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EXPRESSION ABBREVIATIONS

Regular expression :
digits=[0-9]+
sum=(digits “+”)*digits
=>defines sums of the form: 28+301+9.
Consider :
digits=[0-9]+
sum=expr “+” expr
expr="“(* sum “)”|digits
=>defines expressions of the form:
(109+23) 61 (1+(250+3))

» But it iIs impossible for a finite automaton to recognize
balanced parentheses(because a machine with N
states cannot remember a parenthesis-nesting depth
greater than N), so clearly sum and expr cannot be
regular expressions.
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D= HOW TO IMPLEMENT REGULAR-EXPRESSION
ABBREVIATIONS?

The Answer:

= The right-hand-side ([0-9]+) is simply substituted for
digits wherever it appears in regular expressions ,
before translation to a finite automaton.

= Substitute sum into expr, yielding
= expr=“(“expr’+”expr”)”’|digits

= Now an attempt to substitute expr into itself leads to
s expr="(“(*“(" expr”’+”expr”)”|digits) "+ expr”) ”|digits
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| CONTEXT-FREE GRAMMARS

A context-free grammar has a set of productions of
the form:

symbol ->symbol symbol ... symbol
Where

. There are zero or more symbols on the right-hand
side.

. Each symbol is either terminal, or non-terminal.

. No token can ever appear on the left-hand side of
some production.

. One of non-terminal is distinguished as the start
symbol of the grammar.
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i CONTEXT-FREE GRAMMARS

|CSI:'.

3

= Derivations
= Leftmost or Rightmost;

= Example for leftmost derivation
S
S;S
Id:=E;S
id:=num;S
id:=num;id:=E
id:=num;id:=E+E
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~8 Ambiguous Grammar(1/2)

» &

5303k G :E->E+E|E*E|(E)|-Elid

=>id+id*id E4

E=>E+E
=>|d+E
=>|d+E*E
=>id+id*E
=>id+id*id

= Wi fE Leftmost Derivation

Parsing Tree

E=>E*E
=>E+E*E
=>Id+E*E
=>|d+Id*E
=>|d+id*id
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- BERTTA
= REEBEE=>

-~ RAEE S

%5 operator * > operator + =>

Ambiguous Grammar(2/2)

2L
i %

E->E*E
=>E+E*E
=>|d+E*E
=>id+I1d*E
=>1d+i1d*i1d

E=>E+E
=>|d+E
=>|d+E*E
=>|d+Id*E
=>|d+id*1d

"s;(\
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#|+7(Parsing)

I =
= Top-Down Parser

= Phir MkiE v 1247425 (Recursive Descent
Parser)

= TP e~ 24742 5% (Predictive Parser)
= Bottom-Up Parser
= O~ -f i #2471 425 (Shift-Reduce Parser)

= 5 S~ f247 425" (Operator Precedence
Parser)
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(wo

| A

Top-Down f&+7 £ 3¢

yhie WK

2 3474250

I Len
2 347450

LLjZ+7 4230

///////\\\\\\\\

Bottom-Up #&4+7 42 ;¢

B~ -ff

2 iR RSt 4

LRj& 47 42 5

LSRf# ¥7 42 5%

LALRjZ 47 42 5\
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R 3\;@3& PR30 7}#’\7 ﬁ"d’: 17 A2 3 (1/ 8)

1.- #Top-Down Parsing % % & fadk=t 7
tﬂﬂz;z%?ﬁt;(Backtrackmg),z :Uj PEH B
= ¥ 48 /7 (Leftmost Derivation) p%, % € F]
EJ AT RA G FA L FrEp £ H 5 -
£ 73 Left Recursive e~ 2% & 7 &
parsing F¥ ¢ & » — & & 33 757k (Inflnlte

LOOp) m‘rﬂ /e, r{CM /F‘ fﬂ: ’tj'*‘w - ‘T
RA

,T .
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hir ki e 3454254 (2/8)

2.7 f* - & L% 42 5 (Recursive
Procedure) i%’“%’:;,iﬂiﬂ »ENF B T oE T RY
Eﬁﬁﬂﬁimﬁv e, Bl 5 (i3 MR < 3474250
ipd L ALA Kieslts Fm E R 4
Left Recursive g Left Factorsn= 2, # %
# fpparsing B ¢ i~ - & 5 Ek
(Infinite Loop) =i, qx & Jf E L H#-pt -
Fiw 3 “,ﬁ%.

