Veritying Compiler Optimisation Passes

Brae Webb
Thanks to:
Supervised by: Kristiafl Thomassen
[an Hayes Ethan Bulmer
Mark Utting Kausthubram Rajesh

Veritying Optimizations 1



Roadmap

Veritying Optimizations



Roadmap

Motivation
S

Veritying Optimizations



Roadmap

Motivation Plan
—— 9

Veritying Optimizations



Roadmap

Motivation Plan Progress
——e— o

Veritying Optimizations



Roadmap

Motivation Plan Progress Next
¢ e —————————F

Veritying Optimizations



Motivation

Veritying Optimizations - Motivation



Veritying Compiler Optimization Passes

Veritying Optimizations - Motivation 4



Veritying GraalVM Compiler
Optimization Passes

Veritying Optimizations - Motivation



Veritying Compilers

Veritying Optimizations - Motivation



Finding and Understanding Bugs in
C Compilers

Xuejun Yang Yang Chen Eric Eide John Regehr

Conference on Programming Lan?uage
E}E'i-".i n and Implementation (PLDI)
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Optimizing compilers are so difficult to get right
that we dare say that no optimizing compiler
is completely error-free!
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“Optimizing compilers are so difficult to get right
that we dare say that no optimizing compiler
is completely error-free!”’

- Aho, Lam, Sethi, Ullman in
Compilers: Principles, Techniques,
& Tools 2nd Edition
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boolean isLessThan(Integer a, Integer b) {
If (a2 == Db) {
return false;

}

If (a <Db) {
return true;

}

If (a > Db) {
return false;

}

return true;
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boolean isLessThan(Ilnteger a, Integer b) {
If (a == Db) {
return false;

}

If (a <b) {
return true;

}
if (a > b) {

return false:

}

return true;

boolean isLessThan(Integer a, Integer b) {
} return a < b;
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boolean isLessThan(Integer a, Integer b) { boolean isLessThan(Ilnteger a, Integer b) {
T (3 ==Db) { return a < b;
return false; }

}

if (@ <b) {
return true;

}

if (a > Db) {
return false;:

}

return true;

assert lessThan(0, 0) == lessThanOpt(0, 0)
assert lessThan(0, 1) == lessThanOpt(0, 1)
assert lessThan(l, 0) == lessThanOpt(1, 0)
assert lessThan(-1, 100) == lessThanOpt(-1, 100)
assert lessThan(50, 50) == lessThanOpt(50, 50)
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boolean isLessThan(Integer a, Integer b) {
If (a ==Db) {
return false;

}

if (@ <b) {
return true;

}

if (a > Db) {
return false;:

}

return true;

assert lessThan
assert lessThan
assert lessThan
assert lessThan(-
assert lessThan

boolean isLessThan(Integer a, Integer b) {
return a < b;

}

lessThanOpt(0, 0)
lessThanOpt(0, 1)
lessThanOpt(1, 0)

== |lessThanOpt(-1, 100)
== |essThanOpt(50, 50)
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boolean isLessThan(Integer a, Integer b) {
If (a ==Db) {
return false;

}

if (@ <b) {
return true;

}

if (a > Db) {
return false;:

}

return true;

assert lessThan(0, 0)
assert lessThan(0, 1
assert lessThan(1, O)

assert lessThan(-1, 100)

assert lessThan(50, 50) =

assert lessThan(2222, 2222)

boolean isLessThan(Integer a, Integer b) {
return a < b;

}

= |lessThanOpt(0, 0)
= |lessThanO t(O, 1)
= lessThanO t(l ?)

