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(Syntax of programming languages)
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agisvasn

1) e 1HRIS 1 ﬂﬂamummmwmmmﬂmmmmiaammummﬂanmmm
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¥
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i ﬂgl]LL'U'UllW]i511/!‘1/11“11114ﬂﬁﬂ‘ﬁ‘]J1EJll'JfJ1ﬂ5m€UE]\1ﬂTH1

=3

2) e ligiFous

3) el

¥
"
4) Lﬁ@iﬁ} 13 fJu?ﬂlﬂiﬂLLfJﬂLLEJwﬂ'ﬂmmﬂ@]NSW'H’JNVl’Jfﬂﬂim‘ﬂﬂWﬂ'HJﬂ‘]JUl’JEﬂﬂimVlvlllfﬂﬂ’nJ

=

9

s

9

H

9

L] SOUAINITOO UL amiwwwﬂhmmmmmmm

9 A

H

9 Yo v o v W =
E‘!Liﬂuzﬂﬂﬂ”ﬁﬂﬂﬁWQ‘U%u"UﬂQﬂWH”I@]”IiJETJLL‘U‘U"UENGUEnJﬁﬂ
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?o 9 Ao ax a ' A9 Y Y o o A
ThnnsaihmindvuaglunorazdtmadeulseToaaneg  ddedldlumsadiadidaie
I~ 2 0
Uszaeudulsunsy mM3oenIUUMBITABusuduINMsesnuuugUtDuvesd Taudems
Y o Y o ' s Yy A 9 1
poNULUTRRMUA TATIAT19v0IM a5 TN 199 Thnnssinfazdesinnudenndodszriing

o o o 1 a a L3 a 4
?l‘]JLL‘U‘Uﬂ‘]Jﬂ’JHJTTlﬂEJ!,Lﬁ3%%aﬂﬂ%ﬂ%WﬂWﬂ’NN!sﬁlflﬂulﬁ’ﬂﬁl ’J%ﬂ1'i’é]‘ﬁ‘}ﬂEJU],’JEHﬂ'imGUENﬂWHWﬂ’E]iJW’Jm’E]S

a A, { [} { { @
Hewldsmsiiunemsdlegiuuuasgusy BNF,  EBNF AndesmsAnyuReINy

a IR o & Y A YA o 99 a @ A q 9
mneuianes v uiludeaSeudinernuzluuuinasguildesoehonsaveans el

' a o2& ° ' ~ A 9
?ﬂlﬂiﬂ'ﬂTL!LLEIg'Jl,ﬂ518Wﬂ?ﬂ1ﬂ5m“]ﬁﬁ]8u11ﬂq1’niﬂ]ﬂuiﬂiuﬂill‘ﬂgﬂ@'l@ﬂ

¢ ¢
2.1 mmmm'iaammu"hmnsmmmmm

(Syntactic design criteria)

& 4 { 2 o & 1 4 ¢
munieaiien lsunsuwes 19 lumsweuidaag  wietserevvuiuldsunsy Tae
o 9w A o A a ¢ v o ¢ y X qu
Tdsunsuazimthinauqumsiinuvesniosnouiiumes  aiuhenssivesnimzdeudeld
o 4 4 [ 1 cL U 1
TsunsuwesannsalfnsesiomeiannlUsunsyldedeazain  ufelisunsuazdossudie

wouldie asrasuud lulade uilaudlumuunsosldheuas lufinou

«  msewlanie (readability)
{0 o ] a U v o w J
Tdsunsuigshnnudnlald lasde mannilalodnyaeclizmsnod lnamsdeu
s '3 I
TsunsuvesTsunsumoesuaz lhensaivesnizn Tulsunsuwesnave 193 duuumsivou
{ g v 4 § g 1
TlsunsuiniluTassadreadany wazgluunhensaivesmpinfazivesomsdenllsunsuld
U Y @ 1 s Aay Y 1 g A YA = 9
aunsoeuldie  aredisveshensainwind laundunimneunaldinsdeudonu
4 a Yy A o & o =
Wuemg  (comment) teesuellsunsy, eyaaldderedinilsuazdoilanduneruiie
a4 A Yo = o o A4 o o Yy o
wohvzdeanunine lasany,  Tgluudidiidennunie,  assnzvesiidideandoany
a a 4 I @ 1 a P
ATINZMIAA 1ABTITNIAVOWYBE N1 COBOL 11ud10619n181AouN1a03 oo ntuuu
[ 1 1 J o M § 4 4
Taaduanuansasiumsonldne e ldsunsuuesizdoudsumadinennmie1iao
§ QJ § 2 Q‘J L § ng
ANurne) Tuvaginie APL fidnwuziasaiudin tude Tensaliigduuundunin des
d v A e oy ' 7o A Ao gy
Wudimermngmniviezeumduinle  @aldsunsuwesioimgylumyiszdoudiaeld

< o v o
137 LWﬁW%ETJLL‘U‘UﬂWﬁQﬁuN']ﬂ)

o maveulade (writeability)
o = Y = ~ /q ¥ g = o
anazmslouldsunsn1die wwvanetimsn llsunsuwes ldnaduaslums@ouyadids

A 4 o A o o o o 0
intlsznovywiullsunsy E]umaJmﬂgﬂgmummmzmiﬂ UASEINTDIIUMTININIUYIAY

VY
Ao o A

1 Y o o A dy o 9 Ao & ~ ' =
amﬂwagiummmm uaﬂmﬂummmmmmmwumummzﬂmwmwammamauiﬂmmu

9

' v
v o

v 1 o I o
M1 C waznw1 APL daiumwnniigduuumdedy Tilsunsumesndngaunsovey
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4
o Y o o

TsunsuldTasdre  uadnvazmamouTdsunsyldhetinezdaudaiudnyazmasiuldae

v Y
TUsunsuNweuds aunTENATANNILDIUENN

«  msasaeund lvlade (ease of verifiability)
A a t4 Y o v a dy ' 9
munanaszll honseinaz Taseaiudids  Mdeaemsasdeuanugndeveellsunsy
Remdeezdesdonnunine Tanvuziwumsmeznguidanu lieyanalild GOTO #

aunsonszlaa ludwmislavesldsunsud'ld

o mamdaailumuunsedlddie (ease of translation)
@ ' Y = Pl 9 Y < I 1 Y @
anvazmse lade @Woulade asraeuud lalade Wunasingeldnuaunsoiaues
s { o S 4 "o

asdouun lvyerdnds Idazain luvasidnvazmsmlauiununiedldaieduenin
4 a 4 o o ] 1< @ '

azanliinesnouiumesuladiduazszuranaldsiass aw1 LISP dludedianim

o 1 o v ' 4 I~ o
szaugaiuladiaaldae iesnnIassadalusunsunazdeyailuTassadadernuuas

Tensaivesniu lududou

« hifnau (Jack of ambiguity)
o a & A A o & A o & v &
AMUAININYDINH DAV MIWsUM T amdIausoutlannuvng ldunnivil
o 11 e & a4 Aa Y o & w1 g
HUY FI98199 U AT UUNNeu lunmeudoumdasne 111

if expression; then
if expression;
then statement;
else statement,

awnsoudannunine ldaesgiuuudawmunimlugli 2.1

false false

expression; expression;

false

|

expression, expression,

statement; statement, statement,; statement,

—O
—O

A
Hyun 2

O

)
A
I Hyun 1

A o o a4
517 2.1 mm‘Vima’daﬂgﬂzmmmmmzmummu”lsu

U
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=)

