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Abstract Dense matrix multiplication is widely used in scientific and engineering computation,
artificial intelligence, as well as many other areas. And matrix multiplication is often the most
performance critical component in the application. In modern days, as the research in processor
design is thriving, heterogeneous many-core processors are playing a more and more important
role. Among the new processors, quite a few are using on-chip network and distributed fast
scratch-pad memory. Since code generation for matrix multiplication on many-core processors has
been a hot research topic, generating matrix multiplication code for many-core processors with
these architectural features is a highly desired functionality. Therefore, we propose XMAG, a
code generation framework for GEMM on many-core processors with on-chip network and high
speed distributed cache.

To achieve optimal performance for matrix multiplication on many-core processors, first, it
is necessary to select appropriate task partitioning and data mapping strategies based on matrix size
and hardware configuration. Second, suitable data movement and data exchange methods should
be designed according to the size and shape of the matrices. Third, to achieve better performance,
efficient and well-designed software pipelining must be implemented on top of traditional compiler
optimization techniques. Additionally, highly optimized high-performance computing kernel code
must be written and tuned according to matrix size. Finally, to ensure both correctness and
performance, implementation details of the code generation system also require fine-tuning.
Targeting the SW26010-Pro processor, we proposed an intermediate representation, swlR. With
swlR, we are able to generate a large variety of ASTs according to the architectural features of
SW26010-Pro, which can be transformed into many different software pipelines, leading to the
generation of multiple versions of high performance code for matrix multiplication on matrices of
various sizes and shapes.

We constructed XMAG using a hierarchical approach, and the entire code generation system
encompasses computational scheme generation, abstract syntax tree (AST) generation and
transformation, assembly code generation for computing kernels, and an automatic tuning
system. The computational scheme includes task partitioning and data mapping methods, as well
as data movement strategies. XMAG is capable of generating computational schemes with various
task partitioning, data mapping, and data movement strategies. AST transformations enable
various software pipelining techniques, fully leveraging the architectural features of the SW26010-
Pro processor and unlocking its performance potential. The assembly code for computing kernels
is generated by an assembly code generator. Within the system, we have integrated an automatic
tuning mechanism capable of generating a wide variety of matrix multiplication codes. With the
above methodology, we were able to establish a systematic approach to generate diverse code
versions, adaptable to different matrix shapes and sizes.

Utilizing an auto-tuning mechanism, the GEMM code we select among the generated
versions yields satisfactory performance, which even surpasses the performance of xMath2. 0, the
hand-optimized library for SW26010-Pro, in a number of tests. The XMAG generated DGEMM
code got an average speedup of 2. 32 over xMath2. 0 on various types of irregular matrices. This
system proposed a convenient and effective way to optimize dense matrix multiplication on
SW26010-Pro processors, and provides hints on constructing code generation infra-structures on

heterogeneous processors.
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GM,GN,GK VL F A =458) CHerf PML, PN, PK 2
BT A O B 3 BRI & DMA Y 43 3
KN

GM = max ( pA,,, pC, )X PM (D
GN=max ( pB,, pC,) < PN (2)
GK:maX(pAl,ka)X PK 3

ZEA UL LR, FRATT I T 5 R T SEAT 55 A
BAIERI 2 AR 2R . A8 T 30 FRATT Al
T RS R TR B E . RS TR F
HRIRTEI IO mIFAT . Z 5 BFEFRRIEIA
YeRE L IRAT . BT 2R B REFROR AN 7 16 HR AT
AR,

