UNN 4

msudamuuazmsiszuiawa

(Language translation and processing)

v a J J 4
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ug.ll 1 4 a o 4
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~ Yo 1 Y d' o d‘ [ =
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& [}

o A Y v (] = 1 [ A
ﬂTH1ﬂﬁ1/l1Iﬂ5&Lﬂill‘ﬂGl°lfﬂuE]gﬂﬁ]i]‘uumﬂ! M1 C, Java FYNNNIHITSAUGY  LUBINN

Q

]
=3 1

o @ 1 1 Y] 4 a 4 1 4
sUnufideang  vesmwiegluszauiginianudiliveunsiosnoniiumes  nwnIes
a J Y o M Yo A = 1 Y] :; & 9 1 A
ﬂ@iJW'JLC‘IE]iHﬂGli]LLfI%ﬁﬁﬂiﬂ1J5$3J'Jf|WEI@]ﬁJﬂTd\?Vlﬂ‘ﬂu%ﬁ]%ﬁﬂﬂﬁnﬂﬁﬂi%ﬂﬂﬂ? “]f\?vlﬂuﬂﬂTHHﬂiﬂ\?
. A Ay aa Yo A 3 19 A Ao o
(machine language) MuuAselivoAne dnsnlszunanalasiuilunansag uadedendinny
A o @ Aa % I A 1 A o Y Y =2 9 = Y
o gﬂgmumﬁmmmmmm ouag 1 ll“lfal‘}elEJlfUEJ“L!LLEI3@114“/‘!@1/]1?]313%%115]‘1@Eﬂﬂ WADIUNTAIWNIRN
Y A = ] 42} =5 Y Y a 42} '
szﬂuqmmmmzmﬂu"lmm"uu Lmﬂ@]ﬂﬂ%ﬂl%ﬂﬂ?ﬂﬂ?ﬁﬁﬁﬁiﬂiuﬂﬁNWL?{H"UMZJWGU’JEJGI,Hfnil!,‘ﬂﬁﬂﬁ‘l
Y Y o A A s A a J 7
ﬂ?HWﬁ%ﬂUq@iﬂLﬂuﬂWH%ﬂiﬂﬂ T}Jmﬂi‘nwmﬂummﬂamgﬁmﬂizmﬂ 9 BUIMBDINTANBDT LI

]
=

¢ & o ! ! o ! 4
aowlwass Tusunsuisdesdszianimdn wasunmwszaugaldedluglunuvesnyuaios f
7 4 o % 1 [y v A Y <
g1 auns amnsoiinu ldiui uagduuumsmlaluilgiudeulannnmszauga iy
4 A e a , 4 - 4
MBUATBIVOUATOITNT DY (virtual machine) uaziiovzszuianasiazulasninmuyunieauu

4 @ < 4 { a 3 Y A E( 4
nTeednaaiouliidunpuaioshiuiess Welliedss Toxilumsindoude (portable) Tulsunsuly

szurana lduwnieoariateszuy

a ¢ J Jd
4.1 ﬂu!ﬂ@iWiﬂ!ﬂﬂ‘i!!ﬂ%ﬂ@ﬂuh"l!ﬂﬂ‘i

(Interpreter and compiler)

'
o

a ¢ o s A A o Y A o Y A ) &

sumesnIawes Ao lsunsuiiminnuladmdilumwssavgalniunmyunieanionns
o o w | o § a 4 4 I a { o
damsdszuanaiids eaauiuomunmidasgln 4.1) Sumeswiames Judulisunsudiebnsy
a 1] U o $
sunailudn TsunsuiSendn Talsunsudunia (source program) uazSudoya (data) Nervdeels

sznoumsmauvesTisunsudunia

Source program

—
Input data /

for program

Interpreter
P —  results

machine

A Y o a J A s
'i‘ﬂ'ﬂ 4.1 Tﬂ3\1ﬁﬁWQﬂWﬁVﬂ\ﬂU“Uﬂﬂﬂul@lﬁ]ﬁWﬁﬁm'ﬂﬁ

U

a s s a ' o o
ﬂizmumsu,iJam‘bnl,La:miﬂizmawamamumasw?mma ﬂ%tiﬂﬁuﬁ?ﬂﬂ?iﬂ?uﬂ1ﬁ\ﬂu
¥ = o o o o o A Y o & & g
T‘]Jﬁllﬂ'illﬁu‘ﬂWﬂ"ﬂﬁ%ﬂ?ﬁﬂ Llﬂﬁﬂ'ﬂllﬁ1]18]"1]@\1?]1ﬁﬂllﬂ%ﬁﬂﬂ?ilﬂﬁﬂﬂiﬂﬂﬁ%ﬂ?ﬁWﬁﬁWilﬂWﬁ'ﬂuu MNUU

v ' Y v
Aezaumdede ), wla, nazdemsdszuanarudowiuiging hlwuiivwusmidalulysunsudu

v W

£ v
My Jpdnsmsinuilszaeandesnuiuaoumsiaumeluvesmitelszuanaluszuy

~ @

A s A ' o A . = Y ' o o o '
ADNNIAUADT NITINIT IHNINTIATO (machme cycle) °]N‘1J'§$ﬂ'€l‘1jﬂ')ﬂ NITDTIUAEN (fetch) INAUL U
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A aa Jdo 1 . . . .
mmﬂ@ﬂ Feaeosa U lsunsy (program address register or instruction pointer), nmsuila

o o o F) v o dy = =
decode), MIMNUMUATI (execute) ANNTDANNDIVDINDINNINTU uaaudseuney

v @ o v @

a 4 4 o
’Jai]ﬂiﬂﬁﬂNWH"UﬂﬂﬂHW]ﬂinmﬁﬂi ’]ai]ﬂiﬂﬁﬂ%ﬂu"llﬂ\i“?fﬁg

Get the next statement Fetch the next instruction
(and advance the instruction
pointer)

A 4

Determine the action to be
executed A 4
Decode the instruction

A 4

Perform the actions v

Execute the instruction

A = = v o a d 4 !
sUn 4.2 L‘]JSEJ‘]JWIEJ‘]J’JQ%ﬂiﬂﬁ1/]1@11!"’1]ﬂﬁﬂulﬁﬂiﬂﬁﬁm@’ilm%cﬁwg

U

Ay

A Voo W A s a P &
Tunsdidenanaraluldsunsudumy wumdudeunalhensal dumeswIamosaziang
9 A a ' 9q Y Y Y Aa
YJonnuAsUIARANAIA (error message) HazriganszuumManlasunngldazun ludoranainly
o‘/ a J a’t& o ]
Tilsunsudunia uazdalivumasnsamossuduiaulvy
¢ d ‘ P e Y o 2
aow lwassiulisunsuismdhiulamdelunmmszduga wazdamsseuiana
A v A d 4 a9 1 d‘tg o v Y 1
MUOUNUDUINDINIAADS LANYBLUANAINNTUADUM TN UFUFOUAN HazuenmMsulasenainms

v o 7 o {
mmiﬂizmawa Tﬂiﬁﬁ%INﬂ”ITVIN”Iu"UENﬂE]iﬂ“l/‘llﬁﬁ]'illﬁ’ﬂﬁulﬁ’ﬂ\iiﬂﬁ 43
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Source Compiler Object . Linker Executable
program program program
machine machine
Library H

& d 4
(a) Juapumsudaiflumuunios

d Executable
Input data program results
for program

machine

9 '
(b) dupoumsdalszuranalsunsy

A v o s
'i‘ﬂ'ﬂ 4.3 Tﬂ3Qﬁ51ﬂﬂ”lﬁ°lfn\ﬂu"llf]\iﬂﬁ]ﬂnlwmﬂﬁ

U

0 ¢ A Y 9 v A < v v

nszunumshavvesneu lweesazisududremssusunailuTsunsudums  udaunla
5 . & v 9 1 2 A
Wuldsunsuganune (object program) #eedluzlunummissdud 1wy My uedsIUa U3

1 3 4 '
muunses  uadsliannsodszuanaldmsizmsudaluduaeudidslildulamndidalunin
o <3| o v o { (Y 4 1 a3 1o o a
srauglUiiluddaisnuaifisumiiulugduuunvueies  isaaiumsudasligirdades

1 o3| 4 a o o 4 { g ' @ 1 o W .
(reference) Wszydu¥esedsltadidinivunTesiinueglulansis dedrasumds write lu

A 9

§ & o . { <3| . g a o
mwhama werumaualuduusn mda write szgnulasmily write_emd Fuiludodedelids
s a4 . s ao & A & oo g .
Iwalulaus13 ¥e pascallib lWafiwlifdaimyuaiosfidfisunmiuimids write lunwnhania ms
=2 o A o o . a dgl 3 a o A a ' o A
AvgaRdIn I IATe I LAY write zinaTuluTURoUMITad Taa TisunsufiFon durenTle
. U 4 4 4 Jd 1
(linker) waennmiFonTesdenz IdTsunsulugduunnwuaiosiauysel Soni Tusunsundon
N3¥N1M3 (executable program)
- 2 e o o« g
Wesnnnduaeumsula 51 ldTsunsulugduuumuuaiesiannsatiuiinnu 1314
WedesmsrzdalszuanaisziFonldldsunsundounsziims  TaetloudoeyarinlvmuTusunsy
d o v 3 @
UszTemivosmsiiTsunsundounszihimsae  wiewsadaszuanalisunsy ldnaensany
9 Y 1 [ () s [ 3 cyd 3 £ 1 a Jd o
Joyardiae fu Taglideudonarduiuseumsuladidnnsy Fazuand199IndumoInamosn
9 A A J o o a wa o 3 v v oA o dyd'
m3tlszmanaszdesiuiimssiumde-uladide-giaawdids dhuiginswutiaue Matiibeann

a 4

~ = o K v o A A < Yy X 9
E]“L!mE]S‘INim@’ﬂiﬂlllllﬂﬁ‘]Ju‘V]ﬂI“lJiL!,ﬂilﬂ/‘liE]llﬂi3‘1/11ﬂ1i1/lE]gslugﬂu,‘]J‘UﬂTbﬂLﬂiENLﬂ'UUl’J iNGIENLHJ’d

