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CPU= BYHOIS EHAIEE N2 : :

ZQ EHA: Fetch, Decode, Execute

: 02 HHEo| SA| K2

: [F ]1[D1] [D2] [EX] [WB]
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2
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<
)
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[F ][D1][D2] [EX] [WB]
[F ][D1] [D2] [EX] [WB]

The i486 Pipeline Five instructions going through a pipeline at the same time.
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O SO DS SAI0 50 2= IH0I2ctelS Aot S5 e sdS 01F= S
24 &= UASLICH


https://commons.wikimedia.org/wiki/File:Pipeline_MIPS.png
https://www.gamedev.net/tutorials/programming/general-and-gameplay-programming/a-journey-through-the-cpu-pipeline-r3115/
https://www.gamedev.net/tutorials/programming/general-and-gameplay-programming/a-journey-through-the-cpu-pipeline-r3115/
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Branch Delay

Source:
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https://levelup.gitconnected.com/how-does-the-processor-can-predict-the-next-instruction-to-execute-a28336edaeba
https://levelup.gitconnected.com/how-does-the-processor-can-predict-the-next-instruction-to-execute-a28336edaeba

PyConKR 2025

Branchless Programming
2. CPython?2| $H4|

CPython?2| Overhead

CPython VM(Bytecode decode)
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0 B
opcode = NEXTOP() ;
(opcode) 1
TARGET(NOP) : {
DISPATCH() ;

(LOAD_CONST) : {
*value = GETITEM(consts
PUSH (value) ;
DISPATCH() ;

NEXTARG()) ;

GET(STORE_NAME) : {
NEXTARG()) ;

int err = PyObject_SetAttr(f->f_globals, name, v);

Python Lists | The Ultimate Playbook

List = [23, ‘UNSTOP’, 11.34, ['Quiz’, ‘Upskill']]

Listfo]  List[1] List[2] List[3]

They are mutable and ordered collections of data that can store
heterogeneous data types.
Source :

IR CPU2E =10l CHoll &8 = EXSLICH (I A branchless programming=S
otcdA™ ==0oH0F ot= Python~| SEHOll CHolt &HECIE = ot SLICH CPythong
Python2 & &M Z, A4 DEE BIOIEDZEZ BHE6t 5§ CPython JH&t
OIalOA A eLICH. Ol PX*OHA-I BIOIEZEE CIDY6tH 2 210t 40l
el A DE 20 FOtAEQ QU6 E0t M2 LICH JtE LEE ZE= CPython?
bytecodeE CIZ2E6ls 282 2= HAHGID USLICH = E 2 opcodeES
Hd 2012 dAtot) AEicte S &l & = UASLICH Bt &8t OtLl et
Python2 S& EIQ A0 SHA S|AEQ 22 A0l CHest EfQ0l Z&HE 5
UON, O SZOICH EtY ZBAIE =3ote QUHEI EMELICH &% 0I0IKl=
IOl 2IAE L O EFY 0l UAS = U= 202 EES EHSLICH GO0
JhHI K| 24206 (GC)DH M QI I2IE 2(GIL)E AS0l IS 01X 2ALLICH


https://github.com/python/cpython/blob/main/Python/ceval.c
https://unstop.com/blog/python-list
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opcode = NEXTOP() ;
(opcode)

\RGET (NOI

DISPATCH() ;

ARGET (LOAD_CONST) : {
PyObject *value = GETITEM(consts, NEXTARG());
PUSH(value);
DISPATCH() ;

ET(STORE_NAME) : {
PyObject *name = GETITEM(names, NEXTARG());
PyObject *v = POP();
int err = PyObject_SetAttr(f->f_globals, name, v);

Python Lists | The Ultimate Playbook

Py_DECREF (value) ;
DISPATCH() ;

List = [23, ° TOP’, 11.34, ['Quiz

List[0]  List[1] List[2] List[3] " e , opcode) ;
goto error;

They are mutable and ordered collections of data that can store
heterogeneous data types.

