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Abstract: The delay of the computing core access to the main memory of 'Shenwei heterogeneous many-core processors
is very large, and thus the program should try to avoid the access of éomputing core code to main the memory as much as
possible. The global offset table stores the addresses of global variables and functions in the program, which is not
suitable to be saved in the rare local storage space of the computing core, and it is not suitable for cache prefetching
because of its discrete access patterns. Therefore, accessing the main memory operation introduced by accessing the
global offset table has a great influence on program performance. In view of the usage scenarios of static linking and
dynamic linking of héterogeneous many-core programs, the usage limitations of linker relaxation optimization are
analyzed, and a global symbol relocation optimization method is designed based on “gp address base+extended offset” to
avoid accessing the main memory. Experimental results show that at the cost of adding a small amount of code, the
relocation optimization method can effectively avoid the operation of accessing the main memory introduced by accessing
the global offset table when the computing core code calls functions and accesses global variables, which improves the
running performance of many-core programs.
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AT R R Nﬁé&ﬁﬁﬂt%ﬁ}%%éﬁﬁﬁi%ﬁ%ﬂj
TR SR, G 3h A FER RS AT I N RN g
SR, T IX L # R LASh &5 BE 5 N BRI A 5 47 Hh AR
5, SWGCC % RGN 1 X AL IR ST 1 5)
AHERECFE, N Python. PyTorch!™. LLVM R 2%
(just-in-time compilation, JIT). Julia®"&5 &4 1 IF & $2
PLEEAIE D) Be S HE.

S SR AR, s8R0 TR
S Eh A S (1d-linux.s0.2) 5E . 24BN ABERE
T2 4 e BT I, 20 245 42 9 B 2 1 T K P P A
BB 1 PR B BB HERE I A A7 7 [B), JFREAT 775 Pl
A g A TAE.

B A PR AR A R R 5 IR AR AT A R A T E 1,
M2 BT F2 7 38 47 I Sl A B B2 38 2 Iy, 2%
B2 IR 0 245 i e 1) WL L AT IR 7 PR BTG B R . AT
A REAE 2 A BN AS BERE e e ST M R 4 R A8 B R
B, B ASHE R AR AT TR 5 B R AN 5 B A B 1 %
BT 7 — B DR b 2 2 e i P 0 o VA e R
P 1) 42 JR A5 5N U 1 AFERAEREA T4 L.

SWGCC 3 et 7 4+l & 5 52 1t H
B3 SUIE R AL B B e so SUATBRAN X B T 34T
LA, £ SW26010Pro #EFE &%, 2 A% L jmp A1 br 6
SR F2 45 A8 1) PC bk 2 24 A28 i hk, SR
jmp A1 br 84 Fr7E bk 5 Bk % B 1k 24 47 DA
AL A R — B0, B X AN Mk A A ] — A
16 MB X 55 ik 22 (8], 5 W8 47 2% PC % H =
O TR AR NIRRT, SRR T H AR S
(138 A% AR & H B AT AT ST text ] B, HEA™ texct]
B R /NEH AL 16 MB, WA KA PC #H &
N T BN AR, SRR AN B SRR N
—ANEEAR AT R, A X A DR E A R
] Bt AT B 9, 4 2B A BEHE R I text ] BUMCA AT
BEW R B BN [F 1 16 MB Ul 45 (8] 9. 4 W HEABh 2
B2 T P (138 B A 0 bR BB 31 o — A s A BE R Y
[1ia HAZ O BB AT, A T RER AR PC Bt 55 R,
7E SW26010Pro AL HH 25 1) S A4 A S A2 v, FRATTEEK
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1a B A% AR T F AR ek B L 7 B — AN B A B
PN T AR T He AR B A B4, DL e K AR PC
T
42 ERfFSEEMMKL

£ SW26010Pro 4t P &5 1) 3 25845 518 4T 37 7
oh, 6T AL O AR B 2 A 24 T s A B R, 12
HAZ ARSI A 1 ek HO FH AR B AR R — A sh A B 4
JE A A I B A SRR o R ) A S Hb kR T
1, DR AT DT ot iz SR 0o BR 25008 384T relaxation £
1k, 152 FIFEZ 3 caller BRELS callee RREUME FAH R
gp 1A PR .

