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1. Intreduction :

Ssn’cn.:. Amlasis (Pa-rsina) is the second Ph.nsr.
. D-I: o cnm?ilt-r. The lexical a.nn.la'r.r.'r amvo.h.s It is D.F e '
a stream a-]: tokens -Frm the source program. i
The Sldn‘l'.ux MLﬂur veceives this token stream [ G=(V,T,P,S) }
and checks whether the tokens canm be urwmaad.

6. Grommar Used in Sﬁn‘tu Anu.l-jsis H

The grammar used is Context Free Grammar (CFG).

Where - =
u:ﬂ'fd‘- h H\g Lo 'I'I-I-ll-i .tl'\g- l- LA ! =
or not. l £ EeF T

T = Set terminal symbols = +
If the orrmazmn{'. is correct, it creates a ok .of ] 4
parse iree and passes the information to the o= Setiof production rules T % T®E |iF
AT SEe TEE P v OT MO S = ft . L
next Fkase. ( Semantic Amlazu'). = d F —» ( E )

| J

VAT=¢ and VUT # ¢

2. Pufpose O{: S_Hn{:nx AM'.HSi.S: |——
o To check the grammatical structure of the | 7. Parse Tree (SHrd;ax Tree) :
. Source. progeam. A parse tree rﬁ.Presents the Sanfu&*.it. structure o-F

e To v:-rifu whether the sequence o]c tokens
-Fullous the rules D«F CFG (Contest Free Grammar).

o To build the parse tree or sgn‘hlx tree. EW'MPL‘: For expression id + id o id

® To detect ond recover -me san‘tﬂx errors. L4 =

s To Prwiclz. i.n-Pu‘t‘. to the Semantic Aml}.’u-r. /l\ _I Ifﬂn'rtan{. \:
T | ’

the source progrem nmﬂilnﬁ to grommar.

. SRR e E + F, |
! Leaves rse |
3. Position o-F St.lnfax Ano.l}.lsis in CaniLzr: I / \ : fvee aj e.r:har '
3 ik F i rators er i
Source Lu:u:nl. Semantic Intermediate | I [ | E oP,g-.-m“ls (i.f:l.J i
P,r A'nnlau\' AMJ-HZ!T Cori!. F F L‘i i s.tm-ts ,,-l-,;_)_ :
(Smmv) (Pwrs:r) Generator T | = |
(&) | | (3 | Each internal |
ld- l,d i .nod‘ rgPrg_st.n.tS I
(1) (2) | o non-terminal. :
L. = 8. Tgpes :;-I: Pa.rsing Methods : -
4. Inpu.t and Ou‘tpu{. D-i: Sﬁnfu.x pﬁ.mlHur: (i) T°P = Dt Parsias: « Comparison
(i) Inrlu‘t . ®  Starts fmm start ssmLoL and tries to Pru-dm Tup - Dewn BaH:am-Up
o Stream of tokens < tokem-name , ottribute-value > S gt ity T Bl et
«F\'m lexical mla e Builds porse tree -From root to leaves.
® Grammar or set pF Per.uchm & L] Exﬂn\fll i+ Recursive Descent, Predictive Pﬂ""‘&- hguut derivation Risldmutnlarhlim
L] Innfqmn‘tnm -.F'ﬂ:m sa,mlnl. table, !
(i) Output - i G Bottan - Uy Porg gkl |} Moy |
.. ° I-j: 'mfu}. is sﬂn'ba.d:i;nu.a corvect — parse tree ® Starts P"‘"‘" i"f'“-t 5*"&"3 and tries to veduce it Ensﬂ‘hn T 'PW""F“L |
abstract s:'ntn.x tree. to start sxmbal. |
L] I-F input is incerreet —+  ervor messages . e Builds parse tree «Fﬁm leaves to voot. b /
L] U')dn‘l‘.ed in-Fon-nn.ﬂm in s:’mbol table . | & E)l:nm?‘.!. : OPf_rntm- Precedence, LR Pd."!iﬁa.
5. Process o{- SHrd:o.x Analisis g 9. Error H.md,[.;ng 5 SHntn.x Amlﬂsis .
coive en e exical a Ter ] etects syntax errors ike missi o fﬂt-m's, exctra, {ukgns,
[ Re Loken b from lexical analy D . | ng ope
¥

the de .
‘ Chiack kickhes the: Hakins icen e derived ] ' oot ) oo ot e

-From the start aHmLeL usir\a grammar rules | - qu)o’rts line number and noture O-F error.,

Ccvn_st:ud: .P“'“ Hous {"F valid) | | # Uses ervor recovery 'l:echniq_m (Punin mode , PL“’GSI‘- Level

remvara, erver Frsdw'.‘tion.s l'.":l:.:'l to continue m-m.Lusis.

l[ R:Pm-"l:. S:j,r\tn: ervors ("F m\a) ]
. [ Pass the structuve to Semantic Annla!(r ]
/— =F = T - - e e e e e —'_d'___'_'___________-________:'_—-"-'n.
At Lngee °f Sﬂﬁim‘ AmLﬂsiS: Impcw‘tmf Paints ~Fw Exams :

Ensures that the program follows the grammotical rules. Syntax Analysis is alse called Parsing.
Builds hierarchical structure (Pnrs.c i:m) -Fu-r -Fm-'uu-r Frums.in,a. Uses Context Free Grammar.

Builds Parse Tree / Syntax Tree.
Detects synbox ervors before code tion. d
e -e : ! = ar,twra. % 2 I . Two  wmain q.TJPrnwclwrs = Tep Down and Bottom UF'
.Fonns the basis -fw semantic mL&sts and npl:\m\:n'han. Easardiial o 'Fw 13 umFil.A‘tien..

a & & @
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Unit - IT 2. Context Free GRAMMAR (CFG) | RGPV Notes Hub

1. M: ? T'APGS D'F GT&M\"\O—TS . Poﬁg No‘: 2‘

A Context Free Grammar (CFG) is a formal grammar

in  which every production rule has a si.n.si.:. non- Type Rile Eamm [ o e

terminal en the Lleft hand side. The right hand side

contains  any comhifmtinn of terminals stuw o e e Poasngly

Type 0 | (x contains Unrestricted Grammar | Enumerable

terminals (including €). CFG is used to generate R bl

context fru. lnn.gun.st.s and is the basis n-f syntox

nm-].ssi.s in wm?i.lerﬁ. Tmu 1 xAfp = avp Context Sensitive Grammar | Context Sensitive
— — (rlz1) (Cs6G) Languages

2. De.fi.ni.{'.i.on :

A grammar G is said to be a Context Free Grammar Type 2 A= Context Free Grammar |Context Free

E’F it is o 4 -tuple, L (CFG) '.ungumau

[ G=(V,T. P,S)J Type3 | A»aBlale Ragalar: o o
T | (RG) lu.r\gua.au

v L Finite set o{-‘ Non - terminal SEMbcLi

T = Finite set o-I: Terminal .m'jmhnl.u- 8. P\'opc.rl'.izs O-I: CFG :

P = Finite set of Production rules o Eoch production has exoctly one nom-terminal on LHS.
g Start sy L |. S e V e RHS may contain any rumber n-l: terminals and/or non-terminals.
tri is allswed.

VAT = & (V ond T ave disjsint aets) s £ Coigly wrisg) o wllmal. .
b 5 = = | ¢ Porse tree -Fur any Strl.'lﬂ s uwnique fof LLMm.’ﬂtaunu.ﬂ. CFG.
3. Production Rule in CFG : ol e o e, o e S

A= « 9. Ambiquity in CFG :
s A G .l'ul.a'.f. non-terminal (A € V) A grammar is ambiguous |.-F some  string has more than one
o o E e "‘"inﬂ o{ "J“j”l! .l:,.‘,m_ (\,r uT)' parse tree 'er more than one L:»f‘l:m.ﬂst /riﬂl\tmit J.:ri.vn.ﬁ.mx).
(mﬁgh:tnlh) Exn.m.Plt.: GE"E*ElE‘El(E)lL&

Sl’.ring: id + id*id
— This d.ri.ng has  twe parse trees .

. E (q_]ut.l.nn) rq.Pruse.n*.s l.vr\rl& sl'.ri.nﬂ.

&, Enemgls of £58 - i .
Let G=(V,T,P,S) be o grammar where E/I\\\E i E/'\“-E
*

Voe{s} T-{ab} | P : AP A
P s{8= a8k | §wwe} S=5 i 'i: i f | 'I:* 'E:

This arnmm'r* senc.ro.tu sl'.ri.r\gs Bf the -l:u-rm u.n. b™  where l.d. l.d. i I.A, I.d.

b B DbeldeW) | Ted (0 oW e

Generated }‘Eri.mas i £, n.h, nnhb, mhhb, Mhb’b, | )

5. Bl in LFG 10. Removal of & —Productions :

i Dasivebion i Hhe process af ol:vEn.in,i.n.B a string f"““' i I-F o mon-terminal A has a Prur,lur_ki.m A — e, it can be removed
start symbol by vepeotedly opplying production vules. L Wl ity g S0 gl Gises & et

- I{_" a, B e EV'YT)Y and A= 7% & P, then EmmPl.l‘. B:forc rewwv'u\.g £ A-]:i:er mm.mrinﬁ £

aAp = o¥p (one step derivotion) =i i ~ ABlal|Bla
o =" denotes zero or more ahPa n-F derivation . B

6. Parse Tree (Suntax Trar.} )
A parse tree is o tree nrrmr\.hﬁ,m o the derivation
e—f o 5':1'\'.1'\.5.

Exwl‘: For ammr G'- S —* G-Sb | £

11. Removal D-]: Unit Preductions :
I«F there s o vule A = B (wh.m-s A, Be \") , ik is called
wnit Prgd.wc_l'_i.qn - T“‘H can be fgmurl 131‘,’ re.PLmr.i,n% A with