Source:

XN &= 0l = CPython2l runtimelt =& Et2 2| overheadE ==30t0{ LHO[M Ofl A
branchless programming= & ol £¢ei) &LICt.


https://github.com/python/cpython/blob/main/Python/ceval.c
https://unstop.com/blog/python-list
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if-elseLt switch 22 £ =2, = 2JI18 zA&06tL MHote 22 04T
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from typing import List

def branched_abs(numbers: List[int]) -> List[int]:
return [(-num if num < O else num) for num in numbers]

def branchless_abs(numbexrs: List[int]) -> List[int]:
return [(num + (num >> 63)) ~ (num >> 63) for num in numbers]

numbers: List[int] = [-5, 5, 0, -3]
print("Branched:", branched_abs(numbers))
print("Branchless:", branchless_abs(numbers))

o Ob

Ol Xl branchless programming?| =R J|g= A4 HEWSLICH. 2J1E2 MHSHI| 2ol
OHcd JHX 2EHE MEELICH HIIA 230l AL25 = code=S2 OloliGHAID EGHA
python@ 2 EUKXIt =ETEZ M2UGHAIH E2SIH ZSLICH Ol&0 2S5

C 2l 2 pythonl| StHZ QIa 0| 2E==2 &AMl branchless programmingO| & X| 2
gHLICt.

HAMZ HIEA A 2HO| JUASLICEH I
F2IIE ABLICH HAIZ BSGL HA
sign 8t= maskZ negatest ol= ZAS & IHALICH 2I1E AtEot= 9
DE = if2 elseE list comprehension LHM AZSHH &0 2J18 LA AIZILICEH.
ZJ18l= R E= &b operation, bit operation@ & ZJ1E WX SLICEH.

XHE2S =2 Hate =z A ol
branchless= HtZ [ 64bit int 2

1> 110

o
[
—

=

09 im
0 0 >

tD
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from typing impor

def branched_parity(numbers: List[int])
result = []
for num in numbers:

-> List[int]:

count = 0
n = num & OxFF
thile n:
count +=n & 1
n>>=1
result.append(count % 2)
return result

PARITY_LUT = [0, 1, 1, @, 1, 0, ©, 1, 1, ©, O, 1, 0, 1, 1, 0]

def branchless_|
etu [
PARITY_LUT[ (num & 0xF)]
for num in numbers

parity(numbers: List[int]) -> List[int]:

A PARITY_LUT[(num >> 4) & 0xF]

numbers))
r blanchless _parity(numbers))

Weave with Python

bhS=2 S HOoISgLUC. S8 HOI==2 0l2l A= j:’J_|'E HIOISOl M&oH =2
HAE SYLILEH GIAIZ 4bit SSHIOISZ HISEl A& XXt HHE 24 +=
AqUsLICH =210t A= ZE== 01 84 tIIEE E“E =l S20HRE 2JI=
Eoloty ASLICH 0l Hioh 2218l ZE= 02l A& = SESHO0ISW 404 =0t
Hatoz ZJ|1E gl HsS el otd = ‘EA'T;LI Ct. Opcode CIJ_O' OlLt &==HIOI=
22 = U2 DAZA ERE FR0 = SYHO0IS2 20l AEE LI
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typing import

hed_max (pairs: le[int, int]]) -> List[int]:
1 [aifa>=b or a, b in pairs]

ist[Tuple[int, int]]) -> List[int]:
[((a + b + abs(a - b)) // 2) for a, b in pairs]

pairs: ST HnE e E=SR(STRG) P (2P 7))
print branched_max(pairs))
print("Branchl ', branchless_max(pairs))

» (-1, ), (4, 4]

Ifazb,then]a—b\:a—b,so:w:%’

Ifb>a,then|a,—b\:b—a,so:%*w

MIH T 2 = arithmetic & 4t 2 2 branchless programming2 & ot= 28 & LICH
if@ oLt =0/21 1) operationS & FItet EA S 24 = USLILC.
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for (inti=0;i<N;i++)if (ali] < P) s += ali]

—— branchy
—— branchless

[
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o

c
=]
S
©
(i
9]
=
=
o
o
0
9
]
>
(O]

L 7t=d A3t

IS

CIHZ o243
LR SAHM HZEX
40 60
Branch probability (P)

Source:

