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1. BF5 P



W& R: ¥ 6 B3I M

o =R A A A AR SRR B R SR L F // File: spatial.c
e S EOE R .
// Bad Practice
i. 42 38 5T 8 7 A 2R for (int k = 0; k < N; k++) {
= // row * column
ii. ¥AT V5 FI4ETF sum += A[i][k] * B[k1[j1;
c HEARMEBA, BHEATMHLE |
(word ) SETFr LA S41E A . // Good Practice
i . for (int k = 0; k < N; k++) {
o RALJR M. ix KALLZ A7 H) F % // row * row
B AL L } sum += A[i][k] * B[j1[k];
i AR v TFAE A D Sk e R AL 1/ A (-03): B.45
-03): 8.46x
i, A TR L 29 -
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P &5 19): AR (Prefetch)

® __builtin_prefetch @iﬁi)’(%%&lﬁﬂ‘zﬁﬁ%ﬁﬁ // File: prefetch.c
KrEmBEZHFF, REREAFRG T AR L _
- // Bad Practice
e for (int 1 = 0; 1 < N; 1i++) {
o RFRTUA R E WA, TRk |, ret s el
% B 18] B SR
// Good Practice
e 54, -fprefetch-loop-arrays .7 YL Al k45 for (int i = 0; 1 < N; i += 4) {
Y% B R HHRIR AR A for (int j = 05 J < 4; ++j) {
__builtin_prefetch(&arr[i + jl);
o ARALJE I : }
for (int j = 0; j < 4; ++j) {
i. FUER BP A B 2 AN 1)1 ret += arr[i + jl;
i, FRB B KD DT A AT -
// tnEE(-03): 1.80x
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2. It



P IRAL: IR T (Loop Unrolling)

o BB R—FE T MMAH K, BT KD // File: unroll.c
AR R FCRAAAR
// Bad Practice

o XFRRALT VLA K F g AR, (B A3 T for (int i = 0; i < N; i++)

AT A KD arr[i] = x;
o R, // Good Practice
for (int 1 = 0; i < N; 1 += 4) {
i YT A A // Suppose N is multiple of 4
i, B SIMDAR AR 3 S R
. . arr[i + 2] = x;
TG arr[i + 3] = x;
i. 3 =3k 4] SR KD }
i. & EZ e AT // ik (-03): 2.38x
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P IRAL: IR T (Loop Unrolling)

BT FHRIEF i, TR Ak [ )
132 A /& IFE

// Good practice

#tipragma unroll 4

for (int 1 = 0; 1 < N; ++i) {
arr[i] = x;

}

// Equivalent

for (int 1 = 0; i < N; 1 += 4) {
// Suppose N is multiple of 4
arr[i] = x;

® #pragma unroll (clang)

® f#pragma GCC unroll (gcc)

arr[i + 1] = x;
arr[i + 2] = x;
arr[i + 3] = x;
}
. J
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1% A 47 (Instruction Level Parallelism)

o IARMATEAIE BT UIE—NEAR M TR Z // File: ilp.c
%%EZ‘?\O

N

‘ ‘ ‘ // Bad Practice
o XEREALNETE S BBNMFE, BMEREEE M for (int i = 0; 1 < N; ++1) {

ATHIRRIR, R T REAEALEE B EAIHATIAT . : ret += arr[il;
o ALJE M - return ret;
i. FATHATEI 4R A AR R % % // Good Practice |
TR AT AN S L R 2 A for (int i = Q; i <N/ 4; ++1) {

a += arr[i][0];

b += arr[i + N/ 4 % 1];
c += arr[i + N/ 4 % 2];
d += arr[i + N / 4 * 3];

}

return a + b + ¢ + d;
// fnEk(-03): 1.50x

. J
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AT AT vs. HIFETT

o A IT: . \
LA AT i 8 2R T A4 A i
ii. Y CPUBAT /X 45 A 01444 arr[i] = x;

o H5ASEA g =
i3 TR RMAE L, Arilp.c ¥ 8y RKAn 1 S Sl S 0

ii. ik R CPUSRTFHATHI 45 A 43K . .
// Instruction Level Parallelism
for (int 1 = 0; 1 < N / 4; ++1) {

a += arr[i];

b += arr[i1 + N / 4 * 1];

c += arr[i + N/ 4 % 2];

d += arr[i + N/ 4 * 3];
}
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AR

o HH vs. S —MRORL, BEER s E A% // File: type.c

o // Bad Practice
o 3ALEEH vs. 6L R e BBz LB R F int8_ t ret;