B X IR — BRI, A SCHE literal 252 47 7 2011 it
b, B SR T gt AW AL I AR A 5 H e AR

1. 24 caller B #0 15 callee B ¥l I AR gp (A I, 75

FIRE callee R AT HbHE U\E?ﬁﬁﬁi gp fHy A AR
gp B AR L@ i “1dih+1di 45 2 0T 5275 5 callee B
B, 8 % O GOT % load FEI callee B $H L)
Vi FAFERVE, AL literal =58 47 77 A S2H.

SWGCC £ J5f5 H gtk an &l 7 firow, Ao i3
ONGR A A ELER 3.2 TR AAS AR BT gAY, S
PEERAE literal BT /7 3 load T84 8 B AE e —4%

literalhi 2 5€ £ 77 30 1dih $5 4, B4 L5 ARG
K84 7 1, Bl HE g8 10 Ab B 8 7 Y BUi S A R S
b5 gp W%, FIWZ RS (B2 5 Be % H “Idih+1di”
i A% KR, BRI LI I UK load F5 AR AL L 1di 48
2, AREREFE TR I WA B 46, BAASE NS0 1 s,
B 1. R RAT S R

1) Y iE2S A LIS FAZ ARG Vs 17 42 J5) 755 I 2B 4% literalhi 2 7€ 7 48
4 Bk, A5 A4 R AR AR e1dih+Hd D i “literalhi+literal ” 5 7€
BrAR-4xF, b B e B0 42 B <1dih+1d1+jmp? # “literalhi+literal+
lituse_jsr” 2 SE AL $5 44T "

2) BB PRI literalhi BEGE 75 3, LEIEAT 57 H) A% BRI B3
FFAbHE literalhi 2 ERLTR S

a) Xt FRGIA literalhi H5E 6 )7 SUAITE 4, FEUZ 2 B 755 1 HE
ikt 55 24 i A ep 18, P AR B LA R R (L

b) W5 IR a) it 545 T B A2 R 75 BE 95 P “Idih+1di g 4 %)
For, BRRAE AR 16 A RIAHE R T /N T 32768;

c) T HLL IR b) H IR 25 R L, AT LK IdihHd 4 4 5Lk
A1dih+1di” 38 4], KA AE w16 AR 16 A4t B IE
1dih A1 1di 8 4 FImAE AL

d) WD R b oIS AS RO, AR FE<1dih+1d1 4 4 XA
B H ARSI GOT £HHIMLE S gp [ERIMIRAS, ¥ Z%ARXT
FE IR 16 MM 16 753 HITHE N 1dih #1 1d1 484 B FE AL 4
3) e AE— B HEAT A 6 R 250 Y relaxation A4k, F W BR F07
ST R ARAL S, dnidE 2 AR SR K “1dih-Hdi+Hjmp 4 4 0 Ak
¥ “nop+nop+br T 44t .

bRk =R /7 textl ARG 2 R 51

Idih $1,a(Sgp)  !literalhi 1dih $1,a(Sgp) B
slave_fun: .