' Y v
o w v A o

[ Y Y [ a Jd A P A [
ﬂ?ﬁ'\ﬂ“ﬁllnﬂﬂﬁ numsdelszuranaldsunsuaun UAUDIAUUBDIDULIABINTAABDINIHUDNIN

I A 9 o "o 9 o Y @ a J 4 Y
ﬂE]lI]lWLaE]i f19 Iﬂi\iﬁﬁ\iﬂﬁﬂ%ﬂuqlﬁ]ﬂﬂ%@u mldaunsonanndumesniamosu lssielums
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v 9

VUADUUIN UASFULTOU

[ v A o Yo o J o Y3 1 1 an A A 1
gayn LL@]L?JE]WGuu1vlﬂﬁ1ﬁ"ﬂﬂﬂllllwmﬂiﬁ]ZVﬂ\ﬂuvlﬂl,i’Jﬂ'ﬂ HazaAINNNAWITMILlanuunFenn

msutlauendan (separate compilation) TasTusunsudunisannsagauoniiiulugadoss 131uue

v Y
az'lld uf’fmﬂﬂu‘ﬂmwia:"lvdﬁ'lé’zﬂuiﬂmmmﬁmna w3o doudaliddon @931 4.4) nnriu

o A o Y < < s
GI’JL"BE]MI?N%]ZVHHMTVITJ?JE]E]'UL"{]?]VMEI

Y
Aszims wSeuneasasenit luuns g (binary file)

source
file 1

source
file 2

source
file 3

mpiler
Compile
machine
mpiler
Compile
machine
mpiler
Compile
machine

Object
file 1
Object Linker
file2
machine
Object
file 3
Library H

~ 1 4
gﬂ‘ﬂ 4.4 fﬂiul]aLL‘]J‘]JLLfJﬂﬁ'Ju"UENﬂE]quWLEIﬂi

o o 4 <
LL@Z"]gﬂﬂ1t’NﬂTH1Lﬂ§’ﬂ\1"1]1ﬂlla'1J5ﬁﬁ%)NL“lJuTﬂiLLﬂﬁJW%)@M

Executable
program

[ v 1 1 v v
TunsainTsunsudumalims 1Sunng (macro) As¥eriteunuaivsomds aromauieg i

v ' Y ' Yo
mdaluTsunsvon Idheaz denanunmedvy dedrazu doanudalumu C asliiinims

1 TasAeMIITUMTIA0 H#define 1otlou¥e UPPER LIMIT ¥ivanedaa 100 oo

4 o n'J t:' 1 -4 % 1 H [ a LAl t:'
unIns¥e INCREMENT Iviinedamdanuavuniian TagunIastimssumiaitmes nog vy

anuailsla

#define UPPER_LIMIT
#define INCREMENT (a)

int n, sum=0;

100
at+

for(n=1; n<=UPPER_LIMIT: INCREMENT(n) )

{
/

sum +=n;
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v
A o

9 A 9 A 42} U a v A 9 =
fnil!,‘ﬂﬁT‘]JﬁllﬂﬁilﬁuﬂﬁﬂilﬂWii‘]ﬂlllTﬂﬁ ﬂzmummwnmﬂmummﬂﬁ 'L!'L!ﬂﬂﬂ%@lﬂ\uﬂﬁﬂu
A v g 1A o o o ' Yy v A M F Yy
%ﬂllﬂiﬂii'ﬂlﬂuﬂ1'ﬁi@ﬂ1ﬁ\1 PNIDYINNIET C V1A L?JE]WWH"UU?‘IE]HﬂWSLHJﬁL‘UEN@'Iu ilzvlﬂ"UE]ﬂ'ﬂll
v Y
Faae 117
int n, sum=0;

for(m=1;n<=100; n++)
{

}

sum +=n;
& K 9 . A A a '
Tuaoumsauilaiiosdu (pre-processing) HilrozonanIz Mivlszurawaunlag (macro
. A o 9 d'dyd 1
processing) tag IsunsunimmnniGend Tsunsuilszuranaunlag (macro processor)
< ' : , o Q, y
i Idnmsulaldsunsudumaidoueglunimszaugaliiunmimioud laag
1 o 1 a 4 Jd Aa 4 L% 4
dszananald azdedldlisunsugrenuiwauinn wu wames, asulwaes, aunes, Anmnes,
o J dyd v ] A AA A 1
uulas Tnsaaes Tdsunsurartlizonn Tdsunsusieau (tools) niolFoFenlagsiuil a1z
9 o . . a wa a J '
wiadonlumsi Tsunsy (programming environments) Tuszuviliiamsgiing Tusunsuaisay
J y [ 1 4 1o 1 4 1 { a ua a J
waiazuenived IuednudlfaziSenld ualuniosdruyananldszuvlfiamsiulad Tsunsy

v
Fronunrareinazgniausw1idienu iSond Integrate Development Environment %#3o IDE

19U Microsoft Visual C/C++, Java Development Kit
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6'3 o J
4.2 6111!9]ﬂuﬂ]ﬁﬂ]ﬂ]umﬂﬂﬂ'ﬂlﬂ‘ﬂ!aﬂﬁ

(Stages in compilation)

o J l o o 1 [}
Tﬂi\i’d%l”lﬂﬂ”ITVIN”IL!"UE]Qﬂﬂllulwmﬂi%%‘ﬂi%ﬂﬂﬂﬁ’)ﬂ%’)\iﬂWi‘ﬂN”luWﬁﬂﬁ'ﬂ\i%’N ﬁﬁ] PN

a 4 o Y 1 < A A '
'Jl,ﬂi']3'H@]i'Ji]ﬁﬂﬂﬂ']ﬁ\ﬂuiﬂiuﬂﬁﬂﬂu%'lﬁ Ll,fl3"]5']\1LLﬂﬁLﬂUTﬂiLLﬂﬁﬂJﬂﬂ'ﬂﬂJ1ﬂ NIDLITININ
@ . . ' 1 o @ ' IS qg.ll
sHAANNIY (object code generation) luudazsvveImsmnuduisooniudunou

waaalugli 4.5

Mearsa

g08 A9

SOurce program
Lexical
analysis -
Lexical tokens s SOHACE
syntactic - - - — - PROGREAM
analysis
- RECOGNITICN
Symbal Parse tree
tahle } . PHASES
Oith 5 i #
er -~ emantic
tahles analysis
Intermediate code
Ciptimization _
, Ohject code from
GBIECT i *‘ other compilations
i Ciptimized intermediate l
o cipde
COOE -
i Dhject 35 g
GEMNERATHIN —=—==-- - Code gEnEfEl.tll:lrl pr il ek |_|nk|ng
code
feene COMPILATION LOADING

Executahle
—

code

=~ v & o s
g“lJ‘ﬂ 4.5 Iﬂi\iﬁiNLlﬁﬂi“uu@ﬂuﬂﬁ‘ﬂNWU"UEN?]E]MUlWLaﬂi

78




uni 4 myulamywasmsiseulana

v
o

{ a S o . . .
Tunoun 1 MIAATIZRANN (Lexical analysis or scanning)

<3| na.zl I o Y A A o W na.zl )
Wuduaeuusngavesnon lwasimimihiiens  wieaunuidaianualuTunsudums
A ° A 1 ° ' o = A ' o ~ 1 < @ 1 '
OUENAAZIATBININA1IY AEATAINTOIATOININLLAAZAIIZTENI1 INIAY (token) FI0E1913Y
{ 4 I <
Tsunsudumalugduvunmwithama awgln 46 degnaunuuazuemiluTnfuaz Idaeves

Tnifiu (token stream) ﬁigﬂﬁ 4.7

program gcd(input, output);
var i,Jj:integer;
begin
read (i, J);
while i<>j do
if i> j then i:=i-j
else j:= J-1i;
writeln (i)
end.

31 4.6 Thsunsudumslunwnheama

{ < a o & 4
711 4.7 meveaTnAunnms Insgianives TUsunsudumalug i 4.6

A A J

I o {a Joy o s g a
Tdsunsunenlwaes nhmthndnszidmy 3ei¥eiSonan aunumes (scanner) W30 A%
4 . o o Yy A @ A A 1 A @

neaeu1 laiwas (lexical analyzer) gﬂu‘u‘ummmumam”lﬂmmmmﬂﬂianmmiﬂmw N0
o w . & o 1 I Aq Y a

d01uz31ia (finite-state automata) Fuduluaasdruiluntams (formal model) NldoFurons

o J o o ] A A 1 A [ o w A o Y ~

Mauvesaunuues AIRENINIIN 4.8 NUaAININLEIUVBUATBIINT T IUETINANIIHIIN

v o w I8 1 £ 9 o I o

asdumAnnlszanaeqves Ilsunsumeithamasnnzudasmsmhaumunmiuaunuimos

A o v A a ¢ a o o S o A
‘VI‘VINﬂ«lllﬂ‘llumiﬁ]ﬁﬂ@llW'Jm@ﬁ]iQ GUUGIE]UﬂWTV”\ﬂuﬁUfNIl]iuﬂillﬁuﬂutu’ﬂiﬂglllltlﬂ\ﬂuzﬂ‘ﬂ 4.9
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spaice, foah, newline, return