Ao ] o A o v o Y 9 Yo ] =
MNAIZARINIToIRUATAMNIUAII19819919d 1 7111 C uag Pascal !,Lﬂ‘l]ﬂluﬂ1ﬂ’JEJm'§3J
Y o "o W = o o . A v v A A
VONIHUANAIEY else ICHU1WUDN else VoIA1d if..then %E)g‘lclﬂa‘l/lQ’ﬂ (HUABUANUNNY

mlounuuh 2 Tugia 2.1)

1 A dJ
2.2 ﬁ’mﬂ‘jzﬂﬂku§1uﬂlmuhmﬂ‘§mmm
(Syntactic elements of a language)
Tumsesnuuumpineniinges  Feenuuuinezdesaindesmuaneinudiulsznou

Y

A 1 v dy
NWUITUAN ‘*ummmmm”lﬂu

s 1¥AYDIDNUITE (character set)
Y o dﬂl 9 o 1< o @ A 9/3 A 1
domruaiosduvoInuinazilumsfiuasaue YTz N NIT0 15AIT0A199 Tu

4 ' ' A
Tsunsuvesmuniug Tasi ludnvseildinestusnuseiiugiuveauead (ASCII) fau

'
A Y o

nlsinglump € waewvzlivmniidoimuaaiseonly wunw APL awnsald
[ a [l J_ d'llll 19] a 4 a J a = dyd
BNV NAIAY nhivsnnguuudluiineuiaeesdnd  mawenllsunsunping

o d a 3 {
fuiludeatiuthuiuiiiumamme Ui 2.2)

; APL KEYBDARD
= {|£[= E[}T;ﬁ[vlhi—]%llwwﬁ
2 ls|lalslelralolols]x]| =]
?[m]e‘]p ~ | 4 +|l n{-!r[+|
i t:il-.FEJ.E'|I‘|1'U sl 2 e
7 T T T R B L B e
i ||A[S[‘DIFJG{H1 ].ﬂr]zﬂc}:‘
T
N

719 2.2 sdluiuiiienledmsvinuiaidaluniu APL

¢ @132 (identifiers)
o dﬂl Y v A &

Y I 1
MIAeraiTLy 1wy Fodwils invzlidefmuaiiugiuadieiuie Foazilsznoudlodidnys

)

A o 1Y A Yy A Y o oo vq ¥ A A
HAZ/1150 AUAY UARDUTUAUTOAIYAIDNYT GL“L!'H@W?J“’] ﬂT]%ﬂi]gﬂum?ﬂiﬁi%miﬂﬂﬂﬂ?ﬂﬂ]ﬂﬁ?ﬂ

a0

4 o o d % 4 { A
(underscore) Tums¥oudmaei lvitunila¥eondennuvune

¥ @

do o a
. WANHUAINUUUNT (operator symbols)

9 9 a a

o v v I o 4
E‘!ﬂ'ﬂﬂLL‘U‘1Jﬂﬁaﬂﬂ%@]'ENfﬂWu@ﬁﬂluﬂﬂymﬁi%’ﬂﬂuUﬂWiVIW\iﬂmﬁﬁWﬁﬁi NNATINS NNWNT

v
Y Y

AfSeudisy Memssuiuauiudeay sauniad e s muameItudduaNuduRUS fou-

24



yni 2 Tensaivesnmimsi lsunsy

'
o

naslumsiszunawa (precedence) lunsaifdiaaliinosnaned uumsvatesialzdunu
13U

X=A+B*C/D
A AAA Yy A = @ 3 Y o o Y .
niolunsdindms nTosmnemernunatonss szdesdimuamsiinunnunlddne (right

associative) 3991091811/ (left associativity) 15U

Yy=10/27/ 3

«  dvanuazA1eaIu (keywords and reserved words)

]
£ =

< 0 v & o ' 0 " g
ﬂuhm’JSz‘mnm‘ﬁuﬂﬂ3mmJWfJVl’Jl,ﬂumsmwwclumymw] U N1 C MEUAN 1fl,ﬂu

El

Do
De

M

° v Aqya Y 9 o A A = Y o v o 3 9 ° Y
ﬂ'n’iaﬂﬂi%lﬁﬁﬁumﬂﬂ’)’]naﬂllﬂﬂNNﬂullsll 150 for clﬂfﬁqﬁjﬂﬁ\iﬂqullﬂﬂ’luiﬂﬂ Wuau Arvian

v v v ]
wgnBeniidiau deawniug lieyanaldTusunsuwes hdmdnluduilugeduslu
Tolsunsy anengulniiiieonldegluilgiusmdnaegazgaiu Biflus e limunsai h)
Sy A o a A 4 y o & A4 v Y a S V| '
autlurednlsniesodsun Tuldsunsu’ld Meilmedlesiuderianaraiineriude ualunim

] 1 1 J 9q 9 o @ 3 <3| A o Y o (] ]
sunugu Wosunsu oyanald lgdman auilusednls 14 dredruru

1 REAL MYVAR
2 REAL REAL
3 MYVAR = 0.0
4 REAL = 3.4

'
o w = o

Y v < o @ a o a { o A
ﬂWﬁ\ﬂu‘Uiiﬂﬂﬂ 1 711 REAL LﬂUﬂWWﬁﬂWNWSSQ%uﬂ"f]’GM“ﬁm"llﬂTLl’Juﬂiﬂ 1ummzﬁuﬁsm@ﬁ 4

o 1 I d‘ [
f171 REAL 1usoauls

* MUY (comments)

=

FoauTudrunmems lifinademsinuveslusunsy  uaddouTsunsuiines lddonaw

vnewig 13uTdsunsy ieedunedulszneudiguesllsunsu nSeeoduiedi Tusunsy

=1

fu Beudwiteramesls miiie ¥ domsfuTusunsumesauluiiy w3oiiie oy
wdeandSulsaTdsunsulunends viadls Talsunsu Id ety sluvuMInemegineg
towldlu 3 dnyuzio

(1) nonilunilaussiadiann udeany REM luasn BASIC

10 REM This is a sample program
20 DIM A(1l1)

30 FOR I =1 TO 11

40 INPUT A (I)

50 NEXT I

60 END
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{ v Qy § o ] 4
) UsingidulavesussianId tazagdugamnomgnmeussia wu mslHnseanue /

lun i C++ uaz Java

double A[l1];
for (int 1=0; 1i<11l; i++) { // read the values of A
cin >> A[i];

}

v W < a Qy 1 4
(3) “l%'amuaﬂymzméfuuazauqwmﬂm@; wumslfaiosmne /* uaz * lumw C uay

Pascal

double A[11];
int 1i;

/* read in the values of the array A */
for (i=0; i<11l; i++) |

scanf (“%f”, &A[1]);
}

'
o

v v t5% ' o .
o NVITAULAZAYANHUIANQY (delimiters and brackets)