4 FELS o 1 H R PR3 7 58 MIN2 il
MIN. & 4 2w i ] = 48 oy et Fr (R 245 —
GON:!

Fz2 HAIXMAGHBEBERMNEETESHEIS AR
s Ty Fedik pLloop pA  pB  pC
MN2  Z#esrdoffr . Kormkft 8,8,1 8,8 8,8 8,8
M1 MAFRIAT, Kt 64,1,1 64,1 64,1 64,1
N1 NFmIFAT.KHAmEft  1,64,1 1,64 1,64 1,64
K1 KJ7 w47 1,1,64 1,64 64,1 1,1
MIN M7, Nt 64,1,1 64,1 1,64 64,1

pLoop={cxscy,1},

pA={cx.cy},

pB={cx.cy},

pC={cx.cy}»
Hrr, co=cy=8, X FMZTHHMF . BT H—1
GM X GN WYFERE I , B A0 P LU RE (0 56 [ Sy o
PLEAT AL B . AEN 2T — A SO
cx X ey /N A WA A 5T BT — N IR /N
T pA=pB=8 WEIH I AT —AKJim I
VL PK R K MG ER o ARG 24 19 B kAR rh 254
M K7 10 3 AR A B AR RS AT, ok
HURTA L CHEES . [ 4 th TR SO TR K7
[ 25— Y A I M%) BT A P Y 02 A R Y 5 —
GNP B R MR S — AT

15 J o 4 e 559 5 U BRI b SCH 30 i < A9 1 1
B B3R 2 5 J5 — A7 s 7 28 35 0 T KAR/INiT MR
NERIER . Ak

pLoop={cxXcy,1,1}={64,1,1},
50 U M 4EJE 8946 B8 58 2 IR AT TR B A% 40
BT HABTE R AR R AR R AT . S pA={64. 1}, pC=
{64, 1), Bl AR CAEM Jyfia) 0] 53 1] 423 64 4 B
¥ . BT pLoop~=plLoop,~1,B LI ¥ 41 pB 7]
P64, 11 80{1.64) . i TRATEAIERYE KRN
T N BRI B AR, BRI AT LUR ] pB={1, 64} (At
S X BERE BAEREAE N J7 1) L3 o3 45 64 4 A%
MW E A —A NIy ERIE R Bk —
A AZ K B FE B ) — S /N B 45 T A R L
KIS HTR o IR IRER @Ry I 20— ak A BT
(1) CHE AR .
4.3 HEHIRE

MAZEH ERIIFATARG I T b —A
Z i, B Q)i B4 2 A LDM. 473 AR 4 B s 1)
MN2 8T E R FEMAFH T K J7 W R %A
H T3 TS A FE R — 2R 2 5 e B B
WG 5 %8 3K — A F B — S AAZ 58 7. XA
WRAETE K5 ) B UGE R IFATE A WZ 25
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GN
v
; B].O BI.I Bl.} B]_‘ BIA BLS BI.6 BL'.‘
g-. B!.ﬂ BZ.I BJ.‘! BZ.J 82.4 82.5 82.6 82.7
‘:_ Bs,n BJ.I B.u B!J BLII B!J Bs.ﬁ B].‘i
(=]
.3 BJ.U B-I.I 84_" BJJ 34.4 B4J B-i.é 84.'1‘
‘ BSII BS.I BSJ BSJ BSA BSJ BS.& BS.T
B&ﬂ Bﬁ.l BM Bﬁ) BEA Bﬁ.! Bﬁ.s B&.?
BT.O BT.I BL‘! B?J BT,! B?J BT.E B'LT
Loop k [0, GK,PK] B
—-|
i ___-
r1“__
| ___
HHH
B - |
L
Fj___
1 =
l _—
I I
c
E4 I MN2: pLoop= {8, 8, 1},pA=(8, 8},pB= {8, 8},pC ={8, 8}
Loop n [0, GN, PN] R— DMA ——
l g oy e — * s % .. =
t GN Before I | [ i
B mﬂwﬂélﬂm_]ﬂméaqgl ...... ES._.M;P:J&._@JB,JB,; l[)(}p | ' : : _ _ ‘
— 1 I i_glf F\ BT
L PK iter k=0 || 4o "_ﬂ‘ Aol (4]l (4] |[4o] |[o] (4] IfE
S el " 4] 4] [4] [4] 4] [4] ] [s] |8
...... —1—i|PK PN L FTRMA_— L B I
iter_k=1 e i IA_1 Al (A _ﬂ =
RN ANANE
GM ¢ I o B
—— A,‘ Al [ 4] 4] |[4,] (4,
iter_k=7 |—| = B s (W = (= [l
""" Aol |A] [[4]] 1A [[A)] [[4]) |146] (|4}
CPE, CPE, CPE, CPE, CPE, CPE, CPE, CPE,

Loop n [0, GN, PN]

F5 W HFEMIN: pLoop=1{64,1,1},pA={64,1},pB=
{1, 64),pC={(64, 1}

A JE BRI 03z . PRI, A K R 4 in 2 T LA T
T3 e B Uk A, 1 6 IR 7 R 13X
PR TAE 7K.

