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J<F Bank Conflict 5 Swizzle

KuangjuX

A5 —f§SCE S F % Bank Conflict 15 Swizle [ I, Foblrisc MRS T A, AR
R E X A% 08, (BB AES — R — B

1 Bank Conflict

— Y S R R 5 5 A S ST B N8 A SR D A B B A B N AR DU E s v 1 B
Bank Conflict {9 [r]il, 7F NVIDIA GPU H1—~ Cache line F{JK/N A 128 Bytes, R[I°4 1024 bits. 1]
> Cache line H14) 422> Banks, 44— efi)7 A1 4 bytes (32 bits) , RlI%5> warp i 128
bytes (1024 bits) AJHfE, GPU A2k HiFE 5545 (transaction), £ P55 AN 128 bytes. U1
RN IR A U7 5K 16 bytes (128 bits) FEATHFIAI, AR warp wide 474 512 bytes,
W GPU £ H 5 M 4 188455, Hrp TO-T7, T8-T15, T16-T23, T24-T31 4357~ — /25,
TR D5 BN 128 bytes. Bank Conflict 4447 {8 3555 7 AL 1 MR H I SR Bl warp. 1548774

The determination of bank conflicts is made per transaction, not per request or per warp or
per instruction.

247/ Bank Conflict I, 7771 IFATUIFLAR AR T VIR, S HUB TERE.

FeTk: 53T “Cache line” HEIHIA 128-byte HUVfFITE M. X EATL = A& IF: s
77 bank. — 1k warp $& AR . DU A5 2R bR A transaction, JEEp

FH IR RIVEH

M EREST 5.x M2 JFHH WL NVIDIA 2244, =2 1745 32 4> bank, &3> bank &3> I B ] #E
i 32 bit A7 95, JELERY 32-bit word R IR ML 21724 bank, #7 LA byte address a F kb, H A

bank(a) = |a/4] mod 32

SR BRI Mk AH 2E 128 B I, bank 45 HHT I Z88 [ — (L E, FIoh 128/4 = 32, X
fRRE T [ H TO/T4 575 [ A 27T Beva 2 HHIA bank, (HEREIEAEME, EAMHINEA]
JET[A— transaction, Jf:H.iJj [A]f)+2 A — bank HHANE] word.

11 2 DR 2 MR = N AE word, B4R LA #51% word, X% %@ bank conflict
WbFE. 2, [A)— transaction N7 2L ][] — bank HIANTH] word, I8 sRES AR s 1>
T RH BT e BITTHIW i R A T SE 7502 Jetide & S8bry 42 1Y transaction 734,
THAERFH NG A bank 4555 word kb, AN 2 H B A warp [ 7154

FEZIER T, RN A BN 2 N A R A A e A R, Tl 2 O RE A SR
ldmatrix 54, MO — AR SN2 128 bits B H o B F5 A7 e SCPRRY A BT,
NERR.
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Idmatrix: The 8 fp16 shared memory Idmatrix: The 8 values each
evalues accessed per thread. thread receives in its registers.
T0 T8 SfTo[Ti[T2]T3][Te] | T
T1 T9 ! T4 | T5 _,
EEEE /
EEECINE | ; F2+4 7
} ‘
17 T15 16 T28[129[130[131] “———> [T31
T16 T24 I LT i ol TO | ——1—t—1y
T17 T25 }
8 ISHARED MEMORY |= REGISTERS
l )4
123 T31 | =l 4——

Q
[+]

K1 NI A A 2 A SO

SR, 4\ — 8 x 8 B HLE T Ldmat rix 24 il Bank Conflict, 41 F &
Frn, —4> 16 x 16 [ FESAEY LA FE AR 2 — 32 x 8 Yk, Hrp—47 24— Cache line K
/N FIY TO 5 T4 YEATEGES R BHEE 2> % 24 Bank Conflict, [5/¥ T1 5 T5, T2 5 T6, T3
5 T7 @ —Fay. B, A 7 # 5% Bank Conflict fUF A, 752k 8 /L&A X AH [H] ) Bank it
U IR E N . 76 FTEIFRA] T #2%) Bank Conflict 2 2 RAE—DHLSN, FILE FRBITHE
2 & TO-T7 ix -k #2H 1K) Bank Conflict [ [R[BIRI AT, AL TFEFEA Warp N IHFTA LA, [T
T8-T15, T16-T23, T24-T31 [F¥E.