€

msoenuuuMEIINIzAIs IMUAdNYTE NIANNDUONIAIUHIOUBNIAITUAUVOITBAIIY 150
a L4 1 o o o 4 [ a Y ' v o
ol wulunp C Mvuagasnvesididiomiomuneg ; onvsziAniisononuszi
[l 1] [ e 1 Y I (=Y d A 1 o o o ~Aq ¥ I o 1 [l
dudaanvaidanguaz llumstanguiinel nsenguuesmids onvszilyestlusnvszy
< { R
T (.., {...}, nielddeanuiilug wu begin..end
a L4 .
*  UNIU (expressions)

a J o 1 o o A [ {
inaiiludiulsznovvesiideamnsognilszuiana udrdanali lsunsulaeuaniug

o L3 a L4 o o w o 4
U],f?]’ vj\’g’aammumymz&'aqmwu@”hmﬂsmmmmi@ﬂuuww 'i’Jllﬁ\iﬂTﬂM@ﬁ?ﬂ‘UﬂWiVIWQW‘HLﬁﬂ

a 4
szuranatinal

+  Yoaud (statements)
9 v J 1 o o A 9 o w o
GUE]ﬂ'J']jJﬁ\ul]uﬁTL!lIiZﬂf]Uﬁ']ﬂﬂluﬁll’ENﬂT]EJ“W’ﬂi"]fﬂ')llﬂlla']ﬂﬂﬂ'lim']\i']um@\iiﬂiuﬂjll N3
POAULUMHINEABIMNUATOANUTITLIANA) 11U Foanudahruam Yoanuduuui
& v o = 9 = ) ' v Y o
N’ﬂuvl"]] VDANNAWLUUIUTDU i’mﬂJﬁllﬂﬂ’mJl,ifJﬂGl%Iﬂil,LﬂﬁJﬂE]EJ HRBNLUUNIHINDININTUA

L4 o v A Y Y = a A o
Vlafnﬂsmmmmmmmﬂﬂmw uaddseansmnlumsiiiau
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o d
2.3 ETJ!!‘U‘U‘VI'Nﬂ]ﬁ‘lufn‘iﬂ]ﬂuﬂl’hﬂ]ﬂ‘immﬂﬂﬂ131

(Formal methods to syntax definition)

~ = A g A o w 9 dgl ~ 1 .
misaulsAnsmiollunmisisidsesnuuuadediu aziGeni1 awuinwe (object
language) ualumsesunelnssadevesmuuthuinesnglgaminGeni awuwm vie ean1mn
& o~ 1og Aq ¥ a = & Y ' 1 ~ A
(metalanguage) FalinnurneIniunpnlefinednaumia dedrusy lumsFoun gy
Y { 1 1 4 % A d
muuthwnendisouaulasounenngiu  waedeuldnudisudulransadhle1dTassaa57
7 o & a 0 o o J o !
p11sdfaeuiniudesetvielaseaianazdunladmidionmlne  lunsdaifiniw Ineazsimen
<
A prwuuem
a a Ia < §
TumseTemuineniunes donldguuy BNF (Backus-Naur Form) luawimm &
' o ' g o a dg { 1
aouniimsvenedeinuavesgiuuuliidou lensal laiedu dilddadugluuuiseni EBNF
a J ' ' < 4
(Extended BNF) Glmmmamwamaigummnmm WU My Pascal ldumunwidunisuuanie
a L3 dyd 1 a L4 A
o5u1e lensaiveaniv Pascal gUuvuuwunmiliGendn wwugidlensal (syntax chart) v3e

laozunsulaennsal (syntax diagram)

Uy BNF

sunuuiidue ¥ Tag John Backus 11az Peter Naur Wil .. 1960 ite 14T a1
wanlumsesinelensalvesns’ ALGOL f131 BNF Sawuneds Backus-Naur Form 3elu
v1enfarieia Backus Normal Form sy BNF wiannnangsinmesuea viemmidu
mams Fueuenuamal3lasinamenaasyo Noam Chomsky

siuny BNF Lﬂugﬂtm‘]ﬁ]fJ'NUﬂU‘ﬂNﬂﬁﬁﬁ%}Nﬁmﬁ@1%@%U1ﬂ‘lﬁﬂiﬂiﬁi’ﬂlmﬂ1yi 38NN
hensaliiSuen (BNF grammar) Tensalfiduen Usznoudiedintsznouddiude <T, N, S,
P> Tauil

¥ @

o A A (K @ 4 Ia .
9 I¥aveIdyanyailalenia neenNdyanyaiimesiuea (terminal symbols)

o))

¥ @

o Ia .
IFAUDNTUANHUUBUNDINUDD (nonterminal symbols)

)Y
@

T

N

WM 1o o o i3 Ia v

lidnudydnualimesiuea 1iude NNT = @
o @ 4

o o o sa { 3 A
dyanuaiueumesiuean lfiludydnuaiisudu (start symbol)

bg

)Y
@

T »n
o))
(o]

d’d 1 v @ N Y Aa 1 a g
AUeINgNFena1 INsandu (production) 1deFinediutlsznomds lensainie

1 { o o a ¢ o o
VI 15U ¥oAls, S1udmav, Hwe, Mdusen, Tlsunsu

m3vonInsanduaz 19uuy

A-w

=

e A ﬁJu

o

@ ¢ v v o Ia
anyal luravesdydnyaiueumesiuea (N)

< v o @ 1
HJudgyanuainineaues N 450 T ©30 00U

o—

(O
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CPLEANEAY
BinaryDigit — 0
BinaryDigit - 1

v @ a

I ' . .. @ [} S
AumsAouInsdndusureinavguaes (BinaryDigit) Uszneudiomy 0 wie 1 ludiediail

A v v L4 Ia

Y
. . . o ¥ v L4 Ia v o W
BinaryDigit AAYANHUUDUNDINUDA AUV O LY 1 ﬁﬁ] AUANHUMNDINUDA INsANTUNIEDY

o
4 4

v Y Y A a . .., R 2 [ Yo A
UITNAVNAUUDTU1YA NN N8UDY BinaryDigit mmmmaummu%mu
BinaryDigit - 0| 1
A w1 P S T N = B~ v o A a S L. oA
IATONINNY | UNUANINHNIY “HT0” #9819 191U INsARTUNBT U1 BinaryDigit 19 (av
=
0 %39 1av 1

@

o ¢ ° A dayy o a v o NYu A
msmrua honssivesduevgudunil lavatenan ennsodou Tnsandu laasil
Integer — Digit | Integer Digit
Digit -0l 11211314516 71819
v a 1 .. { .. : a
TwsdnFunsnofu1ei Integer Ao Digit w5ofio Integer NAUAIY Digit Fuilumsiion
~ o J . v A A ¥ I~ A =q Y 2y =
HUDITENADIH (recursive) 1UAD Hew Integer A2 Integer idumstionunldlunsdidosmaiion
o @ A FY v Y & v A a 9 . . v o A
Suudravidszneudiemuriatsn van anilwavnanifed azderwale Digit lulwsanduiians

a 9 A o 9 dg’ ] a o = Y A v
Tumsesue laseas WNFUFoUIL 15U ﬂﬁ’i]‘ﬁ‘]JRJll'JEﬂﬂimﬁlJ’ﬂ\iﬂﬁL"lJfJUGI’JLLl]iWSE]@]'JiZ‘]J