TP T A BB E N 2 KRR Z
i 2 DMA fin#8 3 %> WAZ 59 LDM H, 4i 81 6 i

SR PR B KA 52 e A

N e ZJe s BEUCGE AT 9 200 th RMA /R4 4
BRI AT L AU T — 3]
IAZN B A YR A BT 05 B9 AR R e, P i i)
RMA A RH Rs ) #2722 A% . a7 e
I RS — YA AR AR 05 A I 28 1)
LDM . I #E 2 AT A b A AZ o PR AE
NS EAIS . — Bk, S REag T
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: DMA e
?iler_k={} shik
FEEE A
- It
éll\‘.r_k=1 A KL E
) 0 [ G [ B
DMA :
éilur e e | .;R'M'A'- I e ey '
TEEEEEEEEE

CPE, CPE, CPE, CPE, CPE, CPE, CPE, CPE,
K7 pLoop = {8.8. 1}, pA = pB = pC = {8, 8} ilH
T R AR B s s ]

12 250 A DMA 7 #2417 58 5 ik AR 5 F /b
B LDM 25 [] , FR 44 2R 5 Ui E S N4

R © 20 m 3 8 A 1 LDM h 2 )5, 3l
o L 2 T A% (R A 7858 52 48 i £ T Y RMA
Yo BN 76 ik MN2CE 4) -3 34
Zrp, WAL B — B 7 K 7 G I A Rk ask AR v e
B—A-3 e, IF 2R H RMA 47T 86K 20di ) 3% 21 W)
A7 A A% o 2L 32 B i — AT i) A
It RMA S Fb i 1% 2] W) 51 O A WA
4.4 EREXRHERIEER

FEMfE TAESS e S8R 2 I 2 )5 - T4l
5] DUA i S B (AST) L HEEEA G B 45 4
Bk 2R . FEXT AST T 01 IRfb 2 )5 - SEAR 4T
B P G A S ANE ML NS KGR , 1 6
KA HJE GM, GN, GK, 3 B 2 e 1 &
3T ZJE RV BRA BN EIER, o A, B,
CARFIMZE—A A LDM (5 e

55— e NRTE IR G IE 20, RS 2 v
5 7.8 1047 1Y for iF A o X BEAE AT SR AR FE M —
N—K Wi Fy o 5496 3 17 26 K 53 50 pLoop,, <
PM. pLoop,X PN, pLoopkXPK, 1§ ¥ it [ GM,
GN,GK AR (D), (2),(3)E L. FEHLHE )y
S, — SRR ATRENE . i, HA Y pLloop, <<
DB B 0, A S AEAE (R REBCR T D, it 2
P15 (1 0 5 75 DU B o, (5 255 2K

5 TR E G IR A A 25 SR SR AR
2 F AT R AT LU A A 5 B AR B 3 BCER 1
(DMA _get) . AR¥EERMTHE &, IbAL v] e 75 2
B A 5% B #EEEL, ] A B —A

55 = IR N R M AN 5 TR PR IEAR R BOE 2

T T A B A4 B FOAE 2R (R 2 B35 7.811) . IF
1A CHE R IARAE (DMA _get) o

S RN R KO R AR T 1
CECHE IR A& AR i #1862 0 A= Attt
TEFCRE 101 . WA T EIHAAMBR
DMA _getifi®m] (55 1247).

55 D, MR A B 28 e 55 20 A RMA 15 )
(55 1447).

SN 3 TR AZ L E AT B MMA
(5 1567).