String ©  aabb " the -Pfad.m-_ti.nn.s of B.
/l'\\\ T AT Exu-mfall-: :’mr_ora removing wunit Prunlu:titm.
a 5 b ! 'B‘w.‘s o H J‘i-}:ter vcmvi.ns unit FruJ.uJ:l’.m
1 | terminals or & |
& IS\\ p | Bl wkae &
a |
| \__are non-terminals.;
£
=
Important Points for Exams : Frequently Asked in RGPV Exams :
* CFG s o 4-buple (V,T,P,8). A Define CFG and exploin with example. All the
* Rﬂad.nmtm 'rqu. [£.8 CFG . ﬁq —= of ':.A (1 a.l.nsh m—{nrwun.n].) * D P‘“_“_ Yree ‘F"'— a2 si.wm- stri.na. B“.tl
# Parse tree represents the syntackic structure. * Re ¢ ~productions or unit P’“J"‘"""Lm
* CFG 3"“""“*‘“ Context Free L“ﬂmﬁ“ * Di.ﬁc.mﬁnﬁe between CFG and Rggu,l.nr Grommar .

e———— RGPV Notes Hub EF)l ————=
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® Unit - IT 3. TOP DOWN PARSING RGP s Hub
L @
| 1. Introduction : 6. Porse T-raa_: Pn.ae. No.: 3
T°F Down Pnr.si.nﬂ (also called as Lpf’l.m:.l:. derivation S e
‘ boased Pmmﬂ) is o wethod nf sar\.‘tn.t a.nn].usi.s in l £ Note : \‘:
which parsing starks f'rum the start auml:al. a]c grammar E i
ond tries to derive the i.nPu‘E s{:r'wnﬂ. / |\ . ToF Dovn :
It constructs the parse tree -f-mm. root to leaves. T + T parsing l:nn.strud'.s!
In this method , the Lc-f%m.osi non-terminal is q.qu.as | the tree jcru-m !
ex]’onduk -fl'-fst. T /l\ | root to leaves i
s it ) N | T » F | |
le Tt always I
3 ‘e Thei F 1 | -
- o oA | F id | expands the |
e Start with the start symbol (S). ed 1 T :
. ° I-]: the current shrinﬁ has & non-terminal f!:Fl.Ml. the id | ugeeacy -Fu.ra‘l: :
Leftmt non-terminal using one n-f iks Frnd.u.:iwm o el e el I !
o Continue the process until the whole Em.Fu.{ siri.na The ({m l-"{'t ] riﬂf\t) e the =
B fmheisiy id + id o« id
connot be wmatched , 'relwri. errer. —
7. Si_cl.ck Iﬂ\_.PI-&l‘ﬂ-el\.JCail:_Dn (I’_.'.l.l,sl'.raf_ian_)_ E
3. General ALao'riihm (Top Down Pars;.ng) } Stapn i L\Pul: Ak Paduicbia: Uasd
Il 1. Initialize the input  string wi (oﬂnud end marker $)_“ (ToP —) (Rcmn.in.inﬁ)
2. Pub stark symbol S on the stack. 1 S $ id +id »d$ Start
3. Repeot 2 E 3 id +id # id $ S = E
(i) If stack top is o terminal and matches the current 3 E s T4 id +id «id$ ESE+T
. input symbol , pop it and maove input pointer. 4 T+T#$ ol il il & Bt
(i) If stack top is o non-terminal, replace it by the 5 F+T$ |deidoid$ T ik
RHS Df o Frad.u.c’hmt whose LHS is that mon-terminal. 4 R T s idwowd ool s F = d
CM)Ifsfackl:urus,m\J.u\Putuanos,&snAmP{ 7 =T ol O $ | Motch id, pop
(i.u:l IF no mnl:cl'u.nﬁ Pmﬂ.ﬂu’.{i‘nn Y fowv.*,_ then Evvor. 8 T $ id » id s Makeh + PoP
4 End Repest | 9 TeF#§ id » id $ T—=Tu#« F
a 5 " || 10 [ FeFs$ o s ol % T F
| = e v s : =
4. Exmn.ELz. Grn.-m.wir__: i1 i"iis '-_d- "‘_i-J- $ F - id
: e 12 «F$ id $ Match id,
car\.suler {5\4 arm G ----------------- * —— B Sl POF
S =% E :’ Tod S ‘: 13 F § id § Makch #, Pop
E& E+THT B arana 1% | i $ : %) - S
T > T*FIF | BERes 15 $ | $ Milds @ B%
F-> (ED)I W L6 $ | Accept
This grammar ﬂmhi arithmetic expressions . [ 8_ A —
We will construct the porse tree u.sma To-F Down Pcwsi.n,a. ’ ;“_"’fft_“ﬂif_:
- - Ld Euﬁ to undevstand .
@ | 5 Leftmost Derivation (Top Down) for id + id » id: o Constructs parse tree from top to bottom .
S = E (Ugina 5 = EJ} . Us&fuL ‘fm' recursive descent and F\'géu:.h.w Pmrsi.na.
= E + T (Usi.nﬂ E = E«+T) o Provides mrl.a detection DF ervors .
= T + T (Usi.nﬂ E—- T2 & — ——
¥ iF T (iteg T+ F9 9. Limitations / Disadvantages :
= id + T (Us'ma F = id) ) : . : : s
% 5l ¥ T F (Us'mﬂ e e o Ry . Mnt' require hu.:ld‘.r‘ad&ma t)c gremmar is ot suitable .
=+ id + F » F (Using T = F) *  Inefficient for certain grammars (left recursion).
s il + Wd » F (Usi.na Fo— i) . Maﬁ not AL.mﬁs fu\d. the correct porse .
= oW o+ id e id (Usiﬂs Fo— u’.} (Inful ttn-\ﬁ}
Hence , the strh\ﬂ is derived sumsa}cuuﬂ. J N
il S 11. Impnr{'.u.n{. Points -Fu-r Exams :
@ 0 Applications

Starts from start symbol and goes down to leaves.
Produces Lc.jcl'.mﬂ'. derivation .

Parse tree is built -fn:vn root to leaves.

If no Fro&.u.u:ﬂen makches , rﬁPm-k error .

Used in vecursive descent and Prudi.d.i.w. porsing .

® Used in compilers {ar synbasx n.nej.”si.ﬁ_

® Basis for recursive descent and predictive parsers.

® Used in interpreters and seripting language processers.
o Used where input can be chaasml {mm lc,fl-. to ri.aH‘..

* ¢ X 3 x

&— o RGPV Notes Hub EE] ——o
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Unit - IT

1. Introduction :

Recursive Descent Pmn:ﬂ.a iz a TaF Down Pu.rnnﬁ
I:ul'uuh!m in  which :mhnm-hm&nnlof-harm
T]\aPnrw:Msfrmuushrllﬁmbolmﬂ.tﬂnb
match the input from left to vight.

It s si.mr.vl.l., intuitive and casy to i.thmrd:.

2. Basic Idea :
tOnnFrmJ.urt-fwea.chmn-hmi.nnl_
oPmaJ.unca]lsoﬂurquAumnuaniinﬁhPmduchnm.
& Motching of terminals is done with current inpub symbol.
* If oll input symbols are matched and start symbol
hmbund.ew,’dmnhsl:rinﬂ,hmp{.d.

For a grammar ta be suitable for Recursive Descent Parser :
U)Mawmsth{ru-]:ﬂnhf‘trmuhn.
(i-i-)'nusruwr mth-fru-frmmleftfu&hrmﬁ
(i) Tt should be predictive (LL(1) grammar preferred) .

q‘. EHM\-PLB GW H
Cun.ﬂ.d.c.r tke SW G !

E - TE' R S — .
E' = * TE & | L e 5"“"3
T = BT Cideidoeid
T- = % F T, I 2 i 2 a
F - (E)I W

5. Recursive Descent Procedures :
(i) Procedure for E

(iv) Procedure fm- T
|

vad EC) veid Tp()
; {
Ec)-, /HE-TE § (lockehuad == '+°)

) pC)s { match('s');

F();
(ii) Procedure fﬂ‘r E’ [ TF();

wid Epl)  ME =+TE |« }

{ | m
ili: (l Lok . s .’.) [ } el t—r’dud’.iﬂn. ./

{ mateh (%47, HT +«FT |e
TEXs |
Ep(); |{(v) Procedure for F
} waid FC)
else |
/* e-produckion +/ if Clockaheed == ")
} { wmakch(10);
EL);
(i) Procedure for T mabeh (')

ved TC) }

{ else if (lockahead == id)
FL) T = FT match (id) ;
TpO); slea

} srrwr(:;

} JF=(E)|W
Notes : =

* lookahead is the curvent u\rut aﬁw\lﬂL.
o match(x) checks »f lockoheed == x, if yes, it consumes
the input and moves to next symbol, alse arrer

Important Points for Ezams :
Recursive Descent Parsing is a Top Down Parsing method
Ouprmhwihnfuvuchm—hm
Gmwmlhfv“frvmhfiqudlnﬂfndﬁrms
Itwrkiudl.ferL{‘l)srumﬂ
Enpj ta mphnqnl. but may  reguire h&ktmkmﬂ

1 %

4. RECURSIVE DESCENT PARSING ¢ RGPV 'é"éfs Hub

gngiips.

e Used in interpreters.