1d1 $1,a($1)  !literal 1di $1,a($1) ’

stl $31,0($1) \ stl $31,0(81)
\_/_\ ‘ \ -

1dih pv,slave_fun($gp) !literalhi!2 \ Idih pv,slave_fun($gp)

1dl pv,slave_fun(pv) !literal!2 data \, 1di pv,slave_fun(pv)

jmp ra,(pv),slave_fun !lituse_jsr!2 a jmp ra,(pv),slave_fun

w

VB 7 SWGCC 4R 7% 2 5 5 R e Ao o

HAEE T iteral e i S0 16 G477 545200
%, “Idih+1di"$i5 2% Be il R 7s 32 A 175 B8
¥, BIA] DLEE gp (E A9 FERE | F-hk+2 GB (i #hk 25 [a].
78 8RR 5 P OE 5 48 malloc. free R3S 25 HH % AN
PR A A7 25 18], AT AT FR 5 B — A Bl A B2 A L AR
it B3 5 5 2 00 B ) DR/ N i 0 Ak T DAL k2 )
M. (R, 7 SW26010Pro AbHE 3% b EF S EE R sh &
BEREIME 37 50, U7 GOT R34 A7 5 bk
A U7 AT A 8 #S W] DU i “literalhi+Hiteral” B 5E
WL A 38 G, FH L T4 2 5 2% U 1) 38 i — 2% 1dih $4

68 R4 ¥ System Construction

A AR [ B A n Ok TR s B LA U
] 4= R 7455 A ACRD B0, d8 5% 0 32 B T g R AT
TS, HACRS F i el 42 R 55 14 o LR IE AR/

5 L5 aH

BATH) AR T 17 SW26010Pro 4bFE 28 (14 BEAR
b, AT CAfE A SW26010Pro AbHE 2% 4 A RE AR - 4.
FAT e B T — A BUE Z it AL & Bl
R 5 Bt L PR % SR ABE DL (SWQSIMY) Mk 15 i
JE 22 STHE AR PyTorch! 3E47 5256 7047
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5.1 SWQSIM Mix

SWQSIM 5 2021 BB H K2 (SC21) |k
SRAF N VR [ B B, 2 T3 — AR BB gt
N6 S, A 4190 J3 AL FRER A% 0SB0 T 1.2 Eflops
FRSFE B 4.4 Eflops Y-G85 BE TSI RE. 128 H A
5 FAT AT e, A SCAE A 16 4~ SW26010Pro 4b
HRLZRAALL 53 bit 20 cycle A a2 A HLER AR 720
ANTFAES, BRI T 11 Be.

SWQSIM # A8 F ff s 42, BEHIT T T relaxation
Ak, ATHAT SCHE T GOT BEIIR/NZIH 26 KB, 7R
AR A [ — A gp 18, BRICAE 42/ 775 H e
FEARALI, 553228 relaxation F0AL AT LUK AT AT SCA N

T 32 B 0o B B0 £ “Ld 1 jmp 5 4508 B 1 5

“nop+br 84Xt AE AN L, FATX A& 5 litefalhi
RS EEMI . 215 relaxation PEAL P
LA 4 T BT

xf T 18 S A% D ARED B text1 B K/, ANl
literalhi 42 J5) £ 5 B € AL AL, relaxation fILA6 AL
A5 textl BEIA/N, K/N A 412.4 KB; 48 literalhi 4 /7
55 EE LR, K/ R 414.1 KB, literalhi 425 FF
5 HE AR AR RGN — 4% 1dih 54, SWQSIM F£ /7
S I FAZ O AR BOR /NG INZ) 0.41%.

FATTE SW26010Pro Ab3 3% EIR 4 FhZH A 15T
T SWQSIM &7 i1z H i [a], MK 45 R w1 8 Fiow,
AR 55 SRR 10 WK I8 S 1R BP9 48, o,
org Fonff R UG literal €47 )53, opt Fan 1
AL E e 157 5 3K, relax RonEEHASFT T relaxation 1

1k, norelax 7~ 5% relaxation {4k, 4 FiEHAia & |

5] 18] BA“org-+norelax™ ¥ iz SN [8] Ay S HEREAT LIH—1b.
¥

1.2

1.0
08 r
0.6 r
03144 03142 03140

1 01 0

org+norelax  orgtrelax  optt+norelax  opttrelax

1317
K8 SWQSIM AEIEIE T 1IH—4kis SR
SWQSIM F& 7518 5% o Ja ¥ 40 A7 25 1] 4230
fic B R EE R I Y LDM =56, Bt ARE P HR I8 S A% O 5

