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H K B ARG HFER RS (S 62302514, 62502531) H K AARIEIESGCIFBATIE (k5 62421002) FHaEE @ik AR}
HRBLHE S (S 2025AB027) %BIIH

HE BERSHHFE¥FEITASAER/N, BTHARAEMER TN HTHES REGHMTHRAEHA
HEEBWHHEFR EZRAREEZRGAAA R ENAERTEEELE., UAREHPEEU T EFE
B EHG, e M H (high-performance computing, HPC) £ 4 L4 X & & & M A K IREEE L ERT.
At —F R, AR HFlow—— MRk PR 500 AKX REEZEZMNFIREEMAT E. HFlow EILRE
EEVEENFZATNARLN, HETHAREEHF NPT ES S P2 ENGEFREATLESZHEME. £
R -2 AP AL LB LI A% R BT, HFlow #4843 %18 811 % (high-throughput computing, HTC) iz
REBRENAR TRAFREHIC RHEARERFTK, HEF AL ZLF R T ZRAEEERFT AL HIC
FHE, FRESFEERS. BhH, HFlow ML TEZRAREZARAZA M A B AN AFREETEEZANT
2.1~108.3 BFHHES FLE.

XHER wmMHRUE mREHE, FEEERR, FLAE, £5 X400

il

1 3

B R THHE 12 (high-throughput computing, HTC) A& —# F T HAT KA SRS HEEA. HTC M
K& HTC AT 4R, X ST 45 5 B MU/ B BEAMES A — /M EAZ G B T T4 GRE AL
BRI G (S EARBCR) MEER (AT EE T AEZEEZ) 1. BHEl, HTC M
J U AR R B (5 B4 WL MR B L es2E > 67 Zegiikrh . mEfe 5 (high-performance
computing, HPC) RGHENR T K EEMAMIHE 1S, HEE IR REMELSN HTC MK R FIE1TF
&. SR, HPC KRG VIRE B R SG F ER e LA FE N o E RIFE 4% HPC M. 5 HTC BAA
[, FEE A3 B A T8 AT e TR R RN R A R e o, L AN 2 7 Jo P 1 P R B HE R G A P AN IS 3% K &
1£%.

IR MIZEK, T8, #E, %, HFlow: £ HPC R4 LEAUEHeEBERN . FERZE: FEER, 2026, 56: 378-393, doi: 10.1360/
SSI-2025-0222
Dai Y Q, Wang R B, Yuan H, et al. HFlow: efficiently manage high-throughput applications on HPC systems. Sci Sin Inform,
2026, 56: 378-393, doi: 10.1360/SSI-2025-0222
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H AT, (4 /H EREEE RS0 HTC M ST R BAZAE DL R 5 T 8 B — 5, ERisEH X HPC
RGRPFEHE RS (W0 Slurm P, PBSY?) I LSFY)) 7R H HTC (L0, 25 5) R A4 b U8 BT o5 _BAS ATk
G B REFR AT A B B ). 7 — T3 T, HTC N HR K AT 45 ] B 2 v 50 W8 VR B AR 408 A0 B R U,
Mgz AR AE HTC MR ERCE. ST LR EE, 57 HPC RGuHE LA 208 g &R R RS T HTC
f£%5. ik, HTC MATE HPC R4 FERR A — ROl 3647, @204 K &% HPC &4 10 | HTC B
BATY S, ASCRITE HPC R4 L aUE H HTC N AT R 21 RE IR

o SBRME: LIHHE I MESELE, UKE SS HTC MAFRR. &R 2 ATC MA
IR0 oK.

o SFRAM: EAKIN HPC NMAEHACEIIATR T, FEmEx HTC M HACE.

o BAHEM: A HTC B FH HMNEH P IKE.

HAEl, —%% HPC RGP REE TR (0 Flux 1Y) SR, B RIEE B BB RE LA
HRENSE S T RO, T B F IR TS AR, AR 5T, £h XS04 X BEEH AR MRS T R
BN R B AUE B HPC 5 HTC NI ATIRR. F5L b, O & T 08 TAE 2235806 4 A s0R o A =05t A 2
RQLE AT 12:18] ) B ARIX M T 58 2 A2 AR e B 75 SR, B RRG R EEX HPC 5 HTC M MS —%&
HELAT e . AR, BUA R AR K 2 0K IR B R ) 18] B0 A BN 5B, B XX R
SRI ARSI RS AT AL 43 T AR AL, DRMETE AT 55 ik 6 5 2548 M 55 07 T AT A7 R 3 — D4 T 25 ).

