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Review Questions

* How does LR(1) improve SLR(1)?

Use exact lookaheads, instead of the FOLLOW, to reduce; split states
* Drawbacks of LR(1)?

More states, i.e., more rows, i.e., higher storage overhead

* How does LALR relate to SLR(1) and LR(1)?

Compromise LR(1) and SLR(1), keep LR(1) parse power and SLR(1)
table size

e Can LALR introduce new shift-reduce conflicts?

No. Merging can only introduce new reduce-reduce conflicts

e Can CFG be used for semantic analysis?
No. Semantic analysis relies on context, which cannot be described

by CFG.

; L! y
»y !ﬂ -




Compilation Phases#ix B

Source Code

L, l N
/ AN
! \
'
V
|
1
! 1
'

Lexical Analysis

. Token Stream|

Front End

Analysi
Syntax Analysis (Analysis)

Syntax Tree"

Semantic Analysis

Syntax Tree

Intermediate
Code Generation
IR

\ 4 i
Optimization . Back End
IR . (Synthesis)

\ 4

Code Generation

v

Target Code

3 B \ @ N
> Frontend Miggle end [»| (Beckend Assembl Link
I— uLgen 7| (codegen) ssembler inker ry
. ; >

¥ X %

SUN YAT-SEN UNIVERSITY



src = AST: Example

1. dnt: a3
2
3 int main() {
4 a = 3;
1 5
Ir_test.c e b e B
7 return 1;
8 } else {
9 return 0;
10 }
2 b
S<my_clang> -ccl -ast-view ir_test.c
Sdot -Tpng -o ir_test.png ir_test.dot
CompoundStmt . . .
/ my_clang = ./llvm-project/build/bin/clang
BinaryOperator [{Stmt
\ / \
DeclRefExpr IntegerLiteral BinaryOperator CompoundStmt CompoundStmt
ImplicitCastExpr IntegerLiteral ReturnStmt ReturnStmt
l  J  J
DeclRefExpr IntegerLiteral IntegerLiteral
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AST =2 IR: Example

S<my_clang> -Xclang -ast-dump -fsyntax-only ir_test.c

TranslationUnitDecl 0x1d2654a8 <<invalid sloc>> <invalid sloc>
. cutting out internal declarations of clang ...

i—VarDecl @xl3éé®f67@ <ir_test.c:1:1, col:5> col:5 used a 'int'
"—FunctionDecl 0x13800f778 <line:3:1, line:11:1> line:3:5 main 'int ()
—CompoundStmt 0x13800f9a8 <col:12, line:11:1>

BEL e miaas R vcsadmas NAROANEATA V12 acaal..n SEFR PR TR ([ Pl | [ |

S<my clang> -emit-llvm -S ir_test.c

; ModulelID = 'ir_test.c'
source_filename = "ir
target datalayout
target triple = "armbs

Pa = global 132 @, align 4

; Function Attrs: noinline nounwind optnone ssp uwtable(sync)
define i32 @main() #0 {
entry:

%retval = alloca i32, align 4

store i32 9, ptr %retval, align 4

store i32 3, ptr @a, align 4

= load i32, ptr Qa, align 4
%cmp = icmp sgt 132 %@, @
br i1 %cmp, label %i7.then, label %if.clse

f.then: ; preds = %entry
store i32 1, ptr %retval, align 4
br label %retu:

if.else: ; preds = %entry
store i32 @, ptr %retval, align 4
br label %reoturn

return: ; preds = %¥if.clse, %if.then
%1 = load i32, ptr %retval, align 4
ret i32 %1
¥
attributes #0 = { noinline nounwind optnone ssp uwtable(sync) "frame-pointe ug
otprod, +fp-armv8,+fpléefml, +fullfplb, +1se, +neon, #ras, +repe, +rdm, +sha2, +sha3, +Z)
f1lvm.module.flags = !{!@¢, !1, 12, 13}
11lvm.ident = 1{14}
1{i32 1, !"wcha , 132 4}
1{i32 8, |"PIC , 132 2}

1{i32 7,
1{i32 7,
1{!"clang version 17.8.@ (https://github.com/llvm/llvm-project.g

1" uw

w N

228115c7175d468b) "}
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AST =2 IR: Example (cont.

