Sample Program

int a, b, ¢, d, X, Yi
int temp3;

void main() { void P() {
a = 10; int templ = a + b;
b = 20; int temp2 = ¢ - d;
c = 30; temp3 = X - a;
d = 40;
if (templ > temp2)

X =a+ b} use(templ);
Yy =¢ - d; else
e use(temp2);

X =a+ b; }

P();
} else {

y=c - d;

X = C}

Pl
}
use(temp3);

int result = x + y;
use(result);

What is SLIM?

« Instruction-Level abstraction over LLVM IR suitable
for performing program analysis
* Features
o Hiding Verbosity (debug and alignment
information)
o Assignments depicted as use-def instead of
memory loads/stores
o Field and array accesses depicted directly as
pointer accesses instead of GEP
* Uses
o VASCO (interprocedural analysis using value
sensitive contexts)
o CoS-SSA

Global Value Numbering

« Unique Value Assignment: Assigns unigue numbers
to equivalent expressions globally

« Detects Deeper Redundancies: Detects
redundancies beyond CSE

» SSA Dependency: Relies on SSA form for accurate
analysis, and applies interprocedurally

« Optimization Scope: Enables optimizations like

redundancy removal and copy propagation

Future Work

= SLIM:
@ Support for Transformations
o Reverse Mapping to LLVM IR

o Supporting CoS-SSA APIs (e.g. adding CoS-¢
nodes)

* GVN:
o Use SLIM to perform GVN interprocedurally
o l#e CoS-DU to get a more optimized program
- than interprocedural GVN
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2 b=20;
<. =30,
4. d = 40;
5 x=a+b;
8 y=cd;
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13. useftemp3),
14, result = x4+y;
15. use{rasult);

§ Functlon Attes: nolnline mounwind wetable
define dso_local wold @P() #0 Idbg 128 {
entry:
%j = load 132, 132* ga, align 4, Idbg 130
%11 = losd 132, 132° @b, align 4, idbg 131
wadd = add ndw 132 Wd, %il, ldbg 132
call void @live.dbg.value[setadata 132 Sadd, metadata 133, setadata !DIExpressionf}), ldbg 134
%12 = load 133, 432* @c, align 4, idbg 133
%13 = Load 133, 132* gd, align 4, ldbg 136
sgub = sub nAsw 132 %12, w13, fdbg 137
call wold @llve. dbg.valee (setadata 132 vswb, metadate |38, metadata |DIExpressioni)), Idbg 134
“cmp = lomp sgt 132 %add, %sub, !dbg 139
br 11 %emp, Llabel %if.them, label %if.else, Idbg 141

Af.than: i preds = wentry
weall = call 132 (18*, ...) Buse(i8" moundef getelementptr inbounds
(13 < 48), 13 x 4B)" @.str, 184 0, Q64 0), 132 moundel %add), |dbg 142
br label sif.emd, ldbg 142

if else: I preds = SEntry
wcalll = call 832 (i8+*, ...] @use(iB* moundel getelesentptr inbounds
(03 = 18], [3 x i8)* @.str, 184 0, 184 B}, 132 rowndef “Sub). ldbg |43
bir lebal %4f.end

if.end;
ret void, ldbg |44
}

P ll'lﬂi = %if.else, ulf, then

Optimization + DU Form
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(15, kg = 9lxz, xg); )
18. yy = ®ly. ¥l
17. use{tompd, )
18, rosulty = Xy + ¥y}
| 19. use(rosuty); )
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1 lompl = by,
2 lempdy = oy-dy;
A lempdy = Ky - 8y

1. @y = 10
2. by = 20;
3. gy =3
4. dy = 40;
5. %y = @+l
6.y =cy-dy;

10. ¥y mey-dy;
1. 23 = 84;
12 PD:

[ B.xg=ay+by; ]
8. PQ;
v

(13, x4 = $lxg, xg); )
14 yy = Dy ¥abi
15. usa(tempd, );

18. resully = Xg + ¥a:

17, use{resulty);
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LLVM Output SLIM Output

[program.c] Function: P
Basic block B: entry [Predecessors: [])
[B][7] i P =8

(1][7] 411 P =1

[2]17] add P = 1_P + 11 P

[3][8] {2 P=¢

[4][8] 13 P =4d

[5118] sub P = 42 P - 13 P

[61[9] cmp_P = add P > sub P

[71[9] branch [cmp_P) if.then P, if,else P

Basic block 9: if.then_P (Predecessors: [entry])
[B][src: 18] call P = call printf(,str, add_P)
[9]1118] branch if.end_P

Basic block 10: if.else P (Predecessors: [entry])
[19)(src: 12] colll_P = call printf{.str, sub_P]
[11]branch if.end_P

Basic block 11: if.end_P (Predecessors: [if.else P, if.then_P])
[12]10114] return

CoS-SSA Form
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