Java aziiAneglugog 2147483648 D9 2147483647 uazHfaniiun1aMeAdiafanINing

o
dI/Lsz o o a v !

UIN (+) AU () AL (*) M9 (/) wazmseaw (%) fuAnmanidls dAmiuaiindeyaaznandslnaazioun

a

Tuiade 10.3



» I
a1gN15 149U (Lifetime)
o o = , A o X A \ o g va o =
’ﬂqﬂqﬂqﬁ‘iﬁﬂquﬂ@\iﬁnuﬂ? NHIEDY m\‘iL'm'mNﬂ'}ﬁ‘mﬁumwuﬂuﬁmﬂm’]mﬂ‘mm_lmLLﬁi‘ i
@'\NWTDLL‘H\?@@ﬂLﬂu
® static — 11119 binding NaWAaZFN execution (load time binding)
® stack-dynamic — %1117 binding 1lafinsdsznAsaulssiadu (runtime binding)
i~ ; a ° & 1 ° . A A X A
® explicit heap-dynamic — ANIAMUANUN/TAA [WndagANan (allocation) VIRAUNUN L1
MiaeAIINAn (deallocation) tngldAndalaams

® implicit heap-dynamic - §n"7 allocation %138 deallocation I lEAdanunmA

AAULAR (Scope)
a a o Ao o = R 9 o = = o X A \
paNawmas ugAuINEMngaNananin  nadisuldsunsuasseAntedanisldnunlumioe
o v =® 3 Y a a o -ﬂl A (% Aﬂl = a
ANANARE AasniAALUIAA lUNTINMUATe LA TaYEaRILLT  JLIATesTe MaNeDe LT
vradiurasllsunsunanunsnBanldvradnnedelsd  vieFundnTdsunsuaiunsonaadiu (visible) 16
4 4 o
nztafelusauanniuug
AU static scoping A£1N19 binding Farudaurasltlsunsunixatuianitling i source
program A4t static scoping az@rnnsamzaadeulaludasnatrening Wesannig binding e
annson ldlaanisiansanansdaldsunsy wananniidedoamnlillsunsuanuliing uazatiuayunig
nsaa aeultlsunsnluanizrenngsne nenadelvd @i C/C++, Java, Python 5N I static scoping
9u‘l/ ‘;/ o = ] dl =3 o Aﬂl 13 = U v ]
WAY 2aumresioulls A dauaesilsunsunanuisaneadiusaudsinmuauas Fanldeuls Wy Tu
n1EN C 1ise Pascal faudsuuy global azanwnsaanldauliainaaninislsznialiauaullsunsy

dousiautlsuin local azgnandalifldldiane block ARnsUsznAsaulsldvingu Assatnalilsunsy

A C el

N

void sort (float a[ ], int size) {
int i,j;
for (i=0; i<size; i1++)
for (J=i; j<size; j++)
it (ali] < a[i] {
float t;
t = a[i];
ali] = a[il:
alj] = t;

@ N o o A~ W N

11 }

qINFeEN function sort 419Fu TeLwsBesdauLs t avayludeiilsznalifeussian 6-9

'
o

= A \ - = g v = ¥ R yu ° A
LL@ziﬂJN block Wﬁ@uﬂﬁiuﬁqqu ANUU t @QLﬂuﬂ’]ﬁ‘ﬂq\iﬂQLLUU local Ll,ﬂm’]mmm\imimL@Wﬁ:mmwa

e

di % al' o d' i 2// d’l o 3% =
meluATesnung { Tuussian 5 uay } Tuussviaf 10 Wl uanaInini=n C nvua lisesdnIg



'
o v

dszniadautlsneuiinisGenldluAdesion dowlunimn C++ uazr Java ayryinliiinisdnaiadaneuh
azinisdszniels Fenda forward reference ansiveEnAN TeLLR9RLLT a WAz size avag Lo
Y o Soa 4 . o L4y d .
us3¥iA 2-10 umeagnelwazaanung { Tuussind 1 uay } Tuussyinfl 11 Wiy anuzhaauaLe96o
. . ) = o | P o o X o o o
uils i uay j azagnielu block waaiu uwsazdedeazfeainauniaudsainnistszniadaulsTuussvin
72 Teennsgneesiauds i ludaaussief 3-5 wazenanadautls | ludaeussiad 4-5 uuuy local
Tuanieznnnsgnafamudsis i uaz j Tuussian 7-9 1Wuwuy nonlocal Wesainussyiah 6-10 uaevuiam
L oA , S o . .
daefdouagnieTuseuanninisszniAsiouls i uaz |
A = L A o o o Ry P~ o
seuaniauladngluuunilsaantds for lu C++ visa Java fdenadnislszniasiauls
. X . 2 e A
pouAn v lunsdilsananessaulsmupuilazaninatianiznielugiivintu Assetig

for (int i=0; i<10; i++) {
System.out.printin(i);

}

e-- 0 ... // invalid reference to 1

andaate magnei | neluuengyl for llanansarinlf esannsenavessiauls i azdaia
'ag_uimwwmﬂ‘lu@uﬂwh&u

@21 Dynamic scoping tha s binding %‘vﬁ‘@ﬁqu;ﬂmx’%u@gjﬁmﬁﬁun’nﬁm‘lﬂumﬂmm
Tildiumisfidsznid  nnsdumnistsznsazdummuddunnsBenld  eaznanadenldrnsiu

15NN A9RIDEN

MAIN
/~ declaration of x
SUB1
declaration of Xx
call SUB2

UB2

N—
S

reference to x

N—

call SUB1

...