Sclang -emit-llvm -S ir_test.c

; ModuleID = 'ir_test.c'

source_filename = "ir test.c"
target datalayout = "e-m:e-18:8:32-116:16:32-164:64-1128:128-n32:64-5128
target triple = "aarché4-unknown-linux-gnu"

@a = dso_local global i32 @, align 4

; Function Attrs: noinline nounwind optnone
define dso_local 132 Q@main() #0 {

%1 = alloca 132, align 4

store i32 0, i32% %1, align 4

store 132 3, 132% Qa, align 4

%2 = load i32, i32* @a, align & o4 %5
%3 = icmp sgt i32 %2, O 4: - 5:
br i1 %3, label %4, label %5 store 132 1, 132* %1, align 4 store 132 0, 132* %1, align 4
br label %6 br label %6
4 ; preds = %0
store i32 1, i32% %1, align 4
br label %6
5: ; preds = %0
store 132 0, 132% %1, align 4
br label %6
6: ; preds = %5, %4 T :
%7 = load i32, 132 %1, align & CFG for 'main’ function
ret 132 %7
}

attributes #0 = { noinline nounwind optnone "correctly-rounded-divide-sqrt
" "no-infs-fp-math"="false" "no-jump-tables"="false" "no-nans—fp-math"="fa

features"="+neon" "unsafe-fp-math"="false" "use-soft-float"="false" } . .
Sdot -Tpng -o ir_test.png .ir_test.dot
!11lvm.module.flags = !{!8}

11lvm.ident = !{!1}

19 1{i32 1, !'"wchar_size", 132 4}

11 = !{!"Debian clang version 11.8.1-2"} SOpt -dOt-Cfg ir_teSt.”
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Semantic Analysis

 Deeper check into the source program[*H & i —25 73 #r]
— Last stage of the front end[Fi ¥ B & G T ]
— Compiler’s last chance to reject incorrect programs[# Gt 4iH1 2]

— Verify properties that aren’t caught in earlier phases
o Variables are declared before they’re used[& & B 5 1% ]
o Type consistency when using IDs[#: & 57— 3]

o Expressions have the right types[#ix X357
* E.g., string && bool

» Gather useful info about program for later phases[ii4E 5 4215 E]
- Determine what variables are meant by each identifier
— Build an internal representation of inheritance hierarchies
— Count how many variables are in scope at each point

7 ‘IGU.-
https://web.stanford.edu/class/archive/cs/cs143/cs143.1128/lectures/08/Slides08.pdf 44
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Example

#include <iostream>

base class not defined

using namespace std;

//Derived class

class Child : public{

string myInteger;

void doSomethi array index out of bounds (runtime)

Ial;

Ldol)-loyinteger » y + 5 1) y variable not declared
2) cannot multiply a strin
void % ) ply g

int getSum(int n) {

return [doSomething() + nf;
} _"g<d
}; i i
cannot add void to int

no main() function

cannot redefine functions

A

8 I\ nﬂl{
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Example (cont.

test.cpp:6:22: error: expectedvclass name N namespace std;

class Child : public Base { }IDerived elass
A class Child : Base {

#include <iostream>

string mylInteger;
test.cpp:15:8: error: class member cannot be redeclared
void doSomething() {

void 2oSomething() { St AT) =L8, 1, 5, &, @
int z = 'a';
test.cpp:9:8: note: previous definition is here i
void goSomethlng() { /oid doSomething() {
)
test.cpp:12:24: error: use of undeclared identifier 'y' St getsunting o). L
x[5] = myInteger * y * z; ; rn doSomething() + n;
A
¥

test.cpp:19:26: error: invalid operands to binary expression ('void' and 'int')
return doSomething() + n;