18, for (int i = 0; 1 < N; i++) {
ret += *(int8_ t *)&arr[il;
o 24 Bk vs. T DB RESRR: — kL, 324 }
LRk e‘j" El R, ]
BHAEAL R // Good Practice
AV B ] - 1nt32_t ret;
* AARR for (int 1 = 0; i < N; i++) {
i AV R B AR 64 A K A s ret += *(int32_t *)&arr[i];
i, R R 32 e Bk R m A F D LR
// hniEEL(-03): 1.68x
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5. AE &



NEREK: TLHE KK (Compiler Intrinsics)

o KZ IR GmiFSIAL T AT HRAF M3 R L
o __builtin_popcount(x): 75 & AT S AR p i) =33t | F 189 L
o __builtin_clz(x): 74 &y $AE A Rz g =3k ] & A7 -F-009 NIX
o __builtin_ctz(x): 73L& % w7 FAEAT b =3 ) o R ERORI AKX
o __builtin_ffs(x): #+3L & Ay S8t R o) =3k ) P ARAL 189 T 4%
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NERE: A
o A B E log2

4 ~N

inline unsigned log2(unsigned x) {
return 31 - _ builtin_clz(x);
}
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WERE: AR

o B —/NIEE R2HIF

é B

inline unsigned is_power2(unsigned x) {
return __builtin_popcount(x) == 1;
}
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WERE A3
o Je—NEEARALEITIE KO

inline unsigned bit_clear(unsigned x) {
int pos = _ builtin_ffs(x); // range [0, 31]
X §= ~(1u << pos);
return Xx;

}
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WFE AL, T T I & (Constant Folding)
o RN hmIERTE, WHBENIFEA

-

// Before Optimization
int x = (2 + 3) * vy;
bool foo = bar & false;

// After Optimization
int x = 5 % y;
bool foo = false;
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WF 5 e REIL® (Algebraic Simplification)

o How: MIERHEHFNIE X
* Division by Invariant Integers Using Multiplication @ PLDI'1994

4 ~N

// Reassociation
int foo = (a + 1) + 2;
int bar = a + (1 + 2);

// Commutativity
int foo = 2 + a + 4;
int bar = 2 + 4 + a;

// Strength Reduction
uint32_t foo = a / 10;
uint32_t bar = (uint64 t)a * 0xCCCCCCCD >> 35;
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WF s 1% B (Constant Propagation)

o Ak— AN EHMEAREYFE, NEINTEZLITFHNE £,

4 N\

// Before Optimization

int x = 5;
int y = x * 2;
int z = alyl];

// After Optimization

int x = 5;
int y = 1@,
int z = al[10];
o J
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ir B IIk: R H B (Dead Code Elimination)

-

// Before Optimization

int x =y xy; // x is dead!
... // X never used

X = Z % Z;

// After Optimization
... // X never used
int X = z * z;
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WmEBRIL: 2 E T REKXNFHHB (Common Subexpression

Elimination)

( N

// Before Optimization
ali = 4] = 1;
ali * 4 + 1]
ali x 4 + 2]

¥
1

// After Optimization
int t = 1 % 4;

alt] = 1;
alt + 1] = 1;
alt + 2] = 1;
N\ J
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WFB ML BIRRE |54 (Loop—Invariant Code Motion)

-

// Before Optimization
while (b) {

z =y /X

... // vy, x not updated
}

// After Optimization
z =y /X%
while (b) {
... // vy, x not updated
t
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&k N\
498 A
e T f: cargo-flamegraph
o MacOS: brew install cargo-flamegraph

o HAbF&: K Fhttps://github.com/flamegraph-rs/flamegraph
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47XT Jr - https://ryani.org/assets/talks/perf.pdf
A4 E: https://github.com/njurui/CPL-2025-Perf