Branchless programming2| &&= AJHol =2l &LICH. Branchless
programming? ¥E 2= )| (IS AIHE =0 2= AHOIA0 &=
SAAITILD, A AIZES OIS JlsSotAH 22E= 0| JUSLICH Ol= A Al
ANAENAN Sol REELICH BHH, HEOZ = HIE HAQILF SEE Al M2
Olo ZE =S40l EHE = %'%LIEF.ié CIHZO0l HARKK D, 22 D+F
A M= 4= 01&80] 0101 = i’iﬁu Ct. MetA BE Al —|—~|7P ZQEHLIC.
PEE IIEE= branchless ZZ )& branched J|E8 2] 4=5X01E 2 SLILC.
gt 2|2 P I 20 2018le 2DE= L8E M=0| Jisst s
BHF1D USL EP gl AAIZ2E AIAEOI A jitterLt spike)t 251 H Ote| =

o
. S —
=0 BEol /\P%% = AU


https://en.algorithmica.org/hpc/pipelining/branchless/
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array

Pure Python2 Branchless Programming

Pure Python: Branchless 27t

: S EQ, OlE{Za|E QHS|= :

‘ 12.23, 13.32, 100, 36.32

ok: Numba, MAE}R!

: Hm A0{Z Branchless 79

Source:

Branchless Programming% CPU Z2JI1E€ 20 &= =0l= J1geldl, ol Ml
USCEHZ == PythonfiiAM= S5 EtY, AIHZCIH BHGHE, A2 A

11
SJI2 FE0 HESLICH. S& B2 HEFY0l Bl S 280l WE 2012
FEotl, elHECIHe M==Z& MW E M&totL. 5tAIEH Numbalt array Gl Ol E
AtZotH Z oY O*O1X-I 8 S X0l Branchless 255 248 4= ASLICT.


https://docs.python.org/ko/3.13/library/array.html
https://www.w3resource.com/python-exercises/numpy/python-numpy-exercise-2.php
https://www.w3resource.com/python-exercises/numpy/python-numpy-exercise-2.php
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Branchless Programming®| $t7|
2H CPU| HH workload £7|01FE 95%
XItHAMOZ olst

Hoteeof (Xst 1

Source:

& branchless programming2 2tH S X[ 20| & = SASLICH 0|0l 2E CPUNIA =
H S workloadOll A 0101 95%2 2JI0=&2 It LD JASUICH A 8i0lE
HEEHEo ds2 B&0| &LICH 8t branchless programmingS SHH =t HAHO
Z R0 @0 96|31 50| RO0KlzE RE JUSLICH e ArE &
benchmarkOl & Z R &fLICt.


https://www.intel.com/content/www/us/en/products/details/processors/xeon.html
https://www.intel.com/content/www/us/en/products/details/processors/xeon.html
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for (inti=0;i<N;i++)if (ali] < P) s += ali]

—— branchy
—— branchless

[
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©

c
=]
S
©
(i
9]
=
=
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o
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9
]
>
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40 60
Branch probability (P)

Source:

\J
s

HE 2Ol AIEE = @832 J8s ERE, &AlZEAIAE, Jei® Mel, Ag A&
20l 80| i< sRst FLYLICH YSERX0| branch prediction0] 010] &
0 U= BRI US = U1D FIH HA0| L0l 8= Mot & = UASLICH &8t
S&st ZEZ Qo RANExI HARFE == ASLICH BE M BIEA| BIXIOIZ S
Sol &= XI0IE =ClolioF &LICH £, 2L As22 2IIE 2 EHE =+
U= LT YU 2 012 DAHMNOF StLICH CIAWEEZ 2&e 8 EE HlWE
2t AsUTH


https://en.algorithmica.org/hpc/pipelining/branchless/
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import numpy as np
from numba import jit
import numba.types as types

ted LU or t 1tri fo
PARITY_LUT = np.array( [0, 1, 1,001,001 1o, 0, 1, 0, 1, 1, @l, dtype=np.int64)
GlA| HIAE 1
@jit(nopython=True)
L
8 bit panty HASH= Sk def ty(numbers: np.ndarray) -> np.ndarray:
result = np.empty(len(numbers), dtype=np.int64)
for i in range(len(numbers)):
! count = 0
Numba SIMD disable n = nunbers[i] & OxFF
while n:
count 4= n & 1
n>>=1