16x16 FP16 tile 128-bit vector access

TO T16

—_—

32 x 8 layout

s

T3 T19

-

cache-line-sized region
K 2: WHZ=ANEINZER] &4 Bank Conflict

— Ml AT )7 352 A Padding, @ [A) A A7 HPAEC TR T F Y 25 VR SR ASAS A AF AR AL, AT
% Bank Conflict [¥)[R]fil. 40, ~EHE A ZR FH 2 —1T Cache line KEHA T —B2H
WA, FERXPMENL T, JEAH T19 U5 R BERE R F52) T~ —> Cache line /1, MIM{HES TO/T4,
T1/T5, T2/T6, T3/T7 fEf%{E/N[A] Bank e/ Fif5/0], ¥4 7 Bank Conflict, #X7fj, Padding [t 5
T2 NG, BNt = A5 k.
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Swizzle Padding

T17 gVl T18 T19 T16 T17 T18

T5 VY T6 T7 T4 TS Té6

logical threads reordered in physical storage padding inserts an empty slot

K 3: Padding 5 Swizzle BN 740 5

2 Swizzle

MRTEAIATI T A AH ] Swizzle SRXTN[E R E BB T BRG], EI E g T, RERE
W ASRAEAHE Bank (1 A A7 B G EIAS G (9 P EEREHE, (E6F 7 SR 1508 i M A5 SR 0 SR SR A

{£ CUTLASS Higg | — s Swizzle tHE 75, X7 B, M, S =55 Jfidt —&R71
NSk X Layout gEATEE M. Hrh M 28 48— Swizzle M AYHR/NFEIT, £ 2M x 16
bits [ECE 1 AT A SO 2 BT A2 7242428, X 23T NVIDIA Ao s iy [rl5 By, —
YRIA AL T Rl A5 ] 128 bitse S FRREET M AR T— IR INAF B T R 4L &R
XF 25 ANRAE—FT B TEHEF . B FORMI I Swizzle — 445 [ UFTHL

il Swizzle<B, M, S> = Swizzle<3, 3, 3> F /R fF 128 bits 41— e, —f74 8
M, A 84T, METERUE, RIVAN S N AR ARSI G5 A TR, 7E Swizzle Hr
KT AR T S sl i 7 A T B N A EE RS o 2 At AR FH SRl S R T S sl e R i 2 )
PSR, [R5 ik J5 & B Fh 77 =0T LA & Bank Conflict free [125K .
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#iE: CUTLASS/CuTe Hi[¥) B« M. S E5G @M FBSE, MAE e = TER
28, B FEr25 XOR WHsE, M FRASSEHNAEL S FRIFBS Hiri B
Z AR . AT AMES Layout. bkt AL AN TR BRI GAE—iE, A ek &
AT FIER.

YT S > B, # x 2 Swizzle B REEURAS 1, MUAIE N
y=@>M+N&@B -1, J=zawy<m.

LA Swizzle<3,3,3> hffl, flAY 3 bit fRAFAAE: HRALRY 3 bit B, I XOR 22X 4H{E
LB 3 bit bo HIX IR AR FP16 T0R, IRAMFEAAEN 23 = 8 PICRIEL 4 16
B: {16 B /MR R ITCRFA S R RGRIR, HARBRSEAR S B EHF 16 B.

JESCAFSRY 8 x 8 1741 XOR, 2l Layout 144 —4H“f 7R 51 6 B IR 7 B i —4 %1 B
REINRCE] B AR T BT B B . AERX R, e — A A S HeHES o
XOR Wit ELA W&, 1 B AR Rl AL FE vk XOR AT LK & JE b, A FL o EE T
2 (HEIHAGHTR Layout [ S bank-conflict free. 2R HILF5E, (BT ICZE A/
Rl Layout. FANEREAYT ), DAK—K transaction HSZRR BN AHBHEEE A

BRI, $2 T RFRATAT LA AR BRI T BT Ml 1148
A4
(0,0:000=0, (0,1):01=1, ..., (0,7):007=T.