IessThanO t(-1, 100)

lessThanOpt(SO 50)
== |lessThanOpt(2222, 2222)
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program = new Program(
SubNode(
AddNode(VariableNode('a'),

VariableNode('b')),
ConstantNode(0)

),
SubNode(

VariableNode('a'),
) VariableNode('c')
)
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program = new Program(
SubNode(
AddNode(VariableNode('a'),
VariableNode('b'")),
) ConstantNode(0)

§ubNode(
VariableNode('a'),
VariableNode('c')

)
)

void executeProgram(Program program,
SymTable symtab) {
for (line : program.getExpressions()) {
Int value = line.execute(symtab);
print(value);
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) ConstantNode(0)

§ubNode(
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)

void executeProgram(Program program,
SymTable symtab) {
for (line : program.getExpressions()) {
Int value = line.execute(symtab);
print(value);
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class AddNode extends Expression {
Expression left;
Expression right;

int execute(SymTable symtab) {
} return left.execute() + right.execute();

}

class ConstantNode extends Expression {
iInt value;

int execute(SymTable symtab) {
return value;

}
}

class VariableNode extends Expression {
String identifier;

int execute(SymTable symtab) {
symtab.lookup(identifier);

}

}




program = new Program(
SubNode(
AddNode(VariableNode('a'),
VariableNode('b')),
) ConstantNode(0)
SubNode(
VariableNode('a'),
| VariableNode('c')
)

void executeProgram(Program program,
SymTable symtab) {
for (line : program.getExpressions()) {
Int value = line.execute(symtab);
print(value);
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program = new Program( class AddNode extends Expression {
SubNode( Expression left;
AddNode(VariableNode('a’), Expression right;
VariableNode('b")),
ConstantNode(0) int execute(SymTable symtab) {

), return left.execute() + right.execute();
SubNode( }

VariableNode('a'), }
VariableNode('c')

) class ConstantNode extends Expression {
) iInt value;

int execute(SymTable symtab) {
return value;

}
}

. class VariableNode extends Expression {
void executeProgram(Program program, String identifier;

| SymTable symtab) {
Int value = program.getExpressions().get(0).execute(s int execute(SymTable symtab) {

print(value);
Int value = program.getExpressions().get(1).execute(s }
print(value); }

\.

symtab.lookup(identifier);
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program = new Program( class AddNode extends Expression {

SubNode(
AddNode(VariableNode('a'),
VariableNode('b'")),
) ConstantNode(0)
SubNode(
VariableNode('a'), }
VariableNode('c')

Expression left;
Expression right;

int execute(SymTable symtab) {
} return left.execute() + right.execute();

) class ConstantNode extends Expression {

)

void executeProgram(Program program,
SymTable symtab) {
iInt value =
program.getExpressions().get(0).left.execute(symtab) -

program.getExpressions().get(0).right.execute(symtab);

print(value);

Int value =
program.getExpressions().get(1l).left.execute(symtab) -
program.getExpressions(). et(l) right.execute(symtab);

print(value);
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Int value:

int execute(SymTable symtab) {
return value;

s VariableNode extends Expression {
[ring identifier;

t execute(SymTable symtab) {
symtab.lookup(identifier);




program = new Program( class AddNode extends Expression {
SubNode( Expression left;
AddNode(VariableNode('a’), Expression right;
VariableNode('b")),
ConstantNode(0) int execute(SymTable symtab) {
), return left.execute() + right.execute();
SubNode( }
VariableNode('a'), }
VariableNode('c')
) class ConstantNode extends Expression {
) Int value;

. ySymTable symtab) {
void executeProgram(Program program, lue:

SymTable symtab) {

Int value =

(program.getExpressions(). get(O) left.left.execute(symtab) +

program.getExpressions().get(0).left.right.execute(symtab)) - Node extends Expression {

program.getExpressions().g
print(value);

Int value = _ | » SymTable symtab) {
symtable.lookup(program.getExpressions().get(1).left.identifier) - pokup(identifier);
_sy?nt?blsf.lookup(program.getExpressions().get(1).right.identifier);

print(value);

et(0).right.value; ifier:
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program = new Program(

SubNode(

AddNode(VariableNode('a'),
VariableNode('b')),

) ConstantNode(0)

SubNode(
VariableNode('a'),
VariableNode('c')