BB W pLoop,>1. VLG £ &I 174k
o BRI 7 0 A A 2938 A R X C 4 e A7 B8
(55 1847).

55\ CHEFEME [MHEE(DMA _punffi A
W 2 7 B G 2047)

R 3R AST BB, 7R T MN2 5 £ (1
pLoop=1{8.8.1} .pA=pB=pC=1{8.8}) . K #s 5
il AR, LR ARECH 1 TR T 2R

— AT B ) I U R v X A e . e RS
T2, B AR GG B LDM AP () — 3R ZZ o X,
AR — AT R 2 2 G oh X . N, 7E Hepsd
AN B WAL T EAE LDM B A Fl B 4R F5 575 41
FERE— P28 vh X, R B2 W R Rk AR TR 22 1 5K
it o TSI BRI A 3 7 6 W) 5 L B 22 1) 2 o X R RIE
BRAEMIE BT 208 BR 1  whae .

5 L7k

ARATA R XMAG WMo 1A R Ak £k A
B F AR A REAH W 35 AR AD . DL R FL A AH SR
HAR .
5.1 &k

FE T8 B0 9 K 4R A B 22w . JR AT e A
XMAG R4 H B A E S gt e AR . —
JETEIRHE R . SR AR B —UGE R I At
PEIRAT AR B o FRATTE R 2 th sty
SR T RS IR . AR AR FRATT T LUK B
RGBT E Z R HERR . SR IR b E AR
TEIRAAS LM . AR — B TR PR B R GE A
Hh = A [l RE B R4 T AR R S — I B
AR, PR AT LAE RS BIA0E PR A0 . DT ek 20 o A2 4k
YE o fln., 5k 3R T MN2+ 8t 28 iy 3 5
%, RN K#H/NKZGK,.N<GN) , A8 45
T J A BT 0% U]  A BR 1 A RE RS T B . X RE
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AR T EZ 40 R)E B AAE L SR
PR, FEPEA AL DMA GET(B), By nf
IR R BNEER m, 2 oh o Gad ik PB4 22 e s FRAT]
R3] 750 S R i AS . AR A RS B B AT
FTEE X MAE R B A K 428 48, XS 3 |
ST o

k3. ploop = {8, 8, 1}, pA = pB =

pC = (8. 8} B H I &

1. for m, from 0 to M step GM do

2. forn, from 0 to N step GN do

3 DMA _GET(C,) to LDM

4 for &, from 0 to K step GK do

5. DMA _GET(A)) to LDM

6 DMA _GET(B) to LDM

7 for &, from 0 to K step pLoop, X PK do

8 RMA _Broadcast(A, and/or B,)

9 RMA _Broadcast(A, and/or B,)

10. MMA; //3H5 C,+=aXA,XB,
11. end for

12. DMA PUT(C,) to F4¥

13. end for

14. end for

15. end for

Bk 4. MR 3R IME IR Z 5 iU 2
1. for m, from 0 to M step GM do
2. DMA _GET(C,) to LDM
3 DMA _GET(A)) to LDM
4 DMA _GET(B,) to LDM
5. for 4, from 0 to K step pLoop, X PK do
6. RMA _Broadcast(A,)
7 RMA _Broadcast(B,)
8 MMA; //38 C,+=aX A, XB,
9 end for
10. DMA _PUT(C)) to 7%
11. end for
BE 5. EE A TR A SR Z JE R
E5I 7520

1. DMA _GET(A, and/or B,) to LDM

2. for m, from 0 to M step GM do

3. DMA _GET(C,) to LDM
4 DMA _GET(A,) to LDM

5. for 4, from 0 to K step pLoop, X PK do
6. RMA _Broadcast(A,)
7 RMA _Broadcast(B,)
8 MMA; //i15H.C,+=aXA,XB,
9 end for

10. DMA _PUT(C,) to F47

11. end for

IAEFRATPE A A G T K Ze BT H R A B
FATTH “stage” e L —F B AK L o XHAE A —
MEA G R — RN RS PR A . —
A PRAE Bk — A e 370 T LU VE— A stage. H
B — A~ stage B % AL HRAE B A v AR S LA
stage B & , 1N H RIS PR BRI 45 . PR IE , — DT 2R
A 0] LI 35 AS 5] A 4 2 28 O =X T AN [ ) 3
KL . £ XMAG 1, 30T 4% LU AP R AE il — 453K
KL .