TR ATHIANR, FT2EFR N 0, FIAARDN 07, SEl)E -S4 AR A o
AT AT
(LL,0):1®0=1, (1,1):141=0,
(1,2):1@2=3, (1,3):193=2,
(L,7):1e7=6.

223 Swizzle JE N AFIR S AN B R, ISR LUE WL TO/T4 T1/TS. T2/T6 T3/T7 Z A
A7 [F] 58 4540 Bank 430 RT3 1), IOES R /SRR 9 A 715 [R)iA %1 T Bank Conflict free. HAh
2 FEAY T 0] [B] BE AT LA 5 Bank Conflict, fEiXFEHL N Swizzle 1] LLSCFE Bank Conflict free. 1F I
I RUES T B v 18] & 28 T 4840, AT ORI B HME AR SR @A

CUTLASS H%F Swizzle [ L34 4F include/cute/swizzle. hpp X


https://github.com/NVIDIA/cutlass/blob/main/include/cute/swizzle.hpp
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GEMM N 795 W aefikg ot (—)

KuangjuX

E E = IR 28 1 Bank Conflict DA @ifaf{di | Swizzle > ## % Bank Conflict, fFjX
AR A B E LT NG W R8T, RIS i — 2528 2 2 N 4745 DL 1) 3
AT AN ZFATARIN o RIS SCE R SRS I e ) B 288 FH B Bl A 7 9 3 T B o

CEECCEET
|| —— 1|0 B oo
g | = O H
Blocked GEMM Thread Block Tile = Warp Tile Thread Tile
Global memory Shared memory Register File SM CUDA Cores

K 4: 5e GEMM #dlads DUe

EEREIR T4 GEMM M4 Ja A 7 2L 52 A A7 FE 2 B e SCPR R 9 A 356 RATC
R LA A FEFERI IO B AT i R N A 95 DR O 06 A JEFERICE SO — M J@ o8 [M, K 1T
TR, BEEZAE MR B OISR E = N AR IR ML N I a7 A7

3 Global To Shared

AR RNAH SR TP T I, AU RNAFIZ IR (KT M, kT K] 40T A JE [T
P, JFi IR K 4EfE AT 0147, Hrp—> Block AL — 4K/ R [RTM, kK] HjHe. XT CuTe
IR BN PRI T T LIS R1Z N AT Ry vl AR R R A -

using GmemLayoutA = Layout<

Shape<Int<kTM>, Int<kTK>>,
Stride<Int<kK>, _1>>;

Horpr kKK AER—> Stride $#H73808 - BJE— 1 K/NN [RTM, KT K| RIRBINEAILZ N, T
BN 71X itk o
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B matrix

BlockItemsX

|
‘ l | B tile (SMEM)
BlockItemsK

-—

Warpg Warp, Warp, | Warpg

BlockItemsy
Atile (RF)

Warp, Warp; Warps | Warp;

(SMEN) Thread Block

K 5. NN INEEIEZ AT

fENA Jm N AEH N B e = N A AR, O TR NS FE T 1R LA R 7 8 B8 g — 20 A3
ENAER T AR WA EIRIGE , X FR B ERT LS N A7) Layout #£{T reshape. 7 CuTe Hi$g
it 7T —1 %K cute:itile_to_shape R EEER 14— 1> Layout &2 i 2 B KHIEIRH (AL
T numpy.tile #:4F) o B, TR LAG—HR/NN BT M, kTK] 1N AF# T EH= U9 9F
reshape. iXfF CuTe H1A] LLUN N 367K
using SmemLayoutA = decltype(tile_to_shape(
SmemLayoutAtom{}, Shape<Int<kTM>, Int<kTK>>{}));

