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5. Conclusion
* Novel approach to invariants generation.
* Plentiful of invariants are the reason why this 
  approach is working with random answers.
* We are currently working on its extension supporting
  quantified invariants.

   Equivalence Query
    1. Check that the guess meets the three conditions to be 
      an invariant.
     2. If not, try to find a counter example.

3. Solutions
3.1. Predicate Abstraction
To find propositional invariant by using the CDNF algorithm which generates only Boolean formula.

Example:

3.2. Query Resolution
Use under/over approximations of the invariant, derived from precondition   , loop guard   , and postcondition   .
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1. Problem : Find an invariant    for the Loop

Invariant must satisfy the following conditions:
       

Example:

             
             Invariant : 

{δ} while ρ do S end {�}

� = (i = 10 ∧ ret)

δ = (i = 0)

ρ

2. Idea : Using the CDNF Algorithm
Exact Learning Algorithm for Boolean formula    
Asks two types of queries:

    1. 

    2. 

λ

Membership Query                 asks
if the truth assignment     satisfies   . µ

MEM (µ)
λ

MEM (µ) = Yes if µ |= λ

MEM (µ) = No if µ �|= λ

Equivalence Query             asks 
if the Boolean formula     is equivalent to   ,  
If not, the teacher returns a truth assignment as 
a counterexample.

EQ(β)
β λ

EQ(β) = Yes
EQ(β) = No

if β ≡ λ

Programming
Research Laboratory

A.
B.
C.

δ ∧ ρ ⇒ I

I ∧ ρ ⇒ Pre(I , S)

I ∧ ¬ρ ⇒ �

I

while  i < 10 do

   r := random();

   if r != 0 then i := i + 1

end

S

i < 10 ∨ (i = 10 ∧ ret)

bi<10 ∨ (bi=10 ∧ bret)i < 10 ∨ (i = 10 ∧ ret)

be the resulting parse stacks for the code fragments x and y. The
parse stack p for the concatenation x.y is computed as

p = parse(pinit , x.y)

= parse(parse(pinit , x), y)

= parse(px, y).

However, what we have is py = parse(pinit , y) not parse(px, y).
The parse(pinit , y) is the parse stack after parsing y from the initial
stack not from the px stack. We cannot directly compute p from px

and py .
Abstracting the code c into the parse stack transition function

λp.parse(p, c) solves the above concatenation problem elegantly.
Let fx and fy be the parse stack transition functions for code
fragments x and y respectively. Then we have

fx = λp.parse(p, x)

fy = λp.parse(p, y).

With the two parse stack transition functions fx and fy , we con-
struct the parse stack transition function fx.y as follows.

fx.y = λp.parse(p, x.y)

= λp.parse(parse(p, x), y)

= (λp.parse(p, y)) ◦ (λp.parse(p, x))

= fy ◦ fx

3.4 Concrete Parsing Semantics
Using the abstraction from Code to P → P , the Galois connection
2Code −→←−

α

γ
VP = 2P→P is established as follows.

α = λC.{λp.parse(p, c) | c ∈ C}

γ = λF.
[

f∈F

{c | ∀p ∈ P.parse(p, c) = f(p)}

Concrete parsing semantics is derived from the collecting se-
mantics as follows.

P = the set of parse stacks

VP = 2P→P

σ ∈ EnvP = Var → VP

[[e]]0P ∈ EnvP → VP

[[f ]]1P ∈ EnvP → VP

[[x]]0P σ = σ(x)

[[let x e1 e2]]
0
P σ = [[e2]]

0
P (σ[x �→ [[e1]]

0
P σ])

[[or e1 e2]]
0
P σ = [[e1]]

0
P σ ∪ [[e2]]

0
P σ

[[re x e1 e2 e3]]
0
P σ = [[e3]]

0
P (σ[x �→

fix λk.[[e1]]
0
P σ ∪ [[e2]]

0
P (σ[x �→ k])])

[[‘f ]]0P σ = [[f ]]1P σ

[[t]]1P σ = {λp.parse action(p, t)}
[[f1.f2]]

1
P σ = {p2 ◦ p1 | p1 ∈ [[f1]]

1
P σ ∧ p2 ∈ [[f2]]

1
P σ}

[[, e]]1P σ = [[e]]0P σ

4. Abstract Parsing
4.1 First Step Abstraction : Value VP̂ = 2P → 2P

First, we abstract the concrete parsing domain VP to VP̂ = 2P →
2P by establishing the Galois connection VP −→←−

α

γ
VP̂ where

α =λF.λP.
[

p∈P

{f(p) | f ∈ F}

γ = λF.
[

{S | α(S) ⊆ f}.

Then we derive the abstract semantics for this domain as follows.

σ ∈ Env P̂ = Var → VP̂

[[e]]0P̂ ∈ Env P̂ → VP̂

[[f ]]1P̂ ∈ Env P̂ → VP̂

[[x]]0P̂ = σ(x)

[[let x e1 e2]]
0
P̂ σ = [[e2]]

0
P̂ (σ[x �→ [[e1]]

0
P̂ σ])

[[or e1 e2]]
0
P̂ σ = [[e1]]

0
P̂ σ ∪ [[e2]]

0
P̂ σ

[[re x e1 e2 e3]]
0
P̂ σ = [[e3]]

0
P̂ (σ[x �→

fix λk.[[e1]]
0
P̂ σ ∪ [[e2]]

0
P̂ (σ[x �→ k])])

[[‘f ]]0P̂ σ = [[f ]]1P̂ σ

[[t]]1P̂ σ = λP.Parse action(P, t)

[[f1.f2]]
1
P̂ σ = [[f2]]

1
P̂ σ ◦ [[f1]]

1
P̂ σ

[[, e]]1P̂ σ = [[e]]0P̂ σ

where Parse action : 2P → Token → 2P is the natural set
extension of parse action:

Parse action = λP.λt.{parse action(p, t) | p ∈ P}.