Stant

Comma

letier letter, digit, _

digit idertifier or key word

realconst

digii
{ 4 @ o w v o o 4 1
Eﬂﬁ 4.8 m%‘m%mﬁmuzmﬂmmmmima%umﬁww (DNaEI) GUENJ’HETLI'IET?IT@

we skip any initial white space (spaces, tabs, and newlines)
we read the next character
ifitis a ( we look at the next character
if that is a * we have a comment;
we skip forward through the terminating #)
otherwise we return a left parenthesis and reuse the look-ahead
if it is one of the one-character tokens ([ 1 , ; = + - etc.)
we return that token
ifitis a . we look at the next character
if thatis a . we return ..
otherwise we return . and reuse the look-ahead
if itis a < we look at the next character
if that is a = we return <=
otherwise we return < and reuse the look-ahead
etc.

v
@

=~ an s v o o & '
E]J‘VI 4.9 muﬂ@u?'ﬁ%@ﬂﬁuﬂulu@iﬂﬂi'Ji]i]‘Uﬂ']ﬁWﬂ(ﬂ?ﬂﬁ?u)ﬂ]ﬂﬂﬂ’l‘ﬂ’]ﬂ’]ﬁﬂ’la
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:JI A 1 J
MnTuasuIslugln 4.9 ddesmadeuTsunsuaunuuesaroniv Java viilasead

Tsunsuaagai 4.10

public Token nextToken() { // returns next token type and value
Token t = new Token( ),
t.type = “Other”;
tvalue = “7;
// First check for WhileSpace and bypass it
while (isWhiteSpace (nextChar)) {

nextChar = readChar( ),
/

//Then check for a comment and skip it.
// Comment in Pascal has a form (*...*)
if (nextChar == (") {
if (nextChar = = *’)
t.type = “Comment”;
else
t.type = “LeftParenthesis”;

/

// Check for Identifier
if (isLetter(nextChar)) {
t.type = “Ildentifier”’;

/

return t;

. o
19 4.10 Tasead 1w Tisunsuaunuiues MTouaIn 111 Java

! ° 3 < s a ¢ o ¥ 1 o o & o
Gl,uiiwianmmﬂﬂmaﬂm‘ﬂuimﬂu ﬁuﬂumm%al,ﬂ'iWz‘ﬁﬂizmmlmmmmmmuq L‘}Jum

@ @ o o A o A A k% o o o .
au, aawls, @nszims, @aav wiednlszianoug awdiszyilulenseifmiAnn (lexical

o A

@ 1 1 1 J oo 3 { o
syntax) ¥94n1¥1 @regrusu jUuuy BNF ae 1l 521 hensaimdwingndesvesmsasdodmls

. Y A Y Y o o Y Y v A o & o ' 2 ¥
I CHADUTUAUAIYAIDNYT LIAIDIANTUAIYAIDNHT 1IDAUAU Lﬂummumﬂ@ﬂulﬂ

Identifier — Letter | Identifier Letter | Identifier Digit
Letter — a | bl ... | z | A | B/| ... | Z
Digit - 01 11 ... 19

o o 4 [ L
msszy henseididnd wenanldgluun BNF udusidsenunsoszyhensal lugiuu

v
Y v A

4‘ a o a . d‘d =1 T @
ou 1aun Anillsnd (regular expression) NTANUHINBIHILININUAL

[a—z A-Z][a-z A-Z 0-9]*
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do o o a o a I a 1
m3sz1y hensaimdnidregluouinnidsnd Juddesmnniimsszylugiuoy BNF

4 @ ' A o § o g a
iesnnluilvgiuii Tsunsureadrsnen lwass nimihnas e ldsunsuaunuiues (M301an%

=} 1

apaout lawes) s Taodn Twid ivaedszy lonsaisdwilugduoudwnidsadldiuTsunsy

@

FrenuTy (umﬂmm%’w”lﬁ'mgﬂﬁ 4.11) Tlsupsuseaudanainne Jisunsy LEX e
g091nfM171 LEXical analyzer generator Fannedalusunsuadraudndaoasinlases nadniild
wiiuTlsuasulugimunm C© flagiuildsunsy JLEX fiafudndaoaounlamesifunim
Java Tilsunsu LEX shaowvuszuni§iamsgiing Tdsunsudszan@derduiivauuuszoul §oa
msiuTadae FLEX Tusunsu LEX/JLEX/FLEX ilovhanuaives 18nadnifluldsunsudmdnd

7 s o =& a 2 sy s
ﬂ@aE]UWIIQLGBE]i"lJE]QﬂE]NllWLaE]i ‘]JT\?ﬂi\ﬁNﬁﬂﬂIﬂiLLﬂillW'Jﬂu’N ﬂ’t]llllWLaE]i‘V'lﬁ51\1ﬂE]3JUlWLa@i

(compiler-compiler)

regular expressions

l

FLEX /LEX
y
source Lexical analyzer token
e R ——
program (or scanner) stream

A ] 9 Jd 1 S A 4
5UN 4.11 T‘]Jﬁl!,ﬂ'iN%?ﬂﬁﬁWQﬂﬂqumﬂiﬁ"Jumﬂcﬁﬂﬂﬁﬂuqqﬂlcﬁﬂﬁ

U

4

o a ¢ 3 A s o v Ay
luduaouvesmsiangdiann  Tdsunsuangaeasut lasesuonvnazimihnadwae

d 4 QU 2 4 4 Y 4 QU 4 o Al
voe TmAuud? mﬁmaa%’wmawamﬂaﬂym (symbol table) etiufin¥odmsuaz voilanduaien
v S a A "o o a o s o J v s A <. A
wIouIyave a1y (u awlsisnd, dwilsesisd, Hendu, Wesueamalmes) tazyiia

' [ . =< 9 A Ao 1 C4 £
YDIA1 (1YY integer, real) TINDIVDYADU niutlunemsasinaey hensaivesTisunsudunis

@ @ 4 na.zl Inng o o
mswﬁtyaﬂymﬂzgﬂﬁ%’nmgmwmumﬂmmmiﬂaﬂwaiﬂmﬂm uazﬂzgﬂ‘l%’qmmaaﬂmsmqm

'
voanou lwaos

v
U

- a L4 . . .
Funauil 2 M3uazIz hensal (Syntactic analysis or parsing)

I o Y A ' A A A ' A 3 a P
Tl]iuﬂillﬂ'E]llllWLaE]i‘VI‘VITHu1ﬂ1u@f3uuu%ﬂliﬂﬂlﬂw1$31 Il]iuﬂiNcﬁullﬂﬂﬂﬂE]UWllaL“]fﬂi

1 T : ¢ 4 y o { '
(syntactic analyzer) vi5otouisonludnieniian mawes (parser) 1usunsuilimihnaslnaeuh

~ 9

4 o v 2 & a P & v o ¥
apvedInAuiy dsezneunuvwiluinaingndes, Wudeanudingndes, uazgamedugiluuy

U

Tilsunsuigndesmudesmuavesnumiol  msasiadeuanugndssez 1935 msifisuReiy
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t4 { 1 v @ 1 J Y o
hensaivesnmn@suegluziuun BNF dsiedis hensaide luifumssmuagluoumsdiou

sz Teavonnudamvuaa ldnudls

Assignment — Identifier = Expression ;

Expression - Term | Expression + Term | | Expression - Term
Term —» Factor| Term*Factor| Term/Factor
Factor — Identifier | Literal | (Expression)

k4 E4
mstmuagduuyhensalluszauilse Teadoanunse luszauTusunsuiaTusunsuil

9) C4 a A A ' a 4 a a
awnsoldhenseidsnd  (regular grammar) Nidlsueglugduuuiwnilsnamsizlannuainso
° [l [l Y1 a S I Y Ao <3 a " @ o IS A X Y 9
AU ”lu’mmimzu“lmmwwwmuau ADIUNUIN WU AaMAUNUININE LY iNG]’ENGl“]f

o o A 4? ~ ' 1R a A a = '
Thensallusgaviigaiuiseni  TensalhifisuSun  (context-free  grammar) AflemAeuogly
A g v @ ' o . Y 9
sinuDouediiedahensal Assignment d19du
Y o a i3 ) o Yo
mMsasIdeUnNgndedludnymzmsinT 1y hensaiveslss Teadeanuds 1l935ms
1 4 '
afuwans  Sensoademanstauysaiasudiulduaasillsunsudumaiionldgndesay

' 4 v
hensaivesni  wazwaninasniuszgndeae i Idduaeude ldvesnenlwaes qin 412

L1}

= a t4 A < A o o dgl
paAIWIan3 lumsasaeutinal  x+2%  wiansnuaadlugdiduwaninigdununzsiasayu

' 4 4 A S ! a
5071 abstract syntax tree NTMInfasutinnildegluguuunwiindg

op term 1 term2

(a)

Expression

Binary

2 N

Operator Expression Expression
/

Variable Binary

N e I B N

Operator Expression Expression
]
Value Variable

(2 | [ ]

(b)

4 a L4
3101 4.12 Tassademnansiieasrvaoutinel x+2%
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{ o sy I a 7
'g""l]ﬁ 4.13 LLﬁﬂQﬂW'i‘1/]NTL!"UENT‘l]‘JLLﬂﬁJWWﬁMﬂiﬁS‘UﬁWTmﬂM ué’nmmzw"’hmﬂsmﬁ'aﬂ

[ 1 % . 4 o o 1 [ [
Taseadans dedreilendu assignment iioasnasuteanudasiruas ldnudusuaadla @ae

UMY Java) degilii 4.14

TokenStream input

Z=X+2 %xy;

Y

nextToken )

i

//;oken

Assignment assignment ()
Expression expression () {
Term term () { .. |}

Factor factor () { ..}

main () {
token = input.nextToken();
A = assignment();