El

4
v A

(identifier) uazfvan (keyword) Hemlugiuun BNF lagail

Identifier - Letter | Identifier Letter | Identifier Digit

Letter a | bl ... 1z | A ]| B| ... | 2Z
Digit -0 1 11 ... 1 9
Keyword — boolean | if | else | void | while | main

@ [} a o ¥ o 1 . a o
AIDYWUBINTTUIIUATTINIHUAAN (as51gnment statement) uazgﬂgmumsﬁmuuwau

Y
(expression) tand ladege 11l

Assignment —» Identifier = Expression ;

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

Literal — Boolean | Integer

Boolean — true | false

o

' a EL v o Ia v A ]
ﬂ%ﬁ\ilﬂﬁulf?{’ﬂﬂWiuEﬂllnhfnﬂimlluzﬂLL‘U‘U BNF L%Eluﬁﬂluﬁﬂhlmlﬂf]ﬁﬂuf]ﬁg]l’JEIGI’JWZJWLﬁﬂ

v v o J

a A o v A o ] 1 @ 1 a o v o 1
wazeudyanyalueuesiuea Liilgl’uﬂW?]I’JElGI’JWZJWGlWﬂJU wu lualregamsterusidaimruan

o

Wy o
| d ymmmn\uaa

Assiggment — [der?ﬁer = %Ssion N

o

wanbaiuownesiiuea
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A Y Y o q¥ ' A o @ o Voo (Say
ﬂ?ﬂuﬂ1mm1@@%%1?”51%51U3161%15ﬂﬂﬁnﬁnﬁiﬂiﬁuﬂﬂiﬂ@qﬂuqﬂ

X =3 % (2+4);
SUM = X - 10;

i S A S 2 v o t4
m3venhensailugduuy BNF veasaie 1 henssioiudiediu dideuszifoudayanyol

Ia 1 4 4 1 o @ L4 Ia
uoumesiuoasgmeluniewing <...> ausNANUIANANINTYaNHAINDINUDA LAZIVNY

A a Y o o e v @ /9 @ " Yy a Y "o A
TN NIYUYTIN (—>) ﬂ?ﬂﬁﬂ]ﬂﬁﬂ‘ﬂm = ﬂ\?u“Llll'lﬂ?ﬂimiu@nﬂﬂ1ﬁ‘ﬂ’lﬂ@]u’ﬂ’lmﬂ]Eluvlﬂch’illﬂﬁu

<assignment statement> ::= <identifier> = <expression> ;

<expression> 1= <term>
| <expression> + <term>
| <expression> - <term>

<term> 1= <factor>
| <term> * <factor>
| <term> / <factor>

<factor> ::= <identifier>

| <literal>

| (<expression>)
<identifier> = <literal>

| <identifier> <literal>
|<identifier> <digit>

<literal> ::= <boolean>

| <integer>
<boolean> 1= <digit>

| <integer> <digit>
<digit> =01 11 .19
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sUuvy EBNF

@ 3 1A { a o < o
oA uiinms 1931uuy BNF ietio lnsaivesnivn ALGOL jiluuy BNF aldsy
a < 4 a a 4 Y 4 a @
anuilenlfduniyuue ieeTinenmineuiimesszaugaous uazisuiimslivliegiuoy BNF
Y 4
Tansadeuldiedy juuulsulgedisendn Extended BNF w3oisonTagdedngiuuy EBNF

< o w @ { A . 4 a g’
UszaudiguesmsiSulgefio nanbeamstiomnny recursive TagldinTeenususnmsinadi

£l
v A
ANU
* =2 A A 1 <3 a dgl 3’ Y 3 A na.zl A 1 na.zl
{} U amagmﬂclmuaumﬂmum'lﬂ 0 A1 1 ATINTDUINNIT 1 AT
= A A 1 < a 42} g} 9 :JI A J 3
{ }+ UUIYN mmgmﬂimuamﬂﬂmum% 1 ATINTDNINNIT 1 AT

A y A A . [ d’l
wenntimMs ldnTeanunensaen (option) Agil

[ +]—] vuneda denlHaTeananeuln H3e 1ATeeHINBAL

% 1 1 a a P o
A108199U MNHNUMIAWeUTNI AvuaTugiuuy BNF

Expression —» Term | Expression + Term | Expression - Term
Term - Factor | Term * Factor | Term / Factor

A Yy v I A VA S A = ~ = ' A g
uﬁlmmmmﬂumia‘ﬁﬂwmuWﬂu D MNBDULAYIY INYIUNDULIAYD (!ﬂfu Y, 345) 1o Lﬂuﬁnﬂn

Y
=4

NudouIuTagihmaremeniuIn au g s fuld 5y Y+345, Z*4/(3+12)-4) Getemdnedu
9
annsodouluguuuues EBNF 18 1aglideqld recursion asil
Expression — Term{ [+ | -] Term }*
Term - Factor { [‘*' | /]Factor }*
a o a A Jd A & o A ! < a 42}
e luussiausnedenidne Ae meunilaney (fufediumelulrudy {...} mavu
P A A Y a 9 v A A ' A
AUINTI) W30 MoNMaIBMENUINKIeAUNY (Heudie [+ | -]) vssiandesiewdl mewude uln
P P A P s A o o ' A ~ '
wosnilalawes wie wilawesnasudamesinguusensiy  Funaduniesmnoguilioust
A o = = PR A YY1 A dyr:% o @ 4 Ia A
molumiosmnedmatia@enr (*) evenliiunsesmneiidudydnuaimesiueanamso

' o & A ! A A a g 7 o
1Jsmgag1ummﬂmma TNUINBDLYNAITULANA TNITNIATDINNY {}* LWE]UE]ﬂﬂﬁLﬂﬂ“]ﬂﬁuﬂﬂN

9 '
v A q 9

A o & A S < ¥ v t4 A
NIOUINNIITUU BIUATOINNY * Mmmwmmﬂuﬁtyaﬂymm FA0a15 1A THUNA
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a 4
ununi 1ae1nsai

a 4 a JdY a 4 A FY
mM3esue honsaivesmpinouiunesaeunuil lensal (syntax chart) 5uldluns

E4
a a L4 [ Y ] 1
851107111 Pascal TagldgilnmetineTaseairalensaiveaniv asdaodiadeliil

Expression (

Y ’L

v

A

OO|3

U a A 9 9 A A o a o v 1 & a . a
ﬂ”liﬁ]”luLLWHQM%Z!SM%”IﬂG]ﬂ”IEIHl‘]JﬂJ’J”I FeievzimeiuennuInduienves Expression Ne
‘V]WJﬂWiEiWHi]zﬁﬁ“lJﬁ)aﬂﬁ’Jgﬂﬁi 15U Expression U52noUAIY Term H3o Term + Term %30 Term —
A A v v C4 Ia = i
Term %39 Term + Term — Term %39... ﬁmuaﬂymuaumamuaa%zmauagiuﬂiaugﬂ

d‘ = A9 A A 1 v L3 Ia = i @ 1 a
TURAYUHNUNT ﬂﬁﬂg‘ﬂ’Nﬁ muamﬂaﬂymmmnma%zmﬂuagmﬂiugﬂaman AIDYWNITDDHU1UNDUY