4 errors generated.

test.cpp:6:27: error: expeéted class—name befbre '{' token
6 | class Child : public Base {
I A
test.cpp:15:8: error: 'void Child::doSomething()' cannot be overloaded with 'void Child::doSomething()'
15 | void doSomething() {
| Anmmmmmmnsrn
test.cpp:9:8: note: previous declaration 'void Child::doSomething()'
9 | void doSomething() {
[ A o v i 2o s i 0 s s 00
test.cpp: In member function 'void Child::doSomething()':
test.cpp:12:24: error: 'y' was not declared in this scope
12 | x[5] = myInteger *x y *x z;
[ A
test.cpp: In member function 'int Child::getSum(int)':
test.cpp:19:26: error: invalid operands of types 'void' and 'int' to binary 'operator+'
19 | return doSomething() + n;

void int 4
] i X 9 ﬁhha,
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Semantic Analysis: Implementation

* Attribute grammars|)& 4 31

— One-pass compilation
o Semantic analysis is done right in the middle of parsing

— Augment rules to do checking during parsing
— Approach suggested in the Compilers book

 AST walk[iE % 3 7]
— Two-pass compilation

o First pass digests the syntax and builds a parse tree

o The second pass traverses the tree to verify that the program respects
all semantic rules

— Strict phase separation of Syntax Analysis and Semantic Analysis

¥
10 il .G»{
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Syntax Directed Translation[i&vE | 513
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Semantic in Practice

source code a=b+c*d

\ 4
Lexical Analyzer «— Lex <« patterns

\4
tokens idl = id2 + id3 * id4

—————— W e ===
: Syntax Analyzer Yacc < grammar |
- e e e e e e e e e am o mm e e e e e e mm mm o mm o = |
v [ ] .o
. _ - Semantic Actions
syntax ree — | - o = = -— _\
S % 13 lines : lines expr ‘\n'J{ printf("= %g\n", $2); },
> 14 | lines '\n' 7
15 | /% empty */
. * : 4 I
e P E L pri{ 5% = $1 + $3; } |
< L | expr '-! rpd $% = $1 - $3; }
id3 id4 | e tx! p I{ 8% = $E % $3:} !
A\ | € v exprl{ $8 = $1 7 $3; + |
' | (" expr *)* f $$ = $2; }
Code Generator | NUMBEF o B L L S|
A 4
generated code load id3
mul id4
add id2
store id1
I A ﬁ}
() F b X '5‘ 12 NS lmlz
S;’f"“-s“‘”“""’mm https://funningboy.blogspot.com/2010/08/lex-yacc-case-study-ply.html U"
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Semantic in Practice (cont.)

SR

symbol
table
r ===, = e e~ G -I
|
soum I: Scanner I I > Parser .............. .Iub
Program l £ I token . :
_ | | | :
: € Compiler | !
| I | :
| ! ; name.tab.c :
l l | name.tab.h !
l ‘ :
: |
: |
|
: Lex spec (.1) : : Yacc spec (name.y) |,
Projl Proj2
13
https://capsl.udel.edu/courses/cpeg421/2008/slides/lex-yacc_tutorial.pdf
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Preview of Symbol Table#F 5%

. Symbol table records info of each symbol name in a program|
e RILKBFNFSHIEE

— symbol = name = |dent|f|er

* Symbol table is created in the semantic analysis phase[i& X 4;
BT B G ]

— Because it is not until the semantic analysis phase that enough info is
known about a name to describe it

* But, many compilers set up a table at lexical analysis time for
the various variables in the program[iaiZ 7 H7  Ex 4]
— And fill in info about the symbol later during semantic analysis when
more information about the variable is known[i& X 73 T BHIE ]

e Symbol table is used in code generation to output assembler
directives of the appropriate size & type[/5 2SS4 B EX A FH ]

A L! y
wy !G =




LLVM: Semantic Analysis

* Clang does not traverse the AST after parsing

- Instead, it performs type checking on the fly, together with AST
node generation

