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Independent Research and Development of High Throughput Computer in China

Abstract

With the rapid development of Internet technologies, the main applications of high performance
computing (HPC) are changing form scientific and engineering applications to those focusing on data
processing. This situation poses grave challenges for traditional high performance computing
architecture, thus high throughput computing (HTC) comes into being. This paper explains the difference
between HPC and HTC according to the application features, as well as introduces the basic theory and
key technologies of HTC. We also show the research results of HTC chips and systems. Through the
breakthrough of above HTC key technologies, it is expected to relieve the bottleneck of core chips, and
make due contribution to the China's new high performance platform in the era of intelligent Internet of
Things (IoT).

Keywords
high performance computing (HPC); high throughput computing (HTC); datacenter; sys-entropy

Authors
FAN Dongrui, YE Xiaochun, BAO Yungang, and SUN Ninghui

This article is available in Bulletin of Chinese Academy of Sciences (Chinese Version):
https://bulletinofcas.researchcommons.org/journal/vol34/iss6/5


https://bulletinofcas.researchcommons.org/journal/vol34/iss6/5

T FESRETER R
HPC Development Strategy of China

PEISEEITENNE EH A2

BEE MHEE 85K INEE
FERERRITERARHRFT L= 100190

HWE MAZKMBERGBELE, S
WA,

ZMABAZSGER “FTHT QRE, ARAMER

XiEle Suad A, @, HEFS,

DOI 10.16418/j.issn.1000-3045.2019.06.006

UTAERE, BE A G BOR ARG R R, HLHR K
TR A R R R R UL M8 2
s VR AL S A RCT 2, R H R
AL 50 TB; 7 AR R AL B 200 {248
FigoR, WA EIREA PB; MM H @ A
Bol 1.5 12, PR SR R ik 800 421K
Facebook [THH il 2042, H ] FAZRY IR A %00
23k, RAEEFREHRAF (IDC) B, #2025 4,
LR A P B AT 160 ZB ., WAl A RO X
SRR TN T R — RS

FERXRNTS ST, RO A0 I I A 5t
M LIRRE S TR N 3, 3% A0 T8 B LS A 3R

*38 A
RYRE: BRAKFAFRSE (61732018, 61872335)
B ASIE B 201946 A8H

648‘2019&-%34%-%6%

AR T B I 60 Ak

R

bt 09 220 A AR S A 5 TAZH I A 22 YR T A AR
BAEARZERT IR R M T RE XK R, LiEHEASTHERERE. XLFNEA
HAEE A MA T BB H A 54 %SHRITT AN LR,
BAFRESEEHEECEH R R ARBROFRTAR; ¥
7 M AR A9 B R B bk Ak LT S 4 TR

REHEAR, ABRF
DB 5B EH M XERARGFTRE R, A

Bl BRI, H T ZE DL SRR AR, 7 2
A PR AR R RS SR A B A A AR TR . SRR,
A, M BRI SRR, AR
FUREE 10 S AR F K QoS (kg5 B ) 2l T
AR PR, ELIBR A 38 B 1o Y R B b
RRIE SR A e PERE AL B4R & AL R Geii ok 1
EPNIUE 1598

FNTERINIE , R ARG B & R 4
AR, USRI B 15 BUIR S AT alk A B, (HSH%
T FEE BAT R OB AN B2 0 T, Rk
SR M0 RGEAF T IR I R BIAHSE
[ A B O R R RS (CPU) WGBSR



FEZEEHENNETHE R _

T 5 JLF- 435 1Y Intel F1 AMD P20 /) 238848,
TN g 68 D 322y 28 [ 9 NVIDIA A ) B, #%
OFARMERIE, TR E R AE Bl i & ™ 5
Pl AR R, U i 56 28 SRR A A A
MEA RS A 307 IR T