52 W AT AR IROK P 4

FEIX — AL b, 6 PR ke i, TR AT 25 R
PHFPL KL . S5 —2 KL AE K 4 BEE 3 b AT 4
EEE, XS T KEBRIEL. R RKE
FEIEM BN I AT EE S KL & T
K4 BRI, LV R TAE KAGER |03 /K 48 1 4 1Y
T o

50 e A B B A& A

TATTI KB —JoK L . — A~ S A ] Jp
MN2 &+ R AT E TR EE 2R,
e W R TR A48 UL T 2 4E : DMA _get (A, B) ,
RMA _broadcast(A,B), A MMA . X2 /ER] )
A AT ES . o, AT DO X LR
Ve E S, R A 8 B k<. A 4h. & A]
WAl LI DMA _get fl—“1H 53 "stage & . TEA
[ B35t rp L < 7 stage T VA AR B E X, &)
PLJE RMA-+MMA , i8] U & — 4~ MMA #:1E .
WA O — A~ MMA #2:4E , LT K
2830 T A RMA 2847 50808 38 3 (0 3158 7 %8
i, M NAR/IN s KAR R B4 L) s WSR3+ 587
X RMA+MMA , W 1 i 7k 2638 H T DMA 7 i
BARM RS (1 SW26010) .

FORBER “RHKkL. WERKLEHTA
o BRSNS . FRATASE R 5t i G ik
R ] (B A /NS L) o X BeAR S H L DMA _get
(B) &N I IGAAAE W R34, B e M7 34
£ & Z 4R AE . DMA _get (A, C) 8 B Bt CR
RMA Fil MMA) .DMA put(C). 154418 4F
SEAH S WA K LA 9 FroR o 3R 7k £k
() — SRR B DMA _get B4 K 315 stage &b
T A ENTA I —" stage. 5 DMA putHE. %
— P AR W 5 stage 5 DMA _put #8474k i 2
5DMA getdE &,
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MMA MMA MMA
RMA T RMA | RMA |
— (A.B) Se— (A.B) (4,B)
el I @ A et
!A,Bgi iAEgl ;ASE%L ik 4
MMA MMA | MMA J
T RMA RMA RMA [
(A.B) (A.B) (A4.B)
DMA_get | DMA_get | DMA_get J
(A.B) (A.B) (A.B) f itk 2
ik 2k >
i i)
E8 DMA.RMA.MMA EZ&MHKL
Compute Compute Compute
DMA_get IMA_put DMA_get OMA_ put DMA _get DMA_put
(4.C) (€) (4.0 (C) (A/B.C) (C)
it K 8
'DMA _put DMA_put| [DMA_put
(C) (C) (C)
Compute Compute Compute
DMA_get DMA_get DMA_get
(4.0) (4.0) (4.0) itk
i+ )
E9 DMA _get.DMA put i ESIRKL
=0 R AR R SRR
. - R B MMA MMA MMA
éﬁméﬁﬁﬁﬁlﬂﬁ,&ﬂﬁﬁiﬁ% | &I&E"JKEX& RMA EMA RMA
EYSUETAN N N S . B AB AB
LGP 381 35 4 P AR AU e R DA A SR @l B wh
RPN TN it ACE
AST JF# T XA, WA FEEAB R D i S
HNZVEIFIN ZE IS TE A —4E 5 E LR PG ER MMA MMA MMA ]
BIF. B IRGR o M AAEAE TRATA TR [RR RB] | RR] [RB ] s
B - . . y 2 2 E iR 2
kM A G T IE A B AN TRI BT A K 25 DT R0 ””_f
o [H.

