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2 number -> digit+
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states trans

States[0] [, states[1] < closure((s1))
Pl jeO States b
| while j < p 0 o To To
Lwar b w26 |[1 |2 |0

¢ < DFAedge(states| ], ¢)
if e = states(i] for some i < p 84782 o |3
then trans(j, c] « i 5,8 s o o
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o
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else [al 4 L p i | |DPedsefstatestl )
trans(j, c] < p 100 [a 10
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2. i DFA: RIS B SN 2hiE IARE,

JE# 4 DFA

S_HpE: BRAESIENES SR

a. Strings over the alphabet (. b, ¢} where the first a precedes the first b,

b. Strings over the alphabet {a. b, ¢} with an even number of a’s.
c. Binary numbers that are multiples of four.
d. Binary numbers that are greater than 101001

. Strings over the alphabet {a, b, c} that don't contain the contiguous sub-
string baa.

. The language of nonnegative integer constants in C, where numbers

beginning with 0 are octal constants and other numbers are decimal
constants.

8. Binary numbers n such that there exists an integer solution of a”+5" = ¢”.

a. c*a(alc)*b(alblc)*
b (ble)*(ble)*a(ble) *a(ble)*)*
c. 1(0[1)*00
A, (1(O[1)*(0] ) (O O[L)(0]1) O)(OL)) |
(10101(0J1)) | (1011(0[1)(0[1)) | (11(0]1) (01)(0[1)(0]1))
e (alo)*( (bl(ba) ) (elale)* )* )*
£ (O[L-71[0-71%) | ([1-01[0-9]%) | 00 |0
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@E—E*E z =y, id+E P
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@E—id & Smid+(E+E) || £
N =y id + (id+E)

id+ (id+ id) =y id + (id +id)
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3.2 Top-Down - LL(1)

KRS BRRMR S & i 2230 1 AR 25 45
), ARECPE LL(1) 3.

3.2.1 First~ Follow I Nullable

NUlEBIEEE - — SR MRS, X~
BEANG—NTET UERES

i XZ

* Base case: x—e

 Inductive case: X—Y1..Yn,

if Y1..yn@nNERLERF B AT A Az B
Bk WA SCBIAE R TR, SRR R A

R
FirsStaR - — NS (BRI AR XY
RS, & RT U mIXA RS i#ESEE
M B AL/ ENRE
Base case:
« If X is a terminal: First (X) = {X}
Inductive case:
s X =55Yi Yy o Xy
—First (X) U= First(Y,) AT First (X) 2 First(Y,)
—If'Y,eNullable, First (X) U= First(Y,)
—IfY,,Y, eNullable, First (X) U= First(Y;)

J:J_LU“JMT—IQH’—#F%?.*TD“L fHJZ First 2%
TS E Clne A sUH B B, B
inductive case-

- — AR EMER, LR
NEERFSHER, RERSEREFREXNF
SHRAMALERS RS
Base case:

* Follow (A) = {}
Inductive case:
« If B— sl As2 forany sl and s2
1. Follow(A) U= First(s2)
2. Ifs2 is Nullable. Follow(A) U= Follow(B)
Xt —Lei kAR 2K follow AEAHER :
e
T—R
T — aTc
R— &
R — RbR (b} C FOLLOW(R)

LLO)FERHMWA TR
- $3A: MR MEEER
+ Fla: SIRCRAMEERBNERAS

+ TAM(A.) : $TRIFFEREERFAA , HTR— M A Token
Joalt | EIIEAFEAER

Constraints
{S) € FOLLOW(T)
FOLLOW(T)  FOLLOW (R)
{c) € FOLLOW(T)

#ICEGH A ERX > y
«ift € First(y): enter (X — y)in row X, col t
«if y is Nullable and t e Follow(X): enter (X — y) in row X, col t

WM A TR, AR AR LL(1) S,
AT 5 L8 IV B e i VAR 2 A B s R
A LL(1) 3.
TARAER™ A 30— PR 2 A CRME T A
prtA > elf)