Branched: 8 bit loop ribien O R 5

return result

Branchless: Look up Table At s BrEhikss i
nopython=True)
ranchless_parity(numbers: np.ndarray) —> np.ndarray:
esult = np.empty(len(numbers), dtype=np.int64)
for i in range(len(numbers)):
num = numbers[i]
result[i] = PARITY_LUT[num & 0xF] ~ PARITY_LUT[(num >> 4) & 0xF]
return result

1: 00000001, 3: 00000011, 5: 00101

numbers rray([@, 1, 3, 5, 255], dtype=np.int64

4:", branched_parity(numbers)) utpL
branchless_parity(numbers))

Ol Xl python2 2 branchless programmingS &0 2212 &LICH MAIZ 8 bit
array2| bit count& 0| = & 01X H&tSt= &2 = branch, branchles=
80t BlwolE2ed ) &LICH €A LSERA X0l python2| interpreter 2t
SHEAQ StHE ==30tI| /A numball jitdt numpy2l EXEUIE 2
AMEMHSLICH. popcountE ot= HEHO| HHH U=AH= L X8 branchlessE & Al
HHCEC|D] RASE tlAlct) M2AoH=AH £ESH Z5LICH Branched 2812 22
8bitE loop =0 1 bit2| H+E StLIA M= A LICH Branchless 282 00|
H & &l 4 bit parity™ 2 E Look up table2 AFE0H0 & 4bit2] Z2 U E &6t=
8tAIQILICH. Nested loopdt Si=dE & &= USLICEH 20I/Y= HIWE fIdHA
numball SIMDZ Y sS& 2 111 HIAEE XAHI}MSLICH. Branchless
programming2 & Hl 28E St &0 [ Ol=2 IHEEIE HIAESHIIRIHA
S HHE MEBOUGIES ;SLILC.

ot
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3. Branchless Programming 27 3! PythonL{ 7%

Branched Parity Assembly movzbl (%r8,%rll,8), %ebx
xorl %esi, %esi
And, add, shift right Et& St b by
je .LBBO_12
H|W = jmp movq %rbx, %rdi
.p2align 4, 0x90
.LBBO_10:
movl %ebx, %ecx
andl $1, %ecx

n = numbers[i] & OxFF addqRsro s

) shrq %rdi
while n: cmpq $2, %rbx

count +=n & 1 movq %rdi, %rbx
1 jae .LBBO_10

) andl $1, %esi
result[i]l = count % 2 g 1o:

movq %rsi, (%rle,%rll,8

n >>=

Branched 2 &2 AR =Y LICH. 1 & e SE &= 8bitE loop=MH 2 bitE
ol

Aot F=2YLILH
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Branchless Parity Assembly

ZHE jmp7t SlS num = numbers [i]
result[i] = PARITY_LUT[num & 0xF] ~ PARITY_LUT[(num >> 4) & 0xF]

(%r10,%rdx,8), %rbx
%ebx, %edi

$15, %edi

%xrbx

$120, %ebx
%rbx,%rsi), %rbx
(%rsi,%xrdi,8), %rbx
%rbx, (%rll,%rdx,8)

S0 2¢
UL HESE & 4 UUSLICH ZAHAE . JIE SQ6 282 TAHEL jumplt
SSLICH. = branchdt QiCe 242LICH
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Performance Comparison: Branched vs Branchless Parity
= —e— Branched Parity
Perfo rm a nce H | 45 Branchless Parity

8~ 11 &5 RAE

O]
©
i
%
@
=]
w
]
2
§
S
8
L
P
£
£
<
=
]
2
o
2
&
»
&
I
$
<

104
Array Size (log scale)

ZI0h 1M E=2] 2l0I= &S boostE = &= UsLILH

rr
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OflAl HIAE 2

CTZ(Count Trailing Zeros) 7|4t S R e TS () 5 (ENEp

sult = np.empty(len(numbers), dtype=np.int32)
r i in range(len(numbers)):