SmemLayoutA /R {fi H SmemLayoutAtom {/E — At I 48 il — N K/ (KT M, kT K|
e, o SmemLayoutA [ 5 245 G &2 RN GFS F AN ERRHE. £k FP16 [
ldmatrix. x4 ML N 720 25 Fas N AP R IEGE AR R, 77 2 s AR 16 x 16 = 256
A FP16 195, B, — SmemLayoutAtom [+ M 1% LA 256 A LG, XA 21k,
BTN 16 x 16 8 x 32, 4 x 64 ZE, N T HiE WP R SmemLayoutAtom S, SHF— 1 FRE BN 2
2 JRWAFI G TN AT

#23F: ldmatrix.sync.aligned.m8n8.x4.shared.bl6 2 4% warp I 1EIR4S: 32
MR ILF NI N FLRER YA 8 x 8. JURIEE N 16 bit BYFE M. MDA HE S
4x8x8=256" 16-bit TLE, 2 512B; X x4 Fal, 4 lane B PY 32-bit H 1125
fidy, 16 Bo XHEM256 NI AN 24 ldmatrix. x4 [ effists, R T CuTe
H1—~ SmemLayoutAtom A4 ELA FY [H A o

SmemLayoutAtom $f i i & — /> AT 48 1 T = N 7 A0 JR) ) 7o 8 T 2 (R N 3 2 L2 o
CopyAtom {4 lane g% Mokt ldmat rix FFEsRGITHEE S5, =2 75 bank Wbt
AR NAFENILZ AR R RS R, DA JE4E MMA fragment H 52 8 HES o Huhk AR
lane ZH24L, FEATZEEE LayoutAtom R Bz —yk ldmatrix. x4 A9 512 B 74 57ulH &

PaN
T o
A, 16 x 16+ 8 x 32 B 4 x 64 FRAT LA 24256 TTRIVIR I BOE B, (AANREIUSE TR B4L

FIWE S o SLFRILTEI VLI E Layout SEAEMURZH ALK, 4350 IIE global-to-shared 4
JiJ57a)« shared-to-register [ %55, LR EE transaction A [f] bank conflict; & /)5 i BN LT 1T
i BREE EE I MMA f54(H A

FE22 SR N A7 A 4~ Warp HRYZeRE AU A 735 0] T LA IR — IR AT, IXHER N
2JFN{F5EFF (Global Memory Coalescing) , FENLAL A A7 ] LASE BRI (EA1F BE AT . IX &A%
N FE . 7 GPU H13ZHF 32 Bytes. 64 Bytes L1 128 Bytes [N /715 1H], B, Bn—"1%
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FEnE—A~ float (4 B), H4 32 MR INEL 4 B x 32 = 128 B, fE1—> Warp HH [P 4535 ]
FEIELEN), IR A FTA LT PSS A I N — IR AAFT Al T R FTs :

Threadld o 71 o e

. 7
(OO BODO0O QD) wee

| e [ R, i R [

float(uB)

ThreadId 0

float(uB)

Both of these access pattems can be coalesced!
Bl 6: &mNGEEIHIR

e XUTERES 6.0 LA EREAE, SUHERRI AT U2 THE—A> warp (UMb HEEE S IS T
2 /0> 32-byte segment; {75 EAH W £ Y 32-byte transaction SRR GFIXLETT ], A7 32 P2k
FEM 32-byte Xf FFHIMEFF UG, 4% HiESEREL— 1 4-byte float, [ FH5EHIN 128 B, [HILFHE
P94~ 32 B transaction, A~ — AT 41 128 B transaction. £t iAHHEETF 4 B, 2350
FEI AT RERS L T segment, T 55 % 1) transaction,

“ELLEFRT ES L R —Fh 25 515 8§ /) transaction [ 5 AL, (HZ&FRgS- 5 Hokb IR F
FERIRELRGE e —8. HE M5 fEME B 74> 32 B segment H1,  RI{i lane % iX4E word
AT TR A AR B e, o r] GBS L5 EEPY ) transaction. PR REIA 22 £ E1 segment AR T
FHeH A ar PRI E R R K0, A LA “transaction UM [A)7 AN T R AR Y SE bR
SEAAHIAE o