}

o

Assignment A (abstract syntax tree)

Assignment

/

Identifier
zZ

A

{ sa ¢ o o '
1 4.13 TassadevesTusunsumamos nimszidennudasmuas

private Assignment assignment () {
Assignment a = new Assignment (),

if (token.type.equals(*“Identifier”)) {

/

a.target = new Variable (),
a.target.id = token.value ;
token = input.nextToken (),

match (“=");

a.source = expression ();

match (*;”);

else SyntaxError (“Identifier”);

return a,

51/ 4.14 oy assignment TuTusunsumianaod
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J 4 1 { 4 '
Tisunsumianaes aunsagneas 9iudiems 19 Tsunsugie fdeiseniTsunsy YACC

(Yet Another Compiler — Compiler) cdﬁﬂfﬂz’d%'wwTm,c]faﬂugﬂuumaﬂﬂmﬂmmm C Tag YACC

a9

° a ua A = a 4 = A . A o 9 4
i’l%VHQW“‘]JL!S%‘}J‘}J‘}JQ‘U@]ﬂWﬁQuﬂ“H ‘luﬂﬁm“ll'ﬂ\i'luiﬂﬁ' i’l%ili‘ﬂﬁl!,ﬂ'iilslfﬂ Bison "MHUHINTI NN LEDT

Tuaeanu Taod ¥ deszy lensal BNF 1duTsunsy aulnssadrelugili 4.15)

BNF
Bison/ YACC
v
token Syntactic analyzer parse
—>
stream (or parser) tree

§ ' LRI s
511 4.15 Tdsunsuaneadnon Tnmesdrumaaes

na.zl A a 4 . .
VYUADUN 3 NTANTITHANNNNIY (Semantic analysis)

3 a 'd 1]
Junoumsanzianunaiiumsavasuanugndesveslsunsudums  MIasam
Y o [ ) ¥ 1 Jd o 1 [
doviinsziluszdundudeuvuninmsasinaon hensaivestonnudsneg Wy asaeuN@)
w1 ludeanudsiimsdszmalineunsgldaw, asnasuriavesdoyahnamsahaudieny
9 ] 1o o a v o . a 0
4 G ”1nmmu,‘ﬂiamﬂﬂ@,mﬂumuﬂi integer), 153900 UN151UMB3II formal parameters L1a

actual parameters Nrtianasany

5 P~ Y o ' . .
VYUADUN 4 MIATNINATCHINNAN (Intermediate code generation)

o o A IR v Y
myhnuvesnon lwaes Tuduaoud 1-3 iugmsasndeunnugndesvesllsunsudu
n’.z’ § I [} 1 4 1 ] I
e dueeun 4-6  smlussvesmsuasliglsunsumuaios  uamsulases ldulaaily
A v A 1 1 A & 1 @ A 2
muuaiodluiuiiuavzudashlgapnidufinanssninmmszaugaumzn s unios MEININAN
y J o 1 . . na.zl Y A ( [ o W
fi5ena sWaszrdenan (intermediate code) Mathivellse TemilumsdSulgedidaliannse
< 1 a a 4 ug.ll Y @ v o @ 4 o
dszanaraldsiastiu Tlszaniamnniu MetmsgmsdSulielan fumdelunmuaioainld
] =< 9 9 v o W v A 1 A @ 1 Aa 9 ~ 1
liazaan Jedeeaiwsiamdaluszauigannmuunies sWaszrenaniton]dazisoni three-
address code Noglugiuyy
result = onething operator anotherthing
CRRERNS AT

T = rate * time

85



uni 4 mutamywasmsiseulana

Y v v '
Tunoui 5 maiulszaninina1ds (Code optimization)

4 [ @ 1 g

e TsunsudumegnuilasIdeglugduuusiasgninawds  Tusunsunen Twaesdau
d’d 1 . . o 9 d' [ o o c:a o cb Slddgl o 1 ] o u‘J
TN code optimizer dzinmnlsulgemdumsdanulumdeldaun  dedruru nndids
fvuaa luTdsunsuduna

X =a*y+ z;

4 < Y 1 o
wondasilusiassninnannludnyue three-address code vz dguuy

T, = a*y
T2 = Tl-I-Z
X = T2

< o o Y 4 o A < v 2 ' R
Iﬂﬂ Tuas T, LTJ“L!@]'JLLII5"]ﬂﬂiTlﬁQﬂ’d%}N"ﬁuIﬂﬂﬂﬂ?JllWLaﬂilﬁE]Gl%}m‘UWaaW'ﬁigﬁ'JW\iﬂWiﬂTU'Jm
a 4 A A A o w ° Y o o A o o A Y o
HUNIU fnﬁ!WiJ‘]Jﬁ%ﬁ‘ﬂ‘ﬁﬂ?WﬂWﬁ\iﬁWllTiﬂ‘lmnlﬂIﬂﬂﬂTiquﬂ'i’nJﬂWﬁ'Q‘V]ﬁ'ﬁNLm%ﬂTd\Wl’dTll ”lm‘ﬂu
Tl = a*y
x = Ti+z

[
=)

Tupeun 6 myairasmihuing (Object code generation)

@ 1 { % % a a I~ o .
siasznInanein lasumsdsvdialsz@nsomuds  sxgnudasdusiadhvune  (object
% 4 [ 4 a s @ i QSJI 1 Y
code) FAUNATOINONTUADTN 1Y 31nAI9E19 three-address code Tudunpunaunniiase

wlauilusitadhmueamuzuovveunies IBM /370 Idiilu

LE A, 4 /I A in floating-point register 4
ME 4, Y // Multiply by Y

AE 4, 7 /' Add Z

STE 4, X // Store in X

4 H 1
sathwinetieglugtiuuayuemauuansrgrutlaailunisuniealddelal

o o sdq o o o & N
1nAlegamIThauvesney lmass nluduasugames Idswasidiniuunios ([0
o [l I 4 o v o o A o ] 4 a o 3
foduilunies  IBM/370)  shildswamdenlddhanldnuniesneniumesimmizaszpariueg
] na.zl & = A <3| A A ¥ o w Aa aa 1 o " Y @ o
mniu iwenldsuesesiluguounuvdusiamduauiegazihiaulula  mywannenIwaeslu
= = asn o I Y o d' a o ]
szoznasaasuismaiiau vamsuwlaldldswathwneamgluuuveuniosneniaumes (wu
<3| [l o 4 a o [ $ 3
1BM/370) ilumsuasllgsdathmneveuniosneuiumesiaiion @umuniwlugili 4.16) &

& o o A A s ¥ s A P ¢ o s a
L‘]J'L!fnﬁf‘lnﬁ'EanTVﬂ\iWHmﬂﬂlﬂﬁﬁ]\iﬂﬁ]MW?Lﬁﬂﬁ T@]EIGL%GHEJT\IWLL'JSLLVIMVIﬂ%i%@ﬂﬂﬁmaWﬁ@u’Jﬁﬂﬁﬂ
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Executable program
SOurce i
—=| Translator (sofbware) Run-time|
Pragram support | _
libirary ! Yirtual cnrn_puter (completely
l : or partially soffware
Translation error messages : simulated)
L L : Cutput
' Interpreter (firmware, ————~
; Fioian results
Linker *| | hardware, or software)
Source : ............... :
—=| Translator (software) 41‘ ] i Error
Frogram 3 Chject programs i :
: Jectpred i Dperations (firmware, messages
Execution data hardware, or software)
Translation error messages ’
TRANSLATION LOALNNG EXNECUTION

Y
o

A o )] 9 A a s A
z‘ﬂ‘ﬂ 4.16 "’UL!GIE]L!fﬂ'i1/]1\111!"’116\iﬂE]NU],WL?I’E]'3‘1/]’d'iN'i‘lfiﬁl‘]sj?ﬁiﬂﬂ‘ﬂumiﬂﬂﬂﬂﬂw’Jm’ﬂ’il’dllﬂu

tﬂ' (% A
4.3 113939NIANDU
(Virtual machine)

o I d' % A A qu/ =) 4 tﬁ [ .
fMiuaTesdnsaion vieluneaiioniFenil 1AT099nTUINEITTH (abstract machines) 92
= o o & a s a Ad 7 sy s 2 a 4 o
nnedamItassmIthnuveuniesneuiunesvssniuasausderendnd;  uudAaReiy
A o T S o w Fa = VT o
wIessnaalowmiuiugiudingluaums ldsunsuedsnuasuiumes Aoy mMIswmu
] 3 1 A 1w I < {
TlsunsuaamziouGouruiy  daunihneiaadenudldazdudumei@eudionisy  HTML
J o o P <
Tdsunsy HTML # vzdesSuvuldsunsuduusiuwes wu Internet Explorer 1ysunsuiu
o ) g 4 @ o
viruesveiminnilu inTesdnsaioulv Tusunsy HTML a1
v < s Ay 2, vg v o
M Tlsunsuiuuses ioududaronm C TsunsuilazirnuldndeserdoTdsunsulu
. . & o { 4 o .
C run-time library #shmthidluaiesdnsaiontszuanalisunsumy C uag C run-time
. @ a va ) Qg 4 @
library vzdesoidoszuulfiiams uie 0S swmdhndunsessnsaiioullszuanald Tas OS
[ o { 4 [ o 4
wdvsede lulns InasminmilwnTesdnsaiiou uazgamelulns lAavzinuuunioes

a S a A < ad a J o o A Y A g <
ﬂEJnwamﬂi%imﬂigﬂﬂ‘umummmimaﬂmﬂuﬂﬁmm VB UVUATOIINTIaNDUHLEANTI W

uwunn ladagiln 4.17

87



uni 4 myulamywasmsiseulana

Input data Cutput results

l |

WEEB APPLICATION COMPUTER
(Implemented as HTWL Weh pages)