UuFuJ. dFm' si.Mful.n Lﬂ\ﬂ“ﬂ-ﬂﬂv processors

Used in r.am.PLhrl -Far s:.datu nna].usis nf Prnsrwu\ﬂ

Smr: :
Recursive Descent Parsi-nﬁ is o Top Down Pnrlh\s method where
each non-terminal is implemented os o procedure. It builds the
parse tree from rost to leaves and is simple but requives grammar
to be suitable (no left recursion, no left -l-n.r.hrrlﬂ-s)

o—— RGPV Nobe.s Hb EE] ———

6. Pm'seTru-Forid.+iJ.'i,d.'. Pc.\ﬂe No.: 4
] Derivation : i
/ \ E i
| E = TE 5
/l\ i \ i = FTE |
F T 4 E , = WdT'E :
| | i = ideE’
I | /-\\ s = id+TE’ i
id & [f -I[- = id+ FTE i
o T = id+idTE ’
F m = id+id*FTE’
| | = d+id=ldTE
id 1, o Wil WEE
F = id+ideide
l = id+ideid
£
7. Working of Recursive Descent Parser :
Sb.P Procedure Call | In.Put (Ru-u.n.m.-.nﬁ:l Ackion
1 EQ) [ sttt | St s
2 TO) id + id » id Gall T {r:%_
_3 a1 _F(l_ uJ. id » id o Call F from T
k3 makch (id) + u-.l url id matched
5 Tp() +id ¢ id T(emu-iu+)
6 Ep() +id o id E' called
7 match('+') id = id [ '+ makched
8 TO i o id | gL'y
9 FC) id = id Call F
TeO) . id ‘#' matehed, eall F
FC) id . Call F
match (id) $ | peaabiad
All € productions % ; Ar.u.PE
8. Advantoges :
o Direct translaki u-]: gr into code .
®  \orks c.ffmr\tbd -fm‘ LLC4) -
s Cannst handle lc.ft recursive grammars .
10. AEELlc.a.‘d.an.s :




o Unit-TI 5. Predictive Parsing RGPV Notes Hub
——— (Top Down Parsing)

@ —®
- Pags Moy : 5
1. Inbroduction : 7. Predictive Parsing Table : T
Predictive Pﬂrsi.ns is an advanced fuﬂ-\. nf ToP Down ~
Porsina.. It constructs the parse tree using a parsing Non.-Terminal id ( ) + 3 $
table (M) and does not wse boc.l:trn.r.hnﬂ E ESTE | E=TE N _ B _
It is non-recursive, deterministic and uses a si_.r_-.gl.f. —— 4 —
token of lockahead to select the production rule. E ; + &=k [ERmE] - | Eed
r T ) = X T=FT' | T=FT'| - . - -
; irements ( Conditions) :
RM T - - T—e T—=e |T—=*FT'| T—e
v/ Grammar wmust be in LL(1) -fo'rm. = = —t ==
: F F=id | F=(E) - - - -
v No Left Recursion. L
/Lgf{: Fn.cl:.orinsskuu.l.:lhd.mg. S E e e o e =
¥ R g, monitanvinah Ky A lih o ol oo 8. Predictive Pmmg Stack Simulation :
Fmd.w:l:i.m. for a given lockahead sﬂmkal. 7 &_*B Stock Topul ,! Acki
- T ks Usad i i %.E id+id=id$ Start |
'FLR_sls.st:utaftvminulsﬂmtmwfht . %El—!—mj-ds | E—-.TE
mﬂustnn.ss d.zri.vc.d.fmmn.s:’mhof._ B 3 $ ETF | W+id=id$ T-FT L)
o FOLLOW seb : set of terminals that can appear | ¥ | SE¥FH | Wedbud | Fed 00 |
immediately to the right of a symbol. 5 SET cideid$ | Matchid |
° Pnr‘sinﬂ. Table : Table MLA, o] used to select the B 6 $ E B +ideid$ | Thekg |
Frudm.timﬁ*-u. ¥ $ET + . +id*id$ E'—-+ TE
) o - 8 $SET id*ud$ Match +
X H’I.m. P i ; B i1l l 1 S
4 Alﬂm ( Predictive Pmm-g) = 9 $ETF deds [ ToET W
1. Construct FIRST and FOLLOW sets. 6 | $ETW dvid$ ‘ Fonid
2. Buld the predictive parsing table M. 11 $E'T ~id$ Match id
3. L\iti.ol.iuﬂwshckmﬁt$mdmrtsymhals. 12 5 E"ET» *id$ ‘ T=2*FT
4 Repeat : 13 $ ETF d § Match *
* If stack top is o terminal and matches input — pop both 14 $ET W il $ F—id
. If stack top is a non-terminal A — use M[A ,a] to B 15 i s E_ T T $ [ Match id
sehctprod.ncﬁvuwduplnuﬁbsRHSinnumwﬁw. = = e : 1 . -4
o Tl g 08 ad bt WS = Aokt s TES } T_"‘ B
o BB ol e 17 $ $ : E'—e
5. Example Grammar : - — - - -
9. Adw es :
Consider the grammar : et
' SRR T O % v No backtracking — faster than recursive descent.
i e | Input String: |
B o= +«F B0 g : ) ) : E v Deterministic parsing using table laokui:s_
T 4 FT { Wsle V' Simple and efficient for LL(1) grammars.
: T o= YETE: v Easy to implement in parser generators (ﬁ.a..J ANTLR).
Vi sais ) o = /N Works cmlﬂ far LLC1) grammars .
6. FIRST and FOLLOW. Sets : A s aliailing of Wb aiiiod.
FIRST ( FOLLOW ﬁ Grammar must be left factored
Not  suitable all i ’
FIRSTCE) = {id, [} || FOLLOW(E) ={ ), $} o S oaean .
| FRSTCEY = (+.e} || FoUOWCE) - (), 8) 1. Applicabions :
| FIRST(T) = {id, (} || FOLOW(T) ={+,),$} @ Used in compiler design for syntax analysis.
FIRST(T) ={=*,e} FOLLOW(T) ={ +,).%} Used in l.nn.su.nﬁe. processers ond. interpreters .
‘ FIRSTCF) = {id,C} || FOLLOWCF) = {*,+.),8) & Dol = geamsling. et Se anik - grdas Hreis.
LR A SEe b T v r_______________________,:_;"S- e i T e :\

z |
:‘ Predictive Pmin.ﬁ is o table-driven, non-recursive Top Down - = !
| Pn.rsi.ns h.d\nin'.nm which uses FIRST and FOLLOW sets o - v
| select “the corvect production. It is efficient, deberministic '
I I
1 I
[}

3
8
2
E
5
2l
3
3
j_
g

and works for LLUI) grammars, making i an importast ‘
topic in Compiler Design. /J

b4

*

#  Works onls -l:w‘ LLC4) grammars .

g ve Parsing avoids bn&ktrukms

o———— RGPV Notes Hub Eli ———o
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Unit - 6. BOTTOM

UP PARSING  { RGPV Notes Hub

& —
( Shift—Reduce Parsins)
—e
e Page No.: 6
1. Introduction : 7. Parse Tree (for d + deid): &
Bottom UF' Pn:sfi.ns (also jcl Shi.fi:-i:.::ce. Pa.rsi.nﬂ) e e e e e
is a method syntax ysis in whi parsing :’ Note |
starts from the input string and tries to reduce it E /l\\-\T | - !
to the start symbol (voot) . I \ : * Bottom Up Pa.rsma :r
It constructs the parse tree from leaves to root. / l I builds tree from !
T = T T % F | lecws tomosk |
. Basic Idea : l l l i‘ Reductions are :L
e Handle (small substri.ns) is reduced to its mon-terminal. F F id : performed using :
o Repeatedly reduce handles until start symbol is obtained. I ] | e i
® If we reach start savnbol and input is consumed, id id e =
| s{'.fin.s is accepted.
Werks Rightmost derivation i :
v ks e Digimest deid ik i = 8. Handle in Bottom Up Parsing :
3 Alqg-ri_t}\m (SMft—Rgduu Pa-rsi_ ) 1 e Hondle is o suhstrins that matches RHS of a production
T = and can be reduced to LHS.
| @ Initialize : Put $ at bottom of stack. d y
ample in above str :
Inpn.d; string with $ ot end. b Gy i s .
Handles in rveverse order are — l.d., F, T, =
@ If next input symbol is a terminal — Shift it
nto stack. e .
i i 9. Comparison (Top Down vs Bottom L_JE_)_Z
@Ifthnbu*pnfs%askmdchesRHSo-Fmspmducﬂm(Ftu T D ==F e U T R
A B, then Radice B o A. E eature op Down Parsing ottom Up Parsing
@ If stack contains onlﬂ $ ond start ernbol S and [ Start Rt == Laaves bsaves o Rach
i.npu.t T Ar_'cep‘l'._ Approoch Expmtd Reduce
| = _|' Derivation Leftmost derivation Riﬂ"ta“t ‘*“‘;"“ﬁ‘m
4. Exﬂ.mpl.e- G'ra.mm'r H 2w
o = | Method | Recursive / Predictve | Shft-Reduce |
EJ . ;'"]_:___;"S_;__ ‘‘‘‘‘ ! [ Ba:.ktrnr_ki.ns Mn:’ require Not required
- H npu ring : | e F 5
E-E-TIT | === | ey Lade: afftcant More efficient
T = I =F | F id +id +id ) (LRpavsers)
F-(E) I M M " || Example Parsers | Recursive Descent, |SLR, LALR, LR Parser
| [ Predictive Parser )
5. Riqhtmsf. Derivation (Reve‘rse for Bottom Up) i _
B E+T <= EaToE > ErTatl = Esbs il 10. Advunt_a.ﬂes_nf_P:oti:om_yp_Pnrsmﬂn:
“oEsid wid = T+id #id = i.d."‘i.d.*i.d. v  More Powe.r:FuI. (cm\hm&lﬂlnrsarclnisnfsmmmﬂrs},
(Reverse order Df i :l;'um) v No left recursion prublc.rn._
— -5 = v Neo backtracking requ.h-cd,
6. Shift-Reduce Parsing (Stack Simulation) : | ¥ Used in LR Parsers (SLR, LALR, CLR).
[ Step | Stack |  Input |  Action v More suitable for programming languages .
=1 $  |ud+idsid$|  Start ' e
_2 _s; id _i +_i.d *id $ }: Shift id 11. Limitations :
3 | £F L +ideid § Reduce id = F % Construction. of parsing table is complex.
| 4 | _$ T_ _ 'S u!. * "fl' $ . Rulm& F=T ¥ Harder to i.mplwrd‘. ournpn.fed. to top down .
| 5 $E L +ideid$ L Reduce T~ E % Needs more states and memory.
| 6 $E+ . id=id$ | Shift + —— - —
? s E + id | * id s I Sh.sft id | 12 AEE[LCQ&WI‘\S H
8 $E+F *id$ Reduce id = F # Used in compiler design (most real-world compilers).
1% | $E+7 % id$ | Reduce F—=T 0|:Jscd.i.|1.53n.tnx analysis of programming languoges
10 $E+T= id $ Shift » like C, C++, Joava.
_' 11 CEwT#»id $ —— 5;;.1:{_,.& = I Basis of LR Parser, SLR, LALR, CLR parsing methods.
12 | $E«TeF | § Reduce d >F ||——————————————— —
13 [$E+T $ Reduce F =T ||| Summor 9 |
14 $E - $ Reduce T — E E Bottom. Up Parsing (suft-w szn_ﬁ) is o method I
15 $ E $ Acscil o i where parsing starts the t .sl‘.nn.s and reduces it |
P | step h!:l step to the start symbol using handles . |
- — | It constructs rse tree -frurn. leaves to root and is more |
|\ poverful and efficient than top down porsing. J
:” ___________ 1 I_mm.nt Points fm*_ Eeams 0 a7 Y
| ¥ Bottom Up Parsing — Shift Reduce Parsing. W Builds tree from leaves to Toot. :
| & Start = Input string, End = Start sgwn\aol. #* No backtracking. |
I\ # Uses Handle & Rigl\tmsl: derivation in reverse. ).
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1. Introduction i
¥. Opf.ro.‘{:or Precedence Table : P‘a‘ No.: 7
O?G'rn‘tur Precedence Pﬂl’-ﬁl—ﬂﬁ is a Bottom Up Parsina = . "
h::hnuiuz It is used far a subset nf context f‘ma id P * ( ) $
grammars called OPern.{nr Precedence Grommars. It | p—_ 1 + 4 8
handles operators and operands based on precedence id = P - = > >
relotions between terminals . —
——————— = + € > < - el - o >
2 OPeratOT Pr&cﬂdﬂm Grm: —
A grammar is said to be Operator Precedance Grammar i i o ¥ | > >
Lfi.tmﬁsfias fnu.nwm.s conditions : ( & s <- | ¥ e =
® Tt does not have S-Fmdm:ti.om. ! =
L] Iidounuthnupm&wﬁamofhformﬁ-’ﬁ. } 3 - > > - o 5 . O
- Fur n.n.H Prud,l.l.pﬂm A = o, where o = By By Lan Oy — = = .
a; and a;, ore not qd‘.}acen.t non-terminals . $ <- < A o - | =
!_T'\A armmn:iufrvman&nﬂmi:a - |<-=51¢Lds!:r | ==u;|'u.a|. ] = bk ]