T REBE TR BT RAE 10 4F TR TG M
R Eh T il AL TR . &t 24 R
MEA, HRCSTEZC SR IHEHLRSESE I
THZRIHAR, JECHRELBAT R

1 HaREEEHEN

P PERE TS AEAL GE R 5 TR v Y
PR AL, A, AT
AR, DLEGHR R v o i iy i e A s
SO PR ML P O 2 S v g ELIE R | IR SR e e,
Rt L5 20, M5 A BA R A0H
fiEs THEEARXIA R, EAE S5 B IF R R B AR
FR; DLRARFREOR HA S

gtk RETH R ALA IR AR P s %, B4
JLEAAIFAT AL 5 O AT i 5 1 K5l Hh 0 28 0 H]
RGN AR A, B R BLALI (8] AT 55 sk
AbBRAGAE LR, XA “BARZT IPERERE AR R
REH S HLBRR Rl AL IR g s il L
—ES, MRART LK AR ol R URE H
TELIG R R S T 4 I S BRFAEAY | 7 5iR I E] 24
FT BB 42 Joy 42 AR B o O 35 oK BT BY Pk g it
Lo HAZRF RURXIIE R . SR AR E 1 A O
38

o5 R LR e R P RETHIE MLALE H b N

L HHRRRE R T B AR S 5 1A AR B A Y X5
(F1) o oM, MFEERIERRCA, BriE
UL I 38 S AL RN i o T R G 0 R R IR A Y
M, A A M A O F R T R G AR A X
28 55 o A s O L R SIS A v e iy TR R e o
ZAE . T A0 S N T LR R 2
TR, AT AT B m P RE R4 CRA
Intel Xeon CPU ) X LAY i 1 i AT 7, R HL
RILT AR —LEa)i,

(1) 5% RRE%. CPULMIEERY
(cache ) BRICHARF, X BLH] i 0T 5155005
PERETHE N B VT I AR EA B B X, 5 £
PEAFRATIEANE G o DEIFR RN DIFE 1Y £ B SFe Al 1)
W, REGAEERINR, HA ST ORE R BT
(7E Intel 19 TR S5 @500 Fo R BRI o T ARE
Wk 30% LA b)), A T R R IIRE.

(2) A& TR 4% CPUTE 70% LA fifi
AR, A S8 R R 300
) 10%, XYW, TEmmE R, Foital
TR RGBT T N AT SET B 1 B8R

(3) MRS F M AR IS5 19 IF K
B, (15 CPU FIHIPRAERF R AT, FoAT ] A 3
o7 FH 11 58 J e TR R, A, R R G 1Y 3R B 1
pNANTIRS S SIS R IA N &S/ GRS I A Y 2
Megs ARG b, ERPARAF IR, SRR
FIHARAERFER MK

Wit ARSI RIRA T LIER], BUA S RE
HHREHLR GBI A BEAR LT b6 2 e 38 et 107 FH B4
Fefko PRI, 72T R B A il s AR RS

®1 SEEHENSERASEEITENLL

Epayvazs THESHE KT EAR
ottt B MFEE5TIZHEMA FS8—, MRTBUINE, HEEX, BRI SRE (BEHR)
SEETEN BRI A ESEHF, RIVTEHIE, EEX, KRMERS =Eg (B52)

® FEAEI 17649



_ L9 hESMATES RS

W,

2 BBEITREEMIER

St g R LA s B S Bt BRI,
WAL R S, RS Z., Ak
FE3MLOER, Bt @A SR,

(1) & Aeko SRR R 58 B A AT 55 Bk
W N SR 2 o X T BRI ok, B
HC B — A% O 52 B S 3 9 S 1) 9 2 P 3
Ko PA20ISAETA “HW 117 ABRATNAT M E], Hsemt
B A PRI (T 6 AC2%8D , SAN (R 3 30 T
BEIRD, B O AR FE S AR A R AT AR Gt
ELR S IF A AL B K

(2) &AAF. RIEHTHIRGE D RZOMO
(W CPU., fififid . MZEAE) AR E R, HATR
R OB AR T T A EEA T GRS, 2
W AW SR B EIT. R, R TR
FHP IR Ss Boie, BUA B O AT AR A S )
TERARAKF-, - R B AR A AR AN AR, S FF %R
PR, 2013 AR B H O T2 CPU RITR HA
30%!", T E A IR P 2 ) 3 T S v A R R
FHAZEAREAL, 7T AT, ZEIRERE
S P AL BT SR, TR B SRR R B A R
SEART RIXERY