Parsing- 11



- B o .
R MRk v 34747 5 (3/8)
OLeft recursived K,f R IPE:

R E NI

A—A|A,|...| Ad,|Bi]B,l. . .IBx
TET

A BAIBA]...|BA

A o, Alo, Ao, Ale
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R 3\;@3& KN TY 7}# 2 ﬁ"d’: 17 AF 3 (4/ 8)

@ Left Factoring= “/f 2 EIPE

FF ARG
A—a Byla Byl JaBqly
Blez &
A— aAly
A= By|Bo]...[ Bn
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= # b|:(Left Recursive)

G:

G’

EE+T|T
T ST*F|F
F —(E)|id

E >TFE’
E'>+TE'|e
T >FT

T >*FT|e
F —>(E)|id

R 3\;@3& KN TY 7}# 2 ﬁ"d’: 17 AF 3 (5/ 8)
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= 3\;@3& - NE1¢ 7}#’\7 ﬁ"d’: 7 A7 3 (6/ 8)
= # b|:(Left Factor)

G: S—IEtS|iEtSeS|a
E —Db

=>

G:. S —HIEtSS'|a
S’ —»eS|e
E —>b
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R 1@3& KN TY 7}# 2 ﬁ"d’: 17 AF 3 (7/ 8)

® EFEiES =t oenda i s A B 4 Left
Recursive s, B fiz. & B F& = diie .

22 % - ERD BT RIE,F P T AL R
S LS ALY, B i G el AR A B B RERLA] Y e
IR RS A R R B PRI
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|CSI:'. ®

B VR 21 ﬁ_? %47 42.5¢ (8/8)

= # b|:(Left Recursive)
G:. S—Aalb
A —Ac|Sd|e
#-S—Aalb * » A—>Ac|Sd|e ¥
# A —>Ac|Aad|bd|e ,2Z * A —>Ac|Aad : =i

% G: SoAab

A SbdA'|eA
A —>cAladAle
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Break time

=
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TN E s AN E T

= Predictive Parser
= ji ¢ - 4 f:(Table) % £t efiw v# s
s Parser table
= M[A,a] = &7
s A ZESR 0B
m Q.8 }4%{3 %k S
s BipPradpRIne 75 %ok B EL$E B EL
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T e < R4

= (See Slides)
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"# LR Parser (Left To Right) Parser

= Contains 2 parts
= Driver Routine

= Parsing Table
= ACTION
= GOTO

= Processing Method
= Left to Right Scan
» Leftmost Reduction
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£ -,
|

iz

Input String I$

Parsing Table

|

LR

Driver
Routine

" Output

Stack
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|CSE\

= String In Stack, SyX;S,;X,S,....X. S,
= X,,:Symbol in Grammar Rule
= S State
= LR Drive Routine
= The state ,S,, in the Top of Stack
= currently input symbol a;
= Parsing Table ACTION[S,, ,a]

= 4ACTIONS
= Shift S
= Reduce A->B
= Accept
= Error
= The content of GOTO[S,, ,a] is the next state produced by
S, ,and a
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|CSE\

m LR Parser

. d Stackehp % & R B2 i é)\ P Bk £ 7 LR Parser sk f§ f£2 3

onfiguration -kr' (SpX1S: X,
= LR Drive Routine Actions
(1)If ACTION [S,,,a]=Shift S, then
A new Configure=(5,X;5,X,S,....X,S,&S ,a;,,8.5-.-2,9)
Symbol g, is shifted into Stack
State S is push on the top of Stack

Currently input symbol is Symbol a,,,
Endif

S & Qj41842---ap, )

(2)If ACTION[S,,,,a]]=Reduce A->B, then
If StringLength(B)=k then
Pop 2k Symbols from Stack and then
the current state on the top of stack is S,
Push A on the top of Stack
By following GOTOI[S,, ca] =S ,push S into the top of Stack
Currently input symbol is still Symbol a;
Current Configure=(SyX;S;X,S,....X 1 SikAS | ,8;8,18i,5---2,)
Endif
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1 = LR Drive Routine Actions

(3)If ACTION [S,,,a]=Accept, then
Parsing is finished.
Endif

(4)If ACTION [S,,,a]=Error, then
The input string syntax error, and
Call error() routine.