3P?P.CMRMME —
For any bwo terminals @ and b, one of the following SParmq(S‘mkSmloLm)ford id » id §

relations hold : * ,
Im:l.u P
Ske Stack I Relation | Ack
a < b (a ﬁi.eU..-. precedence to b -_-E-J—-;-— _n& L i s
a = b (a has etluul precedence with b) 1 $ _"d'_"' i‘ id ﬂ‘_$ <_"‘i_ i _SI’::H-_ LA-_—
a » b (a tokes Pﬂu&nﬂm over k) 2 §$id +ideid$ - E | Reduce F = id
$ i End marker 3 $F +ui‘ul$ F)'-I- Ru’.ux:T—‘F
4 Construction Df Opertd:ar‘ Precedence Table : 4 S +id * l-ds T ¢ + Slh-f*- +
2. For ever Pro;lu:km A = o, Pngudu\.u_ relations " ' . 4
z % : 5 T = e —— |
e If abwdhmaddmnkmmhnndaunhrmnnl :: | §T 5 F o il® £ i a S'\l’.ft-
and. is o terminal then a = 1 L 1
® If o is a terminal, b is a terminal and B is a string 8 _L$T+Ft d b e ¢-id S'\tft\-i
- o kil ol A = b ——— e——=1 5 =
e R I | S S PSR i S
® If a is a terminal, b is a terminal and B is a string 10 $T +FeF $ F 3% |Reduce T=TeF
(possibly empty) of grammar symbols, and A = otafb y . 4 - — e =4
s a Fredu.d:ian., then a > b. 11 l— $ T + T $ T > $ | Rulu.u E—’ T
3. Ifmkhumrdnhnnmuhtmdfwnpmr(ab) W3 ¥ R _‘ ‘____:._ i
then the grammor is nok Operator Precedence Grammar. |12 | SE+T z T > § Reduce E<E+T
e = 13 E E = Accept
Example Grammar : \ | $ i $ | o J
Consn.dnr grammar G T S e e ey . T . E =
= E5 TP | Tk Sy | 9. Advantages :
T o T'miE I F Ei.d+i.¢i.'i.d.$i L Mmpomrfulﬂ\wxsimplr.TaPDMPwsinﬂ.
F= (£)1 & SR ' © Handles o class of grammars larger than LL(1) grammars.
- = - . No left. recursion Fruu.m
6. Pz:.u:lm Lelotions -Fr.rr Grammar : . No anklrocklnﬁ ru'_uirul.
(7 Relation | b |  Reason gl * iSukble Jo sl u L. B
el = id (bokh tarminals adj in F= id)
id > . (F-?A;.;mhz-aﬂ 10. Limitations :
id i . (F = id is follawad by T = T = F} el s i
id ; 5] (-‘di-fdla.i-‘.l..‘ }b?nF—tE}] ®  Grammor must be Opern’wr Precedence Grammar
+ i id ( + is followed id in E= E«+T} : 5
+ : C (.;.f.u.....‘;:i{-...F—(En . M”Mf"mmt“tf““ﬁm“‘"‘”
+ 5 + (E = E+T gives + 3 ) L] Table construction can be &I.Hl-cult
. . ( + ia followed * m T = TaF) =
: : id (.L.f-u....;::u-...T—T-F} | ._ e W'JC"L “E’ agbattl
- ; C fm ot ol B € G P E D)
" : . (T=Te+F 3‘;2.}. .} 11. A :
L . + {inT=TeF, *w +inE—=E=-T) S s i o s ;
( : id {(..th.‘,T:F—(En ¥ e Somp fﬂr = per=ng
¢ < ( (€ ia followsd by ( in F = CE D) ® Database query parsers
( : ) (F—= CE) o {2 1) ; ’ - i
5 : . (}hhfmsiwhﬁi-E+T} | = Makthematical expression valuakor
3 3. . t )is bafore * in T = T = F) L] L,anau.asu m&uaudtfmdapzmhrpumdnm
) > b () is bafore ] ) e — e e 5
| umMmary
N | ; of
I Operator Precedence Pn.rmns is a Bottom Up Parsing method |
k$(u’.,$<( I'd')$' }>$ JlMMMW((,‘,)')hﬁM‘M ’ﬁI?E
T - |h: truck the parse tree It s n.ﬂ:i:&.ent and easy fm- :
| i Romas e .. = WP DD I J
W e e W Important Points for Exams : < & i B AR F R wa v ;_H\_e.___‘}
Bottorn Up Parsing method ! Use stack and Pucn.dm\utol:h. 1
!:U... P relations (<-, =, »:) | ™ No left recursion and no backbracki Blal-’c.' |
I\ * Requires Operator Precedence Grommar * Maﬂ efficient U'L_wut_T B{i-m—Pcislnﬁ e 9 ;

. —~ RGPV Nokes Hub M — =
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8. LR

PARSERS

RGPV Notes Hub
==

@
1. Introduction :
LRPmmBotmePpwurs{hulmﬂ\gmpuf
strm.s frm Lf._ft to Rl.ski‘. constructing a Ri.ahtnwsi
derivation in reverse.
L - uLPuJ: is read ;From, i.r.f{‘.
R = Rlsl\imt derivation is Fmdu.md. in reverse.

smﬂdnmwbnsaﬂ.mu.smnﬂmmhrufutru‘c

symbols ( Lookahead )
Itunsastﬂcktostanﬁrnmnmrsﬁmhnh and stotes.

3. Structure o-F LR Parser :
T LR
Parsing Teble |

| (ACTION and GOTO) |

4. Components :

- InPu.t: Sl'.n.nﬂ uftoluns with § (end marker).

L) qus'm.s Toble : Consists uf ACTION and GOTO tables.

o ACTION Table : Tells whether to Shift. Reduce , ."icu.pt
or Error.

e GOTO Table : Tells next state o.fh.r o Reduce.

X &r_l_cmq of LR Parser :

Iniﬁaﬂapusl\shhﬂmstnrk.h.lnd:l\u$nfeni.

If ACTION[top, a] = shift s = push a and state s.
If ACTION [top, a] = reduce A = B,
Pop 2] B] symbols, then push A and state
from GOTO [top, A].
& If ACTION [top, a] = accept — Parsing successful.
©® If ACTION [tep, a] = eror = Reject the string.

5
®
@ Look b the top state on stack and current inpub symbol.
(O]
®

_____________________

E- E+TIT | Inpub String : |
T = T=FI|F :i.d.+i.J.ti.d.$i
| F > (E) Il | (Sl e ko /

?._ Ttems (LR(0) Items) :

An item is a Pl'oc‘.l.u:tion. with a dot (.) ot some Pusd.m

chpouibhiimum:

e E > . E+ T Nate

* E=SE.+T R s |
°* E-E+.T of the RHS has been

« E-E=+T. seen so far. J
12. Types of LR Parsers :

1. LR(0) Parser - No lookahead.

2. SLR(1) Parser - Uses FOLLOW sets.

3. CLR(1) Parser = Uses full 1-symbol lookahead

4. LALR(1) Parser = Merged states of CLR for efficiency.

*——— % RGPV Notes Hub (E[E)

Page No.: 8

8. Canonical Collection of LR(0) Items (CLOSURE and GOTO) :
e CLOSURE(I) - FA-»x.BPpisinIadB-yisa produckion,
then add B —+ .y to I {and its closure) until no more can be added.

.GOTO(I,XJ : Frnmshﬂll,ms:.’mhol X, move dot over X
in all tems and take closure.