Numba SIMD disable X7 umperstil

result[i] = 32
continue

Branched: 32 bit loop

result[i] = count

Branchless: Look up Table AtE R R

@njit
def ctz_branchless(numbers: np.ndarray) -> np.ndarray:
result = np.empty(len(numbers), dtype=np.int32)
for i in range(len(numbers)):
x = numbers [i]
is_zero = int(x == @)
isolated FFFFFFFF - x + 1) I
hash_v; olated % MAGIC) & OxFFFFFFFF) >> 27
ctz_val = DEBRUIIN_LUT [hash_vall
result[i] = (1 - is_zero) * ctz_val + is_zero * 32
return result

S B Ol A2 LICH. Count Trailing Zerosct= & A LICt. integer2| Least
Significant Bit 00| ZIOHCIX| Hl4&GHE AR, =8t 2SS, =, &5
2s S0l A== LICH

I Numba®l SIMD Z 1} &&= disable ! S LILCEH.
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movl $32, %esi
movl $32,
testq %rbx, %rbx
je .LBBO_12
xorl %ecx, %ecx
testb $1, %bl
jne .LBBO_12
xorl %ecx,
movq %rbx, %rdi
.p2align 4, 0x90
.LBBO_11:

incl

shxq %rdi

testb $2, %bl

movq %rdi, %rbx

je .LBBO_11
.LBBO_12:

movl %ecx,

f%ecx

Branches CTZ Assembly

%ecx

for i in range(len(numbers)):
X = numbers[i]
if x == 0:
result[i] = 32
continue
count = @
while (x & 1) == 0:
count += 1
X >>= 1
result[i] =

J%becx

%110,%r1l,4)

count

[e]]
=

Branched &f =2 (& =clZLICH. W= Hd dlwet HXZIt

= UASLICH

Weave with Python
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movl $32, %edx
01|A| E“ﬁE p) testl %ebx, %ebx
je .LBBO_10
blsil %ebx, %edi
imull $125613361, %edi, %edi
shrl $27, %edi
movl (%r8,%rdi,4), %edi
.LBBO_10:
movl %edi, (%rcx,%rsi,4)

for i in range(len(numbers)):
X = numbers[i]
is_zero = int(x == 0)
isolated = x & (OxFFFFFFFF - x + 1) , but
hash_val = ((isolated * MAGIC) & OxFFFFFFFF) >> 27
ctz_val = DEBRUIJN_LUT [hash_vall
result[i]l = (1 - is_zero) x ctz_val + is_zero * 32

Branchless (& =2 Y LICH. 2J1Jt =43t = A= &0l & = JASUICH
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Performance Comparison: Branched vs Branchless CTZ

7 —e— Branched CTZ

Performance H| 2 e e

8~ 11t 45 FAE

O}
©
i
%
2
]
e
€
2
s
8
b
L
v
E
=
<
4S
5
2
g
2
I
©
&
I
T
$
z

10¢
Array Size (log scale)

8~1bl E&2 20|U= A= boostE = == USLILCE.
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1. Cache Prefetching & Sequential Processing 27

Computer Latency in Human Scale
1 CPU cycle 0.3ns 1s
7 Level 1 cache access 0.9ns 3s
CIIFI)UR7HA| g%gl %Rg Level 2 cache access 28ns 9s
Level 3 cache access 12.9ns 43s
CPU-H 22| &% XPOI %1% Main memory access 120 ns 6 min
Solid-state disk /O 50-150 ps 2-6 days
Rotational disk I/O 1-10 ms 1-12 months
Internet: SF to NYC 40 ms 4 years
Internet: SF to UK 81 ms 8 years
Internet: SF to AUS 183 ms 19 years
SCSI command time-out 30s 3000 years

Source:

sl AFE0A CPURL HIEZEl S5 X010t 2 8=01 ELICH &2
scaletlOl== 2AIE HZ22/E 20 S0tLE L1 HAIEDH 2 2
(u]

s cle
UASLICH A BiZ2ele 822 =20l Y8 AIgS2 L2UAUSUICH

latency

A=


https://x.com/aleksagram/status/541720043545849856?lang=bg
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1. Cache Prefetching & Sequential Processing 27

Cache ZII% 2 Faster Access,

Lower capaci

CPU
3 Level O

HIZ22| A|Z: | X|AE > L1/L2/L3 FHA| > RAM > XM ZkA L:jz:‘ke?ws

o cPUCache  Level 1
FHA| e XHE M= | O|E A= (11,12.)
/ [ Operands,-
lnsr!uci‘o’znas{:nsslvcks Non-
A Main Mez ry (RAM) Level 2 Volatile
ata . Program in_Pages|

FHAl OfA: DA THEE|Z X|&H 2l

Secondary Storage ( Hard disk,
SSD..)