Endif
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O LR Parsing Algorithm

esi/
While (true) do
Begin
S is the state on the top of Stack and
a is the symbol pointed by p;
IF (ACTIONI[S,a]=Shift S’) then begin
push a and S’ orderly on the top of Stack
p points to next input symbol.
End
else IF (ACTION[S,a]=Reduce A->B) then begin
pop 2k symbols; /* length(B)=Kk */

IF (current state in the top of stack is §’)

Push A into the top of Stack.

Push the state of GOTO[S’,A] on the top of Stack

end
else if (ACTIONIS,a]=ACCEPT) then
return;
else ERROR();
End
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O Example

|“ (1) S->5-T State ACTION GOTO
id i * [ ] $ s T F
(2) S->T 0 S5 s4 1 2 3
(3) T->T*F 1 S6 Acc
(4) T->F 2 R2 | s7 R2 | R2
(5) F->[S] 3 R4 | R4 R4 | R4
(6) F->id 4 S5 S4 8 2 3
5 R6 | R6 R6 | Re
6 S5 s4 9 3
7 S5 s4 10
8 S6 s11
9 RL | s7 RL | R1
10 R3 | R3 R3 | R3
11 R5 | RS R5 | R5

SLR Parsing Table
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|CSE\

Input id*id-id
Step Stack Input Buffer Output

1 0 id*id-id$ | Shift
2 0id5 *id-id$ | Reduce F->id
3 OF3 *id-id$ | Reduce T->F
4 0T2 *id-id$ | Shift
5 0T2*7 id-id$ | Shift
6 0T2*7id5 -id$ | Reduce F->id
7 0T2*7F10 -id$ | Reduce T->T*F
8 0T2 -id$ | Reduce S->T
9 0S1 -id$ | Shift
10 0S1+6 Id$ | Shift
11 0S1+6id5 $ | Reduce F->id
12 0S1+6F3 $ | Reduce T->F
13 0S1+6T9 $ | Reduce S->S-F
14 0S1 $ | Accept
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o)

o2

=
@

LR Parser =g 2k

s ¥ R FER U Context-Free Grammar #7
fa it eProgramming Language.

s & 7 v Ep 4% (Backtracking), Better
Performance and more popular Parser.

s d Left-to-Right kX #F# iz » 3 8 5 &9
¥ g P 41 Syntactic Errors.
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s LR Parser

= 3 LR Parsers
= SLR (Simple LR Parser)
= LR(1) (Canonical LR Parser)
= LALR (Look-ahead LR Parser)

m = - v ;2G #LR Parser 2475, 2 7 & /-
z_Shift or Reduces# it & F 4 &5 3 ¥
Eﬂ’-%ﬁ?é? » ’4%@ KR 250 -2 H # 0T

%ﬂ‘ﬁl‘ < F |—R(K)'7 =S
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SLR Parsing Table
(1)Grammar G - #LR(0) item =- f= item.

Example

Grammar X->ABC
4 LR(0O) items
X->eABC
X->A ¢ BC
X->AB e C
X->ABC e
(2)LR(O) item #re & enf & L2 5 Canonical

LR(O) Collection.y* 5 % i*LR Parsersrzi #.
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-~ SLR Parsing Table

(3)# ~ 1= ;= (Augmented Grammar)

'F"‘b/z‘Gﬂ'\u" 'E‘%’/*%;u F‘FJ*'QF"*%;UmQ /‘z ﬁlét)\—‘ lﬁ;%fr
BESE ¢ 2855, B4 % ¢ Gfh L+ 2 G

(4)Closure Operation
FI1H 2 2Gen- BIE P # &, PICLOSURE(l)z item& & ¥ & 3T 7
HopaE =
Rule 1.+ — B3 [ & & ¢ aiitem, s . CLOSURE()® =
item.