TE T SRR L 16 B {9175, —> 588 warp —HE R 512 B; A MihliEs: X155, M 32
B kR, it/ 16 4> segment, i 8 NMEFEE il—4 128 B, &S HEBhis I EFEE 1A
T B, (HASBEE L T 5 A 4 SR TPY 4> 128 B transaction, tHRNRE(LAE 128/16 = 8 #fE &
SmemLayoutAtom [JJEIR . IXHEIHE 22 RNEAIHIIN: B5 R CILE 7% bank 464
MW EAE T T2

12 EARAT, /£ GEMM 7Rk, £ 27 2m4 8 1> FP16 £ifs, A8 x 2B =16 B,
Rl i LAG I 128 B/16 B = 8 PMAFEELEN AT [A] . B SmemLayoutAtom 35 'E A [4, 64]:
using SmemLayoutAtom = decltype(composition(

Swizzle<2, 3, 3>{},
Layout<Shape<_4, _64>, Stride<_ 64, _1>>{}));

FHh, ARSI R A (8, 32] 11 Layout [Pt 2 — M TYIER . CUTLASS issue #1051
HHHLARE T o6 T SmemLayoutAtom 3 E & Mo #2 FOREUAT LUG 2 JR) N AE DI 2k 21 2L = Py 471
1T reshape. [FI, IHEHFEEGT Swizzle SN N AFHE( T swizzle, KT swizzle [NFBEC &R LR
LEFPTRR, X EARFHTER,
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Swizzle Padding

T17 eV T18 T19 T16 T17 gVl T18

T5 MVYE T6 T7 T4 T5 VAW T6

logical threads reordered in physical storage padding inserts an empty slot

K 7: W ESEFT Swizzle
4 Shared To Reg

AR AR EAE ML N D BB (7 AT, T DR PS DRy 41

B tile (SMEM)
~
\\\\\\ B fragment
A tile by TS
(SMEM) i ] (RF)
A warp| — C=AxBiC
.‘.\\\
Thread Block Tile
A fragment| |
(RF) Warp Tile

(RF)
] 8: ML ALEINEE] T 7 N AF

TE E—T AR A2], AN A7 IR = A7 75 E O DIt 1758 2 Layout 13347
reshape, JIf2 ML AE IR A7 474 N A7 90140 H reshape [ SmemLayoutAtom {4 B fili BT
TN B Warp BTN AR TINEL, RIS s AT LLES T 8 1 WarpLayout 3
TTHAThn%k . 910 FlashAttention-2 HottT Q HiFEIEFT )08 H [4, 1] 1) WarpLayout #£1T split:

KT

i Warp 1-4
Warp1l | Warp2 | Warp3 | Warp4

‘ Warp 1
Warp 1-4 Warp 1 B

Warp 2 Warp 2 Warp 1-4

Warp 4

Accessed by all warps Accessed by all warps

! Split across different warps Split across different warps

(a) FLASHATTENTION (b) FLASHATTENTION-2

& 9: FlashAttention 55 FlashAttention-2 [} Warp T /EXI 5>
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B Warp K —HAEE AR Ldmatrix i nEE)ar rar NArd . T s

Idmatrix: The 8 fp16 shared memory Idmatrix: The 8 values each
evalues accessed per thread. thread receives in its registers.
To T8 ATo[Ti[T2[T3]T0
T1 T9 T4 [ T5
- 24
2 17 T15 16 T28(T29(T30|T31 T31
T16 T24 T0 | } o B v

T17 T25 ' /

: \SHARED MEMORY|=|  REGISTERS

* ! A AT
T23 T31 aE 131] T31

& 10: ldmatrix 7~

RIS, XML N AF AT USRI R AR IR 2 Swizzled, FIIXTIZ4E Layout FHHE Layout £
MBS, SRSy Bank Conflict (R, IEATAEFE A 2R N AF 213 2 A A7 P 2157 A7 N A7 5
DRSS T

SR
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