Example
I, = CLOSURE({E' — . E}) remom W) = L
e F - id.
E - .E+ T i-d- T 5k
—. .
E # % T = T, &« F
T » .T = F £ T
T ->.F ~ ol g
F i ( E ) L_E = E.+ 7T
L F = .id = .
| 's'u..hrn;_; """ i stk ke Yo, Tis B ey TRy, |

'3 LR Parsing Table :

OACTIUN[L.u]:uﬁnnfnrhnﬁnnlah\stdahflhi}lfmduu/muptfm)
oGOTO[I,ﬁ]:Mh?mnm-hmb\nin\hmshﬁhphshhi
ACTION GOTO

State
| id I i . ( ) I % E ‘ HE
% 5 | - | - | [ - | - 2

1 = sb = = = || = 2

2 - | r2 s? - 2 | »2 = ) = =
| 3 = % | of | - h | th = = =
| 4 as | = - s« | - | - 8 | 2 3
| 5 - | 6 - | % | 6| - ’ |
| 6 0l it = s4 = ||l = = 9 3
| 3 s [ = = sh | - ol e E 10

Isi—'sl\iﬂ.amiaehshhi.

ri = reduce by production i acc =+ accept

Stack I .
0 | (Sbe) | (Remiining) | e
1 0 | Wl s udeds$ Shift i (s5)
2 0 5 | +id «id 0§ Reduce F -+ id (r6)
3 0 3 +id s $ Reducs T — F (7A)
4 002 | +ideid $ Reduce E + T (r2)
5 01 vl etd $ Shift + (s6)
6 | 016 ded§ Shift id (s5)
i | 6é65 eid § Radica F -~ il (6)
8 | 0163 | «d$ Reduce T = F (r4)
9 | 01619 | « id $ Shift = (s7)
| 10 | 0169 3 | ds Shift id (s5)
11 01669 75| $ Reduce F — id (r6)
‘ ‘ Reduce T = T » F (r3)
01 _ ) Radies E o+ E = T {rd)
12 | 0 1 $ Accept
11. Advantages :

® More powerful than operator precedence parsing.

® Handles o lnrser class o:l: context :F'tl, grammars..

® No llfl TeCursion qu.-m

. Eﬂi.ci.snt and proctical (nspeu.nuﬂ LALR(1))

2. Limitabions :

® Parsing table comstruction is complex.

® More memory requirement
'Dﬁmhwm:thLPﬂrm.

| |
I d.snmhm in  reverse usi Shloft M.d. mdu:.a u'Pgrnh.ms |
| with the help of ACTION and GOTO tables. |
| They are powerful and widely used in veal compilers I
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9. SLR PARSER (Simple LR Parser) M

1. Intreduction :

SLR Parser (Sun.?l.: LR Pnrs:r) is a Bottom Up
Parser that uses LR(0) items for l:onstruc.l;inﬁ
items ond FOLLOW sets for J.::uh.rl.s REDUCE
operations .

2. Features :

¢ Uses LR(O) items.
o Uses FOLLOW sets to fill reduce actions
® No lockaheod required for shift actions
® Simpler than CLR and LALR parsers

@D Augment the grammar Add 5§ — 8§

(@ Construet LR(0) items and Canenical Cellection of
LR{0)

(3) Compute FOLLOW set for each non-terminal

items

@ Construct ACTION and GOTO tables : i ACTION (Terminals) GOTO (Non-terminols) |
* If item [A = «.ap] € L ond o is terminal L e )|f$ E ‘ T !F'
— ACTION[iL, ] = shift j (where gm(L,n) = Ij) 0 5 _ r oA [ = 7 1 2 1 3
¢ If em [A - «.] € L and A% S 1 vl e e BT e 0 n g
= For each a € FOLLOW(A), ACTION[i,a] = reduce A—a s | 2 | 8% | - | - | ¥2 | ¥2 ] |
« If [8° = 5.] € I, = ACTION[i, $] = occept 3 | v I e | v | | r - = -
* For GOTO table, if goto(L,A) = I, then GOTO[i, A] = j ¥ |38 | & [ = |gh[=| = 8 2 3
. g e = 5 | r6 | r6 l _rG | w60 | r6 | r6 - - -
4. Greammar Exau-npl.e)_: — Sy W 6 i | =~ | - | o s | 4 A 9 3
Consider the grammar G- i A“'SNM Gmm :! ¥ 55 - - siy . - - = . 10
|(0) & = E | ' ' ' T '
| | = = = = = n =
E.= E&Ti7 weE - EeT | 2.1.5_3| . .5111_1 ‘. _
T oo T B E Q) E - T | e e . =l | o
| (3 T - T=F | 10 r3 r3_ l r3 | r3 | r3 r3 = - | -
Eaon § 5@ ;. SR 4 5 5 5 5 5 15 2 2 3
148} F -« £E} | = :
(6) F = | ti: E=E+T #2: E=T ¥3: T=TeF
5. FOLLOW Sets : i 19 FoR) o6 Fd |
« FOLLOW(E) = {+,),$} 9 Exai\ELr. PN‘SI.B : Infu.l'. Stri.n.s cid ¢+ id e id $
= FOLLOW(T) = {=,+,),%1} - Ewr == i e
« FOLLOW(F) = {*,+,),%} | Step sk | Loguk | Action.
fi. .t i N = 1 0 | id + id = id $ s5
6. Canonical Collection of LR(0) Items : 2 05 F Woed b r6 (F=id)
E e = Ty \ 3 0 3 _ + id « id § rh (T—F)
5. E 5k E F - (E.) 4 0 2 L+ ded$ r2 (E—T)
E o ., ExT E - . E+T FE =+ F:sT | i £
T |l G TR d 5 01 +_“l'f‘l$ sb
T = .Ts=F T & . T &F T 6 01 6 +id «id§ s5
T e F T & . F 28 7 0 1 6 5 « d§ r6 (F—=id)
£ 5. LE) :-'-LEJ ET"!'E*TF- 8 0 1 6 10 e id $ r3 (T=T=F)
e Fr - . q — .
i L . : 9 016 % 7
[z Is: ‘ E— 10 0o LEe 7 | ol $ s5
sd oI L Lo 11 g f6 75| $ r6 (F—id)
| i Ia: | | T T 12 016 710 $ 3 EToT+E)
L 5 3 ET*_-FT : . 13 0169 | $ i (ESE=+T)
E—-T. T G L acc
T = T.= F Ei gt E) | ! F = (E)
F o= ,id =
TJ: = T=.F
F = .(E)
— e == e el —
10. Advontages : 1. Limitations : 12. Applications :
v Simple and easy to construct M Mot as powerful as CLR or LALR parsers. e Used in many compiler front-ends
v More "_{F‘“‘"‘L than T""‘P Down  Parsers. ¥ Caonnot handle oll LR grammars , ® Suitable for deterministic context free
¥ Uses small lockahead (1 symbol). {only SLR grammars) languages (SLR grammars)

M More conflicts cam.rnm.d. ta LALR ® Practical fw medium  sized grammars
;’F______"__Lw____ﬁufi_ﬁr_fm _________________ 3 ( T Sammany '"“'"“""'"%‘““E
| % SR uses LR(D) items + FOLLOW sets. || SLR Parser is a Simple LR Parser that uses LR(O) items and 7 !
I *  Reduce entrias ore filled using FOLLOW sets i | FOLLOW sets. It performs shift, reduce and accepl actions E
| # Simpler than CLR and LALR parsers. i i using ACTION and GOTO tables Tt is simple but less powerful !

#  Conflicks may occur for some grammars | N than CLR and LALR parsers . ,a;

7. Transitions (GOTO Func;{‘.i.cnl;

Pn.ar. No.: 9

On Symbol
* (
4

F!'ﬂl'\'l .
State | IR |
7 B i
I,

VI EE ]

=
| T
R

8. SLR p'n.rsinq Table :
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10. LALR PARSER (Look Ahead LR Parser)

1. Introduction :

LALR Parser (Lock Ahead LR Parser) is an unPrmmrd’.
over CLR Parser. It merges states of CLR(1) items that
hove the same LR(0) cores. This reduces the size of the
porsing table while rstmru.nﬁ most af the power cf CLR.
Hence LALR is wwd.nl.ﬁ used in Fm.:ticnl compq'lers.

2. Features :

o Uies LRT1D loohihond: ‘irformebion:
Mcrses states with same LR(0) cores.
Table size is much smaller than CLR.
More powerful than SLR

Handles more context fru. grammars .

Construction of LALR Parsing Table :

Construct the Canonical Collection of LR(L) items.
Merge their lookahead sets.

Build ACTION and GOTO tobles using the merged states,

Grm 5 E)iu.m.ple 5 -

Consider the grammar G :

rlOReE

-

E =% E=+ T | T
T = T«=F I F
F - (E)YIlid

=

5. LR(0) Cores that will be Merged :

[ Stales to be Merged

RBILEDI"I.

