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Interesting Questions

A Is every statement reachable?
A Does every non-void method return a value?

A Will local variables definitely be assigned before

they are read?
A Will the current value of a variable ever be read?
A ..
A How much heap space will the program need?
A Does the program always terminate?

A Will the output always be correct?
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Theorem 11.9 (Martin p. 420)

If Ris a property of languages that is satisfied by so
but not all recursively enumerable languages ther
decision problem

Pr: Given a TMT, doesL(T) have propertyr?

IS unsolvable.
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Theorem 11.9 (Martin, p. 420)

"Every nontrivial question about the behavior of a
program is undecidable."
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Static Analysis

A Static analysis provides approximate answers to
non-trivial questions about programs

A The approximation is conservative, meaning that
the answers only err to one side

A Compilers spend most of their time performing
static analysis so they may:
A understand the semantics of programs
A provide safety guarantees
A generate efficient code
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Conservative Approximation

A A typical scenario for a boolean property:
A if the analysis says yes, the property definitely holds
A if it says no, the property may or may not hold
A only the yes answer will help the compiler
A a trivial analysis will say no always
A the engineering challenge is to say yes often enough

A For other kinds of properties, the notion of
approximation may be more subtle
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A Range of Static Analyses

A Static analysis may take place:
A at the source code level
A at some intermediate level
A at the machine code level

A Static analysis may look at:
A statement blocks only
A an entire method (intraprocedural)
A the whole program (interprocedural)

A The precision and cost both rise as we include
more information
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The Phases of GCC (1/2)

Parsing If-conversion

Tree optimization Register movement

RTL generation Instruction scheduling
Sibling call optimization Register allocation

Jump optimization Basic block reordering
Register scan Delayed branch scheduling
Jump threading Branch shortening
Common subexpression elimination Assembly output

Loop optimizations Debugging output

Jump bypassing
Data flow analysis
Instruction combination
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The Phases of GCC (2/2)

Parsing

Tree optimization

RTL generation

Sibling call optimization

Jump optimization

Register scan

Jump threading

Common subexpression elimination
Loop optimizations

Jump bypassing

If-conversion

Register movement
Instruction scheduling
Register allocation

Basic block reordering
Delayed branch scheduling
Branch shortening
Assembly output
Debugging output

Data flow analysis

: L Static analysis uses 60%
Instruction combination of the compilation time
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Reachability Analysis

A Java requires two reachability guarantees:
A all statements must be reachable (avoid dead code)
A all non-void methods must return a value

A These are non-trivial properties and thus they are
undecidable

A But a static analysis may provide conservative
approximations

A To ensure that different compilers accept the
same programs, the Java language specification
mandates a specific static analysis
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Constraint-Based Analysis

A For every node S that represents a statement in
the AST, we define two boolean properties:

A C[[S]] denotes that S may complete normally
A R[[S]] denotes that S is possibly reachable

A A statement may only complete if it is reachable

A For each syntactic kind of statement, we generate
constraints that relate CJ][...]] and R][]...]]
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Information Flow

A The values of R[[...]] are inherited
A The values of C[[...]] are synthesized

AST

Static Analysis
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Reachability Constraints (1/3)

if( E) S:
RI[S]] = RI[[if( E) S]]
Clit ¢ E) S]I=RI[IIf( E) S]]
If( E) S;else S.:
RI[STI = RI[if( E) S,else S,
Cllift E) S,else S,]] = C[[S,]] UC[[S,]]
while(true) S:
R[[S]] = R[[while(true) S]]
Cl[while(true) S]] = false
while(false) S:
R[[S]] = false
Cl[while(false) S]] = R[[while(false) S]]

Static Analysis

13



Reachability Constraints (2/3)

while( E) S:
R[[S]] = R[[while( E) S]]
Cl[while( E) S]] = R[[while( E) S]]

return
Cl[return ]] = false

return E:

Cl[return E]] = false

throw E:

Cl[throw E]] = false

{0x; S}:

RI[S]] = RI{ U x; S}]]
Cl{u x; S}]I=CI[SI]
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Reachability Constraints (3/3)

R[[S]] = RI[S;S,]]
RI[S,]] = C[[S,]]
Cl[S:S,]] = C[[S.]]

for any simple statement S:
CI[SI] = RI[S]]

for any method or constructor body { S} :
R[[S]] = true
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Exploiting the Information

A For any statement S where R[[S]] = false:
unreachable statement

A For any non-void method with body { S} where
C[[S]] = true:
missing return statement