WEE VIRTUAL COMPUTER
(Broveser program implemented in C or Java)

C VIRTUAL COMPUTER
(mplemented by run-time library
routines loaded with the compiled program)

OPERATING S¥STEM VIRTUAL COMPUTER
{Implemented by machine-language programs
executing on the firmware wirtual computer

FIRMWARE VIRTUAL COMPUTER
(implemented machine-language instructions
by microcode executed by the actual computen

ACTUAL HARDWARE COMPUTER
(Implemented by physical devices)

v
[

{ o 4 o o 1Y <
317 4.17 Srduduveuniesdnsalonlumsiauiu llsunsuiu

9 o 9q 9 a A A @ A 1 A o
HWAUINTE Java Ulﬂclﬁlfllu’lﬂﬂﬁlUﬁﬂﬁlﬂiﬂﬁ’ﬂﬂﬁlﬁuﬂu WIYIYNUUAANUTTUITDUDINIHN
Y d' a o’d’d 1 [ 9 ~ wadyl P
Java Tilszanamavuinissnsuiingesniszuuuanaiany 1a (Fenfarauiiaiii portability) Tag

] v
v A a

o Y ¢ o ' . .
na lndrAgyhomisiannuainsotiie seWduasniGendi Java Virtual Machine (JVM) Tnseaiig

mstszaanalisunsuluniy Java uaasladagili 4.18
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Java source program

System library classes

/ (packages)
v

Bytecodes

ﬁ ( can transfer bytecodes to another computer)

Java Virtual Machine
(interprets and executes
bytecodes)

k4
@

717 4.18 Tupeumslszuianalisunsuny Java
vnlassadumsdsznanalsunsune Java  vziiuldhnenlwaesimihiuia
Tusunsumngduuun Java Wiuguousiasznitanas Sonh ludlda (bytecodes) Apd1a
sitaludlfaunaaslddsglii 4.19 (@ewnlwaesil¥elumsaenIndlusunsnldiluludlfaszeg

s o ' . o Ao
TuggawonaursNiSeni1 Java Development Kit %30 JDK aunsoa1ad lvaaldninu5svn Sun
Microsystems)

public class Hello Compiled from Hello.java
{ class Hello extends java.lang.Object
public static void main (String[] args) !
{ Hello( ),
System.out.println(“Hello,World!”); | public static void main ( java.lang. String[]);
J /
} Method Hello()
0 aload o
1 invokespecial #6> Method java.lang.Object() <
4 return
Method void main(java.lang. String[])
0 getstatic # 7 > Field java.io.PrintStream out <
3 ldc # 1 > String “Hello,World!”<
5 invoke virtual #8 > Method
void println (java.lang. String[]) <
8 return

(a) source program Hello.java (b) bytecodes Hello.class

514 4.19 dredraTsunsulugiiuuni Java uazgiuuy ludIda
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ﬂmﬁuﬁamﬁﬁwm"léf‘uuvimm:uu (portability) ¥®71¥1 Java AAINMIN JVM 51
I Y P Yy a I A s A I & o o o A '
guuyludTaa udulas@redumeinsames ioaon Twaes) Wuswanwszauduuniowsas
55UUIFY WINDOWS 98, WINDOWS XP, WINDOWS NT, UNIX, LINUX, Sun Solaris,
. I @ ug.ll 1 1 4 a o 4 o
Macintosh OS Wudu duiuneuinIesneuiiumes mzaeu IndiazsuTsunsy Java 14 azdoedl
a 3 4 3 1 J o o [ a va J ]
JVM @aasuuaiestiuney uaz JVM aglinatenessudmsussuulfiamsuaazilszon wu
JVM d %150 WINDOWS XP, JVM @3y LINUX
Ms5ullsunsy Java wennezdesdl JVM udd Sadesiildsunsuanag Nieasinaen
Y = D] A o Y A g . ! '
anugnasteImsiFenlsnarad  Tdsunsunviminnidy  interpreter  uaz TUsunsnaIsNIUA1G

Y I v
Ti/sunsumariisamizenan Java Runtime Environment (JRE) #audaalnsaadialdasgin 4.20

11 bytecodes

Verifier

\ 4

Class loader

A

Interpreter Security Manager

A 4

program output

3 i 4.20 Ta349er314 Java Runtime Environment (JRE)
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4.4 Tassaanaanudvaczlszuiana

(Run-time memory structure)

o & ] o @ I 1 o W I

mstszuana Tsunsuiniludesldvtoanuiman  fludwilszneudianlumsinuy
<3 1 o 1 A = =3

program source code , NUAYBIAMYIANY vazNszuranalisunsn aasaaudamanudeya

1 Ay 9 a ) @ 3 o 9 = o Y
AN ndesldszneumsdaamumsmauwedllsunsy  asiumsmanuanluneaiuTassaiig
[ o @ ] o o o 1 4 @ a o
NUIANUIWAZMITANTHUIIANUT danuduiudemsanpunefuuuIAaveIMItHh

o & ' Y a P de 22 4 o an o
TlsunsunazdadlumsvielinaanudnlanangsvwnenuIsmsmauvesldsunsy

Taseadravesntisanusdmiinetesiumsdseaianalysunsy wilszneudie
NUANUNT WA 1T9N21 UTNUAIAD (static area), TUANVUZAUTUINU (rut-time stack) tag

a o A A A o Aqud o ) . A4 9
an  (heap) sawaludenmirsanunldnuavesilsuazteyadie  NneIv0Y

Tassadrauaauduununnldaesln 4.21

U

Memory 0

addresses | Static area

Stack

a-1

h'| Heap

n

5107 4.21 Taseadranteanuswaziinsdszuranallsunsy

U

Y
1 o 1

dy ~ 1 o a @ Y 3 1 o Ay U ) 1
NWUNUUIIAINUITUTIUAIA GlGIﬂﬂTJﬂT’UENGI’JLL‘]JiﬂzﬂWﬁ’N“ﬁuHm%ﬂW“uﬂﬂﬂg@lﬁﬂﬂf‘ﬂﬁ
4

o dy d‘ 1 o a A A ua.zl 1 d! S A =
muvesTdsunsy nuidInauAnvUZANTUOY (MI9L38NTUY I TUAN FlunHazvnedauan

[
v AA

A [l ] $ I g §
yosszuuneuiawes iy lnssaddoyaauanildlulsunsy)  dudvivdniting lFauvae
<3 [ o [} 4 § ] °
Usznamaldsunsy  Tesazldpuamvesduilsanag  Aensanasua ldnaeamsiauves
< U a & A 1 < 4 o 4
Tsunsy, Wummniwesietmstenlylisunsudes tazhumswey Teamsianuie 11sunsy
1 ~ % [l A 1 A = Y dy A = Y s 1 Y A a dgl
dou 3on 19 11sunsudesduaeiiie lidnaenen nazgamenundudnlanumvesdoyainady
vaugsumaalullsunsy
g 1 o =) [ dﬂl d' ) o
MIIAMIHUIANVINTO  MITadssiunnileanuivag lsunsugnilszuiana 9
Y [ ] dy d' ] o ] o a Y ald' =1 Y
doandoInuMInlalszniiuimizennudl  mizreanuiusnuasiezgnlalelmslszmadd

4
nlsiszinnned (static) Aadaed1eTsunsu C/C++ an il
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void DoSomeStuff (int data)

{
static int invocations = 0;
intx, y, z,
// do whatever the function is supposed to do
invocations ++;
/

Y ug.zl Y 1 . . Yo g dy A ' [
aulsnanualu@ieds ( data, invocations, x, y, z ) 3¢ 1a5UmMsIaassiunmiIonu

4 o 1 v . [ [l e H
eilendu DoSomeStuff gnisonls (u gnisenainilandu main) s data, x, y, z veglunun

=1

' o 1 L A4y ve o P R T Yy 1o A
UHWANUINTIUALUAN LATWUNN LATLIATTTAINTOYATINAU (Lwamwum‘lﬂclmﬂummuﬂiauq)

a va A o do o o . . Yo o dy A ' a
T@ﬂi%ﬂﬂﬂg‘ﬂﬁﬂ?ilﬂﬂﬂﬂﬂ%u%‘ﬂfﬂ‘i‘l/n\ﬂu uad s invocations wldsudaassiuiludinusnu

=t

o § 42 o o Jdo ° < 4
A wazaz Isnuiniu laasamssaiuuesTsunsy Seudilendu DoSomeSnuff auasa Wu
@ . . < o Y3 ' ' ™ ) dy d‘dyd ~ A
voId w3 invocations Hazdanaldiuaieg aunsznalsunsuaumsmnununiIezgnionay
H 1 v o 1 1 g { o o .
TunsainldsunsuiinmsGonldlsunsudoesrats Tusunsudadingaae lunileansu  main

Gonlglangu A waziladsu A Sonldladsu B

package K {
int hi;
void A (int x, inty) {
boolean i, j;

B (h);

/

void B(int w) {
intj, k;
i=2%w;
w=wtl;

/
void main () {

inta, b,
h=5 a=3; b=2;
A=(a,b);
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Y 1
v A

[l 1 Y Y . § {
naasei TsunsuiimsBen1dTlsunsudes  Gaudeldsunsudesiidluflendyu main) Wuh

=~ dd‘

E4 '
Wuﬁ]ﬂﬂ’ﬂllfhﬁi)uﬁl,mﬂi]3Vléﬁ/‘]_lﬂﬁ{]/ﬂﬁiiiﬁﬁﬂltﬂaziﬂillﬂiuﬂﬂﬂ uamma:ﬁumzmaﬁﬂmw