Same LR(0) core

I, and I
> . IE @ FE «4T]
Same LR(0) core
I, and I
2 i ET % T o = F
SQI“Q-LR('O) core
I; and I
i 4 [T = F»])
In rngrsinﬁ, we toke wnion n-:F lookahead sets nf items
with same core.
6. Merged LALR(1) Item Sets :
T Iy
S = « E {s) E = E =+ «T .{§, +}
E = « E*+T (%.+) T = =T «F  {% +}
E — « T . i$.+} T = o F {8
T = «Te=F (§.+) F = « (E) _(§.++0)
T {8, 4. .3} Fo= oid {8,400
F = =« (E) .{$.+.=.0} —— —
F = s i {$iees)) T,
Ty = T :_. T:é:'({:‘qn
£~ £ o 07 0 il B 2
Tl N S E oo wik o (iwed) |
T s Tyt - | Ix
Ta b oaeE e Fom (=E) ($00))
T = T = & F il 0] E = «E+T .())
—= E = T ()}
I =1 ¢ T o5 woTa § o)
T = F = ($.+,.)) T =+ =« F £i. =%
T o= e {+. N F = sl E).{} =)
F = id = ($.+.-.)1) F = = id (), »,}
F = id = {+. 1} 1

i)
|
|
|
|
|
|
|
|
|
|

=

# LALR is obtained by merging CLR(1) stabes with same LR(0) core.

% LALR toble i= more compact than CLR but more powerful than SLR. |

1. &Lk(i) Parsinq Tailz

State |
id
0 s3
i =z
2 .
3 e
4 s3
5 s3
6 s3
7 “
8 o
g

8. Example Porsing :

mmﬂmm-:-mm.—g-’
3

ol el
W R o

¥ »
s5 -
- sb
4 3
2 B
g5 | -
e | m2
to state i

Stack

0
03
02
01
015
0153
0/ 5 2
01.5 2
015 2 8
01526863
0L 5263
015 2
01

Comparison

 ACTION (Terminals)

(
sh

r4
s
sk
sh

r2

Feature
Uses Lookahead

Number of

| Wabls Boea

Power

| Practical Use

SLR
No

Galis | Lok

Smallest

Least

Rare

)

e &
s
s8 [ =
r2 r2

rj-ﬁred.tmahsprodnu:lmj

Inpukstrhts:id+id*

Tnput
id + id = id $
+id e id $
+id=id §
+id = id §
+udeid$
+ id §
« id §
« id §
+ s
3

$
$
$

~ CLR(1)
Yes (exact)
Vary Largs
Lergest
Most Powerful
Rare

$0. Adwsbages: of LALR Birser -

-4 T

®

* 4 4 0

Limitations :
Mere cmﬂ.Flax to construct than SLR.

AEElit.a:l:i.ons :
US!AJ. .l.r\ cDI’IlPi.'.Br cDr\.Etrul:ti.DrL fﬂl’ EHr\LﬂJ{ m\ﬂluﬁ;& .
Used in Prcsrmnmins lun.ﬂu.u.se.i (C, C++
Used in real time |.u.n.31.|.n.3= Prucassi.ns s&ihms i

LALR Parser is o Pmtfcal. porser that

Smg 2

Mm Pmrflll: uﬁn’\- SLR Pﬂ!’su‘r +
Smaller parsing table than CLR Parser.

Can parse most programming language grammars.
Used in tools like YACC, BISON,

CUP.

RGPV Notes Hub

acc —* accept
d $

Action

s3
rd (F—id)
re (T—=F)
s5
s3
rd (F—id)
r2 (T=F)
sb
s3
r4 (F —id)
3 (T—=T=F)

[ 1 (E-E+T)

acc

LALR(1)
Yes (m:rsad)
Medium

Very Powerful
Widely Used

Java., ete. ) .

uses LR(1) lookahead 'fi\r?

but merges states with same LR(0) core. It 'P'ravi.dcs a gacd-
i.r'misvoﬂ: between power and e.ff'mi.ﬂnnﬂ. which is wh.:’ it =

the most widely used bottom up parsing technique.

Balls s CLR. |

~
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1. Introduction :

A parser generator takes as input & conkext frm grammar
and produces as output a program (porur) which can
u.n.nhdu strinﬂ uj that grammar and report whether HuH
bclans to the language or not.

2 Ne.ad. a:l- Parser Ge.nzrnﬁnn :

® Manual construction of parsers is time consuming and
error prone.

e Parser generators produce efficient and reliable parsers.

e Easy to modify grammar and regenerate parser.

® Used in modern c.omf:il.nr construction tools .

3 COm.POI'LQ.I'LtS Of a PGFSET GBMFD.tOT §H£Eﬁ} :

.r‘—G’ W“"W‘l ( Parser f Parser 1
—— — = N DN =
{Input) | ( Output)
Error Support
Handler Routines

w::rki.nﬂ Q:F Parser Generator :

The user writes grammar in spcu.f‘mh.ux language of
parser generator.

structures are constructed.

@ ® e~

Parser generater produces source code nf parser in
a target pregramming language (e.g., C, C++).
The generated code is compiled and linked with
support routines to form the fmnl. parser.

@ The parser reads i.f\F.LJC 5&{!\.35 and Fer:[erms Pﬂrs{.ns
to check sunhcﬁc correctness

®

5. Steps in Parser Generation :

i GmmmannpuL l%?mmhﬁﬁ'shw.:

2 _Gm-whmlum lumquammmw.

2 Autornaton, / Table Construck Construck LR automaton or tables.

4 -Cnd.aGunrﬂ.im -Guwnhmmd._prww
Compilation Compile generated code with support

s routines to creabe sxecutabls parser

6 :Emuhﬂ‘h Run. parser on input strings

€. Ewomgle: (Uiiny YARC ¢ BEON)

. Irqw.l . Grammar written in Y _f-.lg {YacCC spe-:if\'mﬁm}.

¢ Outpat :
. Steps ¢ Lexical analyzer (.1} + YaCC flj—l‘. (3} -
yacc [ bison = C cods = gee = Parser executable .

| e Eaniasmaals £k}

| yace -d colculator. y
Lex calculotor.l
gee y.tab.c th.!_.,g.c

/f generates y.tab.c and y. tab h
/! generotes lex.yy.c
-11 !/ executable

T8 Parser.exe

Parser Generation automates parser construction
Uses tools Like LEX, YACC, BISOM, ANTLR, JawaCC.
YACC / BISON = Bottom Up (LALR(1)).

Redmsmmunl:ﬁm‘tnndmrrmsmta

C source code (y.tab.c) + header file (y.tab.h).

|
|
A

.|

_11. PARSER GENERATION RGPV Notes Hub

e

| Parser Generation is t!'u process of constructing a parser a.:.d'.orrm.tmnu.ﬂ from o given grammar
using a parser generator tool. It aveids manual l;ortsl‘.rucfwn of Pm-s"“ﬁ ba.bles a.nd. cocll.n.s

Po.gr. No.: 11
¥. Po.rser Generator Tools :
= | _
Toul i Tapel ‘ Output  Language |
Generator Specification (.L) Lexer |
= = s e : |
YACC Parser Generater Grammar C code _fnr c
I (LALR(1)) Specification (.y) Parser
BISON Enhanced YACC Grammar C code fnr c
: (FREE) Specification (.y) Parser l
ANTLR Parser Generator Grammar Parser in Java, _— |
(Top Down) Specification (.q) | C#, Python, etc
| Recursive Descent Grammar Parser in
| Parser Generator S}:nn.ﬁmhm (JJJ Java
8. Classta'.oa.’ci.on of Parser Generators :
o Based on Pe.rsi.ns Techﬂiqu.e:
i TQP DM Pa.mr Ger\.!.rutcl‘l‘s (B.S.l ANTLR. J:I.Ua.cc)
— Bottem Up Parser Generators (:.3., YACC, BISON)
® Bosed on Algorithm :
— LR-based (SLR, LALR, CLR)
— LL-based (Recursive Descent, Predictive)
9. YACC / BISON P'ro:.e.ssin.s Phases :
[ Tnput Grammer | [ YACC / BISON | Pursar- Tabkes [ G’ $nsres Cote’
(.y file) Processor | (ACTION & GOTO) (y.tab.c)
—— = " = = 2 l
[ :
Executable € Compiler ‘
Pumr 1 (G’CC)
i( Note : It also generates header file (y.tab.h) for token |
| definitions . |

x 4

10. Exnmpla Grammar and Generated Parser :
"

: | Tokens
| id = identifier
E - E+T | T ¢ = e
s Tt E ] . = sl ;
Fosif £ ) | u (= open bracket |
N | . | J = close bracket |
i $ = end marker |

Parser Generater (YACC) will :

¢ Construct LR(1) items and LALR(1) states.

o Build ACTION and GOTO tables.

¢ Generate C cede ful' parsing using these tables.

11.

Advantages :

Autoratic parser construction.

Easy maintenance (change grammar and nnanmrﬂh}
Lm';ql:wns

Lﬂ:\rning the tool's sp-l.m.flcu-‘:mn Lcuusuqa:.
Dubuesi.n.s grammar can be difficult.

YRALK

[

XK X PO

'il?

Parser Gememiam uses a formal- ﬁrnmnn-r as input and prutiu-u..'.
YACC, BISON, ANTLR, etc. Tt is the Prnchm]. n.PPrm:.l\ und in
real world compilers.

e RGPV Notes Hub a a
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12. Syntax Directed Definitions (SDD) | R&PV

[EE)

S!_.'n]‘.ax Directed Dij:uuhm.s (SDD) are form.ﬂl notations to associate semantic rules or actions

e

1. Introduction :

ﬂuSDDisn;nanmgrmolﬂnﬂwﬂhnulanfﬂr

wiﬂxuuprndmﬂonsafumnhxtfmﬂw.

fm)mmhmofﬁmwm

2. Components a_f_ SDD :
Grammasr
Attributes
attributes

@ @ e

=, quas of Ai:_l:ribu.tes i
o Synthesized Abtribute

& Inherited Abtribute

Purcﬂ“.urﬁhungsuntlpmdpmnrwm

Type
Synthesired

4

Inherited
A&r‘u“)

4. Example Grammar :

E = EWT1T
T T & F|F
F - (E)lid

5. S‘DD {OI‘ tl'\.t GTW :

Flaw

From children — Parent {Bottom - UP)
s Pt of Silitiige: — kil Tlp: = Dot o

Assume Attribube

val — stores the numeric
vnlluo‘_fﬁ\nupﬂcuinn

We associate ssnﬂmuﬂd attribute val with each non-terminal

(E, T.F)
Production Semantic Rule
E — Eq4 + T Ewval = Eq.val + T.wal
E = T Ewval = T.val
F =% Tq ®*F Tval = Tiwal + Fival
T = F T.val = F.wal
F = £ E) F.val = E.val
F = id F.val = id. lexval
6. Parse Tree and Attribute Evaluakion :

Ex:unplr.stnns id +oid * i

- e

,- Evnf.unln.on. {.B_nlio_m a Upj

— id 1 Fvel=a
id - Fval=h
id  Fval =
F Toval = b
T*F: Tval=bm=e
= T: Eval= &

PR
| m m 4 4 m m 7N
+: 4

Semantic Rules Sthafmlan(funrhworﬂ.ﬁhnru}ﬂnnhnpm_fﬁ
the value of each oftribute
Evaluotion Mechanism : Order in which obiributes are evalucted

Value computed frnm the attributes a-f

Value computed from the abtributes of

E+T- Eval=a+h®c|

Iln.porl'.anl‘. Poinks {cr E:nm.i

SOD =

Doy rip ek g i,

Grammar + Attributes + Semantic Rules
Inherited — :Fharn. Pwmt.”-iu.insa to child
L-Attributed SDDs can be evaluated in one left to right

(
|
I
1
|
|
|
|
I
|
\

Notes Hub

_\‘ Page No.: 12
=
COMHJF grm for d‘ﬁj-w'“tiﬂu :
D= TL A
T = int | float Todype — Tnhertbed by L and id
L—-L,'Lrlli.r.l ud.mme—'xunthuuud.(lmmm)
Semantic Rules : ' o -
1
| M i :
D=TL Link = T.typs L P
i Thpe & integee | in T is passed to
T — float T.type = real in.ﬂl.d.ln&fmrsnL
]
1
B g Loinh = Link :@P—"—
W.ith = Link | int a.b, e
|
L —ud id tnh = Link | A ks
o e A gy
id id.name = Lexeme(id) - v O ey M
(mFs the lexeme)
8. SDD Representation

An SDD is written as

9.