1. First(a) N First(B) =2
oFIBHESAHLAR— M RIA A ES

2. Bp=*e , #BAa A* ¢, HFirst(a) N Follow(4) = @
oFBAREERIATHE e First()RRIAEFollow(A)

3.3 Bottom-Up - LR(0)s SLR(1), LR()AI LALR

Xof I PRt e M s R 3O 1 ) e A A

Ambiguous
Grammars

Unambiguous Grammars

KE=HRE:
« LR(0) C SLR(1) C LALR(1) C LR(1) C LR(k)
« LL(0) C LL(1) C LL(k)
« Vk,LL(k) C LR(k), 182 LL(1) ¢ LALR(1)
3.3.1 LR(0)

PRI A DR ATIR B, Y -
Az At S5 (R A T LA AN 7 A U 2
PR
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o ZIERE RS —S$
PEAMEE, e 7 P PR — A item, 3

BN item [« JRTHF symbol A 4H I
oL R, HEAMHK (A3 fig) .

Closure(]) =
repeat
for any item A — «eXPB in /
for any production X — y
T—1U{X—.y}
until / does not change.
return /

goto PREROT I R4, XTI B
, R R X, PN goto HIZE R,
ﬂ"ﬂ.ﬁ'ﬁﬂ: closure.
Goto(l, X) =
setJ to the empty set
for any ittm 4 — o« Xfin I
add A — aX B toJ
return Closure(J)

ot A — ARES B R — T goto 45 7
NN DFA BEEAFE K.

Initialize T'to {Closure({S’' — e S$})}
Initialize E to empty.
repeat
for cach state /in T
for cach item A — o e Xp in /

letJ be Goto(I, X)

T—TU{}

E—Eu &y
until E and T did not change

AW IR LRI E

B
LURE791T, LA Acti on RYEREERFF GoTo 9
REERAT, RIS ERE:

e ActionFEIR:

o shift+goto F—R7: il s2 2
shift F BEFHE MRS

o BREEFELL AERNTE (F—
MNTHERBEAEDEFNLD) | %R
index IkRIF=&E i Treduce

* GOTOFRIA:

o NIRRT AN

nonterminal A, XREXMAZE

ERT—MRSEHA
I DFA kit :

1. s 1 g BBRSEBXRRE, MR2IF
BERHR g, BEFHE s, AEZE
KEIRIT, HBENNFSE, &
FRPRER o/s EEIRIIEF;

r RNFX MRS EIE EREHNrE
X, BPAERRANFERMY, X—8
1T Action EBANL e £ af Rif 5

N

Stack | Stack Input Action
(states) | (symbols).
1 xxy$ |shift2
12 X xy$ shift 2
122 X X v$ shift 3
1223 |xxy $ reduce 2 (S ->y)
1225 |xxS $ reduce 1 (S ->x S)|
125 xS $ reduce 1 (S ->x S)|
14 S $ accept

3.3.2 SLR(1)

FE LR(O) il b 7E #2405 AF 488 0 T mext

X—I,
UER
0:5'-> 5§
1S>xS
25y
Action GoTo | Shift: edge labeled with terminal t and from si to sn:
Sae [x [y |8 s . ] =sn (shifi n)
I = Reduce: ltem in a state i with dot at the end
Tli, each terminal] = rk (reduce k)
)| & K is the index of this production
3 2 (2 |2 Accept: for each state i containing S* > S . §:
3 aceept + T[i, $] = accept
Goto: edge labeled with non-terminal X and from
5 [ [n [n sitosn:

+ TIi,X] = gn (goto n)

RERSRER:
iR IR 5 BRI R
iRz
« Shift - push F—MANRIELEERF
+ Reduce -
« Top of stack should match RHS of rule (e.g., X > AB)
* pop the RHS from the top of stack (e.g., pop B A)
* push the LHS onto the stack (e.g., push X)

« Error

+ Accept - shift § FEFTL
R
SRR, :RwSHE S,
while (1) { // —FF#fsFIParsing DFARPIRARL

if (Action[s, a] = “shift s’ ") {

s ENEA

LA T—MAANGS /B
}else if (Action[s, a] = “reduce A—>f ") {

TR B MRS ;

s RYRIRTRIRTS, #BGOTO[s', AINER
}else if (Action[s, a] = “Accept”) break;
else error(); // FRERW;

Goto | 537z
- MER HBER

token & 75 7E 77 A AL TA I follow 4 P31 1)
'ﬁﬁ:
?‘ E5 - E$E * What are the valid next tokens for r2?