E4
=

) o 1 . a 4 Y]
(Term) uazdoAWdIRIMUAAT (Assignment) Areurugil lensal naaaldag

ferm A ﬁ‘[ Factor } —>

O
O

Assignment
i)~ O
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d
24 ﬂ1§3!ﬂ‘§1$1ﬂ'381ﬂ5ﬂ!
(Syntactic analysis)

@A i a Jd o { a a
Thensaindousglugiuuy BNF, EBNF wie uwugil hensal dmdhnesuiedsmsieu
a 4 asy =) o o asy = 1 Y 3
unel AEmsweumds  uazIsmaenllsunswedgndesmnugluuuveaniviiug - Tisunsy
A s . o 9 A v a Y
wlanwmSenenlwaes  (compiler)  azdmihniasndeuanugndesvesmsilioulaseding
v D A 1 4 o 4 & v s
Tilsunsurazanugndesvesmameudidananualulisunsy  Weddamimuagndesniulinsal
J o 3 1 ] 4 4 a 4
aow lwassszihnuduasuse e ulaldsunsulieglugduuvvesnvunseuieIinounuaes
Y = & o 4 % o =
dsziana’ld 310 23 uaasiuaeumsihavesnen lwees Tasduvl (mshnulasazidons:

a d‘
o5v18luunn 4)

Program Lexical token stream | Syntactic
analysis | analysis
parse tree

A 4

parse tree | Semantic

Optimization | i
analysis

Intermediate
code

. machin
Code generation chine code

v

Y
o

=~ o I
ETJVI 2.3 suumumﬁmﬁmmmﬂau"lwmm

' N 1 a dy o . . o Y Ao s
drulsznouuinvesnon lwassAeauineriann  (lexical analysis) sy lg
P & v v & S o 1 a <
Iﬂillﬂjlll"“’]ll’l‘ﬂﬁiﬂjllﬂill umuﬂﬂﬁu’t']mmmmmcluTﬂmﬂiu@ﬂmﬂumﬂﬂﬂﬂ] 138N Tmﬂu
Yy & o 9 A Vo o & A 3 o g o vy v Ao v
(token) W'iE]‘;J‘VN‘1/1Wiu”mGl'iTﬂﬁﬂummﬁwwmaimﬂumﬂn@uumJEluulﬂgﬂﬁmmnﬂﬂ”muﬂ“lﬂu

o (Y] 1 1 { QSJI 4 '
Thenseivesnmvmie T dedruru Sriimseenuuunuiadieniv C @e¥einu1 JAY (Tucker

"
o @ 1

and Noonan, 2002) uaiiInssadiaazmsldmdasnsidand Tastmuagiunuvesnludnuas

BNF 14431071 2.4
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InputElement

WhiteSpace

Comment

Token

Identifier

Letter

Digit

Keyword

Literal

Boolean

Integer

Separator

Operator

WhiteSpace

| Comment | Token

space | \t | \r | \n | \f | \r\n

// any string ended by \r \n or \r\n

Identifier | Keyword | Literal

| Separator | Operator

Letter | Identifier Letter

| Identifier Digit

a | b | | z | A | B | | 2
01 1 | | 9

boolean | else | if | int
| main | void | while
Boolean | Integer

true | false

Digit | Integer Digit

1 C4 @ 1 1 o
'g""l]ﬁ 2.4 "l’JEﬂﬂ‘i‘m511El\lﬂWHWI’JEIEJNTG]EILLEWNLQT\Hzﬁ"JUﬂW?{WVI

14

o { a o v o g . .
Tewnsailuglin 2.4 dewdmidnwiniolmnau 5 Uszian Ao Identifier, Keyword, Literal,

o o @ & v A 3 v o ' °
Separator, Operator mahmaAnNMariulszneuuveaNudalszanaie svuaziluuums

@eoumidennlensal BNF lugilii 2.5
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Program void main ( ) { Declarations Statements }
Declarations ¢ | Declarations Declaration
Declaration Type Identifers ;
Type int | boolean
Identifers Identifer | Identifers, Identifer
Statements ¢ | Statements Statement
Statement ; | Block | Assignment | IfStatement
| WhileStatement
Block { Statements }
Assignment Identifer = Expression ;
IfStatement if (Expression) Statement
| if (Expression) Statement else Statement
WhileStatement while (Expression) Statement
Expression Conjunction | Expression | Conjunction
Conjunction Relation
| Conjunction && Relation
Relation — Addition
| Relation < Addition
| Relation <= Addition
| Relation >= Addition
| Relation = = Addition
| Relation != Addition
Addition —» Term | Addition + Term | Addition - Term
Negation | Term * Negation | Term /
Term — .
Negation
Negation — Factor | !Factor
Factor — Identifier | Literal | (Expression)

4‘ 4 [ 1 1 9 o
gﬂ‘l/l 2.5 Vl’JfﬂﬂimGUE)\?ﬂWEW]’JE)EJNﬁ’JuIﬂSLLﬂSiJLl,a%GUE)ﬂ’N?J’ﬁQ

[ @ 4 1 .
(Fyanyal € UNUTBANNIN U0 empty string)

S lsunsuuesdesma@ouTsunsuvnay M Tunes®dan » aw'lensaiveanizn

E4 '
ded19l Tsunsuaziigdunuasgili 2.6

. . <3| o w @ 1 @ I~ o
anawa: @y 1M Tus¥ %3e Fibonacci number (Hudidvvesdavinassdusmiluay 1 duav

[

e

uoa

I Y Y :j v A
Thziflunavinvesavassdineuniniu ude
Fib(n)=181n 79 0 %30 1,

Fib(n) = Fib(n - 1) + Fib(n - 2) Tunsdif n fidunnn 1

dognaaveynsn Il Tuwed 18un 1,1, 2,3, 5,8, 13,21, 34, ...)
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// Compute result = the nth Fibonacci number
void main ( ) {

int n, fib0, fibl, temp, result;

n = 8;

fib0 = 0;

fibl = 1;

while (n>0) {
temp = £ib0;
fib0 = fibl;
fibl = fib0 + temp;

}
result = f£ib0;

317 2.6 Tsunsuvuay I Tunes®dai n Tasn =8

4 { 1T g a @ 4 ' a do I .
woTsunsuawgii 2.6 gnduiludunadundnenluames diwdmsizidni (lexical
. o Y A o <3| o 1 ~ ' 3 9 o o 3 A 1
analysis) aMvthiuenareonilumeess Foni @ndu (lexeme) WioNNIIAYTLIANVDAANTY 1

Wudndmd niaTmAu (token) Tungula degalii 2.7

1anau (lexeme) Tnfin (token)
// Compute .. Comment
void Keyword
main Keyword
( Separator
) Separator
{ Separator
int Keyword
n Identifier
' Separator
fib0 Identifier
, Separator
fibl Identifier
, Separator
temp Identifier
' Separator
result Identifier
; Separator

= [ 1 <3 9 o ~
71U 2.7 m3dangu Infunnteanuauussnausnued llsunsulugin 2.6
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1 a Jo  J o Y Ao ' < 9 @ 9 Yy ' o
ﬁ"J'L!’JLﬂinﬂf’fWVqu]ﬂﬂWﬂﬂﬁﬁuWﬂﬂ@ﬂf,jlliﬂlﬂulm’l EJ\WITJ%ﬁﬂ‘ﬂﬂ’nngﬂ@lﬂﬂiﬁﬂ’)ﬂ’ﬂﬂ?