BEXT Bk ), AR T — R4~ HFlow (¥R FEAR v 7 2. i8I i &4 b 2 5 20 A 20 B0 5 B 4 )
HFlow #2477 HPC A HTC B FiE VR A E B, 7 HFlow AEZEH, AR RIS B R0 1
HPC N (5164 HPC RSN &P RAR). 24 HTC M RIAN, Boe e RS A48 HTC M
FA A B A TSR0, AR 05 B2 A SRR B R G /E 0 FL I TS B FLARE 3 AT C LR, 38 Ao 5 4 Hh X %
B ASN HPC M ME AR, R HHH{# T HFlow X HPC A1 HTC M s Featt. shah, N T
EAT S B AN, HF low W SEHL 1 4IRS (04T 25 K1 4> AN 2 G 25 ML

SRR -2A BT EHL 4 X HFlow HBEAT T SE30VPAl, K HFlow 5 & 25 I 98 U5 A B R 40 DA S A %
HTC N SR BT 347 7 HRe. S200 5 S0Pl T HFlow MRS A& SEATEM 4 tE. 455 %9, HF low
REMEAEJ LA 52 HPC B A BRI AT EE T B IR THME 5 ik B I SE A S 2 A 1. B, HFlow AH
o T B SR B R G0 ARG HTC N BEJ5 A B 7 Zm] DASEIR 2.1~108.3 f5 TS Bt &

ARSI B TTRR TR

o ARICHRM T —FE HPC R4 L& 8 oG 0 A0 B I B 1) SR 31 7 & HF low, B R A1
MV FEHL I i R SE L HPC A HTC S R 328 B R 7.

o ARICA HFlow BETT T 4k FEAT 45 Rl BIE AN 2 G L, DASZ B s A ik B R i

o AVAEESZ HPC ZSiTER] T HFlow Bt Eae etk Fl s 2 k.

2 HEXIE

REEFRFFEHE KRG HPC RGAEST OB T At e, HH B 4 LI AR 17X HTC
N ) RCE B an, SRR RS Slurm M AR BEE A AMESS (FEILES 5.2 7)), A 2 L 2 AE R
MRHEAZ O L2147 HTC MAKAE TR, Teno 19 &4 HPC RGH ) HTC M, K Slurm FI4EH 20
FERAC N 73 2 T BE LA S B AR B2 55U 23 e, st ciodE A& 4t Master-Worker A58 LB 7 i 20 R 5% Y5 1 FH 24026

N HTC B ik i ) @, — 26 g i 7 & FHHESE. HTDer MO @I B /0 BorBd 4R
WAy Z R R T T A B AT S AT 20K . Falkon ') A N2 AT S PATHESS, 3@t 2 J0 1 53 %I

1) Altair, 2025. https://www.altair.com/pbs-professional/.

2) OpenPBS, 2025. https://openpbs.org/.
3) IBM. Lsf, 2022. https://www.ibm.com/products/hpc-workload-management.
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B SEE T RHUASAT 55 (1) i 20 5 . HT Condor®) & —Fi 3R HTC B I BHIREHE R G, ' AKFE i 2 M UCECATL ) AN
PAEPATAE TR LIRS rp S B i e e R

W&/ HPC R4 LigfT HTC MAMSSHEE 2, —2 TIESRSLU HPC 5 HTC N FIflE i
. mBE AR RS Flux M @i RS B AR ) 0 A0 2 2 A A v M3, T S8 B A e .
HTCaa$ 18] ji@3d B3k P solE T2« SRR BEAIE SR WL, 768 A PR 5 Hp Sl KRS HTC 1Rk 138
B A LRI HRAT

TECHER b, B Ut — PR R A p NS 0 A R VR S Bl A B 7 Z LASEE HPC A1 HTC R 4
—Rl A& . Radical-Pilot 9 (RP) A& —FhJE T pilot H¥EE B S5 HATHES, Hopz .0 B KA L
X5 BRI FEARAS. RP Bl g S B IR R G52 58— pilot ARk, BEJSTE pilot /RN, B RP #4501
BRI 73 KT S5 2L PRAESs. o — RAEM T R AN EP ARG Slum 5 R ES XRS5
Flux i 5fhE: Slurm 5197715 S 20AC, 11 Flux 7670 B NI EEAL S . ASCRRHA FluxP, FHAEE 4.2.1 50X}
FLIL BB AT VRN AR, AR SCER Y HFlow & T ML 2REhAHEZL. Eod i HEAL 5211 SEE HPC A1 HTC B A
IRAE L, EORE HPC 1MV AR AR P RTHE T, ik 4rs & U8 FE A S THT 55 ik & DU £ HTC M
FI TR, [FI 324 . AL T Radical-Pilot #1 FluxP, HFlow A% UG E 241 % HPC #1 HTC A& 15
1T T BN RE M R g v A A A0k EE AR AL, DRI SeBl s ik L e A A M A0 v A e 1

