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Review Questions

* Why context analysis is not performed in parsing stage?
Parsing relies on CFG, which is context free.

 What is an synthesized attribute?
Defined by attribute values of node N’s children and N itself

* What's the usage of dependence graph?
To decide the evaluation order of attributes.
* What is S-SDD?
Synthesized-SDD, with only synthesized attributes.

* |sthe SDD a L-SDD? A->XYZ |VYi=f(Z.z A.s)
NO. Zisright to Y, A.s is synthesized attribute.

e S-SDD is suitable for bottom-up or top-down parsing?
Bottom-up. Natural to evaluate the parent after seeing all children.

A»EG?




SDD vs. SDT
» SDD[ I F 5t XJ: AECFGHOHEI™, B PRI 1 2 WL 3t )

- A CFG grammar together with attributes and semantic rules
o A subset of them are also called attribute grammars|jg £ 3i2]

* Noside effects, i.e., rules are strictly local to each production

— Semantic rules imply no order to attribute evaluation

o SDT[iE VLS| S EBIPE T £): SODIIAMN7e, HAREH PR sLjit 7 &

— An executable specification of the SDD
o Fragments of programs are attached to different points in the
production rules

— The order of execution is important

Grammar SDD SDT
D->TL L.inh = T.type D->T{L.inh=T.type}L
T->int T.type = int T->int{T.type =int}
T -> float T.type = float T -> float { T.type = float }
L->L,,id L,.inh = L.inh L->{L,.inh =L.inh }L,, id

¢(L->id id.type = L.inh L ->{id.type = L.inh} id



Syntax Directed Trans. Impl. [z

* Learnt how to specify translation: SDD and SDT[x€ X]

— SDT is an executable specification of the SDD
o CFG with semantic actions embedded in production bodies

 SDT can be implemented in two ways[ E &Sz
— Using a parse tree or AST[J& T 54 2 i 20 #]

o First build a parse tree, and then apply rules or actions at each node
while traversing the tree

o All SDDs (without cycles) and SDTs can be implemented
e Since the tree can be traversed freely, implements any ordering
— During parsing, without building a parse tree[i& %2 #rid f& 4]
o Apply rules or actions at each production while parsing

o Only a subset of SDDs and SDTS can be implemented
* Evaluation ordering restricted to parser derivation order




Syntax Directed Trans. Impl. (cont.)

 Typically, SDD (i.e., semantic analysis) is implemented
during parsing[ 5 N %]
— Allows compiler to skip parse tree generation
— Saves time and memory

« Two important classes of SDD’s[# > 5 12K

- SDD is S-attributed, the underlying grammar is LR-parsable
- SDD is L-attributed, the underlying grammar is LL-parsable

— For both classes, semantic rules in an SDD can be converted
into an SDT with actions that are executed at the right time[ 7t iF
SDD3ISDT i #44]

o During parsing, an action in a production body is executed as soon as all
the grammar symbols to the left of the action have been matched

“‘ : \ s




== |[mplement S-SDD ==

* Convert S-attributed SDD to SDT by[S-SDD->SDT ¥4 #]

— Placing each action at the end of the production[¥4&4NE X Fh1E
AR = A R B A

— SDTs with all actions at the right ends of the production bodies
are called postfix SDT’s|[ )5 4%/ & #SDT]

S-SDD SDT
Production Rules | Semantic Rules CFG with actions
(1)L->E print (E.val) (1) L-> E { print (E.val) }
(2JE->E +T E.val = E,.val + T.val (2) E->E; +T{E.val=E,.val + T.val }
(3)E->T E.val = T.val (3) E->T {E.val =T.val }
(4)T->T, *F T.val = T,.val x F.val (4) T->T, *F{T.val =T,.val x F.val }
(5)T->F T.val = F.val (5) T->F{T.val = Fval }
(6) F-> (E) F.val = E.val (6) F->(E) { F.val = E.val }
(7) F -> digit F.val = digit./lexval (7) F -> digit { F.val = digit./lexval }

\ ’pGLZ
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Im

olement S-SDD (cont.)

