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Bottom-Up Parsing: Algorithm

ALGORITHM: GJ?}Parse - A%""e °
cFG G=(V, £, R, S), |Action| s |Goto]Tables
OUTPUT: Report Parse Success or Syntax Error
PROCEDURE:
nitialize an empty stack trace
trace) push(0) /x start state */
word _:= NextWord()
while (true)
state := trace.top()
act := Action]state, word]
if act = ‘‘accept’’ then
succ_eed()

trace.pop() 2x|B| times /x word + s

State := trace.top()

trace . push (A)

next := Goto[state, A]

_lrace nush (next)

elseif ggl = ‘‘shift to ’ then
trace . pish (word)
trace . push (i)
word := [NextWord /()

else
fail()
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Bottom-Up Parsing: Discovering Rightmost Derivations (1)

ALGORITHM: BUParse
INPUT: CFG G=(V, X, R, S), Action & Goto Tables parse ( )

OUTPUT: Report Parse Success or Syntax Error "\
PROCEDURE \,Q . Eof—

initialize.an empty stack trace

. 1  Goal — List
Z,ifs'fzsf,@mwg;dffart SRS 2 Ltst — List Pair é'l'a'.le E g% * ‘a. g al

(true) Cu lt 4” @ | Pair
> : trace.tép “C ) B Pui )
27 ol = . V_Vo__rd air — ( Pair ) Ml(
> : ,@é; T[w ] () h
cceed ()

word := NextWord ()
else
fail()

O O NGOV A WN =

= accept”’] then [ & 2 / 1’
/ Vb s Z_
elseif act = ‘‘reduce based on A— (3’’ then c(’t
)@ strace.pop () 2 x || timeS /* word + ’ é
tate := trace. top v
Y‘)"a ;Strace push(A c( u-mm %
_hext := .= Gofol state, o
> trace. push (next) - %
33 elseif act = ‘‘shift to §;’’ then |° >§'
trace. push('word vv : .
9‘1 trace. push (i) V/ / g
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Bottom-Up Parsing: Discovering Rightmost Derivations (2)

ALGORITHM: BUParse Parse: ( ( ) ) ( )

INPUT: CFG G=(V, ¥, R, S), Action & Goto Tables
OUTPUT: Report Parse Success or Syntax Error
PROCEDURE:
initialize an empty stack trace .
—
trace.push(0) /x start state =*/ ) Gadl S
while (true) 3 | Pair
4
5

state := trace.top()

act := Action][state, word]

if act = ‘‘accept’’ then
succeed ()

elseif act = ‘‘reduce based on A— (3’’ then

frace.pop () 2x|B| times /x word + ActionTable N Goto Table

state := trace. top ()

Pair — ( Pair )

1 C)

trace. push (A)
next := Goto[state, A]
trace. push (next)
elseif act = ‘‘shift to S;’’ then
trace . push (word)
frace. push (i)
word := NextWord /()
else
fail()
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Bottom-Up Parsing: Discovering Rightmost Derivations (3)

ALGORITHM: BUParse Parse: ( ) )

INPUT: CFG G=(V, X, R, S), Action & Goto Tables

OUTPUT: Report Parse Success or Syntax Error
PROCEDURE:

initialize an empty stack lrace 1

trace.push(0) /x start state =*/

word := NextWord () 2 List — List Pair
while (true) 3 | Pair
4
5

Goal — List

State := trace.top()

act := Action|state, word]

if act = ‘‘accept’’ then
succeed ()

elseif act = ‘‘reduce based on A— ('’ then

trace.pop () 2x|B| times /* word + &

state := trace. top ()

Pair — ( Pair )

| C )

trace.push (A)
next := Goto[state, A]
trace . push (next)
elseif act = “‘shift to S;’’ then
trace. push (word)
trace. push (i)
word := NextWord /()
else
fail()
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Bottom-Up Parsing: Handles

A handle denotes
& Goto Tables Parse: ( ) a Parserls state fhaf's

ntax Error /] “g 1 .
. %Y af ready for reduction.
1  Goal — List " : ‘£< X &.

2 List —> List Pair
| Pair. 1

Pair — ( Pair )

I C )

‘e 0

2 K5) Iteration State word Stack

3 >

M H (@) initial  —  ( $0

’ ﬂ ) C 1 0 ( $o none =  shift 3

8 | 2 3 ) $0C(C3 none —  shift 7

190 I 3 7 eof $0(3)7 -() reduce 5

11 4 2 eof $ 0 Pair 2 Pair reduce 3
& 5 1 eof $0

List 1 List accept




Bottom-Up Parsing: Right-Most Derivation 1 Goal - List

Parse: (()) ()

Iteration State

initial
1

2
3
4
5
6
7
8
9

word

@ List — List Pair

The BUP process corresponds to 3 \ Pair
4 Pair — ( Pair )

the revserse of a RMD.