04 ¢
02 t

SWQSIM JH—4bia 5[]

0

7] GOT R I ERAEAR U7 EAEERAE. MR 8 Al as
A LLE B, Al JR U6 10 literal 5 £7 75 20 H ¢ P B 42
2% relaxation fLALIT, #2742 /55 U Wl 51 N I8 55
W0 V7 1) A7 B AR R R P 1t Re S ma AR K, 1Tk 8
relaxation fE A6 B3 FH ek 1 2 e 62 77 SR A% 2 35 3
VAR E AL N

FATHE— 58 F] SW26010Pro Kb 28 814 A 55 2
BERIPERE IR APL #5201, 73 41t 4 FETE N SWQSIM
7 1247 (3a A O 45 & SUORUB G %0 U 7] £ 47
GLD 8, geit 45 Rk 1 iz, Wy UL 2, {8 1 R 4G
1) literal Eiﬂﬂ*ﬁ U HIC B 34§ relaxation HLALI,
B LVLIR A IO IS AT 1R 5 0.0526%,
BRI 1) 77 YOBCTE IE AT SR 4 B0t 1 5 AR AN, (L
SRR PR = A T B RIS . {8 R A
relaxation fE 44 AE % 18 iz S A% O ARRS e B0 FH 5T
7 E A AR, A SCHE H 1 “literalhi+literal 24k ¥ 8 52
B 77 3, A RETE E G iz FA% O AR v R 0 51N
V7 EAFERAE, T LR 0% 8 % U7 [0 42 R A2 & 5 NI U5
FAFERAE, B LAGE vt 2 Hh A8 A i e A7 7 =0
V7 ) FEAF R E R D

# 1 SWQSIM A [FMETE Fid F A% 0 v ) 347 Gt

BRI R (10 WAL (<107 P R

BT
org+norelax 3.634 23551.“93 5.261E4
orgtrelax 4478 509 1.137E-6
opt-+norelax 4,469 ' 504 1.129E-6
opttrelax | 4461 ¥ 5.04 1.131E-6

A A 1 DRRZE R, PR lireral
g A7 7 N G PEE AR relaxation TLALET, 32 S [H]
K, BAT I T8 A HH iR, 43 d TR R AR P A O
B4 DMA (direct memory access, 12 &% 1> LDM
5EA7Z W B EREN A7) 5 58 2 R, DMA %4
N AR, B H A% OIS LE R DMA 1K )5 % 16
AT [R] 2 o DL A5 AR B A% i o . 238 S AZ AR
U] AR DI, BEZ OIS 64 MgFZ L
T84T 55 B MR, #R 2= [R5 M K 2 DMA 53R
M4 5 DMA 7 8, T SO A i I (R BL G, 29 5 7%
J iz SIS [ ) 52.0%; 1 iz FAZ AR h AR A 2
Ui EARAER, S8 A% 0 U7 ) EAF R E IR A — 3,
FEAE P BT S5 B MER AT EL, DMA #5845 AH 5 T
T, R SR B S BB, AT AT EE A i 1 T R AR
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25 FE I8 HEF TR 10.3%, ARS8 FR U5 i) 0] 2 5
(45 2 HO R IERCD |
5.2 PyTorch iz

AR R T — A B R FALF 6 1R
JE 2% SIHESE PyTorch MR h A 8EH: T 5E AL A A iy
AERRL, BN BE B BE R 8 AN 31T relaxation fEfk. 3K
ITHE PyTorch HEZE Hh 73 T 6 TR B 7 22 X 45 15278 ResNet-

5001, gwAin A BERTPH ., A Ay GPT-20%

SERETY A 5 A B e 6 AR PR REHEAT T,
181 FH (RSB N B SW26010Pro AbFE 3%, 3 A% 0
Jei R B A7 fis 72 F) 4 T B R A 4% ) ¥ LDML 2 ).
ResNet50 FR0I Ab 3 — 3K 224x224x3 (K F img;
BERT MR 12 JZ 4 B 4%, hidden-size 4 512;
GPT-2 MR 12 JZEF M2, hidden-size A 1 024.