SDD = (G, A, R)

Where,

G — Context Frea Grammar
A = Set uf Attributes

Dependency Graph

Exmfl.nfur-E—-E1+T:

CONNGE

hN

E.val

Ewil = Bi.val =% Tl

AT 7 T R R R e e

Rl for Dispdisio Gingds
|0 Tt o B, it g
B A
o The graph must ok how
mathos, Pir: diomlsablinets

10. Type of SDD based on Dependency
5-5DD (Syntax Directed SDD) -
'Pmi:‘g Ul’d‘l’ (rw d‘w‘d‘l\cﬁ on PU.I'H tl"“ ‘h’m‘)

11

CENK

L-Attributed SDD -

ALl inherited attributes uf o I.Hh'lhol. dq:\em:l

L-Attributed SDDs con be evoluated :I.u.rl.n.s Tcp Down Pnrsm.s

Advantages :

Provides a furmuj. way to specify semontics
Supports code generotion and translation

Scpu.ruku syntox frum semantics

syntax directed translation.

type checking, intermediate code generation
cun\PU.l.'r construction for semantic ww,l.ﬂ:.i.s.
attribute grammar based teols.

Summary :
Syntax Directed Definitions associate attributes with grammar symbels

and code generation in compilers

e RGPV Notes Hub (EE




Unit - 13. SYNTAX DIRECTED TRANSLATION (SDT) | RGPV %%es Hub

—— e
Sl Diresbid Translabion (SDTY)is o malhed of bronilabing = mours pragem fram
one language (source languoge) te ansther language (target language) using the syntex Page No.: 13
._ of the source program and semantic actions. )
1. Introduckion :

9. Translation Schemes in SDT :

SDTmamfmswdansw&hMm(um)|

to produce ocutput in o target longuage. It performa translobtion during Schemia Description
| : Uses SDD like mechanism . Actions are atktached te

2. SDT vs SDD Rt Dol | i sl sl iy ping e 5 afiead
= | Translation Scheme

Feature | s5DD SDT | order (5.5-, Lsftnwsl‘. ar Rlﬂ'wh'nost derivation)

Oubput ICQMF.l.h-vulmlnfnth'ikuhn Produces bronslotion {target coda) W o il N 5. BN L]
I = T T | T : Sehame Uses explicit contrel statements (i.f—cl-u. locps,
P —— Af‘"?""“‘"ﬁ{"“‘ﬁ be) D“‘“"‘ﬁP‘““"ﬁ ik 1 swikch, Itc}tocordrulu'u:ﬁ.wof actions. More

P 5 E T . flnci.bll and  suitable for complex translations.

Examgple Type checking, value evaluabion

assembly coda

10. Implementation. of SDT :

3. cum.n}j of SDT :

@ Semantic Actions ; Code b ioked with . D\.Il'u‘lﬁ parsing, when o production is uppb.ld. execute ibs action .
produckions . Oﬁntmnmauuuttnhuhanrdothermfwmnhmcdh:hi&:mﬁpnrmg

@ @Qm@_) i Te heold inkermedioke u\fema,lueﬂ. .0 i £ Lnrgd‘. 1 f i o hi code, ).

@ Translation Machanism Specl.f'm order ef execution ef ackions

i
tl. FDrrl'lS o _SDI 11 Exﬂm.P‘.z. i Gmrn.h!. T}\.rm Acl.r:l.rus.s Cr:ldn (TAC)
e Can be Llh.Pl.arn.-nl.nd. using For expression | a = b+ c=d
ntax Directed Definikions (SDD)
> 5y ey Dup T Biboasis Gl LAC) GG ST
*  or d..rncﬂa using actions ¥ )
e Two btypes based on implementabion strategy || St | Production Applied Semankic Ackion (TAL)
> Sankou Directed Translation Scheme | 1 F = id(b) f = b
*  Translation Scheme with Conkrol. | 2 Fs Gl b

5: THP!.S l:f Actions in SDT : | 3 Fo— u(d by = d

‘m’ Actions Plrfmmwnfu.hﬁm 4 T-'TI.'F L=bss

- &tat Actions | Genercte outpub (t.g.. print, emit) . | 5 E — E]. + T ts = *’1 W k.

® Control Actions : Alber the flow or control of tronslabion, -6 Smid:E — ;.; 2

6. Example G e mc LRl
Example xr ( e \

Consider the grammar G ! g""" The i B oo
. L e s e e t,=b | « |
BE T S Els =0 oT Goal. ; | | i ,‘:: & I E Note :

T — T = F | F GMﬂhpﬁn&fmnprmm | i b, = d i EOTuww&minHuL‘,tp...mud.!

E = By | LEanPolmkNoﬁnﬂm)- ) | b= ety | | ® TAC is simple and easy for code :
B | | 1

! LS N E | generation . i

7. SDT fﬂr Pos':._ftx Translation (Usi.nﬂ Acl:l.cm.s) e i o = ’:5 | b oY .y
Grammar with Semantic Actions : [ D s

B - S | Ry e 12, Mdisidages of SOT :

E — E +T { print ("+") } + Produces output during parsing (one poss).
E: = €1 ' Efficient and requires less storage.

T = R E L penk CPeT3 3 + Easily implemented using parser generter kools.
I == 0k €1 ' Suikoble for geraroking intermadinbe cods:

P =i e 13 |+ More practical for real compilers.

F = id { print (id lexeme) ]} |

Note : The action is executed after the RH5 is completely parsed. |

13. Limitokions of SDT :

|¥D&ﬂ’m&bd-hnghmu&“mmbwhsw-
8. Eiu.m.Pl.s Trn:l.ilﬂuu.on: = < X Mot suitable if tronslabion requires global information
Input Infix Expression : id + id * id | Applying semantic ' ¥ Complex translokions may need many actions and attribukes
|

Parse Tree :

€ actions _( postfix)
T~ 1, 14. Applicalions of SDT :
EZT & | 2. mi ® Used in compilers to generate intermediate code.
i T [ 3. u, # Code generation for bargst machines
| T * T | 5. % @ Used in interpreters ond translotors
F F F [ B: & | # Used in SQL to relabional algebra translation
! | l | Postfix Output : @ Used in synbox directed edibors
id, iy iy Yo o = |
| il id, d, = o+ |
e R R A e — e = ™y
If Important Peints for Exams i i Summary : :
| % SDT = CFG + Semantic Achions for tramslabion. : | Synbax Direcked Tramslobion (SDT) uses a conbext free grammar : |
| W Actions are axecubed during parsing | | ond semantic actions te translate o source program to o targst i
% Twn forms : Translabion Sch and Sch with Condrol. [ | e ing s afficient bl il d H
! *SDT{-MEMWCWB-‘“‘M i‘ i-.n.m- aﬁyh.;;.‘mw“a.w:dmwm IE
[ % Example cubputs 1 Poslfix, Thres Addess Code, sbe. SR SN W e D e

= RGPV Notes Hub [EE]
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14. S-ATTRIBUTED DEFINITION RGPV % Hub
An S-Attributed Definition is o special type of SDD in which all atiributes are e o 18

Synthesized attributes only (i.e., values are computed frum. children teo pu.nrd'.).

It can be evaluated in a bottom-Ly

p manner (Poator:lar af parse tree) .

1. Introduction :

In an S-Attributed Dafu\iﬁnn.um—hrwﬁnnlhmodﬁw
attributes, The value of a non-terminal is computed from the
atbribubes of its children. Therefore, it can be evaluated in
uﬂBqtim-UPkmnr;ulothApamh-cc.

2

Key Points :

The value of o node depends only on its children.

It is o restricted and simple form of SDD.

Easy to implement in Bottom-Up parsers (LR parsers).
I cannct handle inherited attributes.

-
L]

3. Definition :
An S-Attribubed Dz.finil.im is an SDD in which every attribute

in the SDD is synthesized.

4. Em.m.p-h Grammar
E - ExT d T | | Gl |
T = T+« FIF | Compute the velus of
F - (E) | d | an arithmetic expression. |

& ;

5. S-Attributed Definition for the Grammar : |

Production Semantic Rule (w Atkribute)
E = E +T Eval = Ejval + T.val
E= T Eaal s Tl |
T == TF = F Towval = T.val = F.vel
T = F T.val = F.val
F - CE) F.val = E.wval
F — id F.wal = id. lesval
6. Parse Tree Example Input : id + id = d
E [ ookt Shteed ; |
| |
/R [ 1. vl = a |
E : i} | 2. Fwl =a |
£ e [B0R
5 [ & iduval = b !
T i E |5 Fval = b |
i ! l | 6. Twl = b ;
F F f [ 7. idyval = c j
l l "L: ; 8. Fwval = & il
id, Gl ooy | @ Tl = Boe -
(\Iul.'a.} (vul.'h) :10 Ewval = o+ (b= c)
[ Final Result : Eval = a+b=c |
"""""""""" S FThln]h»';-E E '“""“"'"__""‘\: ¢
& S-Attributed Definibion uses only synthesized atbribubes. | i
% Evaluation can be done in Bottom-Up (postorder). | I
* Suitoble for implementation with LR parsers. .
% Cannot handle inherited attributes. -
______________________________________________________ of |\
.- —» RGPV Notes

Each attribute is computed from the attributes of its children.