)
)

void executeProgram(Program program,
SymTable symtab) {
int value =
(symtable.lookup(program.getExpressions().g

symtable.lookup(program.getExpressions().ge

0;

print(value);

Int value =
symtable.lookup("a") -
symtable.lookup('c");

print(value);
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class AddNode extends Expression {
Expression left;
Expression right;

int execute(SymTable symtab) {
return left.execute() + right.execute();

}
}

class ConstantNode extends Expression {
iInt value;

Yable symtab) {

ei(:(ll).Ieft.left.identifier) +
t

left.right.identifier)) - extends Expression {

able symtab) {
(identifier);




program = new Program(
SubNode(
AddNode(VariableNode('a'),
VariableNode('b')),
) ConstantNode(0)
SubNode(
VariableNode('a'),
) VariableNode('c')
)

void executeProgram(Program program,

SymTable symtab) {
int value =
(symtable.lookup("a") +
s‘(,)ymtable.lookup("b“)) -
print(value);

Int value =
symtable.lookup("a") -
symtable.lookup("c");

print(value);
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class AddNode extends Expression {
Expression left;
Expression right;

int execute(SymTable symtab) {
return left.execute() + right.execute();

}
}

class ConstantNode extends Expression {
iInt value;

int execute(SymTable symtab) {
return value;

}
}

class VariableNode extends Expression {
String identifier;

int execute(SymTable symtab) {
symtab.lookup(identifier);

}

}




program = new Program(
SubNode(
AddNode(VariableNode('a'),
VariableNode('b')),
) ConstantNode(0)
SubNode(
VariableNode('a'),
) VariableNode('c')
)

void executeProgram(Program program,

SymTable symtab) {
int value =
symtable.lookup(“a") +
symtable.lookup(“b");
print(value);

Int value =
symtable.lookup("a") -
symtable.lookup("c");

print(value);
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class AddNode extends Expression {
Expression left;
Expression right;

int execute(SymTable symtab) {
return left.execute() + right.execute();

}
}

class ConstantNode extends Expression {
iInt value;

int execute(SymTable symtab) {
return value;

}
}

class VariableNode extends Expression {
String identifier;

int execute(SymTable symtab) {
symtab.lookup(identifier);

}

}
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Verification

[specification]

|proot}
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Verification

Using
[definitions]

Show
[property]

|proot}
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Using
|definitions]

Show

An optimization transformation
preserves the program semantics

|proof]
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Using

Program Semantics

Show

An optimization transformation
preserves the program semantics

|proof]
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Using
Program Semantics

Optimization Transformation Definition

Show

An optimization transformation
preserves the program semantics

|proof]
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Using
Program Semantics

Optimization Transformation Definition

Semantic Preservation Definition

Show

An optimization transformation
preserves the program semantics

|proof]
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Using
Program Semantics
Optimization Transformation Detfinition

Semantic Preservation Definition

Show

An optimization transformation
preserves the program semantics

|proof]

Veritying Optimizations - Plan - Conceptual

14



Using
IR Semantics

Optimization Transformation Detfinition

Semantic Preservation Definition

Show

An optimization transformation
preserves the IR semantics

|proof]
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Semantics
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IR Semantics
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Optimization Transformation Definitions

DSL

IR Semantics
Isabelle Encoded Transformation

Semantics
Preservation -
Definition v

Isabelle/HOL
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Optimization Transformation Definitions

v
Implementation Code

DSL » GraalVM Compiler

IR Semantics
Isabelle Encoded Transformation

Semantics
Preservation -
Definition v

Isabelle/HOL
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Optimization Transformation Definitions

A/

DSI. Implementation Code  (31°Q alVM C omp ﬂer

IR Semantics

- Isabelle Encoded Trans
Semantics

Preservation
Obligation

v

Isabelle/HOL
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A Simple Graph—Based
Intermediate Representation

Cliff Click Michael Paleczny

iiﬁi;ué"écshop on Intermediate Representations
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public static int add(int x, inty) {

return x + vy;