B> T P .
2E ; T‘ « Tdea: we can choose the reduce action only if
3: Tox the next input token t € Follow(E) ={$}

' * Only T[3, $] can be r2!

SoE*S 2 Action GOTO
ER Ty State [x [y |$ s
EsTe 1 |2 s o
T 2 |2 ]s &
(=R 3 |2
E->eT+E 4 accept
JE->eT
| Tose 5 ERERE )
3.3.3LR(1)
R
EXLR(NETAA—p,a, HfaRlookaheadfnext token
(REER) . BRIBRSES' — -S8,7, "MREEREER
Jui-=kil )

FOVERIMDEBMEHE, RiZxditeminext tokenNLA
FM (FEXMZAIEFEN) | BRRNEIEE—X
BRABHERMERIX A AN BESHITE, Elnext
tokenFJBER—HE,

BEIRXR
EAMEE, next tokenEE—E—HEHITEHRATLL
Closure(]) = LR(1)
repeat

for any item (4 — a ¢ XB, z) in /
for any production X — y
for any w € First(Bz)
IT—I1U{X—ey,w)}
until / does not change
return /

Goto(/, X) =
J—{}
for any item (4 — o e XB, z)in /

add(4 > aXepf z)toJ
return Closure(J)

LR(1)

EESTE
Hith—#, MAMLABHERFZEEAnext tokenXJRIf
FURAET,

o MREREA—ap I, FT—MANFSLIRa

R {}
for each state / in T
for each item (4 — a e, z)in/
R—RU{(lz,4A— u)}

LR(1)

Add z in items and reduce actions
R {} SLR(1)
for each state /in T

for each item 4 — oe in /
for each token X in Follow(A4)
R—RU{( X A— o)}




3.34 LALR
LB BFFLR(1)FRRBlookahead symbolsRREIHIRE,

BFRAE: core (KSPE

G RSN Redge:

@—E—0O

BIF:

®
©

HER5) {RER, lookaheadHUFEE,

PRI B R 5l 7

T L, java FIFF SR ZXPELIN (AN NBRfEZIET class Al
package ZFIRELID

ol={awint}

package M; c2={Emacl}
class E { o3={bwint,awint}
. static inta =5; c4={Nw o3}
class N { ch(d # int}

static int b = 10; 06={D 05}

o7 = 62 +c4+ o6

staticinta =E.a +b;
}
class D { In Java, forward reference is allowed.
static intd = E.a + N.a; s0 E, N, and D are all compiled in the
} environment 67. The result of the
analysis is {M ~ o7}.

Java
5.2 EFHR
TSI R EL (interface) :
o insert - MA—MFSHEIMES KR
o lookup - FEFFSEHERLAINGS
* enter - FEA—" scope

o exit- BH— scope
SEITT IR
o B - BT FHMBEAZIZN, ERBHscopeIAHEEREEIS

o RER - @RREZHHRHRENEMREE, 0(RERERHERS

N BN SH T s — MR bindings WA H % + — MR
e | . FFSEMREE/E AR ORI F 38 marker)
S l TS « HENSFERRlE - (BRI Pmarker
V = .x $,: e .y
08 >SS R TI. V= sl o FI—AES - BREREEEEEN. EHEEmER
IS>V=E &fi-y v &7 o SBH{ERE - AR ETRE—MERENS (poptiEZimarker)
28>E P2 e ) i 4 AU RIS
3E->V fron inport dataclass
4V ->x g ;6 = s gsZ :; ;; e ;6 = 8 Esz :5 é :r:mT:\;:::(nTup;n Typevar, Generic, Optional
5V->*E H “ A H “w B
7 S 7 B 3 b
o 0o ‘ 10 A class SynbolTable(Generic[T]):
S B Stack {7 A
(@) LR(1) (b) LALR(1) ScopeMarker
CH5 & X -
- ;E)(ﬁﬁ RER 9T RAJE
A= ] ] v FBAL T  SN
* Binding - 47— <Name/symbo1, Meaning/Attribute> {9BREY, fEF |-> e Rl [Fi 44 25 B 10
EN )
_ _ i 1 L KRR R, RIS
ym RACRRERUM R 2. TEbindings g i b I FER AT (14672 1]
type identifier type (¢.g., int, string) <ol pindings[identifier] = sclf.bindings.get(identifier, (1) + [valvel
variable identifier type, value, access info, wic <> GrESoneTIT]:
° e Hinstns ans s mimsngssnessars: USRI L U,
¢ Environment - BindingfI%£& (S Nm““‘"-"‘""‘"““"*”"’“”["‘ SR ER R —A ki) é?l’aﬁz
® %1%%%&?‘]15“? def h??m:scfe(w”):m”
1 function f(asint, brint, ciint) = AR 1 PR — M bR D