HIPEA T P A S S S 35 C AR R i 4

S A R K

2 JE IR 10 P B I K £k < X &, D PR P B T
BT Ny W i — 22014, T LI B RMA 5
MMA HES KL . RIATEE 9 51K 10 B3
KRS G R3] B K L. SNETIK L
MG ) DMA _get(A, C) , 115 stage (K 9 H1#Y
“compute”) , L & DMA _put(C) =4~ stage # & , [fi]
WIZ WKL TS T stage N HY RMA Fl MMA
Ve A TERE T R AEERN I —AS8 ) N5 G
XA A I K Zeid A 5, Wl & NFL KB/,
AT LASE B AR A MAZ A1 LDM {5 LA /N %]
AL DL Ak B A 9 LDM R A B0 . 3 b ok
W PR AL T 22 0 R E T L AR TR B 454 AT LA
TR K /NI 2% of X (DMA fifE FH AR K 43 Bt . RMA I
MMA i N5

E10 RMA 5 MMA &Sk

5.2 HEEANFHEKIEE

A T g A D ZOR BT & — e 4R
N JIT AR A B 0 00 B AT ) 28 il 30 5 S
PPN FE BN O, PG ™= A T el B R AT AR S5 AR Y
[ A, WSRO B 2 RMA A B 403X /) 7]
LR T PR R R . — A O R TR B T
DMA _get i# %) LDM Z J5 » 37 BP i A7 #h 57 . 55—
N EEAEMMA ZHi . RMA Z 5 #1740 55 . F—
T Z AL SR A2l MMA stage iz 47 TR E K .
5 RO R BEAE T RENE IR /D DMA _get stage [
TS 7EXMAG H, AR PR s 5 o AR A4
B — AN S8 it A SR AR A HLAAR ) B R i A
UE S

T3 A A~ T 2 1 2 50 B 55 B A S B K



1298 it A

Pl

2
&

Eitd 2026 4F:

AN BXAN IR RE A IR K R R B . RIS
) 5 %5040 38 F DMA &2 LDM rf s, FRATE %0
T RGBSR RN . AR KRR — Ukt
o B B 23 0 RMA 35 #R 45 Ho M K . 7
T UEEA HEAE A ST MMA . I,
1 [/ — &AL . DMA L RMA . MMA =" stage 75
B3 B E PR B ER B RN . — S B i
RJ7 B —UGE A P B R — 2R B
PP A A A . AHXFP T A S5 AR 2 1 W,
BN S5 A 53 33 B Y - O B 233G R ARAS A B
M ZREE . AR T —Fh 3 A A 5 3% . o
B 1L TR S50 DA =47 o 2 ke il Fe 414t 4
BRI T2 BRI Ry ST R A XA B B
MIFFSk o Z )5 ANEBAEH ik 2R L L B 1 o8
PR 55— AR WAL i o 3 AF S0 DR UE X 1 B S B AT
T ERAVERRRE SN FLSE PR/ e B 11 Ca) i3 ) 2 4B
FF KA TE MMA Z R IE O . I8 80 Je i A%
CPE & B KN pm K1 pn IR F R3O B ATC
BB R G R 154 CPE,. CPE RV AT MR 478 1 e %k
Pk B B 558 HAR K/N(PM X PN) . & 11(b)
JETR (RS2 5 — PP s IE o BVBCHE B Ae 4T RMA 1% %
Z AT AT AL, G SRR o 25 T, DA kA
BiE gk CPE R 1 T#b 55

" [PM T PM BT
(BN data block [}PM | | N | data block [pm L
CPE; [ PN || | PBy PN |
PN | PEN B
RMA H padding i
T g Il ‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ™ 'E lﬁ data block PNi
e — /
............... L R,
CPE, %Hﬂ’dﬁg [RMA
bM f [pm i
Ih data block PM (*p}.;ré \J_’:N data block | PM
Wy = —— \ PN
(a) (b)
FEI11 a7 A7 oS 0 B Mo e IAZ 18] 14 4% 465 B Ah 55 CRerp
(a) J& 55 RMA 1& i - 4b 5% (b) J2& 56 #b 5% 15 3 17
RMA %)
5.3 CRESITERZD