}
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public static int add(int x, int y) {

return x + v;

}

L4

Return

Start
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int factorial(int n) {
If (n==20) {
return 1;

} else {
return n * factorial(n - 1);

}
}
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int factorial(int n) {
if (n==20) {
return 1;

} else {
return n * factorial(n - 1);

}
}

Start == +
If
/ \ MethodCallT arget
Begin o i
Return

Return
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A Formal Semantics of the
GraalVM Intermediate Representation

Brae Webb Mark Utting lan Hayes

Symposium On Automated Technology
EEE : erification And Analysis
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A Formal Semantics of the
GraalVM Intermediate Representation

Brae Webb Mark Utting lan Hayes

Symposium On Automated Technology
585 1rEIiﬁCE1.TiDH And Analysis

g, m,p|Fn—v
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g m,plFn—v g, p|lF (nid, m, h) — (nid’, m’, h’
[ ] 8 p)

A Formal Semantics of the
GraalVM Intermediate Representation

Brae Webb Mark Utting lan Hayes

Symposium On Automated Technology
585 1rEIiﬁCE1.TiDH And Analysis
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lg. m, p| & ConstantNode ¢ — ¢ is-sequential-node g{nid) nid" = (successors-of g{nid))g

D rl A & |I !
(g, m, p|  g(z) — vl lg, m, p| F gly) — v2 lg, p] F (nid, m, h) — (nid', m, h)

l9, m, p] = AddNode z y — vl + v2 g{nid) = IfNode cond th fb lg. m, p| F g{cond) > val
nid" = (if val-to-bool val then th else fb)

lg, p] F (nid, m, h) — (nid', m, h)

lg, m, p] b ParameterNode i +» Ppi)

8 lg. m, p| = ValuePhiNode nid uu uv — m nid
A Formal Semantice of the is-Abstract EndNode g{nid)

GraalVM Intermediate Repreaentation lg, m, p] i InvokeNode nid vh vi vj vk vl v m nid merge = any-usage g nid is-AbstractMergeNode g{merge)
i = find-index nid (inputs-of g{merge))
phis = phi-list g merge inps = phi-inputs g i phis

lg. m, p| = LoadFieldNode nid vv vw vz — m nid l9, m, p] I inps —> vs m' = set-phis phis vs m

lg. m, p] b NewlnstanceNode nid vs vt vu — m nid

Brae Webb Mark Utting lan Hayes

lg, p] F (nid, m, h) — (merge, m', h)

g{nid) = NewlnstanceNode nid class frame nid’
(h', ref) = h-new-inst h m’ = m(nid := ref)
(g, p] & (nid, m, h) — (nid’, m', ')

g{nid) = LoadFieldNode nid f (Some obj) nid’
lg. m, p|  g{obj) — ObjRef ref
h-load-field ref f h = v m' = minid ;=)

lg, p| F (nid, m, h) — (nid’, m’, h)

g{nid) = StoreFieldNode nid f newval uu (Some obj) nid’
[g. m, p] b g{newval) — wval
(g, m, p] = globj) — ObjRef ref
h' = h-store-field ref f val h m’' = m(nid := val)

lg, p] F (nid, m, h) — (nid', m', h')

Symposium On Automated Technology
5851 erification And Analysis
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A Formal Semantics of the
GraalVM Intermediate Representation

Brae Webb Mark Utting lan Hayes

Symposium On Automated Technology
EEE : ‘erification And Analysis

lg. m, p] = ConstantNode ¢ — ¢

lg, m, p|  g(z) — vi g, m, p| F g(y) — v
lg, m, p] & AddNode = y — vl + v2

l9, m, p] b ParameterNode i — p,
lg, m, p] - ValuePhiNode nid vu uv — m nid
[g, m. p] & InvokeNode nid vh vi vj vk vl — m nid
lg, m, p| = NewlnstanceNode nid vs vt vu — m nid

lg, m, p| = LoadFieldNode nid vv vw vx — m nid

ATVA 2021

is-sequential-node g{nid) nid' = (successors-of g{nid) (0]