2 (print_int(a+:
3 let var j
var a

5 dn print(a); print_int(j)
6 end;
7 print_int(b)
8)
Line Code Environment Change

function fatint, bint, 4 function parameters

cint)
2 printinato), Use environment o1
3 letvarj=ath Add variable j
VU —— Add new variable a

(shadows parameter)
5 print(a); print_int(j)  Use environment o3
6 end: Exit let scope
7 printini(b) Use environment 61
8

) Exit function scope
o MRBEAMBER, SRWERIRIE
o BH¥IRscopeZf5, HMNABMNESEER
» Symbol Table - FEHIES

+b
hello" /* Shadows parameter 'a' */

Current Environment
61 =00+ {al—int, bl int, c I int}
ol

62=cl+ {j!—int}

63 =02+ {a |- string}

a3
ol
ol
o0

self.stack.append(ScopeMarker ()

2. BRICHEAER SRR R 5

def end_scope(self):
"ESRERIEREL, BIRZIEBETNMAELE

TERIERME]
- HFEHE
- BIEBIRER

IS TR, BEABEI—MEREIRE(ScopeNarker)

BIREBMOHE

1. KIS, S BT A bR AL,
7 EE e (RO AT
tack) > 0 and not isinstance(self.stack[-1], ScopeMarker):

(€ 1

%) e
IIK, [-11%3
identifier = self.stack.pop()
self.bindings[identifier].pop()

RANEE

2. XA AR, BERILE
HilghsE

# bindings[i

REBE, MNFRFBIRE
f.bindings[identifier]:

3. WEREAPRRFF A RIRYEE,
3 Mbindings L RS B

if not s
self.bindings.pop(identifier)

A

At REIES

if self.stack:
self.stack.pop() 2]

BHFRETCAS

i 4. BRI S A

15

#% (Stack)

E]] T
BT T 2
st = Symbol Table[int]() 0 X
#ARRL SRR R IR L y
stadd("x", 10) 2, ScopeMarker
stadd("y", 20)

z
#PBR2: HEN S — Z R IR
st.begin_scope() X
B B b L)
(EF T 1 URNE

wadde 100) G sl WA EEI AR
# A SR, (10
st.end_scope() y [20]

z (30]

AE 24 i A P ke B e R x = 1000 718 X FRHABYE AR, TH7E bindings
G Nﬂjﬁﬁﬁﬁuﬁiﬁbll?*/l‘%ﬂ%l?g{ il;)a?ﬁﬁﬁﬂ‘ﬁ)ﬁiﬁiql, x [fEA 100,
acl

# QIR 5 R ] #5 TLH
st= SymbolTable[int]()

0 X;
# LR A RE RN & 1 v
st.add("x", 10)
stadd("y", 20)

4852 (Binding)
LEZ VRN B Sk B
st.begin_scope() FRIREF EFIF (NSHEEIPNZ]
stadd("z", 30) o
# AERTE R Bk T 75 X x 110
st.add("x", 100) y [20]

# BIR3 R REE I

st.end_scope()

{8l end_scope() 45 IR EAE IR, MRicRSH T H BB
ScopeMarker. E4cifith X', BERIAE 100; SKEHE 2, 554
; BUm# ScopeMarker < b .
BORA: IREEREC KA, REF2RERRPRZRE x=10
Al y =20,

AR

LAV HEN—AME Rk, BATS8 8 — AT w T X AMER

R GRIAS R0 H AR, TR H XA AR B ik 4

A BRAX AN S i R RT, (o PR [ R

EIHR:

S AP O BST, P 75 UL R 74 B IR/ e

T RN A SEFRIRFF ] binding IR .