Abstract semantic function [[·]]0
P̂

is used to check whether gen-
erated codes conform to the grammar. For the given program e, we
compute

S = [[e]]0P̂ σ0{pinit} : 2P

where σ0 ∈ Env P̂ is an empty environment. Then we compare
S with {pacc}. If they are equal, we conclude that the generated
codes in the given program conform to the grammar. Otherwise,
the analysis concludes that the program may generate syntactically
incorrect code.

4.2 Parameterized Framework
We generalize the analysis by parameterizing abstract domain. In-
stead of abstracting the powerset domain of parse stack 2P into
a particular domain, we provide conditions which the abstract do-
main should satisfy. Then we define semantic function on the ab-
stract parsing domain.

Definition 1 (Abstract Parsing Domain). V � = D� → D�
is

an abstract parsing domain if an abstract domain D�
satisfies the

following conditions.

1. �D�,�,�,⊥D�� is a CPO.

2. Powerset domain of concrete parse stack 2P
and its abstract

domain D�
are Galois connected via α2P→D� and γD�→2P .

3. Parse action�
: D� → Token → D�

is a sound approxima-

tion of Parse action . That is, we have

∀P ∈ 2P .∀t ∈ Token.

α2P→D�(Parse action(P, t)) � Parse action�(α2P→D�(P ), t)

δ ρ �

Over Approximation ρ ∨ �

4. Experiment Results
For some Linux device drivers and SPEC2000 benchmarks.

Program LOC AP MEM EQ Random Restart Time (sec)
] ide-ide-tape 16 6 18.2 5.2 4.1 1.2 0.055

ide-wait-ireason 9 6 216.1 111.8 47.2 9.9 0.602
parser 37 20 6694.5 819.4 990.3 12.5 32.120

usb-message 18 10 20.1 6.8 1.0 1.0 0.128
vpr 8 7 14.5 8.9 11.8 2.9 0.055

Under Approximation δ

{

Restart!
Cannot find a counter example.

No, 
with found a counter example.

No

No

Random answer does not break soundness, because we always 
check the three conditions when we resolve equivalence 
query.

Yes / No

No

Yes

Unknown

Random Answer

if β �≡ λ ∧ (µ |= β ⊕ λ)

GuessGuess
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연구 계획1 동기 및 목표 2

3-D

실험 결과3

3-D

계획 
- 분석 시간에 결정적 영향을 주는 요인 찾음
- 분석 시간을 잘 설명하는 비용 함수 도출

- 기계학습을 이용
- 프로그램이 주어지면 분석 전에 미리 영향 요인의 
값을 계산해 비용 함수에 대입

결론4
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PGM\Factors absLoc loc var glb var ret var param procs rec blocks loops join-pointanal time
httptunnel-3.3 1828 430 1398 429 214 73 6 1895 34 342 5.7
barcode-0.96 2003 323 1680 435 86 55 0 1930 69 493 7.4
less-290 3311 499 2812 676 325 305 31 7801 154 1402 548.1
less-382 4411 695 3716 872 417 376 55 10233 230 1788 2159.3
proxyknife-1.7 2241 511 1730 628 361 37 0 1149 17 379 4.2
sed-4.0.8 7549 2743 4806 1110 791 235 18 13819 236 2984 171.9
time-1.7 492 100 392 114 28 11 0 314 8 49 0.2
archimedes-0.7.0 2973 954 2019 923 51 36 0 3182 335 848 7.8
bc-1.06 2062 601 1461 376 192 114 7 4703 134 777 104.5
grep-2.5 3217 751 2466 649 307 128 13 5860 260 1515 32.4
wget-1.6 6199 1610 4589 1550 413 208 14 10778 634 2245 303.7
make-3.76.1 5552 1543 4009 1224 389 171 67 9672 420 2154 3722.9
tar-1.13 5363 1142 4221 1478 358 209 20 9461 218 1775 1117.0
wget-1.9 8747 2479 6268 1931 805 352 16 13582 766 2944 576.4
bison-1.875 9788 3381 6407 2042 1077 394 4 11108 69 2623 133.7

- 분석 시간의 결정적 요인: value join 횟수
- 그러나 value join의 횟수는 정적 분석 전 알 수 있는
정보가 아님
- value join의 횟수를 어림잡을 수 있는 방법을 찾거
나 

해야할 일 
- 보다 면밀한 실험으로 영향 요인 찾아야 함
- 기계 학습 등으로 비용 함수 도출

- 정적 분석 전에 알 수 있는 
정보와 분석 시간을 뽑아냄

- 현재 각각의 요소들과 분석 
시간 사이에 뚜렷한 상관 관계
를 찾지 못한 상태

-이밖에 cycle 개수, cycle 크기,
nested-cycle 깊이, def-use 
개수, def-use chain 최대 길이
등의 요소를 포함해 실험해 
볼 수 있음

value join 횟수

분석
시간