1202 StmtResult Parser::ParselfStatement(SourceLocation *TrailingElselLoc) {

1341 // perform semantic checking for the if statement, emitting diagnostics accordingly

1342 return Actions.ActOnIfStmt(IfLoc, IsConstexpr, InitStmt.get(), Cond,
1343 ThenStmt.get(), ElseLoc, ElseStmt.get());
1344 }

https://github.com/llvm-mirror/clang/blob/master/lib/Parse/ParseStmt.cpp
https://clang.llvm.org/doxygen/ParseAST 8cpp source.html

— After the combined parsing and semantic analysis, the ParseAST
function invokes the method HandleTranslationUnit to trigger
any client that is interested in consuming the final AST

Frontend (Clang)

C, C++, Objective-C
source code

1
;ombhed

h ==
-

A
=

Bruno Cardoso Lopes and Rafael Auler, Getting Started with LLVM Core Libraries


https://github.com/llvm-mirror/clang/blob/master/lib/Parse/ParseStmt.cpp
https://clang.llvm.org/doxygen/ParseAST_8cpp_source.html

LLVM: Module

* The Module class represents the top level structure
present in LLVM programs

— An LLVM module is effectively either a translation unit of the
original program or a combination of several translation units
merged by the linker

— The Module class keeps track of a list of Functions, a list of
GlobalVariables, and a SymbolTable

Module 3
Eunction Basic Block
Target Information [ Label ]
Module [ ] [ [Argument]* ]
F. (e msmctor
unct Global Symbols . [PhI Instruction]
- [ Entry Basic Block ]
BasicBlock . 3
_ [ [Global Variables}* ] [ [Instruction]* J
Instruction [ [Basic BIOCK]* ] : ;
2 ) , Terminator Instruction
[ [Function Declaration]* ]

[ [Function Definition}* ]

[ Other Stuff ]

16 kiﬂ\{

https://releases.llvm.org/7.1.0/docs/ProgrammersManual.html#symboltable v' |



https://releases.llvm.org/7.1.0/docs/ProgrammersManual.html

LLVM: Symbol Table

e Public members of Module class
- SymbolTable *getSymbolTable()

o Return a reference to the SymbolTable for this Module
— Function *getOrinsertFunction(const std::string &Name, const
FunctionType *T)

o Look up the specified function in the Module SymbolTable. If it does not
exist, add an external declaration for the function and return it

— std::string getTypeName(const Type *Ty)

o If there is at least one entry in the SymbolTable for the specified Type,
return it. Otherwise return the empty string

- bool addTypeName(const std::string &Name, const Type *Ty)

o Insert an entry in the SymbolTable mapping Name to Ty. If there is
already an entry for this name, true is returned and the SymbolTable is
not modified

17 kiﬂ\{
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Syntax Directed Translationiz s 585t

* To translate based on the program’s syntactic structure[i&7% 4%
F4]

— Syntactic structure: structure of a program given by grammar

— The parsing process and parse trees are used to direct semantic
analysis and the translation of the program

o i.e., CFG-driven translation[CFGIKZ] 1) 1]

* How? Augment the grammar used in parser:
— Attach semantic attributes[i& X J& 4] to each grammar symbol

o The attributes describe the symbol properties

o An attribute has a name and an associated value: a string, a number, a type,
a memory location, an assigned register, ...

— For each grammar production, give semantic rules or actions[iE X I
=B 1E]
o The actions describe how to compute the attribute values associated with
each symbol in a production

¥
!G’~£
https://web.stanford.edu/class/archive/cs/cs143/cs143.1128/handouts/160%20Syntax-Directed%20Translation.pdf 44
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Attributes[iE X &)

 Attributes can represent anything depending on the task|
J& T Al LRI AR B Y]
- If computing expression: a number (value of expression)
- If building AST: a pointer (pointer to AST for expression)
- If generating code: a string (assembly code for expression)
- If type checking: a type (type for expression)