=

Y
@ 1 4 . .
auanlsy (stack frame) NIOUNASUTON Liﬂﬂﬂiﬂmimzé’u (activation recode) FatlTagease

voulsudagii 4.22

Static link  Dynamic link

Argument
values

Local
variables

5107 4.22 Taseadravosauanmsy

U

o lusunsuaudrednadnaduisuiiany duals h way i Mdszmal3dulisunsy was
o Jdao o oo 1 < [} . .
UszmaBmilovouavesnniladdn (vouwavesilsnduazegneluruauilnm wu void main()
&Y . < 1 . @ dy Agya a o U
{...vouwAvoladF U main ...}) MINUAIWL h uaz i wzgniadssiiien ANusnundi Taea1ves
Y . ° < 4 o i o ' ° v A ' k4
auls h uag i sggndmualiiu undef ilosnindanlsnsdesda i ldgndmuasusudu aeviniiu
o . J Py {A o S w . o A
Handy main azduilensuusanisuiinan Judladdy main Imsleduals a, b uaziEuIMI
v Y [

fuas Iinudnds h defmids 2=5; duinlulassadsvestennudr (@egdi 4.23) wiins
o dy A Yo v . A Y I 1 o <3 % dyd [
JaassenauauanIvnuilen¥u main elHmnuaivesdds a, b uazNUAIBSENN @
1wouToansdd (static link) oo ToelUndunls h lunSnunedn tazaunsanldouavesdauls
h'l@

Tudied1etnedu duals h wag i vwiSenan daur/saaunand (global variables) Tuvazidn

’ 4

uls a waz b wisen dadsmniei (local variables) Aulsiaanetlszianzivouanareaiuly

<3 v A
gwlsziauvianne

o VA g @ ] o @ 1 = ] o a @ 1
o durmisinuanslumiteanui @ulsaaunaegiviitennuiusnunidd ua

v Aq o ' o
aulsmmznlgnuleanusauan),

v @ 1 = Y 3
o YpuUA (scope) VoIAWLls (@wlsdrunantveuamsldnuasounguialisunsy

=1

nniladFuaunsasenldd  uddudsameitveuwanmslFaunmeaeluiladdu
ﬂizmﬁwﬁmﬂs&uwhlfu),

o w01y (life-time) vodwls  @wlsaunanalyIeIgeIINaeANITIINUYY
Tisunsy ussiﬁmﬂil,awwﬁﬁmamqgﬁENﬁumz‘ﬁ‘?f\laf’]’%’u‘ﬁﬂszﬂ1ﬁcl°i’f§huﬂs1fuﬁqﬁmuag'

1 3 A Jo o @ A Y
Y e eNTFUINNUIY ﬁ'JLL‘]JﬁﬁlV‘ngV]ﬂgTTiJ@ﬂWEJﬁWiJUlTJﬂ'JEJ)
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Static area h muh{f: h ’ ; h 3
< i undef i undef i 10
Stack - E :____E_____ —:____1: _____
Frame —-{ a 3 a 3 a 3
for main E 'y 2 | 'y 2
Frame —»—;___Ii___— —;___I_‘{_____
for A _;,___2_____ ';,"_2_"__
(i undef | i undef |
' § undef | [ § undef
o i B
Frame —>] \_.v_ - _5_ ]
for B B ] T _I':H_d(__’f_ -
'k undef

i ' 0 o do . o o do
717 4.23 TaseaSramiteanudwae lsndu main shauwazvazimsisonlslandu A ez B

4 S o . o 4 3 1w §
Wolandy main Genldlanyu A ziimsadnauanmsuie ldAuamdulsmmznueg
v % @ .. @ g a 4 1
landu A Fadseneudeduds i, j saudeduls x, y Milumsiiimes (5ondn formal parameter)

v A v

[ 1 1 o o . o oo J
FUA1 3, 2 (19071 actual parameter) ¥1910AINTFU main Tuaguansuvesleandu A dalidrrniTonn

=
f
4 o . . 4 4 o { o o . { g
meenToawada (dynamic link) oo Toanaulinauanwsuvesilandu main Miiudionls
I o
(caller) #anwu A
4 d v A o o o :;} [ I a o
detlentu A Fuhauiimsisenly faddu B wieusisdea h (=5) Wumsiiwes 1U1d
o A % o v a3 1w ' J v
landu B aziimsadeauanmlsuiudnnilalsudmsunumaulsaeg vesileddu B wavane
4 % Y 5 'ﬂl Jd v § d 1 4 U 3 § a U § d
dwouToawada sdnaulnileddu A RdudSen drumesonlonsdinzdlinusnunidiny
(Y . i o Jo o < a ' 3
mamls h uaz i Woilsddu B anunads duanlsuves B azgnonian wieizoni1gniten (pop)
A o o o = 3 ] A Y A o Jo .
vazieilandu A shaaSwdy auanwlsuves A dazgnilenwsRedny gameieiladdy main
o 3 . g < A o a XA d, o 9o
Mauads auanwlsuved main Nazgniten e lusunsusumsinuszendniiieidmsuaanls h

waz i Tuusnunani

void A (intx, inty) { void B (intw) {

boolean i, ; int j, k;
B(h) ; i=2%w;
w=w+l;

nnTsunsudedeimstsemeadndls h waz i @udwlsarunars Fuviia int ualu

o 4 [ . :/‘ I a 4 [ . % g} [ o [
Handu A Imsldveduils i 9nase Wuwiia boolean ¥odwals i Wldsiiuld mrzdwmualu
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[
=)

' o Y3 . ' o ' "o A Y a2 A . o 9o @ o Jo
e Alsnuaives i egludwmuaenaany tazlelin159199903%e i (Maddeluilansu
[ 1 (Y { @ { 1 o o 4
B) fasavdeundinud i lilsdwsmmzd @walstlsemasgmeluiladdu B yrzlimsidonTes
@ a @ 4 = Y ' o w . o @
TgauSnuasdauietia i Mdludualsdmnaranly dusids i = 24w, vosilesddu B) dnymzms
A a o . A o ' w 1 Y dyd '
o ToaluFnmasda (static area) orhamdlsarunarsunldsuiiGeonin msseyvouvauyy
o . . S g Y { Y a 7o o '
73R (static scoping) Fuiluanvaznldiunallumwneuiumesilogiu wunw C, C++, Java
1 a 4 1 A, o . .
ualunEIneNI IR UM BITY APL, LISP 1433msszyveumauuyunada (dynamic scoping)
d! = 4‘ =1 = Y o d‘ ] K% d‘ 9 a d' [ .
Fareda WetimsFenlddlsn lilsdu)smmizn vldmsAamuaiedonToawaia (dynamic
. @ [ d v { o w v { o 3 o us.ll
link)  founauldeiladdumiuditon lawdrwoauniznudedulsiu  duinluldsunsy
@ 1 A, o o o . J o o .
Aog1etdui 19t sz yveuannuwaia Mde i=2*w ; luilandu B szmnededanls i ddszmea

MRuilandu A lilsduls i Mlsemal3idugulsdrunan

ad r o a o .
ITMIANWIUNWITINABT (parameter passing methods)

a o A Ia 4 A @ ~ 9 o 1% ! U A o [
WSRO U350 915N ANUA (argument) ABAWUTNIFEHTUMIAIAINTOMITUAT M3
o a 4 a d%’ A A ~ Y 1 as [ 1 a s 1 =
AU NN N IUUeNNM I Ten 15 Tdsunsudes AFMsaIIuAIWITMe T NN N0
as A ] U ] Y a dyw Aaan 1 ]
15A0 adlaen (pass by value) wazailageoy (pass by reference) HoNINHUIINATMI AU
a 4 A a A 1 o o [ U 4
WIADTUULDUY BN Ao a4 lagwaans (pass by result), avlagau@enadns (pass by value-
result), @7 Ingde (pass by name)
d A I3 a 4 ' o o {
msaernuInNinesmeItaslasa (pass by value) Uit msdemsserineiladFunly
I~ a v 1 ' J 4 J v . o o o o
Wudndlump C dsdredraluldsunsuneunthil Wefladdu main Sonld Haddu A dredds
1 1 o 1 & % na.zl @ 4
A(a,b); Mp3 a fio 3 1azA1wed b Av 2 azgndun (copy) del1dendu A deasdmilsdo x uaz
4 o 1 1 QSJI & { 1 [} I {1
y Ao 3 uag 2 aenniuileadtu A wildswnilasa x wag y lueenelsnld Tasiinrves a ay
& . [} [ { na.zl
b Tuilandu main 92l 1dsunansznulag nmsalasuuilaaiu
v a dY a1 Y a 19 9o 9 1w
MsaRNUMNTNDINILITala8o1999 (pass by reference) a2 luldsmasduunmaanls
1 Y & 4 J I o ] Y 4 & 4 Aa o ]
deldvilenduou ualiisvendumisvesdusielnlassududredsdumianazidnnnlysiuna
{ J Y 3 @ 1 { a, 1 a o Y &
asuutlasivesdndstiug 18 andiedaTdsunsutnedududdsuismsdemsiimesveailandu

Y
B udase T weraslugiluunveaniy C++)

void B (int& w) {
intj, k;
i=2%w;
w=w+l;
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4 & o o o @ { a 4 @ I @ a
datlentu A Senldilandu B drefmds Bh); wainavudeduds w aznaeiudiuilssads
v P v
(reference variable) Na1115091989 ldadumnavesdnyls h duiumsldmds w=w+1; Fadinald

namauavedls h Inssadamelumitesanudiwaasldaasii 4.24

U

h 5
i 10
-
s e
2
SR P
e
T et |
3 et |
Frame — > w  @h .
for B 3 "undef
A

A 9 ] o A A 1 ] a I Y a1 9 a
Eﬂ‘ﬂ 4.24 1599 NHUIANUI UL TM TTIHIUNITUINDT AT 1A8D 1904

]
v A

d a v d J 1<
MIaEUNINTINeIA I BdalaeNadns (pass by result) HendumiludiSonldTsunsy

dovlidnademla 'l Tsunsudes uadie Tulsunsudosinuaiaeedunadenduanliiizon

v a dY ada v v o do Ad Y
MsgauINinesneIsadlaenasNaans (pass by value-result) Wenguiilug