(3) ARIER . 5 HIP R e o7 I () 2, ELIG
P B R 3 AR IR 55 HLA W) 8 1) S B 28 HRRAIE 4
It H O IO U DR AE 205 2 119 S B 24 T 2% 086 2 B 1 1L
TIRBIGER, B2 FHBURS AR Hin—LeE G
P TS IR N T RE (AL N5,
SN RSNV I 151 P4 v 7 &7 IR o e 1 9 2 X
RGP —E R

XS Bk m Ay s AT A R AE IR B
K, AT — AT “RGEM” 9E &5
WP RGN R Z IR A E P (PN )

650‘2019&-%34%-%6%

GERA AR ki 3 DM, fokYE, R4
W55 SE IR B SR BE AR LG, S BEIRA IR LA R 58
LR, R, IER S, RGO ;
R IR | kO, MRS, S
T RTERET RAE, BATE L RGN TR
W AHLR G P I S SR s A

HEE, Ui T M ARGSEEITE R AR
o MILTRBRG, KM RGEA HEHLA AT H
, REISEIH mAYRCR . EARMNA, W2 H
ko B A IR 5 [ RE DR AR R I 45 3C - R T (Steven
Koonin ) , AftARBEMIZ B ANTAEZ? MBR%
B, PRI —RERE IR . AISCRE, TR
R 55 e, BUA YRR T CPU P2 TR
RAK, — BRI ARGy, L0 8 R 1Y 5 Sl e g
B R I, SH TR D R G R A AR
Gto Tt LA B ARl Z R R ST
W R ARG A B ENE; LG o f Lt
LR R R GUH AT 55 A ik A (9 [N, 6 17 FH )
PEREN BN o

i

e

3 BEENEXERA

BEx il R AL L SRR REEIR A
K, ATHEZHC L FO AP R GBI “HE
Spia)” B AR, IR LR G
PR €58 N (A 0 N Y =8 P/ e S G
WHAR, FEREB R ORI mE R AL
W A PR T — R SCHEBOR AL AR
AL N S ot 5 i N N e f R LN )
o
3.1 BBERLIEREN

BN veaE I R TR A AL RO, FATTER
1T Godson-T AAZAL PR R R A5, LISEHAT 55 1Y
ATt . AL TR 2 AL PSS, Godson-T R ARKZ
ZM PRt W R IF A AL BERE Sy, JRFER ERZE . A b



hESE %ﬁ%ﬂE’JEIEWiZ%_

FEA L TR R £ AL A5 05 TR BB P Y 52
Tik, DASEIRAT 55 1 i Ak FIIRAE SR

(1) B ¥ &)W EM%. Godson-T KM%Y &N
YRR R S, [ SR SRR AR R R Y
AR AL USRI R 5 TR EIEs
i, SRR R 2% AR P IRAER

(2) Zakifi~T B & A L A4 . Godson-T WA I
FEAH SCRF AR FE T TC S, DA TTT BE - 325 e e o 1 3¢
TREARBIE DI, BERER

(3) ik R FAH . FATBH T A ERIEE R
GERE, SCRRRETHCE I A AL TR AR EE PR [R] 2, AR L
BGERIHET NAFR B HLE], PERE T JA 5 2 2
It

(4) T 4A2 HIE 1812 HLh) . Godson-T $2 i T A
S B AL T B E5 4, T DL DR S B AR 1 7K
(F BAbEES Iz 6] ) A E ( NNAES R FAEAE )
oz, SCEL TR A ARIES

Godson-T ARAZAL BR 884548 52 1) [ PRIFAT Y2 %
TE, 2011 4F, Ab 328 5T 1) 60 44 4 1) a3 4
) ( Microprocessor Report) %f Godson-T FIBIFFE LR
AT TR T SCRE, TRRHIEA 2011 £k T KR
FEIE R Z —
3.2 BlER LEUREE