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

3
306
3(06)10
3 Pair 5
(3 Pair5) 8
Pair 2
List> 1
List 1 (3
List 1 (3 )7
List 1 Pair 4

$ O duise 1

Handle Action

— none — —

— none — || shift 3

— none — | shift 6
— none — | shift 10
) reduce 5

— none — | shift 8
( Pair )  reduce 4
Pair reduce 3

— none — || shift 3
— none — | shift 7
) reduce 5
List Pair

List  accept)

Owlesr of RM7:
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c
_we hee AI«M r57w7(> /g
y 0 4

L >S- o8 we  vPeaurel

& m&}wo(/P VPaf}/

Y veabtraa o 4



LR(1) Items: Scenarios

Possibility: [A— By, a]

L, mazal sate of Ya«;a4 tounvdk yedutan & 4

Partial Comple’rion [A—PBey, a]
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LR(1) Items: Exercise (1.1a)

Goal — List
List — List Pair

Pair — ( Pair ) A)<é\¢l‘>

1
2
.3 | Pair
4
5

()

oS

Q. LR(1) item denoting the initial state of parsing?

[éoal%‘[’ Ea-P :l

Q. LR(1) |’rew noting the deS|red final state of parsing?

ﬁ*“‘ x| Tow > ( e, JECA > nte_ 8}




LR(1) Items: Exercise (1.1b)

Q. Derive all LR(1) items for the production rule A — By
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LR(1) Items: Exercise (1.2)
(&)

1 Goal — List q ﬂ{
List — List Pair Q) 'ff;'lis(pi 70 W(VTV) | @

| Pair « ue -
Pair — ( Pair ) )_\0‘4, MD i - 3 6' 0 [767")\
Y ,Y;vﬁ’ I ®.

()
Q. Derive all LR(1) items for the production rule Pair — ( Pair )

FoLLow(List) = {eof, (} FoLLOW(Pair) = {e_o.f,_:(, ) }

[Tew >+ (T, et [ Tew > () ot ) [T > (Tod,eb) [ Tw> (T, el
[ Tew —9'(7ATV>, ) [T (-7750, () (T (7&?-), ¢ ] [:7;(-9 (77&7‘02&?&3
[T >+ (0,5 3 Ul > Cled, 3 V[T > (Two, > ) [T (B>, 3



LR(1) Items: Exercise (1.3)

FoLLow(List) = {eof, (} FOLLOW(Pair) ={eof, (,)}

Goal — List

List — List Pair )
_ [Goal — e List,eof]
| Pair
[Goal — List e,e0f]

Pair — ( Pair )

[List — e List Pair,eof] [List— e List Pair,( ]
[List — List @ Pair,e0f] [List — List e Pair,( ]
[List — List Pair e,e0f] [List— List Paire,( ]

)

[List — e Pair,eof ] [List — e Pair,( ]
[List — Pair e,e0f | [List — Pair e,( ]

[Pair — e ( Pair ),eof ] [Pair — e ( Pair),)]  [Pair — e ( Pair),(]
[Pair — ( e Pair ),eof | [Pair — (e Pair),)] [Pair — ( e Pair),(]
[Pair — ( Paire ),eof | [Pair — ( Paire),)] [Pair — ( Paire ),(]

[Pair — ( Pair ) e,e0f ] [Pair — ( Pair)e,)] [Pair — ( Pair) e,(]

DB
),

[Pair — e ( ),eof] [Pair — o ( ),(] [Pair — e ( ),)]

[Pair — (e ),e0f] [Pair — (  ),(] [Pair— (e ),)]
[Pair > ( ) e,e0f] [Pair > () o,(] [Pair — ( ) e,)]




LR(1) Items: Exercise (2)

Expr Factor Term’

Term Expr’ = Factor Term’

+ Term Expr’

- Term Expr’ Factor — ( Expr )

€ | num
Factor Term’ |  name

Q. Derive all LR(1) items for the the above grammar.

FOLLOW Set

Expr Expr’ Term Term’ Factor

FOLLOW eof,) eof,) eof,+,-,) eof,+,-,) eof,+,-,x,+,)






CC Construction: closure

ALGORITHM: closure
INPUT: CFG G=(V, ¥, R, S), a|set|s of LR(1) items
OUTPUT: a set of LR(1) items