QRGP , 45 AAZ BT 3R2 t — RS 4 94
AR 2 T SRAZ 0 58 U o T AS ) A R 0 B AT
i — R IR B RARZG @ AR ]
e RN —BEH R n] DU o B 2 A {E A
WMEANTTRRG . (HRERXFIEMN R EA R, N
A BB A FUR UL T RS20, TR 2

XACHS A B i 47284k . S T fifpeask A [l L 3R AT
& TG A0 A A i #s . TH A O F%
M—N—KWIEART HATIHE . N2 R IR
Xf— A RM X RN W) C #i B 8 347 558 an &l 12
Fim o

GEMMiF 50 |
for 0 to PM, step = RM

& | gemm L0 |
i‘i! | gemmffijLl |
<3 : | gemm 2T
Z | | gemmifiit Kx | e -
for RN to PN, step = RN
i [ ’Wﬂf-«.-w_jmpha+ﬂmr-s s el
CHFEAM, 5 [ LDM
IL‘ 2
| gemm#LICO
|—7_\ for 3 to RK-1, step=2
- | gemm#iTl | = .
T — TEER R IEACO
e S TEEA IS
| gemm#iiG Kx ‘
i la) % 3 S alphat 60T 5 L Ja FriEfo
| CHFEARIN, 5 HLDM
(a) (b)

K12 ICgE S O S5

RM RN . RK Hy{E /&t SIMD 54> 4 % 15 127
FEERAT LT RUE M . T K BN 8/ WU B2
T AR FE T U5 A7 E SR A A SR Sl A (T
RM=2, RN=4, RK=8., £ )7 ¥ 1 WL SCHk[ 3-4].
E XMAG M ga A5 AR las b s b IR 75 22 4b 22
AN TR]HRASE (1) J5e 9 2 0 e, BRI 6E M [l 358/ B9 15
B, P RM=1, RN=8. f{H5A: gl % oy 216 2
FGI JZE I H — 5 1) T B AT IR A R T, LAl
WA HEATHE 2 HEA o S T R B A Y
B A 0 K 4R A ARAS Tl T 0 48 2 O AT AT R P
) B A AR B Al 4 A48 A S, — > & SIMD
TE AR A BN, 5 — S FE i A oAl 48 4 . ZEARIIE
B ARSI IR T2 1A A 1R (AT T, A
BAF H i i 4 Bk A8 SCHCHS e 38 2 A6 B 3SR A% O
fRAG , AT AR AR AT BE s 135 2 It A7, BRI AY
PINR B R8T L 8

N IF: A AGEY =R w = K iR

T A A gk (Ui A 4

NI AGE =R o K iR

T ) S AR gk (U A 2

T A R (7 ST 4
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BET R sh CERAIEE 4

FRAS A AR T — RIS ok UK
FIRABIER. EESEUT .

COAEIRFFIREL 48 2 SN2 IR TN 2R Y
JRE TR W L35 AR R BRI S AR e
JP AR I I G — UGB TR B R IF 20k, DLy i 4
ABHE L, SE i SR RS

(2) TR AL - X B8 S HUHE o A AT SRR 22
HITE A SE A BAEMERY 2 /DA 2R

(D HRIN A3 B KN B e BB R AR
WHZDAMEICE. BHE T arfEas i, It
B XUZE WS I Ve . IR, 2 N T 1] G 4 B dss
I T8 B AR Wk s 24l 0 2 W A7 a o il
FHSULR vt B A R I 1 R R AR U 1) B A7
W o SXRE 23 1 AT A A 0 85 e S B A A A
o FTLL, BERPRE LT, AT B AR PN R O of
M o