- B EIRENBSTISEE R, S2E0(logn)

o BASERTEREEHEA: “SHMNRTS SRR AR ANAE TR
HABAT z->int, HiER5celi 2 AN, BEHIFTER 2 fiask:

TN ™
f>int ) ( it )
B N
S
N e
/c_;lﬁ \/ i ) D)
it wo I
WEEE  IERS, BRENEIE TURRE, QL)
HUEEH  IRETFRIEER FANEIEES
WEER  EERE B (RTRHANESIERED)
FrtE FEDARS RRETERS
i FIREEAME (RE3EE) EES (FIERTE)

TAEIX FFRAVE 45 R ARy B e T RSB Bk B 1) . M {l
AR, REAT A AR R I 7 B AT B B A R L
fRIT % HHFS (symbol) BELEM, HMFSXHE 4%
BUEAH T, BTA AR IR 5245 5 (4 A 2 e B[R — M55, A
[F) A R U WS B R A o B B R BN RS, AT RME
AR N AT B AR

PR
1. (F) 24 k 2BSRES, LL(K) WIBAFRITA LR(0) SCERER ARG S .
2_(F) SRS EERT, {a— int} + {a— string} = {a — int, a — string}
TEAT A AT S R EH RS ST AR S IRA, SRR Rk
IR R AATT W,
3. BRINIESL R, Yace/Bison 78 3RS N-IHZY PGS, SR SRS 2
4. If a grammar is LR(1), but not LALR(1). There may be shift-reduce
conflicts in its parsing table of LALR(1). ----- F
4 i 2R LR BEA R, 4 LALR &9 2 J5 A Al g 4
reduce-reduce 15¢
5. feid A T SE G (BORZE LT3 root 32D
6. The syntax tree will completely reflect the derivation steps for a
string.
VB U T N AT R IR SR, T S BRI R T AR R
AR RGO o AN TF R HE I R T e A AR R B A
BEABER I A 22 58 4 M S R
3) Give the LR(1) item [A = aB, a/b], wehave

AEBIERINE () (a.b}cFollow(B)
7. (O) {ab}cFirst(A) (D) {ab}cFirst(B)
AN NERRIX I LR(DA 7 ZEASIE follow B JEA
8. Yace 113 1 i [DADR
9. The output of the scanner is -

In the Top-Down Parsing, the action (

) will never be used.

10. [ATSHift [B] Match [C] Generate [D] Accept
reduce A
11. A grammar is ambiguous if it has two different derivations or two
different parse trees for a sentence. ----- F
[ 7, —ANEEA R Lo R 2 AN TT R (B B B B e
PGB0 ) 5 TS SLIT 58 SR 2 AMEEAR Bl 2 Fol e /2 4 5l 2 b e
HAHEF AR LA S e .

LR(l)item [A > a.By,a], follow(B)= { }.
12. [A] a [Bly [Cl{v.a} [D] {va}

XA B
13. Given a legal string of tokens for a CFG, there must be a unique
parsing tree to derivate the string. ----- F

4) Given the grammar rules: A A-> (A)A | & and the rightmost derivation A'=>A=> (AJA=>(A)(A)A => (A)(A) =>
(A10=>00. is the viable prefix the sentential form (A)(A). (8
14. (A1A) - BIA  [C(@AA DI

TEALFRE GRS &, FTLARTZZ( (A, (A), (A) (A)A, (A)(A)
15. X F30:: S->AA,A->bA |a, X TFFHi: bbbaa

S.No. Reverse Rightmost Viable Comments
Derivation with Prefix
Handles
b, bb, bbb,  Here, a is the handle so viable
1 S -> bbbaa X
bbba prefix cannot exceed beyond a.
Here, bA is the handle so
b, bb, bbb,
2. S -> bbbAa viable prefix cannot exceed
bbbA
beyond bA.
Here also, bA is the handle so
3. S -> bbAa b, bb, bbA viable prefix cannot exceed
beyond bA.
Here also, bA is the handle so
4. S->bAa b, bA viable prefix cannot exceed
beyond bA.
Here, a is the handle so viable
B, S->Aa A, Aa
prefix cannot exceed beyond a.
Here, AA is the handle so
6. S->AA A, AA viable prefix cannot exceed

beyond AA.

1) Given the CFG: E'~~E, E~E+n | n, is(are) the viable prefix(es) of the right sentential form ‘n+n’.

( AcD

(B]n+ (e D)€+

16. Wn