PROCEDURE H t,.lff'

IastS (7 ﬁb\"e J/d

—
O W O NOUODWN =

“Analogy: E-NFA to DFA

Subset construction (with lazy evaluation and
epsilon closures ) produces a DFA transition table. C >_ ) 'Y
| de0..9 | se{s-} | . 2
{qo, ¢ {g1,9s} | {a1} {2}
445'5 dj L(W}'I thq@ %Ck,}qs:qs} _
ai} a1, 9 q
O & e LR(CY) o fo

{q} {Gs, 05}
@

{92,505} || {96, 05}
o e e added to 1

[N

{gs,05} || {gs, 05}
For example, 6({qo, g1}, d) is calculated as follows:

U{ECLOSE(q) | g € 6(qo,d) ud(ar, d)}
° Losard -



get oF [alRt Statdp—> = 1) ¢
Cg Co:lFsrrucnon: CCo e F R ttoots

Calcula’rof the following grammar.

7 Closure of the singleton set containing the parsers initial state.

ALGORITHM:
INPUT: C 7, X, R, S), a set § of LR(1) items
OUTPUT: a set of LR(1) items
PROCEDURE :
lastS := @
while (/astS = s) :
lastS := s

Goal — List
List — List Pair

| Pair

0O NO O~ WN =

for [A—>.--e C §, a]es:
9 for ¢ - ~v€R:
10 for b eFIrsT(da):

11 s:=su{[C —ey, b] }
12 return S

Pair — ( Pair )

@ 5 witel -
[&OA[ 9'[’5{'9 3’%]



CC Construction: cco Step 1

1 Goal — List
2 List — List Pair

(0) [ Goal % .e List, eof ] initial parser state

Hint 1. How is [(:)—> instantiated? 3 | FPair
Cw] @ “@(# 4  Pair — ( Pair )
HlanWha’rareC—>yeR’? . > )
-

Hint 3. FIRST(3a) = FaRY{ ( & ef) = FrpTC ef) « § o §

Too voa LRCD) coms -
How should s be extended? / [ [TSt = e [;gt E{r ,ooj:]

2. E&ﬁé'&rr,g,(&]

for (€ — v € R:

for b e FirsT(da):

s :=su {[c -G,




CC Construction: cco Step 2

(0) [ Goal — e List, eof ]
(1) [ List — e List Pair, eof ]

(2) [ List —_e Pair, eof ]

ket & 7‘(( f
Hint 1. How is [A—>E- C 6 a] nstantiated?

Hint 2.What are C — y € R?

Goal — List

List — List Pair

Pair — ( Pair )

1
2
3 | Pair
4
5 )

Hint 3. FIRST(3a) = T1eiy (£ &of )= [RST(e}) = Tef ]
How should s be extended? [%1«-90 ( Kﬁr) 3 &PJ
for [A—>-.-e C 4, a]es: [Vm;,_).(), & 3

for (€ —> v €R:
iy

for b eFIRsST(da):
su{|[ € —ey, b]|}

0= 1 [List — e Pair, eof] [List — e Pair, (] [Pair — e ( Pair ), eof]
[Pair — o ( Pair ),(] [Pair — e ( ), eof] [Pair — o ( ),(]

l[Gaal — e List, eof] [List — e List Pair, eof] [List — e List Pair, (] l
CC




CC Construction: cco Step 3

Goal — List
0) [ G.Oal — o List, eof ] List — List Pair
(1) [ List —"e List Pair, eof ] | Pair_
(2) [ List — e Pair, eof ] Pair — ( Pair )
(3) [ Pair — e ( Pair ), eof ] L)
(4) [ Pair — .é) eo{]t 7o
Hint 1. How is A—>.B_ C 0, a | instantiated?

Hint 2.What are C vy c R? “T¢ ¢ ﬁﬂﬂ%")’ T 3
Hint 3. FIRST(5a) = Lﬂﬂ@p,{ ( 3 LZ(C{’ = o Z(ci %‘G’; C]

How should s be extended? ~ [Z‘(S{'*? o FNf s ( ]

for [A—>---e¢ C 6, a]es:
for C — veR:

for b eFirsT(da):




CC Construction: cco Step 4

(0) [ Goal — e List, eof ] (5) [ List — e List Pair, (] List > List Pair
(1) [ List — e List Pair, eof ] (6)-[ List — e Pair, (] \ Pair
(2) [ List — e Pair, eof ] Pair — ( Pair )
(3) [ Pair — e ( Pair ), eof ] )

(4) [ Pair — o %’)é‘egf wE (
» Hint 1. How is [A — p < C 9, a ] instantiated?