File:

Tertiary storage (/Backup devices)

Higher capacit

Level 4

Source:

HAIS S2E
HE2 cl XA
A

0% 1N

10 JHE W20, JHAI L1528 L3, RAM, & A =22 =& LICE.
tEot= HIOIHE M&EoH HE 2= 512, B2 NSE 10 Al2*
FXISEH JHAl Ol ADF 2246}

HAlE Rt==

Neisg g88
g0l MLIC

= 28| ?oll HAIS HSE L2 &F=eld ] LIt H2e
b D

o @

= =14,
FLICE. &= H2cl0lA TIoIHE It 2t

b


https://witscad.com/course/computer-architecture/chapter/memory-characteristics-and-organisation
https://witscad.com/course/computer-architecture/chapter/memory-characteristics-and-organisation
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1. Cache Prefetching & Sequential Processing 27

WAl Prefetch 7|&

Fol: 0|2 cllo|Ef o =5l 0j2] 2=

X x| Aot efetche; A L1 DCache

Per-set reference register

_________ 101101..001

SIEL0: CPU XI5 of| %

\ r
2TEQ: ZEZ HA| (e.g. builtinprefetch) m w
Final PFiaddress 1L

S L2 Cache

Source:

Cache prefetchingOl gt &I AIE S0l cachel =42 02 AIEE B2l GIOIHE
Olcl HAIZ JtH 2t cache OIASE E0l= JIHLICHIHAI OlAE Z S AHOIAZ
RAMJLAI GIOIHE &H0F0F ELICH 0l= 2f 350 CPU tick2t3 Al2H0l AR &1
CPUZHNIN= & 24 JICtel A &I &0l &= =3 ELICH Cache
prefetch= HW2t SWOF USLICH StERIK prefetche CPUJL S22 o4
ATENHE T2 NIt 2E2 XFELICH


https://www.researchgate.net/figure/Cache-Prefetcher-with-Set-Balancer-Prefetching_fig3_281905693
https://www.researchgate.net/figure/Cache-Prefetcher-with-Set-Balancer-Prefetching_fig3_281905693
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1. Cache Prefetching & Sequential Processing 27

Computer Latency in Human Scale
o . o

Sequential Processing % 0| 1 CPU cycle 03ns s
Level 1 cache access 0.9 ns 3s

X o|. A

O"I . EHlEEl _"—_M EHE Hlol EI X‘I E‘l Level 2 cache access 28ns 9s

- L. g Level 3 cache access 129ns 43s

O|F: 3 X9E &8,5|EE T ‘
Main memory access 120 ns 6 min
Solid-state disk I/O 50-150 2-6d

RAM random access 2A|: O|A 7} XA 1 cld-siale ds = =i
Rotational disk /0 1-10 ms 1-12 months

of: B =Xt F2 vs 2E (Python/Numpy) Internet: SF to NYC 40 ms 4 years
Internet: SF to UK 81ms 8 years
Internet: SF to AUS 183 ms 19 years
SCSI command time-out 30s 3000 years

Source:

Sequential processingOfl CHoll 2110 1 H&E0fl Uiol &H=elA
processingOl&t & g =X&H2Z HIOIHE HZel N& i—/d tHz x4a|o+
BHOZ, 2 NHLE xIHstoll JHAl SIEES = LI BHHE RAM random
access= &2 IHE 0l =20l 01AJF &0F X0l ELICH 0E =0 Python

b,

List=2 Ct Numpy BHE UM =X 820 284 #SLIC

822 d5 M0IE 24 = UAsUT. &S0l A SMX & = AUsLIC


https://x.com/aleksagram/status/541720043545849856?lang=bg
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2. Numba®t NumPyZ 7%

