CS 480

Translators (Compilers)

mov rax, Ox0a687f
push rax

xor rax, rax

mov rsi, rsp

mov rdi, 1

mov rdx, 8
call write

extra slides on LR(0), SLR(I),and LR(I) parsing

Instructor: Liang Huang

(materials extracted from David L. Hill's notes from Stanford CS [43)



LR(0) Parsing (no lookahead)

® very few grammars are in LR(0)

1
S — Se

3 S — (Se)

Unlike the example of shift-reduce parsing, an LR(0)
parser does not actually shift symbols onto the stack.
Instead, it shifts states. No information is lost because of
the special structure of the LR(0) machine. Notice that
every transition into a state has exactly the same
symbol labelling it. If you see a state q on the stack, it is
as though a were shifted onto the stack. The stack will
also have states corresponding to nonterminal symbols.

$S

S — S
S — e(S5)
S — eq
!

w4 S — (S)e

Stack (top) input action

0 ((a))$ shift 2

$

02 (a))$ shift 2

$(

022 a))$ shift 5

$((

0225 ))$ reduce S — a

$((a

0223 ))$  shift 4

$((S

02234 ))$ reduce S — (S)

$((S)

023 )$  shift 4

$(S

0234 $ reduce S — (5)

$(S)

01 $ accept




LR(0) Parsing Algorithm

shift If the next input is @ and there is a transition on a from the top state on the stack
(call it ¢;) to some state g;, push g; on the stack and remove a from the input.

reduce If the state has a reduce item A — «e

1. Pop one state on the stack for every symbol in « (note: symbols associated with
these states will always match symbols in «).

2. Let the top state on the stack now be g;. There will be a transition in the LR(0)
machine on A to a state g;. Push g; on the stack

error If the state has no reduce item, the next input is a, and there is no transition on a,
report a parse error and halt.

accept When the item S” — Se is reduced accept if the next input symbol is $, otherwise
report an error and halt. (This rule is a bit weird. The remaining LR-style parsing
algorithms don’t need to check if the input is empty. We define it this way so LR(0)
parsing can do our simple example grammar.)



LR(0) Fails on...

® 3 state has both shift and reduce or two reduces

o

& oS 05 — S

S — OBb S N S/ — S. 2 S —) Bb

S — eac

A — ea 3 S — ac

B — ea 4 A — a
3 5 B — a

» S — Aaqge

» S — Bbe

» S — ace




SLR(I) -- use FOLLOWY sets

° FOOLLOW sets are precomputed

/

N

SRR
(A A A A

oS
eAa
o Bb
eac
o
o

SI

— Se

4 . 8 — Aqge

0S8 — S

1 S — Aa

2 S — Bb

3 S — ac

4 A — a

b B — a
ACTION GOTO
al/'blc| $ |S|A B
s6 1274

» S — Bbe

S3

rl

SO

» S — ace

r2

| DO W N =IO

r4

rd

s7

r3




SLR(I) Fails on...

® unnecessary conflicts

S — Aa
; S — Bb
S —> .S A — Qe S N bAb
S — eAa B — aqe

A — a
S — eBb
S — ebAb B — a
A — eq
B — eaq




X

SESZ LY
11l ddd

S, $
eAa,$
eBb,$
obAb, $
0. a
ea,b

S —
S —
1 S —
S — Se§ A —
B —
) 3
S —_ A.a’$ Lﬁ S — A0,0,$
4 )
S - B.b,$ Lﬁ S — Bb.,$
6 7 8
S — beAb,S$ A S - bAeb$ | S — bAbe $
A — eab
a
10 9

A — aea
B — aeb

A — aeb

Aa
Bb
bAb



LR( ) shift-reduce conflict

S -=> . E S 1

E->.E+E S/+ E -> int . S/+
E -> . int S/+

S -> E . S

E ->E . + E S/+

E ->E + . E S/+

E -> . E + E S/+

E -> . int S/+




Projected Grade Stats

® based on total%,; projected grade in “Notes” column

o A(I1):83+

my courses before  my courses after

o A- (9): 74~80 withdraw deadline  withdraw deadline
o B+ (6): 72~74 A/A- 25% A/A- 30%

® B (12):63~70 B+/B/B- 30% B+/B/B- 40%

® B- (3):59~62 C+/C  20% C+/C  20%

o C+ (I1):54-56 C-D+  10% C-D+ 5%

e C(12):44~51 F 15% F 5%

e D,D+,C- (3): 35~39

® F (4): missing three or more HWs



Top-Down (LL) Parsing

L(k) LR(k)