, Hint 2 What are C — y € R? { CS %\'O ﬁdd?‘["/;d&[ 42(,) (oS
Hint 3. FIRST(5a) = FIRY( ( € ( ) = = 5
How should s be extended? AR X <%”> Q

for [A—>---e¢ C 6, a]es: Z- C)Z((? () C J

for C — veR:

Goal — List

for b eFirsT(da):
:=suU{[C —ey, b]}




CC Construction: goto @

1 N ALGORITHM: [goio |

2 INPUT: |a set 8 of LR(1) items,| a symbol

3 OUTPUT:|a set of LR(I) items

4 N PROCEDURE? P I we{'
5 moved := & (ql’t“q,eod it
6 for ijteme s: o x

7 if jtem=[a — BelXpp, a] then

8 moved := movedu { [a —

9 end

10 return closure(moved)

: E-NFA to DFA

-
Subset construction (with lazy evaluation and f/wf
epsilon closures ) produces a DFA transiti
St (:}‘g |Fe{+,-} | -
i%%’: g1} {a1} {2}
G1,Gas 4 2 {2, 05, 05} 8 ( )
{a} @ {@} g (») b
{G} @ 1% =
A p HolH U
{as, 05} & ]

{%, 3, G5}
For example, 6({qo, g1}, d) is calculated as follows: [d€0..9] (?l d >
3

U{ECLOSE(q) | g € (g0, d) ud(qn,d)}



CC Construction: goto

Goal — List

1

2 List — List Pair
3 | Pair
4
5

Calculate goto( cco, ()
i.e., "next subset state” from cco taking (

[l > (B, ()

[Yﬁ/*b-()a,@opj vr,_‘\ o
[« (), ed] B
[T > ) (1] #

Pair — ( Pair )

O )

[List — e Pair, eof] [List — e Pair, (] [Pair — e ( Pair ), eof]

[Goal — e List, eof] [List— e List Pair, eof] [List — e List Pair, (]
CCo =
[Pair — e ( Pair ),(] [Pair — o ( ), eof] [Pair — o ( ),(]

&
Ve A CBad , C
[Vt ), o]
[\ (), ef]
[Tw > €)1

K\
LS

ALGORITHM: gofo
INPUT: a set S of LR(1) items, a symbol X
OUTPUT: a set of LR(1) items

PROCEDURE :

moved := @ /.mlg o ‘f”"ﬂol

for iteme s:
if item=[a — p 0@5, a] then
moved := movedu { [a — Bxed, a] }
end
return closure(moved)

QOWwoo~NOOOaMWN

—_

[Pair — e (), )] [Pair — (e ), eof] [Pair — (o), (]

[Pair — o ( Pair), )] [Pair = ( e Pair ), eof] [Pair—>£oPairl,£]]



CC Construction: goto - Goal — List
List — List Pair
Calculate goto( cco, List ) . | f‘”}: .
i.e., “next subset state” from cco taking £ (rst 1)

, e Laml - [1St ¢ ] 1 [Goal — e List, eof] [List— e List Pair, eof]  [List — e List Pair, (]
C oS C [;g(' > [Kt by /% 3‘* ] cCo = | [List— e Pair, eof] [List— e Pair, (| [Pair— e ( Pair ), eof]
4 3 [Pair — e ( Pair ),(] [Pair — o ( ), e0f] [Pair — o ( ),(]
(lrst >t~ Yar , ¢ ] )

ALGORITHM: goto
INPUT: a set S of LR(1) items, a symbol X

OUTPUT: a set of LR(1) items . T
PROCEDURE : h ,' 1 4’

moved := & [{,9( 2. Vonelp

for iteme s:
if item=[a —» Bekd, a] then
moved := movedu { [a — ﬂ{o 5, a] }
end
return closure(moved) st

SQwWwoo~NOOOhWN =

—_

"(Goal — List e, e0f] - [List — List e Pair, eof] [List — List e Pair, (]

CCy1 = { [Pair — e ( Pair ), eof]  [Pair — e ( Pair ), (] [Pair — e ( ), eof]
[Pair — o (), (]




CC and & Construction: Algorithm and Exercise

ALGORITHM: BuildCC siee{ dar.
INPUT: a grammar G=(V, X, R, S), goal production s’ 1 |(}0al-—> List I
OUTPUT:
(1) a set CC={ccy,cCq,...,CCn} where ccjc G's LR(1) items 2 List — List Pair
(2) a transition function .
PROCEDURE : | Pair
ccy := closure({[S* — oS, eof]}) Pair — ( Pair )
CC := {ccy} - =
processed := {ccy} | C )
10 lastCC := &
11 while (/astCC = CC) :

Co~NOoOCGOPR~rWN =

12 lastCC := CC

13 for cc; s.t. ccj e CC Accj ¢ processed:
14 processed :=

15 for x s.t.|[---—---

16 temp :=[goto(cc;, x)

17 if temp ¢ CC then

18 cC :

19 end

Ex1. Calculate CC (i.e., all reachable subset states).