* |ft

ne underlying grammar of S-SDD is LR parsable
Then the SDT can be implemented during LR parsing

* Implement the converted SDT by[{&B)H 25280 ]

Executing the action along with the reduction of head <- body

SDT SLR Automaton

CFG with actions gi:-;r = f,;f::;‘?;,

(1) L-> E { print (E.val) } =

(2)E->E,+T{E.val =E,.val + T.val } o |, ,T:T -

(3) E->T{E.val =T.val } i ( é’”F

(4) T->T, *F{T.val=T,.val x F.val } ’ L‘ gj};ggr

(5) T->F{T.val = Fval } Foo—E=

(6) F -> (E) { F.val = E.val } %p}}

(7) F -> digit { F.val = digit./lexval }

7 | uﬂq
https://www.icourse163.org/learn/HIT-1002123007 <4
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Extend LR Parse Stack[¥ &4 #7148

 Save synthesized attributes into the stack[#&H &~ M7E R ZE
& JEPEAE]

- Place the attributes along with the grammar symbols (or LR
states that associated with these symbols) in records on stack

— If there are multiple attributes

o Make the records large enough or by putting pointers to records on the
stack[#Rid k2K, Bk id K AEBITRE]

* Example: A -> XYZ {action}
- X, Y, z are attributes of X, Y, Z respectively
— After the action, A and its attributes are at the top (i.e., m-2)

state = Sg ' Sma2 Sma Sh state » Sg S,
symbol > S = X Y Z symbol » $ = A
attribute » - - XX Yy 7z attribute » - - A.0
f !
top top

8 e
https://www.icourse163.org/learn/HIT-1002123007 4
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Stack Manipulation[kfiE]

* Rewrite the actions to manipulate the parser stack[i& X 3]

1E]

— The manipulation can be done automatically by the parser

T

stack[top-2].symbol = A
stack[top-2].val = f( stack[top-2].val, stack[top-1].val, stack[top].val )

A->XYZ{A.a=1(Xx,VY.y, 2.2}
X.X Y.y Z.z

state = Sg ' Sma2 Sma Sh state » Sg S,
symbol > S = X Y Z symbol » $ = A
attribute » - - XX Yy 7z attribute » - - A.0
f !
top top

@ FTuxt ’ g



Example

e Rewrite t

ne actions to manipulate the parser stack

— The manipulation can be done automatically by the parser

Productions

Semantic Rules

Semantic Actions

(1) L->E
(2) E-> E,+T

(3)E->T
(4) T ->T,*F

(5)T->F
(6) F->(E)

(7) F -> digit

print (E.val)
E.val = E,.val+T.val

E.val = T.val
T.val = T,.valxF.val

T.val = F.val
F.val = E.val

F.val = digit./lexval

{ print(stack[top].val); }
{ stack[top-2].val = stack[top-2].val + stack[top].val;
top = top -2; }

{ stack[top-2].val = stack[top-2].val x stack[top].val,
top = top -2; }

{ stack[top-2].val = stack[top-1].val,
top = top -2; }

g
https://www.icourse163.org/learn/HIT-1002123007 4
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4

state > S
symbol ~> S
attribute ~ -

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > S
symbol ~> S
attribute ~ -

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg Ss
symbol ~> S d
attribute » - 3

U Dhig

https://www.icourse163.org/learn/HIT-1002123007



https://www.icourse163.org/learn/HIT-1002123007

Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > S
symbol ~> S
attribute » - 3

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > Sg  S3
symbol + S F
attribute » - 3

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > S
symbol ~> S
attribute » - 3

U Dhig

https://www.icourse163.org/learn/HIT-1002123007



https://www.icourse163.org/learn/HIT-1002123007

Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg S,
symbol + S T
attribute » - 3

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4

state » Sg S,
symbol + S T
attribute » - 3

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg S,
symbol + S T
attribute » - 3

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg S, S5
symbol + S T «
attribute » - 3 -

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4

state » Sg S, S5
symbol + S T «
attribute » - 3 -

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
!

state » Sg S, S5
symbol + S T «
attribute » - 3 -

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—. - ;'F
top = top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit \%

Input: 3 *5+4
!

state » 59 S, S; Se
symbol » S T *
attribute » - 3 - 5

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
!

state » Sg S, S5
symbol + S T «
attribute » - 3 -

U Dhig
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—. - ;'F
top = top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit \%

Input: 3 *5+4
!

state » So S, S; Sy
symbol » S T * F
attribute » - 3 - 5

U Dhig
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Example (cont.)

, E
Productions | Semantic Actions f{._, E -
(1) L->E { print(stack[top].val); } i: :?T T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; || r—-1*F
top =top-2;}
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d L(’i
top=top-2;}
d

(5) T->F Is:
(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit \%

Input: 3 *5+4
!

state > Sg 52 S, Sy state = S
symbol > S T * F symbol > S
attribute > - 3 - 5 attribute > -
f
top

12 w‘ hE[z
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Example (cont.)