U

Sonldldsunsudosazdumnansudude 118 Tsunsudes waziie ldsunsudeeiianuas sz duun

1 [ Yy
ANauN 1HRITeN
vy A dY ax A gad o A A s v
Mg IHINNesAeIBadlaede (pass by name) 12 lFI5dumFomsimes eyl
1 [ H 4 o O'J [ 4 a L' 'w v [ 1
Tilsunsuges wazTisunsudesszlasuselumdiliaoandeatusemsniimesnsum faed1au

4 1
tlsunsumm C++ e lufiimsiSon1¥1sunsudooie foo uazauydlimsdaiumsiiimes 14

ad 1 d’
aalaie
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int MyArray [10];
int foo (NamedVar) {
int x=3;
NamedVar=7;
return (NamedVar*17);
/
void main () {
int x=0;
cout << foo (MyArray [x]),
cout << foo (x);
/

9 v
m3FenldTsunsudes foo ATAINAIBAIT
cout << foo (MyArray [x]),

[} o A I a { o 1 o w
winal#llsunsudos foo Su¥e MyArray [x] Humsiimes uazasusii NamedVar lufida

"
[

' ' 1 ' 2
namddlniusemuFemiines Faeinalilusunsudos foo 1Wasu'lildil

int foo (MyArray [x]) {
intx=3;
MyArray [x]=7;
return (MyArray [x]*17);

o { a 4 1 3 1 & 1 3 o 1
mshauninaluaenntiuie x ianilu 3 waz MyArray [3] Ua1 7 9intiugiuomal 7417 uazing

[ v 4 o W
damnaudlu 119 LWdﬂLLﬁﬂQWa@ﬂﬂﬂ’mﬂﬂﬂ’]Wﬁ?ﬂﬂ1ﬁQ cout

3 i v
v A

wiesenl¥l1sunsudes foo assNansdluiIda
cout << foo (x);
wiinalilsunsudos foo Suminiiwes x udmlasu NamedVar nafaliidluie x Fazimlild

Y
Tsunsuaall

int foo (x) {
int x=3;
x=7;
return (x *17);
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o A a 42} A o A Y] A [l o 1
mamauninavuneatls x adludwlsmweiaelullsunsudes foo gnimuanm
A I~ { ! 3 ] 1 [ ] I %
Sudwily 3 udrgnulasuaniiu 7 imiuldsunsudesdasinduily 119 Gezgnuaninaseninig
9 o o o .
DNINALAITS cout IUHINTY main
1 1 a o [} o 9 a o [ YA
MI AN TIRNDT UONNAIABAILTHAIMEIAONN UAD TN EEI0 YA 1 TINT
§ o Jd v I a 4 4 1 [ 1 v W 1 1 Y4
1¥Foilansuilumsiimes todwriuld lsunsudes ldonae aadiedraniy C++ ae il N
] 9

1 Y I~ Aa U v ° a o 1]
dailansu foo Wuwiaiwes l1dHladsu  callfoo (wamimmuﬁm@ﬁ Tindnumaaeuiiy

9
MIVIU)

#include <iostream.h>
char foo (int x, double y) {

cout << x <<+ “<<y<<endl

return (‘I°);

/
void callfoo (char(*fptr) (int, double)) {

// takes as a parameter a pointer to a function,
// which in turn takes an int and a double
// as parameters

cout << (*fptr) (3,4.5) << endl;
// call the passed function

// with value 3 and 4.5
/
void main () {
callfoo (foo);
// pass, as a parameter,
// a pointer to the desired function foo
/
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v ' o o Y < s
Iﬂiﬂﬁ’i?\?‘ﬁ”’)f]ﬂ’)?ﬂﬂ"lﬂi]?lﬂ%lﬁ'l/\l@&lm@i

E4
v A

< 7 . 34 { & y o 4
Wiooaes (pointer) n30d1% 1ulaseasreifionlsluniv C, C++, Pascal e

1 Y
wonTea lUFadumuaneg luniieanud dretee ltuaasmsldieames luaiu C

Struct Node {
int key;
Node * next;

/
Node * head;

H 1 1 4 o {2 1 o <
Node agmineds Inssadanilsznoudledoyadosaiu aauusnie key simrhinuaavsuawau
\ ! ! o g o < P 4 2 o ' i o
AUNAID next MUTNNAVAIY ¥ToNoeNDS (UNUAIBATOIMNE * ) N 111 Node ao'l1l Fod
g A P 2 S & o {
115 head aziiluFonoonasna 118s Node 15udu Tnssadiuaauiuninlasesln 4.25

U

key next

head — 1 > 3 > 5 > 7 |null

H a Jda P ¥
5107 4.25 Tassadwvesasfaaanisznouauan Node

U

Y
s

Y ' o3| <] o 1 Y {4 ' o 1 {
fodndeduiluionnesng ldiInseass Node Ngndaassiiiedluniennusrdiun
J

~ 1A < J dy @ dy A g ng.zl [ = [ Y
507180 (heap) lunmw C Weamesansa® duiloMnudeyansludiudnuazaivauan aq

U

fedeae 1
int *q = malloc(4); /*q points into heap™/
foo () {
int x;
int *p = &x; /* p points into stack™/

/
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] g o . .y 10 { a 4
m3ldieameitielimatonllsunsuildazain (writability) uailyviiersnadiuan

v ¢ v
ms l¥Neamosdsznounie

¥ 4
- msldieamesneliinansaims lHuuuel  (aliasing) ezl lUsunsueueniy
(reduce readability)

int x,),

int *p = &x ; /% *pis now an alias for x */
x=23;

y = *p’.

A A a3 s o q¥a ¥ a 2 o q ¥ = A A
- NITNUNTDAAATND YLD T ﬂ?%ﬂ?i“ﬁlﬂﬂ"l}ﬂWﬂWﬁWﬂ“]ﬂ\i%%ﬂ?iﬁiﬂﬁllﬂiﬂuﬂ’nuu”ﬂ%ﬂﬂE]

éiTcN (reduce reliability)

int x;
int *p = &x ; /* *pis now an alias for x */
pt=400; /* Where does p point? */

Y v 1]
- msldieamesenvihliinauien # luawnsaldau (garbage)

int x;

int *p, *q; /* p and q are pointers to integer™/
q =&

p = malloc (sizeof(int)); /* allocate memory for an int */
p=q, /* p points to other area, and causes

a garbage */

-
L

A a A o v A ] 4
Eﬂ"ﬂ 4.26 MILNA garbage NAMFUIUA UM UITVOINOUADT

-

K—garbage
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E4 v v

Yy J o Y a d’l v A A = a 9 ~ ' .
- myldneswesenviliinansdluduilen  fgnend@nmisldau (Send dangling
pointer #50 dangling reference)

int *p, *q; /* p and q are pointers to integers */

p = malloc (sizeof(int)); /* allocate memory for an int */

q=p /* p and q point to allocated space */
free(p); /* dangling reference in q*/
q q —

A

dangling
<: reference

o

d‘ a . o a 9 dy d‘ 1 o
3191 4.27 M310a dangling reference 3AMIFe8n@anms I5uien lurilsanui

] o d
Zﬂi\?ﬁ'?%\?ﬁl!?ﬂﬂ?ﬂlﬂ7ﬂ1]"l7}i’)3:'lﬁ@75!551

A A o w < Yy 9 Ad v 2 Y Y3 o
015158 (array) w3ounadwy ulnssaddeyainudoyadszinndeardu il uswauinn
o A 1A Y 4

9 1 g A o ] @ 1 1 ~ 9 9 o
JYayalaasalvziaInuNogniuLou masm@1a"lﬂmmﬂqmsﬂizmﬁimminmyaamssflu

E1)

suuuumy Java

int[] A=newint[10]; // an array of 10 int values
float [ ][] [] B =newfloat [3] [4] [2] ; //a 3x4x2 array of 24 floats
char [ ] [ ] C = new char [4] [3] ; /la 4x3 array of 12 char values
Object [ ] D = new Object [8]; // an array of 8 object references

o 1 I 4 o X aa <3| 4 4 aa <3| 4 4 aa
NAA0819 A tag D Huersisdnileala C iHluersisdaesiia waz B Wuesisdawiia u
s o Yo o & 4 ' o A Y SN 1 Yo Ay
B Java 01515092 l@susaassilenannileanudian wazd 1dsunsumes bildsmuanusudu
1% 4 o o J [ va 3 .