AT A A B R T AR

‘A, REEIR T OCHE, FRATIAE S T A A
BT R, T AR M RRAE | A
TR R SR Ay TR AR R AL T S E A B, P

REZ AL BRIE SR, FFAIE QoS, 2 A T
FAF L

BEXT R FH BRI  J E ARE
AR . B (UifEmg ) g At 334
WA T T AR

(1) BFE s TR o B XE R v i Rt iR J3E
VitEmesRk, B TR TR fEE Rl e %,
Xof R 2L P VA USRI B AL B, ] s 5 s 1]
GIREIE SR E TN I i 3R S USING S G S
e

(2) HIBAE IR T o BEXE KRR AR E Vi 10T
R, BRI T A R AT, N B A %%
AR IR A L i, SCRFENAS IR, BEARE B
AT, SR AL G S TAC 1, 2 e B R T
Ao AN, 3 Tl R ) 4 R i O B A I I 1
FEIR

(3) RABALFLIR o 4RI T REIE SR 4 RS g
T 55 PR RERLA BT 55 i FRR e 90 B TR 4 4 138 s i)
TIVARE, A RRFEAT S5 1Y QoS 5[] Hif sl G Xof Fk [ 5 2
AR RBAE S5 A TIRBE DT A DR R 1 5 ) 5 2
FIH
3.3 MEWARLEN

h TR ARAER Y Rl HA RE S A R
FRATHR N ThRZAL I, - M2 AR R 2548 (Labeled von
Neumann Architecture, LvNA; K1) 7, LvNA § 3
LM, RS KSR REGHZ L INn—&
BT HRELHI G AT g Fedie 11, (05 Lk 5 SR R

FH R OREER S miE , BDERAI R N SR TT fScRE “DIP” g, B D—IX 4> ( Distinguishing ) .
%2 BERRBENRSHTIEEELL

SIS P

e s

E;;? Zﬁgi FEMENEES  ARTHEE  REEENE  OASBEEE  GETSTERS
AN FTIN
SERYIE S N e N N .

i IS SRS = w HEEB

® FEALI% 7651



_ L9 hESMATES RS

I—f#) (Isolation) . P—Lseft (Prioritizing) , M
TTREAR ML 2R 8 A PR e 4 i Bl P T4

(1) D AR &MH o 7E LWNA Y, ARZFHRHET
T A BEEE DT R, TR SRR IR TR
—ARH CERHIZES ), IFBEE BRI K —[F]
TERANT R ARG LR XA, B AL 5
A AT L 3 g A A B3 1 T 17 SR A 28 A Xof AN [] 1z
(e ) AR AT X 53, AN S RE X 43 a8 v
(DEM) .

(2) UBMArZma o g AL S a5 5 mT LA
FEXT R V5 118 SR AT R IR X A (il b, X3 SR
Vilnl s [ BE R CANZRAF . A7 HhE 2 (8] 55 ) #EAT
B, U2 BT A PR g 2 ) O e = e 5 R 1 T
M, MmSZRfR e E s (TR .

(3) PRMAFENAE . LR AL A 54 mT LA
FEXTEAE 5 ) R AT R PRI 3 Ll B, X3 R T
ARSI CAnBASY | A7 985 ) EATIRsefk,
2% IR R R A PE R W U A Bk 2 wh g ke B TR, AT
SRS T (PIEE) .

BT FIRARAEHLR] L 2 12 SR IR TG BOE AL
W), DA 28 A 40 Xof A 7 1) 5 30 7 ) 37 K 2 7 AN [+
10 P BB TR 4 SR o 3 S i R 4 SR W S R T g AR
1, I H AT RIS He AL e 22 G i P RE IR 42 5E S 20
RLEE WA 23R SRR 17 FH 5 S AR A P R TR AL

i:::::%

@UUU o U_[lﬁ ‘
1=

oy | c— | — e— ) o— —
(s | e— | c— c— | S— —

BR5 - EIREEH

He

LvNA X 7 ) 3 58 0 A8 e sl AT 48 2 918 3L,
PR B R GEBAT R AN, AT LU TEAUE A
RGN BT o AN, LvNA AT 40 2 25 K
LAH ks, AT USRS AR RS .