Productions | Semantic Actions 2;*;_, E

(1)L->E { print(stack[top].val); } e

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; || r—-1*F
top = top -2; } —®

3e>1 F—-d

| (4) T->T,*F | {stack[top-2].val = stack[top-2].val x stack[top]. vaI, I d

| top=top-2;} |

eOT>F " T~~~ ~"~"~~~~""7"7"7=7="7"=7"7™"7"777 Is:

(6) F->(E) | {stack[top-2].val = stack[top-1].val; s
top = top -2; } %

(7) F-> digit

Input: 3 *5+4
!

state > Sg 52 S, Sy state = S
symbol > S T * F symbol > S
attribute > - 3 - 5 attribute > -
f
top

[
12 Dhig
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Example (cont.)

Productions | Semantic Actions 2;*;_, E

(1)L->E { print(stack[top].val); } e

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; || r—-1*F
top = top -2; } —®

3e>1 F—-d

| (4) T->T,*F | {stack[top-2].val = stack[top-2].val x stack[top]. vaI, I d

| top=top-2;} |

eOT>F " T~~~ ~"~"~~~~""7"7"7=7="7"=7"7™"7"777 Is:

(6) F->(E) | {stack[top-2].val = stack[top-1].val; s
top = top -2; } %

(7) F-> digit

Input: 3 *5+4
!

state > Sg 52 S, Sy state = S
symbol > S T * F symbol > S
attribute > - 3 - 5 attribute » - 15
f
top

[
12 Dhig
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Exa

mple (cont.)

Productions

Semantic Actions

(1)L->E
(2) E-> E+T

I (4) T -> Tl*F

B TSF -
(6) F-> (E)

(7) F-> digit

{ print(stack[top].val); }

{ stack[top-2].val = stack[top-2].val + stack[top].val;
top =top-2;}

{ stack[top-2].val = stack[top-2].val x stack[top].val; |
top=top-2;} |

{ stack[top-2].val = stack[top-1].val;
top =top -2;}

Iy
E'—-E
E— -E+T

T el

Input: 3 *5+4

f

state > Sg 52 S, Sy

symbol > S T * F
attribute » - 3 - 5

f

top

12
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Exa

mple (cont.)

Productions

Semantic Actions

(1)L->E
(2) E-> E+T

I (4) T -> Tl*F

B TSF -
(6) F-> (E)

(7) F-> digit

{ print(stack[top].val); }

{ stack[top-2].val = stack[top-2].val + stack[top].val;
top =top-2;}

{ stack[top-2].val = stack[top-2].val x stack[top].val; |
top=top-2;} |

{ stack[top-2].val = stack[top-1].val;
top =top -2;}

&
y

E'—-E
E—-

Input: 3 *5+4

f

state > Sg 52 S, Sy

symbol > S T * F

attribute » -

3 - 5

f

top

12
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state » So Sz
symbol » S
attribute » - 19
!
top



https://www.icourse163.org/learn/HIT-1002123007

== [mplement L-SDD ==

* We have examined S-SDD -> SDT -> implementation
— S-SDD can be converted to SDT with actions at production end

— The SDT can be parsed and translated bottom-up, as long as the
underlying grammar is LR-parsable

* What about the more-general L-attributed SDD?[L-/&4:
A
— Rules for turning L-SDD into an SDT

o Embed the semantic rule that computes the inherited attributes for a
nonterminal A immediately before that occurrence of A in the
production body

[hfrﬁ%/\ﬂlé%%fﬂﬁ’]é* _&taﬁféxnmu;caﬁwuﬁiﬁmﬁah'%E,EEAa@ztwmm
ZHIAIE B ZEE R ﬂ)ﬁ 227 LA BHEIEAD XTI FEAE R AL |

o Place the rules that compute a synthesized attribute for the head of a
production at the end of the body of that production

PRV — A A 20U AT = M S8 SR A B RN SR 1A P A 20 B R A 2

13 Dhig:




Example

A->B.C.
- SRR L
- AL IR KR

Production Rules

Semantic Rules

(1) T->FT ,

§~

— =

Q)T—>*F?{K\

(3)T >g <---
(4) F -> digit « - -

T”.irh = Fval

rT.val =T .syn

"T,".inh = T".inh x F.val

[T.syn=T,.syn
tT.syn=T.inh

+F.val = digit.lexval

SDT

(3) T"->€{T.syn=T.inh }
(4) F -> digit { F.val = digit./exval }

(1) T->F{T.inh=Fval } T {T.val =T'.syn }

(2) T ->*F{T,.inh=T.inhxFval } T,/ {T.syn=T,".syn }

14
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Implement the SDT of L-SDD