* Format: X.a (X'is a symbol, a is one of its attributes)

n printf("= %g\n", $2); }

* For Project 2 — Syntax Analysis
— Semantic attributes

declarator

O Name’ type : iDENTIFIER
. R $$ = par::gMgr.make<asg::VarDecl>();
—_ Seman‘“c actions $$->name = std: :move(+$1);
delete $1;

/!l BAFSR
par::Symtbl::g—>insert_or_assign($$—>name, $%);
1

— r

(&) T X % 4
(B2 Y Z
“ SUN YAT-SEN UNIVERSITY ’ ' ‘ &




How to Specify Syntax Directed Translation

 Syntax Directed Definitions (SDD)[iE %] 5 & X]

— Attributes + semantic rules[i& X ] for computing them
o Attributes for grammar symbols[ 3245 5 AliE g P 5Bk
o Semantic rules for productions[=4= 20FITE SN < EX]

— Example rules for computing the value of an expression
E->E,+E, RULE:{E.val =E,.val + E,.val}
E->id RULE: {E.val = id.lexval}

 Syntax Directed Translation scheme (SDT)[i& 2: | S8 PE )7 &]
— Attributes + semantic actions[i& X #1{E] for computing them
— Example actions for computing the value of an expression

E->E,+E, {Ewval=E,val+E,.val}
E->id {E.val = id.lexval}

“"\] | ¥ G
(@) TuX 2 20 ME‘L




SDD vs. SDT
o SDD[EEH| S X): FECFGIIHE™, BRI 2 BN ]

— A CFG grammar together with attributes and semantic rules

o A subset of them are also called attribute grammars[Jz I 1]

* No side effects, i.e., rules are strictly local to each production

— Semantic rules imply no order to attribute evaluation

o SDT[iE VW] S BN T &) SDDIIAN TS, EARENIFESL)it 7 &
— An executable specification of the SDD

o Fragments of progs 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->L4id Li.inh = L.inh L ->{ L;.inh = L.inh }L4, id
L->id id.type = L.inh L ->{id.type = L.inh} id

2t Dyig:




SDD vs. SDT (cont.)

* Syntax: A -> a {action,} B {action,} y ...

e Actions are executed “at that point” in the RHS

— action, executes after a has been produced but before 3
— action, executes after a, action,, B but before y

* Semantic rule vs. action[i& X N vs. 1E X BN1E]
— Semantic rules are not associated with locations in RHS

o SDD doesn’t impose any order other than dependences

— Location of action in RHS specifies when it should occur
o SDT specifies the execution order and time of each action

A { IX{3Y{)

T

Semantic Actions

22 Dyig:




SDD[# I E X

* SDD has two types of attributes[iF & 4]

— For a non-terminal A at a parse-tree node N

» Synthesized attribute[%4: & & 1]
— Defined by a semantic rule associated with the production at N

o The production must have A as its head (i.e., A->...)

— A synthesized attribute of node N is defined only by attribute values
at N’s children and N itself[-F75 &k B &]

* Inherited attribute[4k /& J& 4]

- Defined by a semantic rule associated with the production at the
parent of N

o The production must have A as a symbol in its body (i.e., ... -> ...A...)

— An inherited attributed at node N is defined only by attribute values
at N’s parent, N itself, and N’s siblings[*C 7 5. B Sk 7207 &

(B2 Y Z
“ SUN YAT-SEN UNIVERSITY ’ ' ‘ &




Synthesized Attribute[44& &)

e Synthesized attribute for non-terminal A of parse-tree

node N[HEZ L5 /T LR A T8 ]
— Only defined by N’s children and N itself

o Passed up the tree
— P.syn_attr = f(P.attrs, C,.attrs, C,.attrs, C;.attrs)

» Terminals can have synthesized attributes[Z& 45 545 & J& ]
— Lexical values supplied by the lexical analysis