3 HERER

3.1 SEEE

A E T EE — Pl B R THE S A AR v FE K, KO H bR 5 S I E] P AR B AT B 2 T AT
% fiE s TR AR AR R AR 2 RN 25 R AR AR BB ST AT 55, I AT 45 1 i AT AR B AR S T
B ltn, BRI 2 AHOC HTC N FH 75 AR B+ 75 75 2 808 T3 L B R 51 93 Al B 2 AT 55 Btk AT b
B 20~23] 0 b, 259 FF R A HTC B F 75 B0k 35 A4 A5 W3k A7 AR 114 K2 40077 12 ARG s T8 7E (1 i i 245470,
B R AT T BT AT R X AT 45 BT B, B REE] HPC ARG R AR ERTHE R, 7
HPC R4 Fig4T HTC BLF I SE iRk % (22,23,27,28]

3.2 KHPREREERR

L TEEHE RS (centralized resource management system, CRM) /& HPC R4 ERTIFEEH RS,
CRM R =G5, 3l A2 RGP O E —ME B Al Y S HPC BRI TAE 7 i 2 R L,
BT A R R IR AN AR . BB h KB B RS EHE Slurm O, PBS #1 LSF. A1, $48
T AT AEE TR IR 2 R A BRI, X —HHSPHAT 7 CRM £ RLIN 8] P4 8 BHOK & JF K vh BT 5%, k1 FHLAS
7 HTC MHAE HPC R4 ERmRB0E1T. B0, Slurm 5 RATSS ik Sl WO S 8E AMES (FEILEE 5.2
). AR AT T B BUT AL O HTC NI, XA i 8 5 AN 2 DL 7S 23 AN DR RS T S R U
8.

3.3 SHRNRREERS

AR ERE RS (distributed resource management system, DRM) 5 5% J5 & BRI B Thag 40 8 3 2 A~
THECT L, DL AR AN BT s PR REHIE. H AT, DRM KRBT BLIF WA =28,

e ZEBMTRYE: WEHENMEHTL, FEHWAER DR DWW ANESK T, MA Sz
Slurm-++ 29,

o BEWNSSHANT RS RE R BN (U D4 R BT BRI, BB 2 Al I R SE S BT
NS EHBAR B AR S5, IR SEIL AN ESTurm B0,

4) HTCondor overview. 2025. https://htcondor.org/htcondor/overview/.
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o BREMARGEINIE: T LLBIMES, #IL B S7 A8 BRSO AT AR NL IR RE, H SR IR FE f IR A
S B A TR E /2 BRI T LR A e R AR G LSS, SRS Flux MY T RP [9),

4 HFlow AFZEi%it

a0, RS A R TR E R GRS E COW O HPC 5 HTC N 4 in) 81 5 2R 8 7
). SHR ARG RIMALE B L, A E AR R A 5ia 4 B2 Y R B B R LA TEVR 2T,
B R RE S AT ROEE G ST B R IR D TR, R R B R G0 A B A IR, AR R R
B, MITEAE MR B i i o 55 B4 PR AS — U I 5 NBIALE], TG INAR AN R0 A 5 R se A&,
AR T 2D W, (B4 380 HPC 5 HTC Bk ] FH SR 7E 508 Bl i s il o, Sz RyE 1, M LUIE B 2%
VRNV L) ) ZNAS A4k, TEIS4EJZ T, MlE 508 ey B35 PR AR R0 S5 B S 2 B My 3 28 R 5 2 [ )
Yy E R IREEL APT SHEE 0, F PRI B A 3 TR BRI S M B AR A F 7 vk S g 4EpL, 38 n T
ARG RMESEHMAME. ML T, A E I s — N 05— AL B, M &1k RS I
PEAGE4ERA. HFlow KM IER2XMEH XS0 M XN FEEE R G SHE N TR