Hlm,e\dunﬁmmm#rk\gmdu%hnﬁdhm‘”ppﬂrw.

Comparison with General SDD :

| Feature General SDD S-Attributed Definition

Attribute Types Synthesized + Inherited Only Synthesized

May depend on parent,
siblings, etc.
| May need Top-Down
and/or Bottom - Up
: Complex d.nf'uﬂ}.i.o;.s
| Nt suitable for LR

iy Depends only on children

Only Bottom -Up
(Postorder)

Evaluation Order

Suikable For
Parser Su.ppurl:

Sim.Pl- d.;f'uutmns
Suitable fur LR parsers

9. Elcu.mpl_z_‘n'nrm Address Code foL ExPI"t_S.':&Dﬂ a=hb+c=d

1 d (b) Fvl = b

id (e)
id (d)
Ty = E:

R L

= Foval = ¢
Fval = d
Tval = T, » F

E.val = E,

—

« T

R R R
alm A |||

L e TR

Less expressive compared te general SDD.
Applications :

Tspul\nﬁkinﬂnfﬂtprlm.
wmwcn.g..hﬁﬂﬂu%].
Used in LR parser based compiler construction.

S-Attributed Definition is an SDD with enly synthesized atbributes.
Ik allows Bottom-Up evaluation (Pusbu-ﬂllrj and is suitable fw
mPl:mMinl:i.m;n_LRPde Iku:nrn.PlI_ ﬂ'inmknnd.undthd
Mﬁrmmﬂmmﬁsmm

Hub (EEl




Unit - IT 15. L-ATTRIBUTED DEFINITION by, s 1
( An L-Attributed Definition is an SDD in which each inherited attribute of a symbol P No.: 45
| A Uy @prelbakion daped kgt o e
‘ » Attributes of the head non-terminal A, and
*  Attributes of the symbols to the lafi. a-f A, in the I:udld uf the preduction
L It can be evaluated in a :i-n-sla L:fi.-hs*Ri-sh.L (Tep-Down) traversal nf parse ltree.
1. Introduction : 7. Parse Tree and Attribute Flow :
L-Attributed Definitions are more general than D .I Evaluabica. Ordar )
S-Attribubted D:fi.ruharu Tl'u.u allow limited wuse of (L!-f‘- to R\.sh.l’.) i

inherited attributes but still permit evaluation in

one pass (Left to Right). . Tkype = integer
T L . Linh = inkeger
2. Key Points : . Lyink = integer

® Uses both synthesized and inherited atbributes.

@ Inherited atiributes of a sH_m.bvl. A d...Fud. only on:
— Attributes of the head (LHS) non-terminal, and
~  Attributes of the surnhol.s to the lr_ft ef A

® Can be evaluated in a L»eft—lo—ﬂi.shl‘.. Depth - First
(To-]a-[)awn} manner .

& Suitable fm' Pr!.d.id:i.w parsers

3. Definition :

An SDD is L-Attributed if for every production
A Ao X s X

and for every 1 S i 2 n,

any inherited atiribute of X, depends only on :
(i) Attributes of A, and

(i) Attributes of xl. Xz. SRE X{_l.

4 Compar;sm with. S-Attribubed Defm.d:wn.

3 i"l!. kype = integer
; -'ud.z.l.ﬂpc = integer
3 |'.|‘.|.:i .lH?t. = 'ud:.s:r

Oy
;
i

e b il Wiy Sgpe = Tnlame
For declarcbions : int a, b, e

ﬂllidlnlifh.ﬂ a, h,cgdtapglhhsu.

8. Exmp'.:

9. Irr\pl.ﬂmlnl:nﬂon nf L - Attributed D:fw.l:m :

Feature S-Attributed . L-Attribuked e Implemented using Syntax Directed Translation Scheme
Attributes Used Only synthesized Synthesized + Inherited ® Translate during parsing in a single Left-to-Right pass
No d } aiv | Tokardiad i e o ® Each semantic rule is embedded in parser actions
f 4 .ﬁhli-n-ss — hfl sibli and parent ® Do not need t:PLi.:H. attribute tables.
Eualibsi  Ordar Postorder Left-to-Right 10. L-Attributed SDT Exemple
(Bottom - Up) (Tﬂp'[}m) (Pnstfi.x Translation )
Suttoble For Sumple. dafiniti “7" _s-n-rﬂl- Procuction. Semantic Rule (Action) Postfix Output
il ‘dupla E - E T Exal =€, val -+ Tival By T *
Tep - Dewn prink(®+*)
Parser Support | Bottem-Up (LR) F :
P (Predictive ) E - T Eval = Towal T
T % G R Twel = T, val * F.val T, F e
5 Exa.rrLPh Grammar : prink(*4*)
il (P S [ S il Bl B S ] T o E Foval- = Fivalh F
D—- TL | Goal : | F = (E) Fval = E.val E
T — int | float | Pass the type from T to | F oo o Fval = id lexval d
|t = L.udlud | all identifiers in L. | . printGid lexval) _
= ir- Nut‘. : Miﬂﬂ.ﬂ are tx@md. Ll t tﬂ i h-l'. i L . \:
6. L-Attributed Definition (Semantic Rules) : te Mo Avoriibiciul LfRlP Rle delgpeuny | 00 T
Prodiclion Gt oty 11. Advantages : 12. Limikations :
D s il | Gk » Tibgpe ' 7r— v Can handle inherited abtributes % Inherited attribute cannot depend
T = it Tiype = inkeger ET"""'EN""""‘PM""'T v’ Evaluation in one pass (Top-Down). on right siblings,
T = float [ Tiype = real i is passed to L (inherited v" Suitable for LL(1) parsers. X Not suitable for all SDDs
L= L. Lyaak ® Link : attribute L.inkh). That v More expressive than (eg., Left recursion).
id type = Link | volus is then used for S-Attributed definitions. ¥  Some definitions require
T tin = Likk | g, s L v Easy to implemant in Bottom -Up evaluation

iy £ Bl
L-Attributed SDT allows inherited atbributes
wMofﬂLd‘Pﬁ\dsordﬁmAthtsihws
Suitable fer Predictive (LL) parsers.

More general than S-Attributed bub less general than

2 _uru':al;riﬁhd. SDD.

LN

F

L-Attributed Definition is a restricked form of SDD where inherited

attribute of a symbol depends only on the head non-terminal and !
its left siblings. It can be evaluated in a Left-to-Right (Tep-Down) |
traversal and is suitable fur Pridir.h.vt parsers.

. BBV Milis Hb ‘ ]
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m&anﬂmmofuntﬁnamﬁﬁgbhsw.

1. Introduction : 7. Rules / Properties :
mn.tn:d.fm grammar. It shows how the start aldmbn-l. is “&‘l"ﬂu'l\ﬂﬂdmﬂfu\lpfm

expanded to produce the string. The yield (left to right Lleaves) is the input string.
2K°a?°£‘*4_ For ambiguous grammars, more than one syntax tree moy exist
® The root of the tree is the start symbol. for the same string,

* Interior (non-leaf) nodes are non-terminals.
® Leaf nodes are terminals (or £).

8. Leftmost and Rightmost Derivation in Tree :

Tree Behavior

# The children of a node are arranged from | _D"'"i”“h""" Type ] C“mord;— | )
hfttprishtumUuprodaa.cti.m. Always expand the Lleftmost Build tree by expanding
® Reading the leaves from left to right gives Feiront | non-terminal first from left to right
3. Em‘P"" Grammar : l non-berminal fl.r.l. fremn.shtlnl‘ft

~ '\I ________________________ l

[E<=Ex% {7 Geal

§
i
i

9. Uses of Syntax Trees :

Used in synkax analysis (parsing) to check grammatical correctness.
Helps to understand the hierarchical structure of expressions.
Useful in code generation and translakion.

T+T=FIF

F—-(E)|id.| i id + id »

. & & @

4. Construction of Syntax Tree :

@© Start with the start symbol as the roct. ib 1 N
& Becki rabiclivng o eopndt, Bk, pada: - Ambiguity in Syntax Trees :
@Expan.d.mn-lnnﬂinnhunhla\lghrnﬁnnhrmuin_ EW"FL-SH‘S:d'iA'd
@ Maintain the left to right order of symbols. l* T £ : Gk 4D o ik Ko § < & & Tallw s
e % Syntax Tree for id + id = id : i E i : E !
| | ] +
E//"l\-r ! T/ \I\F :' E T
' : : /l\‘
! i ! E//I\\T ‘uli | T T * F
T T - F i : . = i F F |
| | J | F F | ! | idy
F F F ) 4 [E = e
| ) | e e LR R B R B R e
i'd'l i-d-z i'd'a Since two J.LHH".NL trees ocre possible, the grammar is ﬂl‘l’\hﬂw
6. Ancther Example ( ( id + id ) « id ) 11. Summery Tebls :
Definition _hmehMMaqusﬁnﬁ.
T Interior Modes lNoﬂ.-hrrr\innL:.
T g F Leaf Nodes | Terminals or .
‘1: f—' Order | Left to right order of symbols is maintained.
/ | \E |
( /_]\\\\ ) id, 12. Important Points for Exams :
£ & T *  Every parse tree corresponds to a derivation (leftmost / rightmost).
| | # The yield of the leaves is always the inpub string.
F II: # Different trees for same string = Ambiguity.
i“l-‘l'i id, #* Syntax tree # Abstract Syntax Tree (AST).
Advantages J  Limitations -

e

| ¥ Useful for translation and semantic analysis.
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] Ambiquous greammars give mulkiple trees.
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