BAT BT T AR AL T G PyTorch #% 5 1 ¢
libswmath.so EPif_ﬁ*Z'l}ﬁﬁ%.textf BEII RN, A
fd FH literalhi 4% J5) &F 5 552 AL ARALET, text] BERR/IN
2179 2.949 MB; f# [ literalhi 4= /3755 B & M ALAL I,
K/ANZ1R 2.972 MB, HF R 112 FAZ QAR B/
BhInZ 0.75%.

PyTorch iz HHS (A 4n &l 9 Frow, FoHh org Fow
181 F IR 4R 11 literal 5558 A7 7 30, opt R AR AL ¥ 8
e T3, B H S [ LA org JFEHEREAT T IH— 4k, AT LA
F 3, A e 7 )7 208 ResNetS0 Wl i 14 GE 42 7+
%1 50%, R 5% i BERT A1 GPT-2 Mzt it 1k fig /s
MEHET, 23 T+ 2.2% F1 5.8%.

1.2
1.0 |
08
0.6
04
02

! 097801 1 004219

0.496 38 I I I I
org

ResNet50 BERT GPT-2
K19 PyTorch MARAEAFE I T HIIA— iz S [A]

AT — 18 ] SW26010Pro 4b FH 28 5 3R 155 42
PEA I BE MR APT 82 11, 43 B Ge i Ad 5 AN e
PMRATEIE T, PyTorch MRIE 1T B HAZ O B8 H
A2 E R0V F 47 GLD IRHL, it 45 Rk 2 fis.
it R IR, ResNet50 BRIEAEELZ 1) BB AR A, 7EAS

PyTorch PR IH—Lig Hif 7]

70 &7 ¥ System Construction

1 ) 2 A AR AR A 5 22 ) 1) A2 A7 B, AR e
PEPRA S Vi 1) 3247 B 25 kb, DR v e B I 3
BERT 5 GPT-2 Wi b & i FH 5 7 1) 4 =) A8 &8 B
A4 bt Al E e AR S U 1) R A7 R
Wb EAZ, R RETR THIE R/,

# 2 PyTorch WA FIE K T ia B A% 0 Vi v EAZE KBS

o EATIRAOH VIS A AR
i (x10") (x10% BATHR A
ResNet50 org 22.02 52.28 2.374E-3
ResNet50 opt 22.19 1.52 "'«" 6.86E-5
BERT org 4.156 1.32} 3.22E4
BERT opt . 4.154° w1.25 3.02E4
GPT-2 org \ 1 1372 1.25 9.13E4
GPT-Z opt: 71413 1.22 8.63E4

L
3

6 div5RE

AR ST R HR AL AR A AL B A8 A% AR U 1]
2 JR A5 5NV ) A SRR S ma R 1 e 11 0] R, 4y
Wi Hz 25 relaxation P AL A5 A BRI, Beit-SEol T 56T
“gp Bt bbb R ARSI 4 RS HE AL . S

S5 RAE, 7E SW26010Pro AbFR 28 A8 55 4
%ﬁ%ﬁ’]ﬁﬂﬂiﬁm* 4 JR 75 EL E LA AL 7 i RE S A
0D = AN AR, RO I8 A% O ARAD U [7] 4x
Ff e 2 51 N W7 il 3247 PRAE, 32 m A AR T g
PPERe. H AP0 AR A BER 28 gL, S 5 —
Syl zﬂ*%ﬁ%ﬁﬂﬁﬁﬂ%iﬁa,ﬁ$1¢ AR LS
1"]%‘1‘%u)—fk_ﬁ‘ﬁ Auﬁﬁﬁ 523 PC LIS, N £ 5
1"]1?& xﬂ*%%)ﬁﬁﬁﬁ%ﬂ‘ﬁﬁﬁn%ﬁﬁ* Wt A
zﬂ*%@%ﬁqﬂﬁméﬁﬁ%ﬂﬁimuﬁm