Ex2. Calculate & (i.e., relating members of CC by terminals and non-terminals).



CC and & Construction: Output 1
st

[Goal — e List, eof] [List— e List Pair, eof]  [List— e List Pair, (] [Goal — List e, e0f]  [List — List e Pair, eof] [List — List e Pair, (]
CCo = { [List — e Pair, eof] [List — e Pair, (] [Pair — e ( Pair ), eof] cCy = { [Pair — e ( Pair ), eof]  [Pair — e ( Pair ), (] [Pair — o ( ), eof]
[Pair — o ( Pair ),(] [Pair — o (), eof] [Pair — o ( ),(] [Pair — o (), (]

CCy = {[List —> Pair e, eof] [List — Pair e, L]}SCQ: [[PairaoLPairl,l] [Pair — ( e Pair ), eof] [Pair-»L.Pairl,g}

[Pair — o (), )] [Pair — (e ), eo0f] [Pair — (e ), (]
ocy = {[List > List Pair e, eof] [List — List Pair e, ( ]} ces = {[pa,-r —s ( Paire ), eof] [Bair— [ Paire ), ]}

{[Pair—> e ( Fair ),)] [Pair — ( e Pair ), l]}
CCq = - N -

[Pair — e (), )] [Pair — (e ),)] CC7 = {[Pair—> ()e,eof] [Pair— ()oe, L]}

CCgq = {[Pair —> ( Pair e ),

CcCg = {[Patr—) ( Pair ) e, e0f] [Pair — ( Pair) e, i]} N
l]}

CCi1o = ([Pair — () e, )] CCi] = {[Pair—> ( Pair ) e,



CC and & Construction: Output 2

DFA of the LR(1) Parser

Transition Function

Iteration

0
1

Item Goal List

CCo

CCqy
CCy
CCj3

CCy
CCs
CCgq
CCy

CCg
CCo
CCqo

CC11

=

[SSEEECSERCSER IR SIS IS IS IR ISR

CCq

SIS IS IR SRR SSRGS RSB CS IR CS IR G RGN

Pair
CC)

CCq
@
CCs

@
Y/
CCo
@

[SSEERCSEICSER O]

¢
CC3
CC3

CCg

CCg

SIS SIS

eof

[SEERCSEECSERCSEEE SSRGS EECS BRGSO GSERGS IR GSER G|




Table Construction: Algorithm

-'o-m

1 | ALGORITHM: BuildActionGotoTables

2 INPUT: M y

3 (1) a grammar G=(V, I, R S) Ypd ’b(cc
4 (2) goal production S—> Bt

5 (3) a canonical collection CC = {ccy,CCq,..., ccn1
6

7

8

9

(4) a transition function 6 :CCxX — CC
OUTPUT: Action Table & Goto Table

e Dcc,m-REe cc: (F @, (> CC@

10 for iteme cc;:
11 if jtem= [/i—>,80x7, a]ad cc o4 —c‘&! then
12 Action = s M
18 elseif| item = [A—> ) a]1then
14 Action|i, a] := reduce A— 3 gt
15 elseif item=[S —» S’e, cof] then
16 Action[i, eof] := accept
17 nd
18 for veV:
19 Eia’ V)= cCj then _F(( 7A
20 Goto[j, v] = j L
21 end 400)
R
({7
CCg = {[Pair—> ( Pair ) e, e0f] [Pair — ( Pair ) e, L]}




Bottom-Up Parsing: Discovering Amblgul’rles or O 5

vedotP
[Stmt — if expr then Stmt {eo e_Ls__ef “ \Qa“f
M:@ [Stmt — if expr then Stmy(e)else Stmt,{eof,else}]
B'&f? S Ly \veadwne oke , we e
«J;B{ What if the current word to match'is £o
§ S Dl*e m‘Q sheft o vedie £
Ashob. & Ly(Gh edee. sotfint
CCi = lall refe
‘[B —|y0le, a] l—) i F/ﬁ”/(lo, C
arell o dlonf.
What if the current word to match is a? Tt fir

onwar
s vedae veolae z‘ow)[)'frf fl