A These guarantees are sound but conservative
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Approximations

A C[[S]] may be true too often:
some unfair missing return errors may occur

If (b) return 17;
If (b) return 42,

A R[[S]] may be true too often:
some dead code is not detected

if (b==1b) { ... }
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Definite Assignment Analysis

A Java requires that a local variable is assigned
before its value Is used

A This is a non-trivial property and thus it is
undecidable

A But a static analysis may provide a conservative
approximation

A To ensure that different compilers accept the
same programs, the Java language specification
mandates a specific static analysis
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Constraint-Based Analysis

A For every node S that represents a statement in
the AST, we define some set-valued properties:

A BJ[[S]] denotes the variables that are definitely
assigned before S is executed

A A[[S]] denotes the variables that are definitely
assigned after S is executed

A For every node E that represents an expression in
the AST, we similarly define BI[E]] and A[[E]]
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Increased Precision

A To handle cases such as:

fintk:

}

If (a>0 && (k=System.in.read())>0) System.out.print(k);

we a

A A
A A]
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so use two refinements of AJ[...]]:
E]] which assumes that E evaluates to true

E]] which assumes that E evaluates to false
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Information Flow

A The values of B[[...]] are inherited

A The values of A[[...]], A[[....]] and A{[...]] are
synthesized

B A, A, A

AST

Static Analysis
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Definite Assignment Constraints (1/7)

if( E) S:

B[[E]] = B[[if( E) SI]

BI[S]] = A{[E]]

[ifC E) Sl = Al[S]] AA{[E]]
If( E) S,else S.:

[E]] = BI[ifi( E) S;,else S,
[S4]] = AdlE]]

[S,]] = Ad[E]]
[If( E) S;else S,]] =A[[S]] £A[[S,]]

>

> U W W
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Definite Assignment Constraints (2/7)

while( E) S:
B[[E]] = B[[while( E) S]]
B[[S]] = Al[E]]
Allwhile( E) S]] = A{[E]]
return
Al[return ]]=o < the set of all variables in scope

return E:
B[[E]] = B[[return  E]]
Alfreturn  E]] ==©

throw E:

B[[E]] = Bl[[throw E]]
Allthrow E]] ==
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Definite Assignment Constraints (3/7)

E..

B

B
A

B[[E]] = BI[[E; ]]

Al[E; 1] = A[[E]]
{0 x=E; S}:
[E]l = B[[{ U x=E; S}]]
[S]] = Al[E]] € {x}

[{ U x=E; S}]1=A[S]
{0x; S}:
B[[S]] = B[[{ U x; S}]]
All{ G x; S}]1=A[S]]
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Definite Assignment Constraints (4/7)

B[[S,]] = B[[S;S,]]
B[[S,]] = A[[S,]]
AllS;S,]] = Al[S,]]

X = E:

B[[E]] = B[[x = E]]

Allx = E]] = A[[E]] € {x}
X[E,] = E;:

B[[E,]] = BI[X[E,] = E,]]
B[[E,]] = Al[E,]]
AlX[E,] = E,]] = AllE,]]
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Definite Assignment Constraints (5/7)

true :
A{[true ]] = BJ[true ]]
Afltrue ]J]=m=
Al[[true ]] = BJ[true ]
false

Al[false ]]=mo

Al[false ]| = BJ[false ]]
I E:

BI[E]] = BI[! E]]

A[[! E]] = A[[E]]

A{[false ]] = BJ[false ]]

Adl! Ell = Ad[E]]
Adl! Ell = Ad[E]]
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Definite Assignment Constraints (6/7)

E, && E,:

B[[E,]] = B[[E, &&E;]]

BI[E,]] = A{[E,]]

AllE; &&E,]] = A{[E,]]

AdlE, && E,]] = A[E,]] AA[E,]]

Al[E; &&E,]] = A[E; && E,]] AA{[E; && E;]]
E, |l Ej:

B[[E,]] = B[[E;, || E,l]

B[[E,]] = A{[E,]]

AdlE, || Eoll = AllE, ]l AALE,]]

AdLE, || ESll = AdlE,]

AllE, | E,ll = AllE, E,]] AAIE, || E,l]
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Definite Assignment Constraints (7/7)

EXP(E,,....E\): (any other expression with subexpressions)
BI[E,]] = BI[EXP(E,,....E)I]

B[[E;.,]] = Al[E]]

A[[EXP(Ey,....Elll = Al[E]]

When not specified otherwise:
AlLE]T = AdLE]l = Al[E]]
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