4 BEEWHEROOR. REKRNA

T Bk AL Gt B R R G5 T T
MR OHAR, hEREBE TR BB I S 5 T
I AL B2 ——DPU-m ., ARk R 45
KT, DLl AL R S “ENT A,
FEITRESEBRI
4.1 DPU-mEBERIZALIESS

FATSE W T DPU-m (& il i AR % AL 345 85
(K 2) Mg h, T TSMC40nm T.2;,
= SR 1) IR ) g A UARA B R o 5 AR A
B F 0 Intel AR R 208 A LG, REALER T
K20 i

FURT, T F R R 0 el b 3 R G 7 1
WAMETTF R E . 6 N St AR RIS %
HERZAEE .G, hEEY . PEIGESEER
A X 245 B WA S e AT, AU T R A B
A, EEAMLE & R ERT A, RS TRK

B L

RN
.- EElEE

-
-

.
.

|Q'

RS - EREEN

B 1 AREAE - IR ZKR 44

652120194 - 6345 - $£61



hESE %ﬁ%ﬂﬂ’]ﬁa‘:ﬁﬂﬁiZﬁ%_

B2 DPU-m B& %K BAnikF

42 “NE MEWEREMRERSR
CRHT MRS (E3) K LVNA ST

) FPGA R B R 58, A4 8 v sl; BT SiFive &t
#) freechips 51 H 97 SoC 528 Rocketchip, JE7EH
SR AT AR A ) R Rt LA B 1 PR AR 28 (1 42 o
ST ARG R R R B E PR Se KT (SRR R
FAHEAIIAET 2018 4F 6 A AR5 ), #r%etl
UIReAb T RGOSR BT,  “kE” BERRSEE
XPANTFIC, Bl AR BRI Se i BB TR |
Kz, iR . REERS: . KB TR, 40
B JEE Clemson K245 THIHT A9 577w bF
Ko
43 “EN” SB@EITEN

2018 4F 10 J, H E R R i H 5 BOR W5 T K
At s b BHE SRR A IR A R A E LR &
(CNCC) b&Ai T H G il A RS
W7 (T 4) ™, RGBT I 5C ] BAAE il
QEFRES . RGO R BN A U —
ZONQIFHEAR, PAEfrnk . SR R RIS R (R
T R Bl PO SRR IR R T T R, TERIT R S
AL B | VR A 2] S SRR F 3 A AR e I 55 7 3
MEGERIIRERER T, BT, BEE B EITTELRSE
AR , e 3 SR AR 2 20 I 3 ] R 22 35
T, TR TR RAE,

“éi\

44 SEBUHERLEEG

AT, R AR SR A LB S PO R s
HEhO R E, BE ORI LS SRR
Hy, HAZDR “EAATT  LISSE T AR L,
XA KL, AR U B R . S RN )
RO A% T 2R TR R RS
AT, X RSEE THA IR, REW DEL4 R
RO AT S A B AR A AT R H iy . 2R
1, CHURR G ERAAAE— AT R R . AR, 1
BRI OLT , P A REA DR (Y I 55 o
B2, —HagmmaIuk EIy, w2 S i s g€
SEGE R R 2RI, MELUORBRE IR 55 BT T e
EFRI OB BRI R R R, e AR
DURSE “HARZET , RUTEdk. mEko HAisgiE
TH, FEm G, mAHRETHE T RIR A R R

PP e 55 Jot i i) Bre 05 58
B HDP AT R R 2L, ol isfm ik R b re

AWk JESEE . o, BEFH DR A RTAELL,
ARSI 23 It B SR B0t tL 75 2 W TN 9838
TS AR TACGON S w6t K BT oK, 2RI
FE A, AR e SERAE R A AR
FERITHR S AR RE Ty, T AR A PO JCBER P
HBORBCE E R M