KATE A4 HFlow IHEZR BT AR G BEHLE, UiBH HFlow W RAERARA M. )5, /48 HFlow
(AR AT 45K 7y B3k, 2SR 0E 0 HTC N FH AT IR AT 55 R 3 DASEIL AT 5 Frik . #6585, /28 HFlow
(1922 AL, Z AT e e 4% 5 EEBr 3R A8 7 0 (R SE B AT 55, DR 3 HTC RIS 1 s A e 1. &, /v
2 HFlow Wi ¥ R BT G4 HTC 1R 5e. ASCH R B AMES & T 2 HPC M FIA HPC
RGN}, B HPC NMHX N F—A HPC fEk; 24 HTC M FiE HPC R4, B4 HTC M XN F—4> HTC
PRk, & KEMAL HTC /R4 75 F3CH, N T RERTEMN, M APC /B8R HPC N HPC 1Rk
RS, 8 HTC AEAR A HTC R FA HTC VRV ML

4.1 HFlow EZREIT R EIEWERHH

1 JE/R T HFlow HIMEZL N HOR AR\ FRAE. HFlow 1 5 ME4: CRM (B # G EE4y) . DRM
(S 4 8543 « HFlow FRvHERE L1 (B 4883840 ) . HTC VRNV BESS (KIh RS iisy) 1 HTC HE & (Kl
KEERSY). CRM Ml HTC s FE R AHIZITE HPC R4 L. DRM A1 HTC {EMLE EESS UAE HTC 1R FIA
HPC R IEI s2fith, 778 HTC /EMLEE R 20k, 2 HPC R4 %A HTC Rk, HPC R4+ A CRM
M HTC ¥4 iz 47, Bt CRM #3783 HPC 1R VL. X 514648 HPC R4 i % I & B8 T L AR ), AR T
HFlow % HPC YENVIE RS B, % 744 HTC ek, HFlow NJSZi AL E DRM S24|#l—A HTC
EMVEEESS, tH CRM Al DRM JE[REEZ HTC 1. IX sl 25308 772 mT DL KR FE /D & 3 HTC 1Rk
XF HPC VBNV BERCR K52

4.1.1 HFlow #EZ24tX HPC 1R HIETERIE

FH P68 671 /5B HE low ARiERE HE2E HPC 1ENL D, %32 10K HPC 1R B 4 lic i >R &% %) CRM
HHA S @. FEMCEIEIL A BEIR A RLHTR, CRM B AT YEIAMAC, Dy HPC fEALARLME —HOfEL S, JF
i) HFlow ArifEd @A EIR D ACEE B @), [FIRF, CRM & H 5 sl A A4 o e i TH 80 ez i Bk &
ot Bm#E HPC /BNt RE @ A1 6. 24 HPC {ENIZ4TH, CRM i 5t i A4Ed HPC /EMLISERPIRE ©.

4.1.2 HFlow #EZ24t% HTC 1EEIERIE

R PR S 55 Bl HFlow ARifERE 322 HTC /RN @. F)5, HFlow SEZIWIAA— AN S AT LA
PRI A1) HTC /RS ©. MTARE KEM HTC [E5IR N EA HTC 5 A ©. #
LA A HTC R FI SR BTSSRI CRM B HAT 4 @. CRM B HAT AT HIRABL, NiZ HTC
YEME A BCME—AEMES, ) HTC /EMEE B8 A0 HF low bR M@ A BTIR S ALEE R @. R, CRM & HE Y SO 7
Y553 Be 45 B AT A S BT L S @.
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Login node Manage Notification | ®