@

4 v v
fwiidue dudmdminidey3luaen dedruru rlunssianauvealdsunsuvuaylnlunys

$ o o s Aa I o Y
U7 2.6) dieu T sunsudsudydnvaivuielss Toarailudsil
int n, fib0, fibl, temp, result:

\ a P Y A g v A v n v v
ﬁ')u’Jl,ﬂi’]z‘ﬁﬁWﬂ5]3G]i'ﬁ]WU6UE]NﬂWa']ﬂullfﬁgllﬁﬂ\iq]f]ﬂ'J’]llWlE]uslﬂiﬂillﬂilllllﬂi‘lﬂﬂi'lﬂ UVBDAITN

A A v [ dy
INDUDTINANHUSAIU
int n, fib0, fibl, temp, result:

A

undefined symbol, should be |

Ay te A o a A doy o o Y A Y A
Wi'ﬂﬂ111J5Llﬂilll,ll@i@'l\?"]f@ﬁ'JLL“].I?N@ETJLL‘U‘]JW’ENJTTHW AIUUATIEHNANNIC M UINUTAIUDAINIADU
) = W U U U Al dy

L%ummﬂummammﬂﬂu

int In;

N

incorrect identifier

v S Y a Y v A Yo Vi Yy 9 Y o v
ﬂﬂﬂmﬂinmﬁumﬂu"l@afmgfmﬂﬂﬁiﬁ]“lﬂiﬂﬂm,muhlclﬂgﬂmmmnmﬂmﬂuﬂﬁummmum

1 < 1 1 Yo 1 a o . . d' a s
nquued Infuvzgnasaeliiudiuiingizd leinsal (syntactic analysis) todns1ei lensaives

o & o ! v Y o Ao vy P
ﬂﬂﬂ1’gNLl,az"um‘wﬂﬂiuﬂsmmﬂﬂﬂamGmJﬂJE]ﬂmuﬂﬁumm‘m (‘1/m11)iu¢1‘lm’JfJVl’anﬂimGlugﬂLmu

q

BNF awgilfi 2.5)

° ' a 7 o 3 o 3 Ao | a Joy o
fﬂi‘VI1\1114%@\1?(3143&?]513?71381]’]5&! fﬂgl,l]uﬂ1iu11‘ﬂmu%iﬂﬂ1ﬂ1ﬂﬁ3u3lﬂ513ﬁﬁw1ﬂ

a 1

[ o 1 9 d A v
Wﬂ?ﬁm?i’)llﬂﬂnl’lﬁﬂﬂim BNF "UE]Qﬂﬁs]Tﬂgﬂ@]ﬂﬂﬁﬁﬁhﬁﬂﬂimﬂﬁﬂqﬂ AISUIUNITATIVFDUAINY

Y Yas 9 G A na.zl ~ ' a o ~ . .
2NA0Iaz 1HITMIATNIMEANT (parse tree) NIOUNATAUIINIUATIFUNT (derivation tree) IWITIZ

a

I . A s o [ =3
ﬂi%ﬂ?ﬂﬂﬁﬁi’)ﬂﬁ’ﬂ‘ﬂﬂ%!ﬁﬂﬂﬂﬁ derive ‘ViiE]fﬂ'iLL‘]Jﬁ\1@]TlJ"l’Jﬂ?ﬂiﬂ!ﬂWﬁiMﬁ?ﬂﬂﬂlﬂﬂTWiﬂﬂ%u T@Elll
Tnsandusudune

Program — void main ( ) { Declarations Statements}

v o 7 a

o A v o 2 I o Y A g
HUAD ﬁmammuaumamuaa Program mmmmﬂuam

g

4
“L!"UEN‘l’JEﬂﬂSm BNF nms

)]
=
2
7))
bang
B

E4
@

3]

Y A o e Ja

ﬂuﬂﬂﬂ\?ﬁiy NHUUDUINDIUUDALIAY
Y

asasunNugnAesayliituas (derive) 9nTwsandusy

A 1] o 9 A o o s A o = A 1 3
mostuealzluiy  aunsendlagduuuidudydnyeiimesdueananua  Jevzden Tdsunsuriu
s Y Y 4 A g yas Y = = 3 [ o 4
@eu lagndssa honsaivesmy  wietldismsadwwans  Tnuannveanisziludydnyel

I Y < [l 3 o 1

UBUINDSUUBA Program lvualuszavsaasuzudindsenouneriuavesdldl Program
v W o A o Yy a ' o w =2 A & o IS
yanyaiueumesueanndIzgnENUAIEie laawmudwusudsigaie Tnualunamuaily
fydnvalmesiiuea

Y Y
5MInna1zd hensaivealisunsy naasdlrediegralsunsvunadu ao il
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= o

hamszranugndssdiemsasumans o lausunmdulidegli 2.8 Fezdunaldnnivualy

4 )

Y
wiludyanyalmosuueanaviug

{

Program
id main ( )| Declarations Statements
Declaration Statement
Type  Identifiers . Assignment
: ////;VVQT\\\\\
I
]
int  Identifier  Identifier = Expression
1 1 1
1 1 1
1 | 1
1 1 1
1 1 N
X X Literal
1
1
I
1
1
1

A ~ a o @ '
51N 2.8 WWﬁ"VI‘J"llENfﬂ‘i’)&ﬂ‘ﬂ%Wﬂ’)ﬁﬂﬂimiﬂiuﬂiﬂﬁ’m&ﬂﬂ

U

a s Y ¢ Y v o A 9 oY A
fﬂ‘i’Jlﬂ‘ﬂg'ﬂﬂ’ﬂllgﬂ@]ﬁl\iﬂ]’ﬂ\iul’lﬁﬂﬂim ﬂ’JEIﬂW‘JLL‘l]ﬁﬂ%WﬂTWiﬂﬂ%u&iMﬁu%uﬂi%‘ﬂ\i"lﬂg‘ﬂll‘ﬂﬂﬂ

I ¥ @ o Ia 3 Y o dy
u iy,amgmmamuaamﬂummﬂﬂﬂmu

' H Y A
(LLG]EI%GUHGUENﬂﬁLLﬂaQi]ZGl,"]ﬂ,ﬂiENWNWEJ => LUag

v 7 7a A ) Ay 9.
t?llu mgmuaummnuaamgﬂuﬂm%mmaaﬂﬁmmﬁuiﬁ)

main
main
main
main
main
main
main
main
main
main
main
main
main

void
void
void
void
void
void
void
void
void
void
void
void
void

Program =>

o~~~ o~~~ o~~~ o~ o~ —~
—_— — — — — — — — — — — — ~—

e T e i e e T e e N e e R )

Declarations Statements }
Declarations Declaration Statements }
¢ Declaration Statements }