* If the underlying grammar is LL-parsable, then the SDT

can be implemented during LL or LR parsing[# 3% &LLA]

FEMTIRT, DA LELLBRLRIE VE 23 M3t

2 S

e Semantic translation during LL parsing, using[LL /7 7]
— A recursive-descent parser[LLi# 3 T [%]

o Augment non-terminal functions to
— A predictive parser[LLAEE: T [ T

o Extend the parse stack to hold actio
for attribute evaluation

* A LR parser[LR/7 =]

both parse and handle attributes
I

ns and certain data items needed

— Involve marker to rewrite grammars

A

() F b X % 15
%@j

Ny / SUN YAT-SEN UNIVERSITY

MG“X



L-SDD in LL Parsing[dE:# )3 1]

* Extend the parse stack to hold actions and certain data
items needed for attribute evaluation[§ EiE: 7 #r k]
— Action-record[3h{Eid%]: represent the actions to be executed

- Synthesize-record[Z: & 123%]: hold synthesized attributes for
non-terminals

- Typically, the data items are copies of attributes[/& % & 1]

* Manage attributes on the stack[& # & 115 E]

— The inherited attributes of a nonterminal A are placed in the
stack record that represents that terminal[ &5 37 il 4k & & 1]
o Action-record to evaluate these attributes are immediately above A

— The synthesized attributes of a nonterminal A are placed in a

separate synthesize-record that is immediately below A[Z: 5 )&
[EEREERI action| Code

A [Inh Attr.
A.syn |Syn Attr] )."‘»[!ul




L-SDD in LL Parsing (cont.)

* Table-driven LL-parser
— Mimics a leftmost derivation --> stack expansion

* A -> BC, suppose nonterminal C has an inherited attr C.i

- C.i may depend not only on the inherited attr. of A, but on all
the attrs of B

o Extra care should be taken on the attribute values

— Since SDD is L-attributed, surely that the values of the inherited
attrs of A are available when A rises to stack top (X 2 0AB)

o Thus, available to be copied into C

— A’s synthesized attrs remain on the stack, below B and C when
expansion happens

action| Code
A |Inh Attr.

A.syn |Syn Attr] )."‘»[!ul




L-SDD in LL Parsing (cont.)

* A -> BC: C.i may depend not only on the inherited attr. of
A, but on all the attrs of B

— Thus, need to process B completely before C.i can be evaluated

— Save temporary copies of all attrs needed by evaluate C.i in the
action-record that evaluates C.i; otherwise, when the parser
replaces A on top of the stack by BC, the inherited attrs of A will
be gone, along with its stack record

- RN Ge, AEAHIHOK RN , HFHEHRABNE, W2
W 4k K e 1 i 4 i T SR ID %

- Ziaad s itk N, LR E TEE B 4 e i Rl %

action| Code
A |Inh Attr.
A.syn |Syn Attr. ‘.":[]Lz




Example

(1) T->F{T.inh=Fval } T {T.val =T".syn }
(2) T ->*F{T,.inh=T".inhxFval } T, {T".syn=T,".syn }

(3)T"->€e{T.syn=T.inh }
(4) F -> digit { F.val = digit./exval }

Three kinds of symbols:

1) terminal
2) non-terminal
3) action

(1) T->F{a,;}T {a,} a,: T.inh = F.val

a,: T.val =T .syn

(2) T"->*F{a3} T, {as} |as:T,.inh=T.inh x F.val
a,: T'.syn=T,.syn

(3) T"->e{ag} as: T'.syn =T .inh
(4) F -> digit { ag } ag: F.val = digit.lexval
21
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Example (cont.)

(1) T->F{a;} T {a,} a,: T.inh = F.val
ay: Tval =T".syn action| Code
(2) T"->*F{a3}T, {a,} |as:T,.inh=T'inh x F.val A linh Attr
a,: T'.syn=T,.syn
(3)T" >e{ag} as: T'.syn=T.inh A.syn [Syn Attr
(4) F ->digit { a¢ } ag: F.val = digit.lexval
Input: 3 * 5
1
o BREFN (e, R
AL AR
HHEAERAEME, W
B Ak K e 1t B 45 5
[EEIE (T

o LEEidKHIARE, 2

CRe)E MR B 20 JA
HIBhfFid %

=HOLIR &, MOOC:iEVE#] 5 B11%-3

22 Dyide
https://www.icourse163.org/learn/HIT-1002123007 PN
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Example (cont.)