Iiue1915d szuvrzimuan i lnednlulid Joyaszinnday (int, float, short, long, double)
o v Ay I d Y o v Ay <3| [ 1 2 A W as Yy I
ﬂzﬂmuﬂﬂusmun,ﬂuﬁuﬂ magaﬂizm‘w char ﬂzﬂmuﬂmﬁmmﬂuaﬂmizmwmmﬁguiﬂmﬂu

o VoA 1] 1 . o 1
‘0000’ %’agaﬂazmm boolean Smuanusudmilua false uaz%’agaﬂﬁzmm Object azMrUAN

Yy a a g I [
019095 3A T ua1 null

o A 4 0 Q.Y y v s y & o -
mssaassieNniseanui iy lasaindeyaeisisdveaniv Java azldiilenandin
t% { A [ J { { A Y '
an uaziimsiiuiindeyaiitneordesiuersisd B luauan GUR 4.28) Jeyaiufeadesiisonin Tan

nnaes (dope vector) Uszneudiedumuasnuesesss umudrodadnual y(A[0]) awlugin
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J o a Y g o Y 1 @ 1 . S
4.28), YUIAUDIDTLTY, %ummmamiumma, UAZUYUINUDIVDYALADSA (1 int Tunimn Java U

via 4 Tud)

Stack Heap

i i ALO]

. ALL]

Y(A[O]) p—-— AL2]
size (n) 10

|

|

“dope vector” |
element type | int :

element size (e) 4 A[9]

@

A ) ' o A Yo Y S & & aa
'i‘lh/l 4.28 Tmmsnwmammmm ﬂﬁiiiﬁﬂﬂﬂlﬂlﬂﬁﬂ?iﬁﬁlﬁuﬂn@

U

o 7! o o 1
doyalulannnmes 19z Temilumsasnasuanugndesvesiidalullsunsy wu &3
o w s A o
msldide A[11]  aowlwaesannsansrvnuanuianaia ldiuiivazudedonnuiou “Array
index out of bound” wediimsfvua A[9] = x> wiimsAeutenanaind ‘Type mismatch”
< 9 dysl Jo 1 9 Y R o [ d Jdo Y 3 v
Wudu wenantideyalulannnwesdrielimaditadwmisaie luersisdildsasdiems
o 4 dgl
RITRLT N
v (A[i]) =y (A[O]) + (e*1)

Wy Awmtsves A[2] awnsodiam ldengas

v (A[2]) =y (A[0]) +8

s aa 1 s & g PN
lunsdlveso1ssdviarena 1wy 815156 C Miiluaeala

char [ ][ ] C =new char [4] [3];

] ]
I=3

] o [ [ o o [
Taseasanieanuimiaass i iue1ssd C uaaaldasgiin 4.29

U
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Heap
Stack | | CLO0JL0]
: : CLOJ[1]
yeonon | —1- CLOI[2]
rows (m) 4 CL1]1C0]
columns (n) 3 > “dope vector” CL1][1]
element type | char Cl1][2]
element size (e) | 2 / CL2]1[0]
CL2]1[1]
Cl2][2]
CL3]1C0]
CL3]1[1]
CL31[2]

P~ P ' o Ao Yo Y s 7 aa
§l‘]_h/l 4.29 Iﬂi\?ﬁi']\?ﬂu'JfJﬂ'J'llli]'l‘l/lﬂﬂﬁiiiﬁﬂﬂm@iﬂaﬂ'ﬁﬁﬂﬁﬂﬂﬂﬁ

I 9y ] o A <3| o . A A
M39a 1A39e519M1I8ANIIMNg 1N 4.29 1Wumsdaluunined (row major order) ABITEN

{ 4 1 o o o 1 g o o
iefimiteanui litazund vazmssunudwmiwesdeyaluesisd C awnsildTaeldgas

v (CLIGD =y (CIO][0]) + e(n*i +j)

[

4
U Sdesmssiuiudmusves C2][1] ennsasi ldaeil

v (CL2][1]) =y (C[O][0]) + 2(3*2+1)
=v (C[O][0]) + 14

] o o 7
Iﬂi\?ﬁ'ﬁg/"lﬂ/iu?flﬂ?"lilﬂ7ﬂ1]"’17/ﬂ%‘lmﬁ'ﬂﬂ@§'ﬂ

Y] s Ay J Y 9 Aay o o
Joyaisnnesansedoya structure Hlulnssasnveyanveyavarslsznilziluiy @

U U U

fod1eae 1l
suuvum C suuuumm Java
typedef struct { class employeeType {
int id; int id;
char name[25]; String name =new String [25]
int age; int age;
float salary, float salary,
char dept; char dept;
} employeeType; }
employeeType employee; employeeType employee;
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Y

o kg $ ] o 1% o i [ §
midadssienviteanuh ldiudeyasanesa wlditleidiuen (gln 430) Tae

o Y Ao Ay s
y(employee) Tuauanaz MHINNTAWHUATUAUVDUTANDTA

AR i i Ao 2345 employee.id
: : Robert Noonan employee.name
y(employee) —] 45 employee.age
5000.23 employee.salary
C employee.dept

~ Y ] o 9 7
E]J‘Vl 4.30 Tﬂi\?ﬁj']\TWU'JEJ?]']']jJi]']GU@QGU@Halﬁﬂﬂ'ﬂjﬂ

o dly d’ 1] o A
N1TAATIIUON U HIYAIINDITNW

A A ~ Y o A A ~ Yo o v A A
LiJE]iJmSLSEJﬂGl"BWH’JEJﬂNJJm‘e’JW (L%um’ﬁmﬂﬁliﬂﬂi"vm’m new) JCUVITAUNUUDNINII

k4 1
A

A Aa Y A Y dy AAy 9 ddy ' A g3y Y 2 '
awmmumGlﬂagﬂmﬂmu@mmmmﬂmm mwu%zagmmﬂmmawn% RIS LUANANITNNIT

=1

v 4 ' v

Taassmizennuhauaniiimsiaasaiiennndaedufervesauanmniu - U0 431 udeq

v a A A Yo & A o v & 4 < = v A A4
Tasaasevesdmilelimsl¥mas new(5) weiSenlfiiled 5 vaennnNdn sTuVITAUNLEAN

[ ] 4 § <3| g { [ ] o A
dsgmandahitims1Hau (unused) olasuldidwiionlFau Tashds lulinmssvuasusuduay

" v 1o 1 09: L) 1 1< A v Yo o o
dsgmandalidvuan (undef) nniuszdedumiaesaonsudullidiudids new (@
@ ' 1 o 1 19 :;‘ 49’ A A Ay 1K 1< Y
fedarzdedumus h+t10) et luvaziiwilonnalusniiliite 5 vden szuvezvendonN

a 1A I~ o v = Y
HANA1A WAL (heap overflow) LazA1TY new ILUTDIULANNAT

h h

7 undef 12 0 7 undef 12 0
3 unused | unused | unused 3 unused | unused | unused
undef 0 unused | unused undef 0 undef | undef
unused | unused | unused | unused undef undef undef | unused

n n

3101 4.31 Taseadaniseanud @nnounasndams 19Mda new(s)
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~ o & Ada Yo Y s o
1uﬂimﬂ1‘§ﬂﬂﬁ‘iiluﬂﬂﬁWiﬁﬂﬂﬂlﬂgaﬂTiLiﬂ

int[ ] A =new int[10];

]
=3

uaaslnseadednlddegili 432

Stack I Heap
l l h
a-1| @A[0]_|
ALO AL9
\\ [0] o (9]

undef undef undef undef

n

d' [ ] o A Y o J 4 d! an
E]J‘ﬂ 4.32 M3INATTHUANUTIIN THAVO151501190A

o ] o 4
msdaassrulsanulunsaivens 1y struct H3o 13ARBIA

struct point {
int x;
inty,
/

point p = new point( ),

uaaalaseasanuieanuian lddaslin 4.33

U

Stack | I Heap
[ | h

a-l| @ p-y \

\| undef [ undef |

n

~ @ 1 o Y o Y J
gﬂ“l/l 4.33 ﬂﬁi]ﬂ’diiﬁu’mﬂ’ﬂmmﬁWiWﬂUIﬂiiﬁiN"Uﬂga struct
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N139AN1THLIEAINDITN

A I Aa o Aa o A =1 9 [l o A [} A

YT Java ‘V]L‘]_IUJ’HE'IL“IN'NIQ LAY UFIIANDU) Nﬂ?ii%ﬁ?uﬂu’mﬂ?’lﬂﬂ?e"JWE)EﬂQlﬂﬂLW@

3 o < A g < a v L 4. o & 1 Aa A
Lﬂﬂm@gaﬂ@ﬂlﬂﬂ LLaZLﬁJ@fJfJULﬂﬂ@lﬂﬂﬂmﬂfﬂiGl“]N'IULL!’E'JVIﬁ?uuu%ZﬂQWﬂLﬂuﬁ'JUﬂﬁﬂﬂTl VYS 1NI0

Y
garbage Addd0e1960 11/

class node {

int value;
node next;
}
node p, q;

p = new node( ),
q = new node( );

M I M 4 Aa Jda o % Y] e H [
Joanudatnaduilumsdaadn Inuaieldluanads  #alasea319mMIdaaIsloNyUIeAL

$18w vziiudegiii 434 (a)

node

P —> P —> P | null ?

/

(a) (b) (©)

q=p,

1 v 9 EZN o k4 v A 4 ' o k4 v
Faziinali q naeumsH IR 1UFN@ReTY p (U 4.34(b) Nudui q neTogeznanaluiuing

v ' Y
Y a2 A

Y v
Tdsunsu lieninsadhdaaz IsauldGoniiuninves (garbage) nazdimsldmdane luilmuay

delete(p),

' Y
=3

24 Y a gy A A 20 da 4 oa Ay o & A a v A
Fadlumsaeenan I Bnunun N p NITBY WANINAVUAD %Vlﬂmwuﬂﬂgﬂﬂmaﬂmﬂﬁmm (gﬂ"ﬂ

S Y U I @ Y .
4.34(c)) tiamyalsutiogisenin q 1uAIraee (dangling reference)
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A @ a v dy A Y 2 1 S a a v slddy A
Lwaﬂamuﬂmﬂﬂmqmimmwaammzmamﬂmmawammﬂizammw (”lﬂmwumaz

=

P 19 A a S y & da o ' ' =
A190g 1uan) MLIABUNAADINUMT LA NTNIIUIUNINBIIUFY 711 Java tagn1w LISP 333
a { o o o . @ va aldty o { A
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