— Thus, no semantic rules in SDD for terminals
E.val = E,.val + T.val

E.val




Inherited Attribute[4t% &4

* Inherited attribute for non-terminal A of parse-tree node
IN[3E 2 25 77 4k 2K & 1]
— Only defined by N’s parent, N’s siblings and N itself
o Passed down a parse tree

— C,.inh_attr = f(P.attrs, C,.attrs, C,.attrs, C;.attrs)

* Terminals cannot have inherited attributes[% 4t &% &4k & J& 1]

— Only synthesized attributes from lexical analysis
D->TL(L.inh=T.type)

D
/’ \
[ \

T.type L.inh




SDD[# I E X

* Attribute dependencies in a production rule[;F=4: 2 i 1 J@ Ak

] /N»@te\d

A-> o B vy

S
Synthesizek/

e SDD has rule of the form for each grammar production
b = f(A.attrs, a.attrs, B.attrs, y.attrs)

* bis either an attribute in LHS (an attribute of A)

- In which case b is a synthesized attribute
- Why? From A’s perspective a, B, y are children

* Or, b is an attribute in RHS (e.g., of B)

— In which case b is an inherited attribute
- Why? From B’s perspective A, «, y are parent or siblings




Example: Synthesized Attribute[£: 41

SDD:

Production Rules | Semantic Rules

(1) L->E S E ] Each non-terminal has a single
(2)E->E +T E.val = E,.val + T.val synthesized attribute val
(3)E->T E.val = T.val Terminal digit has a synthesized
(4) T -> Tl w F T.Val = Tl.VaI X F.VCI/ attrlbute Iexval

(5) T->F T.val = F.val

(6) F -> (E) F.val = E.val

(7) F -> digit F.val = digit.lexval

Arithmetic expressions with + and *
(1) Print the numerical value of the entire expression
Compute value of summation
Value copy
Compute value of multiplication
Value copy
(6) Value copy
@) FTux® 27 Dyig:




Example: Synthesized Attribute (cont.)

SDD: Side effect (EI1EH) L?
Production Rules | Semantic Rules :
—— E.val =19
(1) L->E rint(E.val) R
(2) E‘> E1+T EVCI = 1VGI+TVG/ ’,” | \\\\
(3) E->T E.val = T.val E.val 2,1’5’ +: Tval=4
(4)T->T, *F T.val = T,.val x F.val A a
(5) T->F T.val = F.val | !
|
(6) F-> (E) . F.val = EVCII T.val = 15 F.val = 4
(7) F -> digit F.val = digit./lexval TRI ~ _ T
Phe -7 : ~3 >~ |
Phe [ |
Input: T.Va/A= 3 * F.Va/i 5 digit./lexval = 4
3*%¥544 | |
| |
F.val=3 digit./lexval =5
A

' Annotated parse tree (FryF: 73 )
. . I — ¢
digit./lexval = 3 w‘ri@"i’

https://www.icoursel63.org/learn/HIT-1002123007
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Example: Inherited Attribute[4k %)

SDD:

Production Rules | Semantic Rules
(1)D->TL il = Tiyoe T has synthesized attribute type
(2) T -> int T.type = int L has inherited attribute inh
(i) L {Ioét o int bol-table[# %] object
> L,, id L,.inh = L.inh Pointing to a symbol- |
@ : ataldtype L.inh) ‘
(5) L->id addtype(id.entry, L.inh)

Variable declaration of type int/float followed by a list of IDs:
(1) Declaration: a type T followed by a list of L identifiers

(2) Evaluate the synthesized attribute T.type (int)

(3) Evaluate the synthesized attribute T.type (float)

)
)
(4) Pass down type, and add type to symbol table entry for the identifier
(5)

Add type to symbol table

29 e

https://www.icoursel63.org/learn/HIT-1002123007 U' |
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Example: Inherited Attribute (cont.)