(1) T->F{a;} T {a,} a,: T.inh = F.val
ay: Tval =T".syn action| Code
(2) T"->*F{a3}T, {a,} |as:T,.inh=T'inh x F.val A linh Attr

a,: T'.syn=T,".syn
(3) T ->¢{ dg } as: T'.syn =T.inh A.Syn Syn Attr.

(4) F -> digit { a5 } ag: F.val = digit.lexval

Input: 3 * 5
1

o AMEIEH (e,
AT

o QRN U
R A B T |Tsyn | S

T I B e 3%
o LD FHARR, B val

CRe)E MR B 20 JA
HIBhfFid %

=HOLIR &, MOOC:iEVE#] 5 B11%-3

22 Dyide
https://www.icourse163.org/learn/HIT-1002123007 PN
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Example (cont.)

(1) T->F{a;} T {a,} a,: T.inh = F.val
ay: Tval =T".syn action| Code
(2) T"->*F{a3}T, {a,} |as:T,.inh=T'inh x F.val A linh Attr

a,: T'.syn=T,".syn
(3) T ->¢{ dg } as: T'.syn =T.inh A.Syn Syn Attr.

(4) F -> digit { a5 } ag: F.val = digit.lexval

Input: 3 * 5
1

o AMEIEH (e,
AT

o QRN U
R A B Tsyn | S

T I B e 3%
o LD FHARR, B val

CRe)E MR B 20 JA
HIBhfFid %

=HOLIR &, MOOC:iEVE#] 5 B11%-3

22 Dyide
https://www.icourse163.org/learn/HIT-1002123007 PN
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

Input: 3 * 5
1

A EREITH Ge., B8
A 0T AR
HHESHSEEME, N
Bk kK B PEE B4 5
I EiE %

ZEE G HARET, o

CRe)E MR B 20 JA
HIBhfFid %

a,: T.inh = F.val
ay: Tval =T".syn action| Code
as: T,.inh =T'.inh x F.val A linh Attr
a,: T'.syn=T,.syn
a: T'.syn = T.inh A.syn |Syn Attr
ag: F.val = digit.lexval

Fsyn [ {a;}| T |Tsyn|{a,}|Tsyn | S

val inh | val val

SEROL IR @, MOOCiE ] S Bl1%E-3
22 Dheg:
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

Input: 3 * 5
1

D ERITH Ge, B
A S B AR
HHESE SRR, N
EldaEtEES S
H BRI %

CEEIL SR AREY, 24

CRe)E MR B 20 JA
HIBhfFid %

: T’.inh = F.val
: Tval =T.syn action| Code
: T,.inh =T'.inh x F.val A linh Attr
: T'.syn =T, .syn '
: T.syn = T'.inh A.SYN |Syn Attr
: F.val = digit.lexval

Fsyn | {a;}| T |Tsyn|{a,}| Tsyn S

val inh val val

SEECG IR . MOOC:AEVES S EPE-3
22 D

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

(3) T ->¢e{as}
(4) F ->digit { a¢ }

()T->F{a;}T" {a,}

(2) T"->*F{a3}T,"{a;}

a,: T.inh = F.val

Input: 3 * 5
1

A EREITH Ge., B8
A 0T AR
HHESHSEEME, N
Bk kK B PEE B4 5
I EiE %

ZEE G HARET, o

CRe)E MR B 20 JA
HIBhfFid %

a,: Tval =T'.syn action| Code
as: T,.inh =T'.inh x F.val A linh Attr
a,: T'.syn=T,.syn
as: T.syn = T'.inh A.SYN |Syn Attr,
ag: F.val = digit.lexval
digit | {ag} | Fsyn |{a;}| T |Tsyn|{a,}| Tsyn|S
lexv=3 val inh | val val
SEREL IR L& MOOCiE L S -3
22 Dheg:

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

(3) T ->¢e{as}
(4) F ->digit { a¢ }

()T->F{a;}T" {a,}

(2) T"->*F{a3}T,"{a;}

a,: T.inh = F.val
a,: T.val =T .syn
as: T,.inh =T'.inh x F.val
a,: T'.syn=T,.syn
as: T.syn =T .inh

ag: F.val = digit.lexval

Input: 3 * 5
1

D ERITH Ge, B
A S B AR
HHESHWAREM, N
EldaEtEES S
H BRI %

CEEIL SR AREY, 24

CRe)E MR B 20 JA
HIBhfFid %

Stack top ‘digit’ matches the input ‘3’

action

Code

Inh Attr.

