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Motivation

How can we build a static analyzer for T using what we already have?

] Ig : concrete interpreter for T written in S

[ IK,? : abstract interpreter for S
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Key Idea: Partial Evaluation

Consider partial evaluation:
VRN
M interpreter for S

Ig : interpreter for T written in S
— PE(IS,,IL) : interpreter for T
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Introduction Minimal Example Future Work
oceo 00000 0000

Key Idea: Partial Evaluation

Consider partial evaluation:
VRN
M interpreter for S

Ig : interpreter for T written in S
— PE(IS,,IL) : interpreter for T

Partial evaluation of an abstract interpreter?
#S .
Ipm : abstract interpreter for S

Ig : concrete interpreter for T written in S
- QDE(I#MS, Ig) : abstract interpreter for T?
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Retargeting via Partial Evaluation

Main Theorem
Partial evaluation of a sound S-abstract interpreter with respect to

a T-concrete interpreter produces a sound T-abstract interpreter.

WEFZL(A Y
(p,a)EyG = CTE‘Y([“ ]]0'#)

Proof.

[plo = [15](p, ) € y([110s, 6%) = y([PEUR, 19)]o")
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S: Imperative language with fixed-size memory

n|+x|e+re|exe|e==¢

g e ::
Pg p == skip | e =e | pP;P

| if (e) {p} else {p} | while (e) {p}

T: Assembly-like language with single register
Prpx=ADDn |MUL n | p; p
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T-Interpreter in S
Ig =
while ( «+PC) {

if (+PC == ADD ) {

R=R ++(PC + 1) p=ADD 3; MUL 2

} else if ( \PC == MUL ) { R =42,PC =2
R =R x «(PC + 1)
} else { (0 =1[42,2,1,3,2,2,0])
}.Sk'p & R=45PC=4
}PC=PC+2 < R=90,PC =6
where ((5 = [90,6, 1,3, 2, 2,0])

R =+0,PC =+1,ADD = 1,MUL = 2
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S-Abstract Interpreter

let rec evale“(e, o) =
match e with
#
le, + e, —> evale’(e;, o°) +* evale’(e,, o)
# Hy L# # #
| e; x e, — evale (eq, 0") x" evale (e,, 6%)

let I”MSevaIp“(p, o) =
match p with
|if (e) {p} else {ps} —

evalp”(pt, Fhy(v', o)L’

evalp’(pr, F4,(v*, )
| while (e) {py} —
.. evalp’(p, evalp’ (py, F (v, 6%))) LI
T, o)
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Retargeted T-Abstract Interpreter

I = PEQRTIS)

let 1}, eval’ o*= Ig =
while ( «PC) {
if (+PC == ADD ) {

let 5=

[{ = [{ + *([)(: + 1)
a3[0" =" o5[0°] +° oi[a3[ 1]+ 1] L° } else if ( +PC == MUL ) {
03[0 = o5[0°] X" of[a5[1°] +" 1"]] L o R =R x«PC +1)
in }else {
o U eval® (6[1° > of[17] +° 2°)) : skip
PC=PC +2
}
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Retargeted T-Abstract Interpreter
4T s IT =
let 1y, eval o*= S

while (+PC ) {

ot - if (+PC == ADD ) {

» R=R++PC+1)
(0" »' S0 ) es[ei[1'] + 1L } else if ( sPC == MUL ) {
o5[0° = a5[0° )N ot[o5[ 1]+ 1] L° of » R=Rx+PC +1)
in }else {
of L eval’ (6[1° > oi[1°] +° 2°)) : skip
PC = PC + 2
}

Abstract operations are reused!

7/10



Introduction Minimal Example Future Work

Retargeted T-Abstract Interpreter
4T s IT =
let 1y, eval o*= S

» while (+PC) {
» if (+PC == ADD ) {
R=R ++(PC +1)
[03[0" 7 o3 [07T+ o3[o5 [T+ ]I ] » }else if (+PC == MUL ) {
03[0 7 o5[0*] X" of[o3[1°] +" 1"]] L o R =R x«PC +1)

#
let o=

in » }else{
(©F U eval (o5[1" 7 of[17] +7 27]) y skip
PC=PC +2
}

Interpreter structure is preserved!
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Future Work: More Case Studies

m More rich S language

» functions, heap, algebraic data types, etc.
®m More practical T languages

> e. g. mini-JS, mini-Python
m Domain-specific T languages

> e. g. React Hooks
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Future Work: Delivery of Precision

m Relation between the precisions of S- and T-analyzers

> e g, I; uses PC = «1 for program counter:
I =
while ( «PC) {
if («PC == ADD) {
R=R++«PC+1)
} else if ( +PC == MUL ) {
R=Rx+PC+1)
}else { skip };
PC =PC + 2
}

LS LT
> «1-sensitive |y, yields flow-sensitive Iy

B What is the necessary S-sensitivities for a desired T-sensitivity?
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Conclusion

Retarget abstract interpreters
using partial evaluation.
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