SE

1 Lindholm E, Nickolls J, Oberman S, et al. NVIDIA Tesla: A
unified graphics and computing architecture. IEEE Micro,
2008, 28(2): 39-55. [doi: 10.1109/MM.2008.31]

2 Macri J. AMD’s next generation GPU and high bandwidth
memory architecture: FURY. Proceedings of the 2015 IEEE
Hot Chips 27 Symposium. Cupertino: IEEE, 2015. 1-26.
[doi: 10.1109/HOTCHIPS.2015.7477461]

3 Jeffers J. Intel® Xeon Phi™ Coprocessors. Shi X,
Kindratenko V, Yang CW. Modern Accelerator
Technologies for Geographic Information Science. New
York: Springer, 2013. 25-39. [doi: 10.1007/978-1-4614-8745-
6_3]

4 R, WA B, IR, A I RE AL AR B &% H A 26010.

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1109/MM.2008.31
https://doi.org/10.1109/HOTCHIPS.2015.7477461
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
https://doi.org/10.1007/978-1-4614-8745-6_3
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F #5334 H2 W

http://www.c-s-a.org.cn

i H AR SN A

W

(e}

10

11

12

13

HHENIIR S KR, 2021, 58(6): 1155-1165. [doi: 10.7544/
issn1000-1239.2021.20201041]
Liao XK, Xiao LQ, Yang CQ,

supercomputer:

et al. MilkyWay-2

System and application. Frontiers of
Computer Science, 2014, 8(3): 345-356. [doi: 10.1007/s117
04-014-3501-3]

Yang C, Xue W, Fu HH, er al. 10M-core scalable fully-
implicit solver for nonhydrostatic atmospheric dynamics.
Proceedings of the 2016 International Conference for High
Performance Computing, Networking, Storage and Analysis.
Salt Lake City: IEEE, 2016. 57-68.

Fu HH, He CH, Chen BW, et al. 18.9-Pflops nonlinear
earthquake simulation on Sunway TaihuLight: Enabling
depiction of 18-Hz and 8-meter scenarios. Proceedings of the
2017 International Conference for High Performance
Computing, Networking, Storage and Analysis. Denver:
IEEE, 2017. 1-12.

Liu Y, Liu X, Li F, et al. Closing the‘«“q{lantum supremacy”
gap: Achieving real-time sil‘nul\ation of a random quantum
circuit using a new SI'llnway supercomputer. Proceedings of
the 2021 International Conference for High Performance
Computing, Networking, Storage and Analysis. St. Louis:
IEEE, 2021. 1-12.

Wulf WA, McKee SA. Hitting

Implications of the obvious. ACM Sigarch Computer

the memory wall:

Architecture News, 1995, 23(1): 20-24. [doi: 10.1145/
216585.216588]

Cooper KD, Kennedy K, Torczon L. Interprocedural
optimization: ~ Eliminating unnecessary recompilation.

Proceedings of the 1986 SIGPLAN symposium on Compiler
construction. Palo Alto: ACM, 1986. 58—67. [doi: 10.1145/
12276.13317]

Glek T, Hubicka J. Optimizing real world applications with
GCC link time optimization. arXiv:1010.2196,2010.
Johnson T, Amini M, Li \XD. Th;nLTO: Scalable and
incremental LTO. Proceediﬁgs of the 2017 IEEE/ACM
Symposium on Code
Optimization. Austin: ACM, 2017. 111-121. [doi: 10.1109/
CGO0.2017.7863733]

Cooper KD, Hall MW, Torczon L. An experiment with inline

International Generation and

14

16

17

19

20

21

22

23

substitution. Software: Practice and Experience, 1991, 21(6):
581-601. [doi: 10.1002/spe.4380210604]

Davidson JW, Holler AM. A study of a C function inliner.
Software: Practice and Experience, 1988, 18(8): 775-790.
[doi: 10.1002/spe.4380180805]

Jessica Paquette. Reducing code size using outlining. https://
www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf.
(2019-10-30)[2023-06-16].