Rule 2:#A->0 ¢ B #. CLOSURE(l) & & ¢ ciitem, s *©
h— 22 B->y, B #-B->ey 4 » CLOSURE(I)® =

Le N ~ r 2 s b
Il 2 e > Frenitem i ok

)
—_—

I
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=B Procedure CLOSURE(I)

Begin
Y:=l;
Repeat
For(3*Y& &£ ¢ 3 A- 1tem A—>aeBf
2o - 2 EARPB-OY
® B>ey 2 3 AYHEEF ) do
;i-:/—":—B->oy e YR & ¢
Until (& 2 & item™ &4 »YE & ¢ );
Return Y;
End,;
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.E Example

Augmented Grammar G’
G’
S’->S
S->S-T|T
T->T*F|F
F->[S]|id
Fitem| 5 {S->S},A|CLOSURE(l) sv#75 item & &
S’->eS
S->eS-T
S->eT
T->eT*F
T->eF
F->e[S]
F->eid
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NSTSU
ess

(wo

s ltem™ & 52 3 5§
= Kernel item: & f&4=4pitem S->S 11 2 #1357 7
IR e B = 1 citem.
= Non-kernelitem:d; “e” I3 & & = if shitem
=« GOTO[I,X]
» l:anitem &
= X :a Grammar Symbol
s GOTO[I,X]2 & &

. F[A>a e XBlElf & ¢, BI[A>a X o B]Z H A 4
CLOSURE ¥ &2 GOTO(I,X) ¥ .
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NSTSU .
. Procedure ITEM(G’) /* Canonical LR(0) Collection D */

Begin
D:={CLOSURE({S’->S});
Repeat
For (3tD® & - B P & & &2~ 2 35X,
2 FGOTO(ILX)* 7 & &2 2 3 a3D¥ ) do

#-GOTO(I,X)4r »D*¥ ;
Until (£ # #item™ #4c »DE & 7 );
End;
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~5 Example :< ;# G'2_Canonical LR(0) 3 P & & = #(1/4)

G:S->S

(D, :

S->S-T|T
T->T*F|F
F->[S]|id

{S’->eS
S->eS-T
S>eT
T-> e T*F
T->eF
F-> o[S]
F->eid}

1.GOTO(l,,S)
l,: {S’->Se
S->Se-T}
2.GOTO(l,,T)
|2 {S,'> S ®
S->Se-T}
3.GOTO(ly,F)
;0 {T->F e}

4.GOTO(Ig,[)

l,: {F>[eS]
S->eS-T
S->eT
T-> e T*F
T->e F
F-> e [S]
F->eid}

5.GOTO(l,id)
l.:  {F>ide}
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~B Example :» j# G’z Canonical LR(0) 5 p # & sFu& $£(2/4)

(2)
1.GOTO(l4,-)
lg :{S->S-eT
T->eT*F
T->eF
F->e[S]
F->eid}

(3)
1.GOTO(l,,*)
|, {T->T*eF
F->e[S]
F->eid}

(4)
1.GOTO(l,,S)
lg :{ F->[eS]
S->S o-T}
2.GOTO(l,,T)
|, :{S->Te
T->Te*F}
3.GOTO(l,,F)
|5 :{T->Fe}
4.GOTO(I4,])
l, {F->[eS] }
5.GOTO(l,,id)
|5 :{F->1De}
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~B Example :~ j# G’z Canonical LR(0) 5 p £ & 12 4(3/4)

() (6) (7)
1.GOTO(l,,T) 1.GOTO(l;,F) 1.GOTO(lg,])
lg :{S->S-T e l,0 {T->T*F o} |, {F->[S] o}
T->Te*F} 2.GOTO(l4,]) 2.GOTO(lg,")
|, :{F->[eS] } lg :{S->S-eT }
3. GOTO(l,,id)
|5 :{F->ide} (8)
1. GOTO(lg,*)
|, {T->T*eF }
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~B Example :¥ j# G’z Canonical LR(0) 5 p £ & 1 44(4/4)