lg, p| &= (nid, m, h) — (nid’, m, h)

g(nid) = IfNode cond tb fb lg, m, p] F g{cond) > val
nid' = (if val-to-bool val then th else fb)

lg, p] F (nid, m, h) — (nid’, m, h)
is-AbstractEndNode g{nid)

merge = any-usage g nid is-AbstractMergeNode g{merge)
i = find-index nid (inputs-of g{merge))
phis = phi-list ¢ merge inps = phi-inputs g i phis
lg. m, p] & inps — wvs m' = set-phis phis vs m

lg, p] & (nid, m, h) — (merge, m', h)

g{nid) = NewlnstanceNode nid class frame nid'
(h', ref) = h-new-inst h m' = m(nid := ref)
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g{nid) = LoadFieldNode nid f (Some obj) nid’
lg, m, p] F g{obj) — ObjRef ref
h-load-field ref fh = v m' = m(nid = v)
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T+Y—Yy—>=x
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TTY—Yy—>2=

Vs.(eval (nodeq, s)

= v) <> (eval (nodes, s)

:fu)

Veritying Optimizations - Progress

21



If (x <5) {
If (x < 10) {
return 5;

}

}

return Xx;
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if (x <5) {
If (x < 10) {
return 5;

}

}

return Xx;

it (x= 5) {
return 5;

}

return x:
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if (x < 5) {
T i{x < 10) 4
return 5;

}

}

return x:

if (x < 5)

/

if (x < 10)

/

return 5

.

return x

if {x < 5} {

return 5;

}

return x;:

if (x < 5)

/ \

return 5

return x
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if (x <5) { //

if (X < 10) {
: ) return 5; T 10)\ .
return x; / o

return 5

P~Q (VP .P~ P — (S

AVQ'.Q ~ Q' — (2

, if (x < 5)
[F (X = 5) 4
return 5; |
} /\
return Xx;
return 5 return x

Q,.QM Q/ /\P/ . Q/))
P'P~ P'ANP' ~ Q"))
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if (X = 5] / . if (x < 5)

if (x < 10) .{ if (x < 5) {' i

) return 5; i (x < 10 : return 5; / \
} N4 return x; | |
return x; / return x reburn 5 return x

PrQ (VP.P~P - (3EQ.Q~Q AP ~ Q)
AVQ'.Q~ Q' — (3PP~ P' AP ~ Q")

VP [g, pl F (nid, m, k) = P"— (3Q". [¢/, p] F (nid, m, h) = Q' A P' = Q)
VQ' [g', p| F (nid, m, h) = Q' — (3P’ [g, p] F (nid, m, h) = P' A P'= Q)

= 7
nidmh|gn~g
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if (X = 5] / | if (x < 5)

if (x < 10) .{ if (x <5) {' y

} return 5; 1f (x< 10) } return 5: / \
} N4 return X; _- |
return X: / return x oty (tebure

return 5

PrQ (VP.P~P - (3EQ.Q~Q AP ~ Q)
AYQ'.Q~ Q' — 3P'.P~ P' AP ~Q'))

VP’ [g, p] F (nid, m, h) - P'— (3Q". [¢g/, p| F (nid, m, h) — Q' A P’ =
VQ' g, p] F (nid, m, h) = Q" — (3 P'. [g, p] F (nid, m, h) = P' A P' = Q)

. !
nidmh | g~ g

VP'. [g, m, p, | F nid ~ P'— (3Q". [¢g', m, p, h] F nid ~ Q'
VQ'. [g, m p, h] F nid ~ Q" — (3P’ [g, m, p, h] F nid ~ P’

- !/
nid . g ~ g

j;>>
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Canonicalization Phase
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Canonicalization Phase

stampr = stomp-eepr & stampr = IntegerStamp 32 lo hi

ConontcalizeSub ( BinaryErpr BinSub ¢ x) [ ConstantErpr (Mt Vali2 0))

stampr = «mmp CEpPT T smnrj;r = .Fu.!ﬁqv?*famn:.p f;.{ fo hi
CanonicalizeSub [Bmm J;F'.vj:? BinSub x ol [EmmmanJ:gi-r ffmflir IEL;.’ o))

