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효과적인 컴파일러 힌트로 빠르게 컴파일러 검산기 만들기

InstCombine 검산하기 : 힌트 생성 및 검산

1) 컴파일러 결과 검산 연구는 오랫동안 진행되어 왔다. (GCC, CompCert 등) 
2) 하지만 검산기 구현에 걸리는 시간 + 검산기 동작 시간 모두 너무 오래 걸린다. 
3) 효과적인 컴파일러 힌트로 빠르게 검산기를 만들고 동작 시간도 빠르게 하자!

최종 목표: Simulation 증명

- 하나 혹은 두 개의 명령어를 최적화하는 
간단한 최적화의 모음 (약 400개) 

- 지금까지 가장 많은 버그가 검출됨.

read x!
!

!

y = x + 1!
!

!

z = y + 1!
!

!

print z

read x!
!

!

nop!
!

!

z = x + 2!
!

!

print z

InstCombine 최적화 단계?

변수 y 가 앞으로 사용되지 않는다면 
아래 최적화가 가능!

D = �, E
s

= E
o

= �, R = none

D = {y}, E
s

= {y = x+ 1}, E
o

= �, R = none

D = {y}, E
s

= {z = y + 1}, E
o

= {z = x+ 2}, R = AddAssoc

D = {y}, E
s

= E
o

= �, R = none

- 힌트는 각 프로그램 라인마다 생성된다. 
- 힌트는 세 가지로 구성 

 * MayDiff(D) : 값이 다를 수 있는 변수 
 * Equations(E) : 변수 사이에 성립하는 등식 
 * InfRule(R) : 어떤 최적화를 사용했는가

검산을 위한 힌트 생성

- 현재 지점 직전까지의 조건(pre-condition)과 
현재 명령어를 조합하여 힌트로 제시된 

post-condition을 만족할 수 있는지 확인.

검산: Post-condition 확인

y = x + 1 명령어가 정의됨

AddAssoc 룰에 의해 
z 값이 같음을 알아냄

동일한 명령어이므로 
검산할 것이 없음

- 최적화된 프로그램이 원래 프로그램의 의미를 따른다는 것을 증명하고 싶다. 
- 의미 : observational behaviors 가 같다. 

(read/write 와 같은 system call 에서 같은 행동을 한다)

(source) (optimized)

10 : read x read x

11 : y = x+ 1 nop

12 : z = y+ 1 z = x+ 2

13 : print z print z

MayDi↵ Equations InfRule

10: � src : �, opt : � �

11: {y} src : {y = x+ 1}, opt : � �

12: �

src : {z = y + 1}
opt : {z = x+ 2} AddAssoc

13: � src : �, opt : � �

Figure 2. Hints for the validation of an optimization

satisfy. Figure 2 represents an example of constructed hints. A
simple optimization using an associativity of addition is applied
to the line 11 and 12. At the line 11, we get hints that y can be
different between the source and optimized code and y = x + 1

should be satisfied in the source code. A hint at the line 12 indicates
that z should have the same values (since MayDi↵ does not contain
z) due to the AddAssoc inference rule.

3.2 Validation process
Once we get hints for each program point, the validator checks
whether all post-conditions are correct or not. For example, on the
above code and hints, a post-condition at the line 12 is correct
since we can derive the values of z is equal with following steps
(variables in the source and optimized code are annotated like x

s

and x

o

, respectively):

1. x
s

= x

o

since MayDi↵ does not contain x.
2. y

s

= x

s

+ 1 since Equations contains it at the line 11.
3. z

s

= y

s

+1 and z

o

= x

o

+2 since Equations contains it at the
line 12.

4. z
s

= y

s

+ 1 = (x

s

+ 1) + 1 = x

s

+ 2 = x

o

+ 2 = z

o

.

Note that above proof steps are stored with the name AddAssoc, so
the validator can prove the correctness of post-conditions easily.

3.3 Simulation
The final goal of the validator is to prove the simulation relation
between states in the source program and those in the optimized
one, which is stated as follows:

Definition 1 (Simulation). A relation R is called a simulation for
a set of events E if it satisfies a following condition.
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Note that an above statement indicates that in a simulation
relation if a state in the source program proceeds to the error state,
a state in the optimized program can proceed to any states.

4. Case Studies for Corner-Cases
In this section, we present two corner-case optimizations that can
be adapted to our framework.

4.1 Invalid instructions
In some cases, an optimization pass translates a specific instruction
into a seemingly-unrelated instruction. The translated instruction,

in this case, acts as a mark for assigning its actual optimization
to other passes. For example, in the InstCombine pass, when an
invalid instruction is detected, it simply translates the instruction
into store null.

(source) (optimized)

10 : free undef store null

MayDi↵ Equations InfRule

10 : � � Error

Figure 3. Optimization of an invalid instruction and its validation

To handle this convention, we regard that all invalid instructions
proceed to the error state. As shown in Figure 3, when an invalid
instruction like free undef is translated into store null, we
give an inference rule Error to help the validator to recognize the
invalid instruction. According to the definition of the simulation
relation, this translation does not break the relation since it properly
handles the error state as explained in Section 3.3.

4.2 Memory instructions
A number of micro-optimizations in InstCombine translate mem-
ory instructions, so they must be handled with proper memory mod-
eling. For example, as shown in Figure 4, one micro-optimization
removes the redundant store instruction at the line 10 if there are
no memory instructions before detecting the next store instruction
for the same pointer. In this case, we give two inference rule hints
named LockMem and UnlockMem, and validate indeed there are
no memory instructions between two points.

(source) (optimized)

10 : store a, p nop

11� 19 · · ·
20 : store b, p store b, p

MayDi↵ Equations InfRule

10 : {⇤p} � {LockMem}
11� 19 · · ·
20 : � � {UnlockMem}

Figure 4. Optimization of an invalid instruction and its validation

5. Conclusions
We designed a validation framework for the InstCombine optimiza-
tion pass in the LLVM compiler. The compiler constructs hints
which are in fact post-conditions that each program point should
satisfy. Once the validator succeeds to check all post-conditions are
satisfied, we can prove the optimized program simulates the source
code.
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예제에서는 “print z” 의 행동이 
같은지 증명하면 됨. MayDiff 에 z가 없
으므로 z값이 같음. 따라서 증명 가능!