node  |ofallocationt{ i Compute
results T]~| dacmon node
| 0-0
® Request for |
oo-o Invoke resource allocation @ | T
! compute Compute
Traditional O} T node : g
; E17| dacmon node
HPC job | 0-0
® Notification of ® i
. HPC job\ | _ _ —_ __ 2
allocation results [« .
status, Regularly collect real-time
D:; HFlow HPC job status
User standard mmme e P
interface I HTCjob 1 " 3DRM g
Umanager 1 | | el | e 1 | 1
! | CRM ! {+---~-, instance |
oo Invoke! i Parse |1 manage | |Notification SR 0 | 1 bR ]!
Q) ® } component| ] Request for node of allocation_|, | compute Initializq 1 layer nitializd | o Jayer ! Compute
1 17| node l :
HTC job By O] resource daemon results dacmon I | daemon || | | daemon | ad node
! ) allocation : 4 ; - - 6
I | Submit ® T .2 1 ! 52 |
L CRM I |
et =R R T
I . de T
Notification of | [6);-[6) @} of allocation| o || daemon |1 | daemon ] i node
allocation ! = | results L s : ! B
[ Monitor | | S ——1
results I --q | 1§ e _
} component| | H T i ] T i
,,,,,,,, o CRM i | |
H ! compute ! 1’[‘) lﬁM | ! 23 T‘M ! Compute
Regularly collect the ! T node 1 BT |y 1 R node
real-time status of : ! daemon : dac:non 1 : dae:non 5
L
HTC tasks | i 2 T : = ;
i CRM i[ prm ! i [ orm |1 Comput
o ! e bl 1% layer Lof 2 layer D C-ompute
HTC 1 daemon { daemon | | ! daemon : i node
database| | Regularly collect the real-tim {— ; — 7
T I I ORI status of HTCasks ______________ | YL (g I |
! ! instance | @® | instance :
,,,,,,,,,,,,,,,
| Update HTC task status when the DRM H H
] : . H !
R U instance is terminated ____ _________ [ a
. . Real-time status Real-time status
— m:{nzcejr(;:nt — miﬂl;ceﬁ:m - information information [J HPC job HTC job © HTC task HTC job script O Compute core
ﬂt(g)w ﬂ%)w transmission for ~~7 transmission for J ) J P! P
HPC jobs HTC jobs

B 1 (MeEhFE) HFlow HESLE.

Figure 1 (Color online) The framework diagram of HFlow.

FEREAS P ECHI TS 5 L, CRM 14646 —> DRM 28— 274t @. X8 DRM 25— 2 sp 4 i3t A
HKEE— )= DRM Sl (TR SCRIFRONES — 2 580l) DHRE 2 Bcsy % HTC MR FT A tF 53, HF low E55—
JZIB N — BRI 2 A5 T DRM SE] (T SCRIFRONEE — 2 S, BN 58 — 2 Sl 2 th HL i B o
ATHEAT A BRI T R M ) @, RN T RS E B T R R I MES A ©. 7E
HTC {EME AT I, M2 Rl DRM SeE$2 AL 1 g ke &1 2 DRM SR FPRZS A BT DRM S48 2R
FIFTA HTC AR5 HISERAS @. AR 1534 5, M40 A ok 2 ZOSHILH DOARE R IRE @ (W
2 4.3 7).

PiJE DRM SEBIZ ) A5 HR B ML 1R, HAES (1) HTC FRNRES e Sl 4 B aE bR et b s/l
AU FEALIRZS I FE AR, HFlow 2T Elasticsearch® FIFF AL HTC $df 8 XU B HALHI e 4
Ja— 2Pk

o WERNECIA): MifE AL HIEREIZ AT IS, SLBIAESIREFFEAN HTC il E @.
o ETHEE: DRM SHIZIERT, M) HTC il FERCABTHESRE O.

4.2 HFlow % HTC 1Rl MR B (E SR BEE

DRM ARV E F1 70415 2 2 A5 sl BRI RN, F5 HTC ARk 70 2 AME S5 AR, S8 A I
FESAT BERAE 55 04T L. AR 550 70 5 B E A B BB 4G AR ST IA KU SAE 55 A T HTC AR5 3. ££ HFlow
HEZR AR5 Xl o i FE h, HTC fRML A B IR T AL 4 HTC PRk BIESS R 73 2 MRS A (B 1@),
MEFRIASE A28 2 SR L. A XHE ST R0 IR, AR AR AR PEAS ).

o (ESSIIABMEALS WA HTC AL E BB TS Ak B A R
o X/ HTC 1Rk, HFlow WAl & A 55 JAIAS UM B AR 55 A o HTC AR 55500

5) Elasticsearch, 2025. https://github.com/elastic/elasticsearch.
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I*DRM instance 2 DRM instanc i = L L Eight
. . —— Long task o T =7 computing
runtime Y 5 : cores
2“DRM — 44 g
Eight | instance d* O/ - t *J/C HTC task
computing |decomposition T
nodes (b)
) . 0 7 Eight
Short task | %% “ir computing
T, T Time runtime 72 I cores
d*Jix ¢ HTC task
(a) T

(©)

2 (MEMRFE) RATFHESRSHER HTC (RLEITRESBTEE. (a) % 2 DRM stfiEtE)53#%. (b) HTC
E5ETHEE KNS -2 DRM LA ES#. (c) HTC ESETRIEREMNE_E DRM EFIrE 5.
Figure 2 (Color online) Schematic diagram of HTC job runtime decomposition with the average task division method. (a) Time

decomposition of the 1st DRM instance. (b) Time decomposition of the 2nd DRM instance when the HTC task runs for a long-time.
(¢) Time decomposition of the 2nd DRM instance when the HTC task runs for a short time.