A.syn

Syn Attr.

- pop ‘digit’, but value copy is needed

digit | {ag} | Fsyn |{a;}| T |[Tsyn|{a,}|Tsyn|S
lexv=3 val inh | val val
BRI L. MOOC:iE LS S 1E-3
22 Dhéd:

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

a,: T.inh = F.val

a,: T.val =T .syn

as: T,.inh =T'.inh x F.val
a,: T'.syn=T,.syn

as: T.syn =T .inh

ag: F.val = digit.lexval

action

Code

Inh Attr.

A.syn

Syn Attr,

Input: 515 *5 Stack top ‘digit’ matches the input ‘3’
- pop ‘digit’, but value copy is needed

D ERITH Ge, B
25 F R AR R
A kAR, T i oo,
5504 AR N 2 B digit | {ag} | Fsyn |[{a;}| T |T'syn|{a,}| Tsyn S
[IESEI(BTES .
Ak ke, Zy [ lexv=3 | dlexv=3 | val inh | val val
s B B 148 5 T
GENGETE ~—

SEROL IR @, MOOCiE ] S Bl1%E-3

22 Dheg:
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Example (cont.)

O

O

(3) T ->¢e{as}
(4) F ->digit { a¢ }

(1) T->F{a;} T {a,} a,: T.inh = F.val
a,: T.val =T .syn
(2) T"->*F{a3}T, {a,} |as:T,.inh=T'inh x F.val
a,: T'.syn=T,.syn
as: T.syn =T .inh

ag: F.val = digit.lexval

Input: 3 * 5
1

D ERITH Ge, B
A S B AR
HHESHWAREM, N
EldaEtEES S
H BRI %

CEEIL SR AREY, 24

CRe)E MR B 20 JA
HIBhfFid %

Stack top ‘digit’ matches the input ‘3’

action

Code

Inh Attr.

A.syn

Syn Attr.

- pop ‘digit’, but value copy is needed

{3} Fsyn | {a;}| T |Tsyn|{a,}| Tsyn S
d_lexv=3 | val inh val val
SCHEDIR L&, MOOC:iE T 5B 1%-3
22 D

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

(3) T ->¢e{as}
(4) F ->digit { a¢ }

(1) T->F{a;} T {a,} a,: T.inh = F.val
a,: T.val =T .syn
(2) T"->*F{a3}T, {a,} |as:T,.inh=T'inh x F.val
a,: T'.syn=T,.syn
as: T.syn =T .inh

ag: F.val = digit.lexval

Input: 3 * 5

D ERITH Ge, B
A S B AR
HHESHWAREM, N
EldaEtEES S
H BRI %

CEEIL SR AREY, 24

CRe)E MR B 20 JA
HIBhfFid %

Stack top ‘digit’ matches the input ‘3’

action

Code

Inh Attr.

A.syn

Syn Attr.

- pop ‘digit’, but value copy is needed

{3} Fsyn | {a;}| T |Tsyn|{a,}| Tsyn S
d_lexv=3 | val inh val val
SCHEDIR L&, MOOC:iE T 5B 1%-3
22 D

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

(3) T ->¢e{as}
(4) F ->digit { a¢ }

(1) T->F{a;} T {a,} a,: T.inh = F.val
a,: T.val =T .syn
(2) T"->*F{a3}T, {a,} |as:T,.inh=T'inh x F.val
a,: T'.syn=T,.syn
as: T.syn =T .inh

ag: F.val = digit.lexval

Input: 3 * 5
1

D ERITH Ge, B
A S B AR
HHESHWAREM, N
EldaEtEES S
H BRI %

CEEIL SR AREY, 24

CRe)E MR B 20 JA
HIBhfFid %

Stack top ‘digit’ matches the input ‘3’

action

Code

Inh Attr.

A.syn

Syn Attr.

- pop ‘digit’, but value copy is needed

{3} Fsyn | {a;}| T |Tsyn|{a,}| Tsyn S
d_lexv=3 | val inh val val
SCHEDIR L&, MOOC:iE T 5B 1%-3
22 D

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

a,: T.inh = F.val

a,: T.val =T .syn

as: T,.inh =T'.inh x F.val
a,: T'.syn=T,.syn

as: T.syn =T .inh

ag: F.val = digit.lexval

action

Code

Inh Attr.