Type Identifiers; Statements }

int TITdentifiers; Statements }

int TIdentifier; Statements }

int Letter; Statements }

int x; Statements }

int x; Statements Statement }

int x; € Statement }

int x; Assignment }

int x; Identifier = Expression; }
int x; Letter = Expression; }
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=> void
=> void
=> void
=> void
=> void
=> void
=> void
=> void
=> void
=> void
=> void

main
main
main
main
main
main
main
main
main
main
main

int
int
int
int
int
int
int
int
int
int
int

A~ e~ o~~~ N~~~ o~ o~
—_— — — — — — — — — — ~—
e e e i e e e e e N e

& a 1 9
ﬂﬁl!ﬁﬂiNLL‘U‘Uutiﬂﬂ’)WﬂﬁLLﬂﬁﬂlLﬂ‘]ﬁm&’@ﬂ

XXX X X X X X X XX

yni 2 Tensaivesnmimsi lsunsy

= Expression; }

Conjunction; }
Relation; }
Addition; }
Term; }
Negation; }
Factor; }
Literal; }
Integer; }
Digit; }

=1; }

. . 4 o @ o
(leftmost derivation) tiledIndgydnyaiueu

Ia @ A " g = 1
LTIE]S?JUE]EW]'JLLSﬂ‘l/ll]i?ﬂ;]ﬁ]g“ﬁ?ﬂﬂﬂﬁ[ﬂﬂ%gﬂuﬂﬂiﬂ@ulﬁﬂﬂ

Y = a d 1 v o 1 . A <
ﬂWI‘ﬂSLLﬂﬁm"UEluWﬂ“l’JEﬂﬂﬁ‘mL%uWﬁ\iﬂ?’ﬂ maln IIlllll’)xi!,ﬁ‘ﬂ

volid main
int x;

X 1;

' v A o A ' v o v Yo o P
l,i15]8vhJﬁﬁﬂiﬂﬁiNW?ﬁTlﬁ/lﬁ?ﬂJ”im WSE]lllliﬁllﬁmlﬂaQTWiﬂﬂ%uﬂuﬂiZﬂi‘lﬂﬁiy NHWU

9
Mo NUOANINNA

'd N\ 'd ) 'd N\ 'd N\ 'd N\

Token stream | void » main { » int ST
- (. J/ (. J (. J/ (. J/ (. J
N\ 'd N\ 'd N\ 'd N\ 'd N\

; ]_’ N = 1 'Y 5 ' }
J/ (. J/ (. J/ (. J/ (. J/

BNF grammar :

Program — void main (

Parse Tree:

void

{ Declarations Statements }

Program

main
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9 VR o 1 d'lrlﬂl o I 4 743
myasenans aunsadhaeauauysalld maizaw hensaidesmsnioanune
3 A 34 4 4 o o i3 Ia ! o 7
Tnaunldaundluaiosnane <{¢  ilednanyaimesiuea liaseiunoulmasiwzudsdonnuion
Y
a " o (% 1 v o @
mgAanaanazaz lihauluduaeude I sunhldsunsuwesazud luTsunsuligndesaundn

Tennssivoaniz

do
2.5 lennsaifnina

(Ambiguous grammar)

A 2 a Ao £ A 7o LR
mstiowhonssivedny  smdansdifinawdwileguunhensaidivuald lidamy
0 k4 o=l
deane hldawnsoadronaninieamnsoudashensel i ldnareglunn hensainfniseedl

s Yo

a { o @ 1 o J
msudasiniiuly1@ifiesgduuu@en dredreveshensainmniunaasldasi
AmbExp — Integer | AmbExp - AmbExp
a I~ a a s < @ o = A g o o
e AmbExp umstewdnstiiannsailuduaviwudsriedudiaviaiss o

v @ 4 a d
duiusiudromnsosinean uazdluTUsunsulms@ouiined 2-3-4 msasiadeuanugndesly

é'fm”hmﬂsmmmuwauumﬂwmm W 1@W1ﬁ%5ﬂlﬂuqﬂﬁﬂﬂiﬂuﬂﬂ @Niﬂ‘ﬂ 2.9

AmbExp AmbExp
AmbExp — AmbExp AmbExp — AmbExp
In rcl"i.’ er AmbExp — AmbExp AmbExp — AmbExp Int eger
| |
1 I
1 i
2 Integer Integer Inreger Integer 4
| | | |
| 1 | I
1 ] 1 ]
1 1 1 I
1 1 1 I
3 4 2 3

A ~ Aq ¥ a o
719 2.9 manIaeagdununlyaseaeuiinel 2-3-4

9 A Yo o o I v dA A
mstszuanamumansieioas lasmeumsmannily 2-G-4) wadnwsae 3 luvazh

~ A Ao w o < v dA < ' dé’ 9
wmansvNvevziaaumsinauiy (2-3)-4 WaawsA® -5 %mumwwammﬁaqgmmummm%
9 A @ J = a 4 3 9 1 ug.zl Y v da
mnﬁau”lﬂwamuauﬂumgﬂsgummﬂmuuwim 2-3-4 UUYNAD l,msl,wuuﬂszmawaﬂﬂﬂwaaww

HANANNY
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Tumsesnuuumudimuazluuuninswan@enssininiy 9nAI0619edY @150

E4
=1

Ysudiahonsal ldvuannusinaldaail

UnambExp — Integer |

UnambExp - Integer

o o M dd‘ a A o Y = [
fﬂifﬂ“l’iuﬂgﬂLUJ?JEU’EN?]'IENLHJTJEJNE)L!VlﬁU’d?lﬂiﬂlﬂﬂﬂimﬂ1ﬂ’JiJllﬂL“]5ul,ﬂEJ’Jﬂu

IfStatement —» if
| 1if

Statement — Assignment

(Expression)
(Expression)

Statement
Statement else Statement

| IfStatement

v Y
S sunsuuesvousidane 1l

if (x<0)
if (y<0) vy =y -
else y = 0;

1;

v E4
G Ne ’E]\MHJII’JEﬂﬂiﬂ! Lm{Iﬂﬂ’i1ﬂ’E]?ﬂllﬁﬂ’diNWWﬁ‘I/IiVlﬂﬁENSﬂmJ]J GNT]J‘I/I 2.10

/1? aTn<:\ % em&\
E rpres sion ) Statement if ( Expre\ sion ) Statement else  Statement
I
| | ]
I [ I
I I 1
x< yﬂfﬁif’i ?:rem<\ =0;
if  ( Expression ) Sraremem else Statemenr f ( Erpre.mon Sraremem
: | | | |
i I I ] [
1 I | | |
y<0 y . el y =0; y<0 B S

31l 2.10 mam3aesgiliunvesfids IF. THEN ELSE

Y v
M1 C wag C++ udlgymil (Seninilap dangling else) A1emsanwa else azgny if

' v v A A Ay A A 1y Y Y
agclﬂa‘nqﬂ HUAD @]ﬂ'J'liJmJ‘]JW'IﬁVﬁ“]ﬂfJiJEWH?JgﬂVI 2.10 Ll,ﬂﬂ'liﬂiuﬂillm’ﬂiﬁENﬂ'IiGLWNﬂ’N?JVﬁJ'IEJ