Rocha RCO, Petoumenos P, Wang Z, et al. Function merging
by sequence alignment. Proceedings ‘(‘;f the 2019 IEEE/ACM
International Symposium on Code « Generation and
Optimization. V\Cashington: IEEE;2019. 149-163.

Srivastava A; Wall DW. Link-time optimization of address
calculation on a 64-bit architecture. ACM Sigplan Notices,
1954, 29(6): 49—60. [doi: 10.1145/773473.178248]
MaskRay. The dark side of RISC-V linker relaxation.
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-
linker-relaxation. (2021-03-14).

I BE, XYY, B GE, F. LT A AL B AR KR B A 22
W 2% S Ik R AL AL. THEHLRLEE, 2022, 49(5): 355-362.
[doi: 10.11896/jsjkx.210500226]

Shang HH, Shen L, Fan Y, et al. Large-scale simulation of
quantum computational chemistry on a new sunway
supercomputer. Proceedings of the 2022 International
Conference for High Performance Computing, Networking,
Storage and Analysis. Dallas: IEEE, 2022. 1-14.

He KM, Zhang XY, Ren SQ, et al. Décp\'residual learning for
the 2016 IEEE
Conference on Y'(vlomputer Vision and Pattern Recognition.
Las Vegas: IEEE, 2016.770-778.

Devlin J, Chang MW, Lee K, e al. BERT: Pre-training of

deep bidirectional transformers for language understanding.

image recognition. Proceedings of

Proceedings of the 2019 Conference of the North American
Chapter of the Association for Computational Linguistics:
Human Language Technologies. Minneapolis: Association
for Computational Linguistics, 2019. 4171-4186.

Radford A, Wu J, Child R, et al. Language models are
unsupervised multitask learners. OpenAl, 2019, 1(8): 9.

(B e FhEHE)

System Construction R4 ¥ 71

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.7544/issn1000-1239.2021.20201041
https://doi.org/10.7544/issn1000-1239.2021.20201041
https://doi.org/10.7544/issn1000-1239.2021.20201041
https://doi.org/10.7544/issn1000-1239.2021.20201041
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1007/s11704-014-3501-3
https://doi.org/10.1145/216585.216588
https://doi.org/10.1145/216585.216588
https://doi.org/10.1145/12276.13317
https://doi.org/10.1145/12276.13317
https://doi.org/10.1109/CGO.2017.7863733
https://doi.org/10.1109/CGO.2017.7863733
https://doi.org/10.1002/spe.4380210604
https://doi.org/10.1002/spe.4380180805
https://www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf
https://www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf
https://www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf
https://www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf
https://www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf
https://www.llvm.org/devmtg/2016-11/Slides/Paquette-Outliner.pdf
https://doi.org/10.1145/773473.178248
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://maskray.me/blog/2021-03-14-the-dark-side-of-riscv-linker-relaxation
https://doi.org/10.11896/jsjkx.210500226
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 SW26010Pro众核处理器存储层次介绍
	2 全局符号寻址的编译链接处理
	2.1 众核程序编译流程
	2.2 异构融合链接
	2.3 全局符号重定位处理

	3 链接时优化技术
	3.1 编译器链接时优化
	3.2 链接器优化

	4 SWGCC全局符号重定位优化
	4.1 SWGCC静态链接与动态链接
	4.2 全局符号重定位优化

	5 实验与分析
	5.1 SWQSIM测试
	5.2 PyTorch测试

	6 结论与展望
	参考文献