[ B TS BRI T IEAE T R i il A

® FEAE% 57653



MEREIT B R B

“/\rl]” TEJ‘ 21+7T7FJL

A3 ‘KW BREA% K4

PO EEEE, FRIRELRI, SR i —2

R RGO, AR5 TE A U T R e e
WE DY, B2 RE RIS

W JCsEm G . BT, SB— Al sl s o g
ZENEVT AR ERIR T E R, b EREBE T
SRR AR5 T A BA 670 5% el O i B A O SRR
. RO ERIR H 28 . s s

5 B S AR PN T R, AR
55 R RE M THE RO A IR 6
5 DENEN

e RIS 5k, FRETE R tERETT S AL

75 T B 2 UG — R4 g H R BCR . R TR A
B, NERAGGREE L, R IR
L, Blth 32 i T N GAT AR ™ 8

N T RIS B R T RS R T, A A
BELL v AN N A S T, A
oty I R G B ERE L RN HT, B AT i
H B A . i, ASCHH DR A

(1) BEHd@, BURAAAHBEHAEFARE
89 P4 HA G Wk AL, — 5, SRS R RS

654‘2019&-%34%-%6%

HREHIRZ OB AR LIBCEMBIHEA ;. 55 —J7 ),
PN PSR e e EPS S S i g T
REBUAT R AL, BTXF D7 E B 2RO BORTE A [
O F A T R AR

(2) Flza, #4588 XKL AL
fiy AR B AL, Hedtin k=L B e E. M
e UL B N T REAE AR AT LS A S
A WAL, BEXFESR C—a—T BI,
BURARZRAZ OB S I R, 7 R[] B 5 i
J1.

SE R

1 Barroso L A, Clidaras J, Holzle U. The Datacenter as a
Computer: An Introduction to the Design of Warehouse-
scale Machines. 2nd ed. San Rafael, CA: Morgan & Claypool
Publishers. 2013: 96.

2 Sun N, Bao Y, Fan D. The rise of high-throughput computing.
Frontiers of Information Technology & Electronic Engineering,
2018, 19(10): 1245-1250.

3 Fan D, Zhang H, Wang D, et al. Godson-T: An Efficient Many-
Core Processor Exploring Thread-Level Parallelism. IEEE
Micro, 2012, 32(2): 38-47.

4 Fan D, Li W, Ye X, et al. SmarCo: An Efficient Many-Core
Processor for High-Throughput Applications in Datacenters//.
IEEE International Symposium on High Performance
Computer Architecture (HPCA). Washington DC: IEEE
Computer Society, 2018: 596-607.

5 MaJ, Sui X, Sun N, et al. Supporting Differentiated Services
in Computers via Programmable Architecture for Resourcing-
on-Demand (PARD)// Twentieth International Conference
on Architectural Support for Programming Languages &
Operating Systems. New York: ACM, 2015: 131-143.

6 Bao Y, Wang S. Labeled von Neumann architecture for

software-defined cloud. Journal of Computer Science and



FEZEEHENNETHE R _

Technology, 2017, 32(2): 219-223. 8 HAem. Hik ‘Ao’ K WAL S
7 BER, AL BRF,F HERPRL 2AEL5F @87 afX. [2018-10-26]. http://www.xinhuanet.com/
. o B AL 2aE iR, 2016, 12(3): 10-16 politics/2018-10/26/c_1123620065.htm.

Independent Research and Development of

High Throughput Computer in China

FAN Dongrui  YE Xiaochun BAO Yungang SUN Ninghui”

(Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190, China )
Abstract  With the rapid development of Internet technologies, the main applications of high performance computing (HPC) are
changing form scientific and engineering applications to those focusing on data processing. This situation poses grave challenges for
traditional high performance computing architecture, thus high throughput computing (HTC) comes into being. This paper explains the
difference between HPC and HTC according to the application features, as well as introduces the basic theory and key technologies of
HTC. We also show the research results of HTC chips and systems. Through the breakthrough of above HTC key technologies, it is
expected to relieve the bottleneck of core chips, and make due contribution to the China’s new high performance platform in the era of
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