A nFaeeg Tlsunsuudn (MAIN) Jn1stsenndsiauds x wasTisunsusias SUBT ARnNssznneA
fautls x wuiis Tsunsumdninnsdanld SUBT 39 SUBT Alld&aBanidTisunsueios SUB2 Tu SUB2
finnsdnaiadoutls x dnentisunsuiild static scoping nnsdnaiedautls x lu SUB2 azdnsia x 7
Uszneldlulilsunsundn usénld dynamic scoping azmanadie x Ailsynnaldlu SUBT faetnenmi

14 dynamic scoping 8 Perl, LISP, SNOBOL4 i{lusiu



10.3 7UAUaYa (Variables)

peviald  punTisunsusnazilsznausqeaiindays 2 Uscianudn Aa alatayanugIu
al a a9

(Primitive data types) meﬁm‘ﬁmﬂmmuﬁﬂﬁ%ﬁwum (User defined ordinal types)

%

ﬁﬁmi’agaﬁugﬁu (Primitive data type)

Tnewinll nwnlisunsuazinuunidnguasaiindoyatugu Gea1unsntinunsuiuneasng

49

= a v = ¥ Y a v X Py
Husfiadeyawuuilnssaiald stindeyaiugiutlszneudos
® gaan (Numeric type) Kt LATANUIAN (Integer) 18TR11IUATN (Floating-point) A1

AUANIN (Complex number)

al dJ = = A a A < 1 :’/
® AU (Boolean type) TIHALNENABIAIAD 34 1178 A WINTIU
® §iadnwms (Character type) alindayaniifiuswasiainadeldunusadnasesine

¥ |

a v =1 a a o N A 1 o ' | ° @
mummﬂawu‘gﬁmummmnu 'ﬂ’]@&l‘ﬁ'ﬂL?ﬂﬂ[ﬁl’]\iﬂl&iﬂslul,l,m@?éﬂ’?']ﬂ”} U A uadn N

Pascal I integer daun 1 C Ut int 1w

ﬁﬁm{l’@gauuuﬁ;ﬁ%ﬁﬁuum (User defined ordinal types)

'
a gy a

tiadeyangauidsunsnarnsanunauludld Tnaenaaziluntsssdestindeyaniiatusn

a

Iulu (rename) WiuFaatinaluA19 Pascal falilil

Type Int = integer;
Var a : int;

o

A @ oy X e e X
isaluatindayannuuntuies (enumeration) Asdusnaginglunie C sallil

enum day {Mon, Tue, Wed, Thu, Fri, Sat, Sun};

| %
=1

A a ¥ aa % dJ % a ¥
m‘@m@Lﬂumum@g@mu‘ﬂmqmw (Structure data type) Gﬁ\‘im@%ﬂi:n@ummumﬂnmﬂawuﬁm

49
a b dl o n;( 3 ' o v ac o 1 -:’4’
LL@zmummﬂ@wmuumummnix‘vmWﬂnummmwsmm@iﬂu

® Cartesian products Llunstiaiindayanmileuiumzasiaiunngmii iadnsnldazidy

a

a v a -dld g ¥ 1 1o o ! a v Ly
wiindeyatiinlvainirvesdeyaesluslaandy 1w sfindeyadszinnisnesn (record)

yisalAsaada (structure) AawaR9saeinalun C d19anail

struct employee {
int id;
char name[20];

}
PN . | o IS dal, d‘ ' o o o rai ¥ | a v d‘d
® Disjoint union Lﬂumauwummﬂawuﬁmwmwﬂummmu N@@Wﬁﬂi@'ﬂmﬂumuﬂﬂﬂ?ﬂ@mﬂ

49

¥

Anfuatinlardaniiawing 1w 18adeyaiszinn variant record s union Assinatinglu

A C el



union myUnion {
int 1;
float r;

}:

union myUnion u;

o/ 1 v ¥ 3 . @ (=] o/ dld a b o =3 b b =® [~3
AMNAIRENNTUINENDN ui Adzidusudsnaiadeyaduaiuauin §181909 ur Aaziuy
o n;d a 2 [~ o a
sudsniaiindeyaiduaiuiuass

¥
=] a 2 o o

Mapping tHunsiraiindeyaiugruaianesiunisniuiunguingldauduiudiuy

49
Wertdu  wadninldaziluatindeyanfrnaesdoyaananniidhldivesdayadnianmiis
] 4

1 a ¥ '8 lij [ [ a l:i 1 1l £ [
vy aiadeyawuuenfisd (aray) dednduriadeyannimllsunsudaulun lild s

fad1elunie C dsstellil

int A[10];

float C[4][4];

char S[20];

Powersets lunisinaiiadeyasiinmaniunnsandnfsiuadraiuatindayauuuanfised
win1safiunsiudeyaavimiewiunisafiunisiuanluneadinanans 1w union,
intersection, different, subset Asfianeinglunne Pascal sinliil

Type color = (red, green, blue);
Hue = set of color;

¥

A lsunsninesinliavfeeiinnsnsadeusianiena (Type checking) naunazfinisaniiu

al

A

ns (operation) 1o iedlesiulililusunsuvineunidul)ldtusdadeyauiiey wu dideya

fnw3zaniin operation A Audayayau nsnmaseusiadeyautiaiu 2 dssinmandaanani

ATAADL A

Static type checking mgaagautiadayalutaaainisulalisunsy (compile time) Iae
paragauiTiaesiaulsiinuunignaeaiell

Dynamic type checking msaaaeutiindeyaluteoainisineuesidsunsy (run time)
soutanimazliannsonmaseulidniusaiindeyasessoulsgnseaiali aundias

Fultlsungs

Y a [~ a [
10.4 1aNANTANBINASLAIU L IANAITS
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