Pure Python2} Cache Prefetching®| $t7|
Pure Python: Cache Prefetching 2|CHEE 715

oll2l: bin, array, typed list

0|R: &M cf|o|Ef Etel ¢l

CHEF: typed List, NumPy Array 2 714

21} Cache Prefetching €87ts

python2 SXEIL I QIE{Z 2|62 M2 Qloh

Weave with Python

list |
size: 4

allocated: 4 Integers

>
"~

Python List &

Source:

22 2elg = U=

StA O

HOIH "8 2= NS6tAl UG =2 Blnary, bytes array2 2 Mst& el

= Lo

2H0l USLICH JHE 20l AFZ2 &= list2 python &
2 8LICt. Ol= point array=
ter2 parse5| H=2el #XE
==

intZ 2 primitivedl0I1H Et2 & S
oin

ANl ArE0oli0Fot= GIOIEE= p
2N 22

cache prefetching=S ot 2 X0

array IOl 2 =Lt NumPy2| arrayE &

'_D:I &l L| E|.

= UASLICH.

HF

2 array of point2 LIC}.
= H=40l JUA EXSH

FXIA € LICH Ol=
==0otJ| AHA


https://stackoverflow.com/questions/3917574/how-is-pythons-list-implemented
https://stackoverflow.com/questions/3917574/how-is-pythons-list-implemented
https://stackoverflow.com/questions/3917574/how-is-pythons-list-implemented
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OlAl EIAE

i X} A BHE

2| =
o=, e m=

i X =5 HolE37| =1

=~

FAHA|O|A: Linked List, Graph

Cache prefetching2 2 &35tJ| {0 A

HH%QJ ¢i|_x-| D—I/\HJ_|. EHC—l %/;'H;

Z QoHAl Z X2 numpy arrayE & &

arrayEH &l python array2 2 H=54QU

OHOI M Ol Al loop=E Al c2E2F

A H| W AE3|0|M HAE

Weave with Python

Il 27| 4
data_size = 100_000_000

1 nP
data_array = np.arange(data_size, dtype=np.int64)
np.random.seed(77)

np.random.shuffle(data_array)

JE0IE A
random_indices = np.arange(data_size, dtype=np.int64)
np.random. seed(42)
np.random. shuffle(random_indices)

1
@njit
def sequential_search(data, target):
for idx in range(len(data)):
if datalidx] == target:
return idx
return -1

@njit
def random_search(data, indices, target):
for idx in indices:
if datalidx] == target:
return idx
return -1

IAEE HEASLICH. 0] 2E= S
ASLICH. HIIA = 2 numbalt

LIl A numbaZE AFZ3SLICH. Numpy

%% IE & & USLICH. Numpy array=
| overheadZ & A QI HIAES & =+

0z

um:.LI Ct. 0IOIH 2J1% CPU HAIZCH 6—"O| S UAEE ZFHGHJASLICH. 0]
HOlAE= AN &2 = linked listLt graph2 random accessSZP SAGHCH D & =+

—— =

USLILC.
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i~/n 5t$ uv run prefetch_test.py

! 0.035291 * 0.012906=
&

: 0.820182 * 0.401327=

ZAMECH 23,2480 S 2 L|Ct,

S 52 =d BoXl & 210 M HAlA= 23681 &2 X010t LitsLICH. Ol 2t
20l 38 2 =Xt 822 42 XH0IE & = UsLIbh
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Pythone| $H7|2} S5 Y
&2 Python< Interpreter, Dynamic Typing 2t ZxH

Numba(JIT)Z interpreter 744
NumPy(or typed.List)2 Dynamic Typing 7

Branchless, Prefetch S 7|® £7} CPU X3} 7t

HE 3 SLICH. Python2

12 asém ?Ioi A Numba 2t

22 A0IA0= C/IC++&t
rogrammingu cache prefetching
U= 2H0l ol 2s= =ERJASLICH
OlA= sz A ZAIZ BHELICH

O D10t Xl Python CPUZ| &E 3t o= HEES= A
interpreterSﬁP dynamic typing2| StH Dt USLIC
NumPy £ & arrayE AtEoHA JH& & = UASL
HI S &t /SSJJPII SO SLICH. F=IJt2 branchless
JIE2eZ CPUS 2lAAE H

&=
Il Hel 2 2= HE &

o 28
% L0 o
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