A.syn

Syn Attr,

Input: 3 }" 5 Stack top ‘digit’ matches the input ‘3’
- pop ‘digit’, but value copy is needed

B ERITN Gie., B ag: stack[top-1].val = stack[top].d _lexval
25 F R AR R
%ﬁé’l\ﬁé* ( ‘$7 I}—J.IJ ) ?
Y T {ag} |Fsyn|{a;}| T |Tsyn|{ay}|Tsyn|$
[IESEI(BTES .
LD AR, B d_lexv=3 | val inh | val val
s B B 148 5 T
RERGEE:

SEROL IR @, MOOCiE ] S Bl1%E-3

22 Dheg:
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

a,: T.inh = F.val

a,: T.val =T .syn

as: T,.inh =T'.inh x F.val
a,: T'.syn=T,.syn

as: T.syn =T .inh

ag: F.val = digit.lexval

action

Code

Inh Attr.

A.syn

Syn Attr,

Input: 3 }" 5 Stack top ‘digit’ matches the input ‘3’
- pop ‘digit’, but value copy is needed

BRI (e, 8&  ag: stack[top-1].val = stack[top].d_lexval
25 F R AR R
%ﬁé’l\ﬁé* ( ‘$7 I}—J.IJ ) ?
Y T {ag} |Fsyn|{a;}| T |Tsyn|{ay}|Tsyn|$
[IESEI(BTES .
LD AR, B d_lexv=3 | val =3 inh | val val
s B B 148 5 T
RERGEE:

SEROL IR @, MOOCiE ] S Bl1%E-3

22 Dheg:

https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

a,: T.inh = F.val

a,: T.val =T .syn

as: T,.inh =T'.inh x F.val
a,: T'.syn=T,.syn

as: T.syn =T .inh

ag: F.val = digit.lexval

Input: 3 * 5
1

A= S HIL S RIS
aHESHAAENE, W
TR AR R EE 4 5
e eeTS

et AR, 0kt

CRe)E MR B 20 JA
HIBhfFid %

Stack top ‘digit’ matches the input ‘3’

action

Code

Inh Attr.

A.syn

Syn Attr,

- pop ‘digit’, but value copy is needed
BRI (e, 8&  ag: stack[top-1].val = stack[top].d_lexval

Fsyn | {a;}| T |Tsyn|{a,}| Tsyn S
val =3 inh val val
SEEL IR L& MOOC:15 7| 5 1 -3
22 D
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

: T".inh = F.val
: Tval =T .syn
: T,.inh =T'.inh x F.val
: T'.syn =T, .syn
: T.syn=T'.inh

: F.val = digit.lexval

Input: 3 * 5
1

D ERITH Ge, B
A S B AR
HHESE SRR, N
EldaEtEES S
H BRI %

CEEIL SR AREY, 24

CRe)E MR B 20 JA
HIBhfFid %

action

Code

Inh Attr.

A.syn

Syn Attr.

Stack top ‘digit’ matches the input ‘3’

- pop ‘digit’, but value copy is needed
ag: stack[top-1].val = stack[top].d _lexval

Fsyn [ {a;}| T |Tsyn|{a,}|Tsyn | S
val =3[ val=3 | inh | val val
N
TSR NS MOOC:iETA ] GBI -3
o Dhéd:
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Example (cont.)

O

O

()T->F{a;}T" {a,}
(2) T ->*F{a3}T,"{a,}

(3) T ->¢e{as}
(4) F ->digit { a¢ }

a,: T.inh = F.val
a,: T.val =T .syn

a,: T'.syn=T,.syn
as: T.syn =T .inh
ag: F.val = digit.lexval

as: T,.inh =T'.inh x F.val

Input: 3 * 5
1

A= S HIL S RIS
aHESHAAENE, W
TR AR R EE 4 5
e eeTS

et AR, 0kt

CRe)E MR B 20 JA
HIBhfFid %

Stack top ‘digit’ matches the input ‘3’

action

Code

Inh Attr.

A.syn

Syn Attr,

- pop ‘digit’, but value copy is needed
BRI (e, 8&  ag: stack[top-1].val = stack[top].d_lexval

{a;}| T |Tsyn|{a,}|Tsyn | S
val=3 | inh val val
SEEOLIR @, MOOC:AE L 581 1%-3
22 Dyl
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L-SDD In LR Parsing[LRAEHT]

* What we already learnt

- LR > LL, w.r.t parsing power

o We can do bottom-up every translation that we can do top-down[fi i
LL#AS AT LALR]

— S-attributed SDD can be implemented in bottom-up way

o All semantic actions are at the end of productions, i.e., triggered in
reduce

* For L-attributed SDD on an LL grammar, can it be
implemented during bottom-up parsing?
- Problem: semantic actions can be in anywhere of the
production body