A = A v o Y A o oo W o A
mmugﬂwmmmma MUTDWIAVAYATOINVGIANQUAIAN ( {...} ) AU

if

(x<0)

{ if

(y<0

else y

)
0;
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v d Y
2.6 ﬂ1i‘i]ﬂﬂ%jﬁluhﬂ1ﬂiﬂ!ﬂ13~lﬂ1ﬂﬂ‘ﬂu‘lﬁﬂﬁlﬁﬁ
(Class of grammars by Chomsky hierarchy)

o a 4 o v v o A
Hl’JEﬂﬂﬁm“U’ENﬂWEIW‘HEITLIﬁ‘HIﬂEJﬂTiﬂ?ﬁuﬂlcﬁﬁﬂlﬁ]\iﬁiyﬁﬂ‘l&]muﬂulﬂﬂﬁ‘nuﬂﬁ, LHAUDN
v i3 Ia v o 72y I o o s Ja v o =
dyanvalmesiivea, dyanvalisuau (Judydnyaiueumesiuea), uazisavedInsandu 1wl
@ 1 o I 1 1
f.91. 1959 Noam Chomsky ‘ladangu'laensaivesnimieenmilu 4 ngu 5en1 Type 0, Type 1, Type

2, Type 3 Tagugnanuuanaasangduuumswen Insaniu

Type 3 lennsaisna (regular grammars)

Y
@

J Aa g s § o A v v
Tonsaidsnddlunsaiamzanelensal BNF assnidesidamivaulumsdouTnsangu

oAy A v v Y & o o ¢  ga o A & o o & o A
HUﬂﬂ@']uell'Jq‘lJﬂﬂJf]QTWﬁﬂﬂsﬂuﬂgﬁ@\ilﬂuﬁmaﬂymlﬂﬂﬁﬂu@ﬁlﬂquu ﬂﬁﬂlﬂuaﬂlﬁﬂymlﬂﬂﬁﬂu@ﬁﬂ

o

mMusedyanysivewmesivea

Nonterminal - terminal Nonterminal | terminal
Y] ] =\ J ada o . . 1 9 - A
dedmamou hensallsnantewdaszy  (identifier) sznoudieddnys  no
v o A 9 v o A o Yo &
FAIDNHINDIINTUAIYAIDNHINITDANIUAU uam”lﬂmu
Identifier - aX | bX | .. | zX | a | . | z
X > aX | bX | ] zX | OX |1X |..] 9X | a | .. | z |

¢ aa by a o w o4 d y A& ' o
ll')fl']ﬂim1]iﬂﬁUlelGL"]fGlUﬂ'li'E]‘ﬁ‘]_l1flﬂ']ﬁW‘ﬂlﬂlﬂuiﬂj\iﬁi’]\?WUﬂ’lU"UENﬂ’]‘H’] LBU N33
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a o - Y Aa a o’d’
1. mmmmwamaﬂmﬂ%‘ﬁmﬂmymaummmauq ?
. meta-language 9. free-language

fl. context-language 1. high-language

Y
' o I
2. grammar G1 so'lil fmuagdnuumslouTlsunsy Taoli <program> 11y start symbol

<program> - Dbegin <statement list> end
<statement list> -> <statement> ;
| <statement> ; <statement list>

<statement> —> <variable> := <expression>
<variable> > A|B]|C
<expression> - ( <expression> )

1 O)

| < expression > + < expression >
| < expression > — < expression >
| <variable>

folasde ldiifumaidouTdsunsufigndosaiu grammar G1 2
N. A=B+C ;C:=(A) 9. begin A:=A+(((()))); C:=(A+B)+A;end
A. begin A=(B+C()-A;end d. begin A=A+C end

1 4
3. §1doamsud v grammar G1 Tudie 26 ive1d g uuums@euTisunsuae Il luaunsadhld
begin A:=(B+C);end
Y Y '
Ao lvedials 2

A a . I~
n. 1lasuiienn <expression> 13y

<expression> - ( <expression>)
| < expression > + < expression >
| < expression > — < expression >
| <variable>

A A . <3|
v. 1asuile1y <expression> 11u

<expression> - <expression>

| < expression > + < expression >

| < expression > — < expression >
| <variable>

A a . 1<
f. 1asuileny <expression> 11U
<expression> - ( <expression> )

1)

| < expression > + < expression >
| < expression > — < expression >
| XY | Z
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3. 1lasuiien <expression> 11u

<expression> - ( <expression> )

1)

| < expression > + < expression >
| < expression > — < expression >

4. grammar Tudelatidnyas ambiguous (fmuald <S> iy start symbol) ?

N, <S> —» <S> <A>|<A><S> |<A> V. <S> —» <S> <A>|<A>
<A>-—>a

<A>-—>a

A, <S> <A>|<C>

3. <S> > <A><C> | <B>
<A>->a <A>—> a
<C>-—>c¢ <B>—> b
<C>—>c¢

E4
5. Myua grammar G2 Irasae T
<stmt_list> — <stmt>;

| <stmt>;<stmt list >

<stmt > —> <var > =<expr>

< expr > —> <exXpr> — <expr>
| <expr> * <expr>
| <var>

<wvar > - XY

< : J o ¢ o

1 <expr> 11y start symbol 9on11mlade ligndesnudesimuaveshensaliagdosmua start
symbol ?

N X=Y*Y,;

V.Y =Y-Y;
A X=Y+Y;X=Y+Y; LY-Y

42 ' 4
6. fmua parse tree 19asgae’liil donnunaienn parse tree finvoz s 2
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( ) ( )
n. O0) V. ()00
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7. Mvua grammar G3 Tvigane 11l
<expr> — <expr> # <expr> | <expr> § <expr> | <id>
<id> —> al|b|c|d]e

A A = =2 a J a /o o 7 = s A
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4 o a 4
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Y o 9y ° A IR a dgl ]
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9 Y
A, a#bNaTuADY V. b$c NaTUNU

4
f. grammar lai'ldszy13 9. a#buaz b $ cinauldndoudu

8. Sudoy grammar G3 Tude 31 1§u G3° Fade'l1)il

<expr> — <factor> | <expr> $§ <factor>
<factor> — <id> | <id> # <factor>
<id> —> al|b|c|d]e

Y o 9y ° A IR a dgl ]
MU UAUEANY a#bSc msmmmuwwmu“lm]zmﬂ"uuﬂﬂu?

9 Y
A, a#bNATuADY V. b$c NATUNU

4
f. grammar lai'ldszy13 9. a#buaz b $ cinauldndoudu

A o3| .
9. Wa13a11 grammar G3 uaz G3° grammar laiilu ambiguous grammar ?
| . 3 .
f. G3 111 ambiguous grammar v. G3” 111 ambiguous grammar

4 < . & Vg .
. 19 G3 tag G3” 111 ambiguous grammar 1. M G3 nag G3° iy ambiguous grammar

Yy v Y Y A a ¥y A A
10. D1ADINITATIVADUUDA NN grammar G3 AYATOUBIUINTITY ﬂ?ii%tﬂiﬂﬂ%uﬂiﬂ ?

N. Turing machine 9. push-down automata

f1. finite-state automata 4. linear-bounded automata
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