SDD:
Production Rules | Semantic Rules /\

T. fl L.inh = fl
(1)D->TL Linh = T.type fype = Tloat inh = Hoat
(2) T->int T.type = int /‘\
(3)T-> flo;.;]t T.type = ﬂ?at float L.inh =float , id.lexeme =c
(4) L->L,,id L,.inh = L.inh . addtype(c, float)
addtype(id.entry, L.inh) >~
(5) L->id addtype(id.entry, L.inh) Linh = float » id.lexeme = b
addtype(b, float)
Input: id.lexeme = a
addtype(a, float)
float a, b, c

type depends on child
inh depends on sibling or parent

o Dyig:

https://www.icoursel63.org/learn/HIT-1002123007
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The Concepts

 Side effect[=/|1F ]
- —MEMHEETTE (R T R EECE =T AN TR
- f4n. code generation, print results, modify symbol table, ...

e Attribute grammar[)g M4 1]
- —/MxAEIEHFISDD
— The rules define the value of an attribute purely in terms of the
value of other attributes and constants[J& 1 S22z 1A A A i 1

HoAl Jm AR &R e X — N EtEE]
* Annotated parse-tree[F5iT: 2 Hr 4]
= RN AR R AR I A A R
o A parse tree showing the value(s) of its attribute(s)
- a.k.a., attribute parse tree[Jg 2> 14

— Can also have actions being annotated [t o] FridiE X Fh1E]
©tuxe IACE




Dependence Graph(#isi &)

* Dependence relationship[#k i< F]

— Before evaluating an attribute at a node of a parse tree, we
must evaluate all attributes it depends on [ F& A& i i i 5]

* Dependency graph[{# i 4]

— While the annotated parse tree shows the values of attributes,
a dependency graph helps determine how those values can be

computed[#&K#i B P € & HAE B i)
— Depicts the flow of info among the attribute instances in a
particular parse tree[#i%: | 73 #h ¥ 1) & P45 Bl

o Directed graph where edges are dependence relationships between
attributes

o For each parse-tree node X, there’s a graph node for each attr of X

o If attr X.a depends on attr Y.b, then there’s one directed edge from Y.b

i to X.a
‘y J ) A \. h




Example: Dependency Graph

SDD:

Production Rules | Semantic Rules

(1) D->TL L.inh = T.type

(2) T->int T.type = int

(3) T -> float T.type = float

addtype(id.entry, L.inh)

(5) L->id addtype(id.entry, L.inh)
Input:

float a, b, c

P

T type |nh L entry
m
exeme
float |nh Lentry ,
/’ ‘-\
'’ T
inh pentry , id lexeme
N —
0
|
|
id lexeme

‘entry’ is dummy attribute for the addtype()
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Evaluation Order[JB & 1155 F)

 Ordering the evaluation of attributes[it & /Ifi/7]

— Dependency graph characterizes possible orders in which we can
evaluate the attributes at the various nodes of a parse-tree

* |f the graph has an edge from node M to node N, then the

attribute associated with M must be evaluated before N[H A
I R A E T SRR ]

- Thus, the only allowable orders of evaluation are those sequences of
nodes N,, N,, ..., N, such that if there is an edge of the graph from N,
to N, theni <]

— Such an ordering embeds a directed graph into a linear order, and is
called a topological sort[#:#MEF] of the graph

o If there’s any cycle in the graph, then there are no topological sorts, i.e., no
way to evaluate the SDD on this parse tree

o If there are no cycles, then there is always at least one topological sort

() ‘r R (rE
€ ) ) ly
€Y L, B4
\&u$/ SUN YAT-SEN UNIVERSITY ﬂ‘ y ‘




Example: Evaluation Order

SDD:
Production Rules | Semantic Rules m try 6
t inh | entry
(1)D->TL L.inh = T.type Ttvpe -
(2) T->int T.type = int /7\
(3) T ->float T.type = float float 7 |nh L entry 8, |d|exeme
(4) L->L,, i L,.inh = L.inh A 3
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh | entry id lexeme
% 2
9 r 10
|
|
Input: id lexeme
1
float a, b, c

Togologlcal sort:

("""

'1234567'.89'10

_— e - . . - - - - am - -

o wi@i
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