& = BinaryErpr Binddd o b
stampa = atnmptimpry&rpr Udangdiogse Mepnprorgr b
ws-IntegerStamyp stamppo’=simegerfinmp stamph
stampe =siptbiferStompe 22 lotgabits slammpr = stamp-expr ¢

SlamEy s A RSl Birtaﬁ;ﬁ&!}#ﬂﬁ'ﬁmﬂ&‘lf i alp-bits stampy
wg-IntegerStamp stampr A ds-TntegerStamy starmpy

Canonicalize ("mufxﬁrmu#j{fﬂ;%'?m&fﬂ‘ﬁﬁ b y) (Conditional Expr ¢ y 1)
stampa = stamp-crpr o stamph = stamp-expr b
¢ w- fdegpdnftBnprstatipa AL RTTnédieads tudao sSomb il ]
CanonicoltEe Wb AU TORHANS FIERN ¢ 1 ) ¢
CononicalizeSul [ BinaryErpe BinSub x a) b
= ConstantErpr val = TR Tree Bval . val-to-hool val
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Conditional Elimination Phase

alwaysDistinet (stamps x) (stamps y) g F IntegerEqualsNode © y & InlegerLessThanNode x y — KnownFalse

tryFold (IntegerEqualsNode x y) stamps KnownFalse

g = IntegerEqualsNode x y & IntegerLessThanNode y x — KnounFalse

neverDistinct (stamps x) (stamps y) g F IntegerLessThanNode z y & IntegerLess ThanNode y © v

KnownFalse
g{nid) = BeginNode nid’ nid ¢ seen seen’ = {nid} U seen

is-IntegerStamp (stamps x) is-IntegerStamp (stamps y) g + Integerbess @ hfpeNdde (CyrédilitegbiBrunls Nodepred g-nidnounFalse

stpi-upper (stamps x) < stpi-lower (stamps y) g(ifcond) = IfNode cond t f
g F Infmwhqgﬂ&%y Ern {@WMWM&@H KnouwnFualse

¢c=lfs =:{) ther|1_ gﬁrgﬂd%_}efi?”{} 0g1 IlNg%ﬂt'icmNode cond)

1s-IntegerStamp (stamps ) is-IntegerStamp (stamps y) conds' =
stpi-upper (stamps y) < stpi-lower (stamps z) flow' = mﬂb@f&“*%ﬂg%%f% fméf}%ma fow (stamp g))

tryFold (IntegerEqualsNode x y) stamps Known True

tryFold (IntegerLess ThanNode x y) stamps KnownTrue

cond = g{cid)

glifcond) = IfNode cid t f
decconds. g b e & cond — KnownTrue
g' = constantCondition True ifcond g{ifcond) g

cond = g{cid)

Conditional EliminationStep conds stamps g ifcond g'

g{ifcond) = IfNode cid t
decconds. g = ¢ & cond — KnounFualse
g' = constantCondition False ifcond g{ifcond) g

¢ QF&}%W'} [HéPEPﬁ RAGNG 37 }q%‘fﬁmﬂ%ﬂ}ﬁmﬂﬁfﬁ M{;éoﬂwmﬁmﬁﬁffﬂfﬂﬁ%?ﬁianﬂgyﬂ@ (o EN e @M NBRY ) (SOmH dmiFaiseen’. conds’, flow'
‘ondr tammﬂﬂﬁmmatar:?an,Strﬁp (set ronds] [hdﬂf ﬁﬂur (stamp j)] g nid g

Conditional EliminationPhase g (nid', seen’, conds’, flow") q:(md} EndNode g+ Tu&gl ﬁg‘ﬁrm} Kmﬁiwpﬂﬁp{md} U seen
fid = any-usage. 77 : =1 ﬁuw