—F L» = > T > —*>
I I, I, I . I I
> 13
'[I " L,
T \ 4 * IS
11, 1L F 11
1,

Y

™

l_:>_'
W
\ 4

—

o

Rd E_
vy

v
—
N

id IS

Transition Diagram
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SLR Parsing Table 2Z&#&ERY 77,4(1/2)

* Augment Grammar G’ %73 LR(0)=38 p & &1y,
e |

N I\J_ W

& - BLR(O)JE P & & Fra— 37 r’iﬂState'?'rv:L%—Iﬁ‘R% State I.
3 A pstate dds (TP LT R A

F[A->a e ap] L& | ¢ ,@ * GOTO(, ,a):lj,
ACTION(I;,a]= Shift j. (a : Terminal Symbol)

+[A->Be] ¥ _# I # B4 ACTION][l, a]=“Reduce A->B”. % /* a
2 7 FOLLOW (A)¥ tha %

F[S->S o] % I ¢ B £ ACTION]JI, $]=Accept.
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SLR Parsing Table & #m" = (212)

. ¥»*Non-terminal Symbol A, =73 GOTO(l; ,A)=1;, R
GOTO[i,Al=).

4, H s R Ao 2 & el iR % o7 45 3%(Error).
5. 4 ¢ 73 [S->S]éState 5 A4k i (Initial State).
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-

. ?a 7 :SLR Parsing Table £ ’f#(ll?’)

G: (1)S->S-T
(2)S->T
(3)T->T*F
(4)T->F
(5)F->[S]
(6)F->id

R iE 3 E=>
FOLLOW(S)={$,-.]}
FOLLOW(T)={$.-,],*]
FOLLOW(F)={$.-,],*}

1. I,:{S->eS
S-> oS-T
S-> oT
T-> oT*F
T-> oF
F-> ¢[S]
F-> eid}

ACTIONI[O,[]=Shift 4
ACTION[O,id]=Shift 5
GOTO[0,S]=1
GOTO[0,T]=2
GOTO[O0,F]=3
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8 # &/:SLR Parsing Table = H(2/3)

2. I;:{S"->Se 3. IL;:{S->Te
S->Se-T} T-> Te *F}
ACTION[1,$]=Accept ACTION[2,*]=Shift 7

ACTION[1,-]1=Shift 6
¥ % FOLLOW(T)={$,~/1,*},

Action[2,$]="Reduce S->T"
Action[2,-] "Reduce S->T"
Action[2,]] "Reduce S->T"
Action[2,*] "Reduce S->T”"
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)

|(J h“

2

A7,
$° 7

]:SLR Parsing Table 2=

1 (3/3)

& e de ... \We will get SLR Parsing Table
State ACTION GOTO
id - * [ ] $ T F

0 |S5 S4 2 3
1 S6 Acc

2 R2 |S7 R2 |R2

3 R4 R4 |R4

4 |S5 S4 2 3
5 R6 |R6 R6 |R6

6 |S5 S4 9 3
7 |S5 S4 10
8 S6 S11

9 S7 | S7 R1 |R1

10 R3 |R3 R3 |R3

11 R5 |R5 R5 |R5
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s 4r% ASLR Parsing Table® &% - # i~ F FE
+ & B Actionp, B b < i 2£SLR(1) % 72
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NSTSU

(wo

Shift-Reduce Conflict

= Grammar

G: S->L+K
S->K
L->*K
L->id
K->L

w5 LR(0)EIE B ol by e |,
He L:{S->Le+K
K->L o}
A 4 Shift-Reduce Conflict.
d S->L ¢ +K =>ACTION[2,+]=Shift 6
K->L ¢ =>ACTION][2,+]=“Reduce K->L” (FOLLOW(K)={+,5})

st 2 i 22SLR(1)® i
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SLR ,LALR,LR(1) ** #

Parser 5 LAY = A No of States

SLR

LALR

LR(1)
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