AT R AR S0 A I i 5% 0
A3 gk B AR SO 5 C S ARRS AR Y H AR SC
R IL [ B Ry T R T S A
5.4 B@Ak

SR R G XMAG R H A 3h
VA 08 7 5 R 2 (R i A B BB AR AS . &l 2 i
> ATE e —AMEE T T RS R IE N
AT AR R AST o 3 52k Fo A AR s i
ABERUARE o, AR IR A AR A X R
AST #AF AL e , 2B i 2 A AR AST  JE i i
KASTHES . Ta . WESTHEA AST A
1% FH T SW26010-Pro Ab 25 1) C 1B 5 A0S . FEdE
11 A S et , 384T e 504 A s o LA
TE WA B K /INE A BS. SRIG - X 45 7E B i A RIS
BATHEE T A v Ge BB R BT E
T R E R AR L R R A SS. XM
MEG IR SIE S — MR RS [ T 46
N RS R, AT T ILA AL R . 55 —Fl o2
MR M MR R AT B A . B SR A AR T
G wp X R/ R T i DM A AT 2 ) 9k
AN U AR B T . 5 A, FRATT S ARl R A RS
BB 3 R s 7 R TR AT Ry . il
U T A ) B e 125, FRATT TS 23 A i MIN2+- 3%
RT3 28 PR X R 357 BB 0% 7540 |
FHER A 1 = G vh K 2R B TE] 4 TR ik 2k L 31X
)& xMath2. O 32 2% FH Y S8 37 28 R4y 55 31

D7, UG N R K 2 AR/ A B R RE
555 B T4 CPE M A% , 84 w18 43 4= il MIN2+
Pt . RO IEAE L ok B RE
i — 20 AT IR IR I B A AN A A AL, i
A BRI AR IR K 2

55 AR AR O AT 250 R Ak R e 1 75
PEATIE B, FeAi TR B, % M7 1A i K £ L 78
MR NI K #A /I 9 i /9 8 8y U B
PR IR A FRATTHE [ e Bt Al i S 2. b, 78
isAT it R FRATTAT DR 2SR R A 1 7 R A s
IS ECHE B b o S5 SE 0 R B AT A1) i e B
Bl X R LE AL BT T o I, A SR X R
AN E I (M, N, KO W48 Feafe ik R A TR ARG 1 B
PErh A MRS (M N K D RSB , I 4
FATAT LIMAE M " N K ) He e ARES R A () Bl |-
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Background

Dense matrix multiplication is a hot spot of research, not
only because its performance is critical to many applications in
science and engineering computing, as well as artificial
intelligence, but also because its optimization is closely related to
hardware features and the optimization varies according to matrix
shape and size. Therefore, a tempting solution is using code
generator to generate a number of codes and select the most
favorable one for a certain input. This technique raises challenge
especially on heterogeneous many-core platforms, Among which
a new trend is using on-chip network and distributed scratch-pad
memory.

The SW26010-Pro processor is a typical platform with this
feature. To obtain satisfactory performance on GEMM with
various shapes, it is inevitable to figure out a way to construct a
code generation system for this processor. The existing
frameworks, which target either CPUs or GPUs, cannot handle
the complex DMA and RMA operations with flexible software
pipelines. The only two code generator that works for SW26010-
Pro both suffer greatly from their limitation of implementation,
and cannot generate the deeply optimized code for GEMM with

various shapes and sizes.

LI Fang, Ph. D., professor. Her research interests
include high performance computing applications and related

optimization technique.

Therefore, code generation
framework for GEMM on SW26010-Pro. We designed the

whole system in a hierarchical fashion, with the higher level

we propose XMAG, a

defining the computation schemes, the middle level generating
and transforming the ASTs, and the last level generating C code
that can compile and run on the CPE mesh of the processor.
Based on the analysis of optimization techniques used in the
current xMath2.0 library and other implementation, we
incorporate loop mapping, matrix mapping, and data exchange
pattern in the computation schemes, and provide a variety of
software pipeline generation strategies to ensure the coverage of
the optimization suitable for matrices of various sizes and
shapes. We also developed a code generator for the assembly
computation kernels, which further provides flexibility to the
code. Together with an auto-tuning framework, we are able to
generate and find the best solution for GEMM with a large
variety of matrix sizes and shapes, achieving an average speedup
of 2. 32 over xMath2. 0, which is a library deeply optimized for
SW26010-Pro.
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