Conditional EliminationPhase g (nid, seen, conds,

ConditionalElimination. St(‘p {mri seen, ronds ﬂmu {SOH?(" (nid’, seen’, conds’, flow"))
ConditionalElimination.Step g (nid, seen, conds, flow) (Some (md , seen’, E()H{f:: , flow }]l

ConditionalEliminationPhase g (nid’, seen’, conds’, flow") g = is-EndNode g{nid)

ConditionalEliminationPhase g (nid, seen, conds, flow) g’ b’egmﬁu’ode g{ nid}) nid ¢ seen seen’ = {m’d} U seen
Some nid" = Conditional Elimination.nextEdge seen' nid g

ConditionalElimination.Step g (nid, seen, conds, flow) XgmktionalElimination.Step g (nid, seen, conds, flow) (Some (nid’, seen’, conds, flow))
Some nid" = FﬂndttmnaiEEtmmatmn pred g nid
seen’ = {nid} U seen - is-EndNode g{nid)
Conditional EliminationPhase g (nid', seen’, conds, flow) g 'is-BeginNode g{nid) nid & seen seen’ = {m’d } U seen
None = ConditionalElimination.nextEdge seen’ nid g

ConditionalEliminationPhase g (nid, seen, conds, flow) g’

ConditionalElimination.Step g (nid, seen, conds, flow) None
Conditional Elimination.Step g (nid, seen, conds, flow) None

None = ConditionalElimination.pred g nid nid € seen

Conditional EliminationPhase g (nid, seen, conds, flow) g ConditionalElimination.Step g (nid, seen, conds, flow) None

Conditional EliminationStep conds stamps g ifcond g’

glifcond) = IfNode cid t f
cond = g{cid) tryFold g{cid) stamps KnownTrue
g' = constantCondition True ifcond g{ifcond} g

ConditionalEliminationStep conds stamps g ifcond g’

g{ifcond) = IfNode cid t f
cond = g{cid) tryFold g{cid) stamps KnounFalse
g' = constantCondition False ifcond g{ifcond) g¢

Conditional EliminationStep conds stamps g ifcond g'

Veritying Optimizations - Progress

24



Validating Faithful Semantics
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Graal Graph
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Graal Optimization
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Graal Graph Optimized Graal Graph

encode encode
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Isabelle Optimization

Isabelle Graph Optimized Isabelle Graph
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boolean associative = op.isAssociative();
If (associative) {
If (forX instanceof SubNode) {
SubNode sub = (SubNode) forX;
iIf (sub.getY() == forY) {

return sub.getX()

}
}
}
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boolean associative = op.isAssociative();
if (associative) {
if (forX instanceof SubNode) {
SubNode sub = (SubNode) forX;
if (sub.getY() == forY) {

) ;’é'tijrn'é'ub.fjet)(();
}
}

(BinaryExpr BinAdd (BinaryExpr BinSub a b) b) — a
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heGican assorlative = op leAssaciativan; (BinaryExpr BinAdd (BinaryExpr BinSub a b) b) +— a

if (associative) {
if (forX instanceof SubNode) {
SubNode sub = (SubNode) forX;
if (sub.getY() == forY) {

;’étﬂrn';s'ub.'f'_:jet)(();

}
}
}

(a—b)+br—a
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Optimization Transformation Definitions
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IR Semantics
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1. IR notation

2. Encode notation

3. Base semantics
Encode node semantics
4. Proof obligation
Encode optimizations
Confirmation

5. DSL

6. Isabelle DSL backend
7. Java DSL backend

8. Integrate optimizations
Write Thesis
Mid-Candidature Review

Thesis Review

Year 1 Year 2 Year 3

1[2]3]4]s]6]7[8[oroia[iz[1]2]3]a[s5 6] 7[s]ofrolia]izf 1]2]3]4[5[6 [7] 8]0 10]11]i2
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|
V2777222
1
4
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|
\ 4
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Thank You!
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