(1) T->F{T.inh=Fval } T' { T.val =T'.syn }

(2) T ->*F{T,inh=T.inhxFval } T, {T.syn=T,.syn}
(3) T"->€{T.syn=T.inh }

(4) F -> digit { F.val = digit./lexval }
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The Problem

e It is not natural to evaluate inherited attributes
— Example: how to get T'.inh

(1) T->F{T.inh=Fval } T’ { T.val =T'.syn }

(2) T"->*F{T,.inh=T.inhxFval } T, {T.syn=T,.syn}
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(4) F -> digit { F.val = digit.lexval }
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- But computed by previous productions — deep in the stack
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MarkerFric 5]

 Given the following SDD, where |a| # |B]|
A->Xa{Y.in=Xs}Y | XB{Yin=Xs}Y
Y ->y {Y.s=f(V.in) )

* Problem: cannot generate stack location for Y.in
— Because X.s is at different relative stack locations from Y

* Solution: insert markers My, M, right before Y
A->XaM Y| XBM,Y
Y->y {V.s=Af(stack[top -|y]|].s)} //Ys=MysorYs=M,.s
M, -> € {M,.s = stack[top -|a]|].s} //Mis=X.s
M, -> € { M,.s = stack[top -|B|].s} //M,.s=X.s

* Marker: a non-terminal marking a location equidistant
from the symbol that has an inherited attribute

— Always produces € since its only a placeholder for an action
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Modity Grammar with Marker[scig &

* Given an L-SDD on an LL grammar, we can adapt the
grammar to compute the same SDD during a LR parsing

+- A

- Introduce into the grammar a marker nonterminal[#ric JE £ 45 <7
] in place of each embedded action

o Each such place gets a distinct marker, and there is one production for
any marker M, M -> e[z K]
- Modify the action a if marker nonterminal M replaces it in some
production A -> a { a } B, and associate with M -> € an action a’
that

o Copies, as inherited attrs of M, any attrs of A or symbols of a that action
a needs (e.g., M.i = A.i)[ /1]

o Computes attrs in the same way as a, but makes those attrs be
synthesized attrs of M (e,.g., M.s = f(M.i))

A->MBC

A->{B.i=f(Ai);}BC
>{ B.i = f(A.i); } M -> ¢ { M.i = A.i; M.s = f(M.i); }

».’.*G%

https://drive.google.com/file/d/1WiQbSZr530s5AeRIpvlifg9min Ve7Q/view



https://drive.google.com/file/d/1WiQbSZr53Os5AeRlpvlifg9mjn__Ve7Q/view

Example

(1) T->F{T.inh=Fval } T’ { T.val =T'.syn }

(2) T ->*F{T,.inh=T.inhxFval } T, {T.syn=T,.syn}
(3) T"->€{T.syn=T.inh }

(4) F -> digit { F.val = digit.lexval }

(1) T->FMT {T.val =T".syn}
M ->¢€ { M.i =Fval; M.s = M.i }
(2)T->*FENT,” {T.syn=T,"syn}
N ->¢€ { N.i; = T.inh; N.i, = Fval; N.s = N.i; x N.i, }
(3) T"->€{T.syn=T.inh }
(4) F -> digit { F.val = digit.lexval }
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Stack Manipulation[kfiE]

(1) T->F{T.nh=Fval} T’ {T.val =T ".syn }

()T >*F{T,Minh=T.inhxFval } T, {T'.syn=T,".syn }
(3)T"->e{T.syn=T'inh }

(4) F -> digit { F.val = digit.lexval }

() T>FMT {Tval=T'".syn}
M ->¢ {M.i=Fval; M.s=M.i }
(2T >*FNT, {T'.syn=T,"syn}
N ->&e{N.il=T.inh; N.i2 = Fval; N.s = N.i1 x N.i2 }
(3) T >e{T.syn=T.inh }
(4) F -> digit { F.val = digit.lexval }

(1) T->F M T’ { stack[top-2].val = stack[top].syn; top =top - 2; }
M -> € { stack[top+1].T’inh = stack[top].val; top =top + 1, }
(2) T ->*FNT, {stack[top-3].syn = stack[top].syn; top = top -3; }
N -> € { stack[top+1].T’inh = stack[top-2].T’inh x stack[top].val; top = top + 1; }
(3) T -> € { stack[top+1].syn = stack[top].T'inh; top = top + 1, }
(4) F -> digit { stack[top].val = stack[top]./exval; }
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