® predict next rule by lookahead (FIRST sets) / L) | HRO

LALR(1)

® predictive (deductive) instead of inductive ﬁj’f"j““‘“‘"‘"""‘“ Gramn

starts here starts here SLR

J

LL lookahead LR lookahead ’

® two implementations

® “recursive descent”

) A
tokens for rule R

® construct LL action table, and use stack

————

® many grammars are not LL(1) but can be converted to LL(I)

parse (top) stack action
S — AS | B /S\ aab$ S$ expand S — AS
A — a A q aab$ AS$ expand A — a
B — b LA /\ aab$ aS$ match
| ab$ S$ expand S — AS
-a. A. . ab$ AS$S expand A — a
| | ab$ aS$ match
Q. B. b$ S$ expand S — B
| b$ B$ expand B — b
b b$ b$ match
$ $ accept 10



Are these grammars in LL(1)?

O inﬁX eXPression module : simple_stmt
simple stmt : "print" expr NEWLINE
. . expr : decint
® Polish notation | "' expr
| (" expr ")’

® reverse-Polish notation
® P O fromHWI

® P_0.8 from midterm review and P_0.9 from midterm

module : stmt+

stmt : (assign stmt | print stmt) NEWLINE
assign _stmt : name "=" decint

print stmt : "print" name

stmt : (assign stmt | iadd stmt | print stmt) NEWLINE
iadd_stmt : name "+=" decint



Surgery |: Left Factoring

® common left factors: right-hand sides of two rules from
the same nonterminal start with the same symbol

A= A—[B First(x) n First(B) # @
® solution: extract common left factors

E T+ E

E T

L

This converts to £ — T'( + E | €), which converts back to

e ey
111
4+ S
Dj:b

M

12



Surgery 2: Eliminate Left Recursion

® |eft recursion: A =7 A X

® solution: make it right recursive

EFE —- E+4T
E — T

which can be rewritten as ¥ — E + T | T. In turn, this is £ — T'( 4+ T)*, which
re-expanded right recursively into

+TA

€

SIS
VAN

13



Precise Definition of LL(1)
I

LL lookahead LR lookahead
starts here starts here

SER=EE

tokens for rule R

o forall A, if A— & | P, then First() n First(f) = @

o if x =" €, then First(f) n Follow(A) = &

equivalent definition: Lookahead sets disjoint



Example

F -> (E) | int
' — . —
5 > TE o) | fouone) -5
E' -=> + T E' ‘ FIRST(T) = {(, int} FOLLOW(E') = {$, )}
'y = % FOLLOW(T) = {+, S,
T -> F T iiﬁz:ﬁ)) = E(f int} FgLLngT?) = E+, z, ;};
T' -> * F T' ‘ FOLLOW(F) = {*, +, $, )}
F -> (E) ‘ int # |Input Stack (top is left)
1/3+5*7S E
+ * ( ) int S 2|3+5*78S TE'
3[]3+5*7S FT'E'
E E->TE' E->TE' 4{3+5*75S int T' E'
5|+5*7S T E'
E'fE'"->+TE E'->¢ E'->¢ 6| +5*75S E' (use T' -> €)
7|+5*7S +TE'
T T->FT T->FT 8|5*7$ TE'
9|5*7S FT'E'
T|T ->¢ T->*FT T ->¢ T ->¢ 10{5*75% int T'E'
111 * 7S T E
F F->(E) F->int 12[* 78 *ET'E
1317 S FT'E'
1417 S int T' E'
15 S T E
16| S E' (use T' -> €)
17| S DONE! (use E'-> g)




Recursive Descent Implementation

. . a - X $
® one function per non-terminal FEoTA E_ETA )
_ T T-FB T—-FB
int parse_B() { Fl Fsa F—)(E)
next = peektok(); /* look at next token */ 1 A5 +TA IEVIVEY
1f (next == 7*7) { B Boe |Bo+FB Boe|Bae
gettok(); /* remove ’'*’ from input */
parse F(); /* should check error returns for these, */
parse B(); /* but I want to keep the code short */
return 1; /* successfully parsed B */
}
else if ((next == '+’) || (next == ")’) || (next == ‘$")) {
return 1; /* successfully parsed B =-> g */
}
else {
error("got %s, but expected *, +, ) or $ while parsing B\n", next);
return 0;
}

}

int parse T()

parse F();
while ((next
gettok();

parse F();

{

/* again, should check the return code */

}

peektok()) ==

/* remove '*’

1) A

from input */

|6