AN ERNAIAEH CRM 1 DRM @& 8 H HTC E\LIE S5, IRz st FFES L5
R 51 ) A e B R A R SRS, AR S 4H HF low Q038 I A7 B AT 5530 73 SR03E AALAL 48 55 I A BRI 454F: 55
JIAH HTC AR5 %k, Mt — bR mfE 55 Bt &

4.2.1 f5% HTC {EEXI5 ol

HHT, A CRM A1 DRM fil& 83 5 2K A 52 A P TSR 4 ik 13280 Bk, 55— 2 S 2
SrBLZs % HTC AR FT A THE T L, RN SR B — AN 56 — 2 52, A28 — 2 SLi P 3 o oy
A HTC AE5%5. Bl 2 BoR T KM B FRINAE SR J7ER HTC ARg AT [ B iR . B 2(a) RE
— JZSAIEAT I A o e, o B3 258 2 SEB Ras AT I A, B 2(b) F () MRS — )2 S AT I R 43 A
B 58— 2SRl 3L B 8 ANTHE AL, AN SO R AN TS, RN R S B A R
8 M EAL . X Fh 58435 70 FL AT 55 Rl 23 7RG B 1 R S R BRI PR L, Pl e s FH AN [ P P B R 3R s AN [
JiR PR i ) SRR N B, B SRR R

B, BRI AT I R ECE — RS R IE N E (K 2(a) EOBE). HT DRM SEEIHsha 8%
e, B — 2 S 75 BN R S SR FE SRR, 0 R T B B R E SR — 2, SRR D
EIBEATHE. BB BT VI S BUEE — 2 SLE AT I 1) 8 i IR VR N B 285 R S R
& HTC ARSI, it — 2 FECE — 25012 17 I 18] J72 o 30 53 U5 PR 2.

FR, AR R SL N AT LA FE HTC AR5 2 S8 3 ZE S A IENE (B 2(b) A1 () 26l
). M RSB HTC RS, T EARMES I EAZ L. K, v T ORIEB IR — Bk, HTC /£
25 (M) FE A2 BR AT IR, R ECEANEE 2 S8 47 I TR) 1) o v AN R o tH I BE RN L. Ak, Wi SRS HTC AR5
BATI R, AT IE 2 S8R = 2 S9)is A7 i [a] 1 A tE I BE R R B (B 2(c) sEEBAR).

BN FR 1) R, AT tH— AR FE Y HTC AR5 RI5r k. AR YE HTC MRV o] A A3 58 U4
HREAE S AR I ECE (B2 25l i L EcR) DLACEARSS A HTC AR5 i ii s (RIS =
JZSBI R HTC AR4540E), Dt — PR e TS a2,

4.2.2 MUE_ELHIH=E

ke 2 R, 8 — RS IR B A (b G R 558 RS IscE IR SR, B TR S BRI B
Hﬂ‘lEﬂ (@EP?%@%MJ\) HHAEAHRUEZ OB EIEM K. 2 HTC AR5 1817 N AR, 55 — 2 Sl 515 i &
Al (Bt i) e SRS ECE IR G, DRI, I8/ 58— JR S M0 ml 4 4 55— 2= SA9) o A B U PR L 1], {H
Ai"‘bﬂ”*}:ﬁ%uiﬁl‘ﬁﬁ%ﬁ SRR R S TP A R BN AL AR St BN ER 2 S R U T A e
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5 BB VR PR LI ], (L T35 — S e R B L. DRI, 0055 — S S M B SR
(49 HTC ML AIE 70 1) ke 55 — RS VMR A8 (B8 % 55— R SEB 4 HTC AT 6, JFE o
Rl b AR R SRR AR R % 5 RS AR SR S I 4.2.3 1
KA « TR B RSB RR. s RIS RSB TIIN (R T4, d Fomre 5 RS
FRREREAS HTC AL (PRI IF. J 65 HTC fRll PRIE% M. © 2R R0 AL ¢ 3R
A HTC (F S BT, oA HTC S — A B T(x) 2055 e BIR Ry o B, HTC fF
Wb f A5 TR T(x) BN IEIALAR,
7(

.T) = TS + TT7 (]_)
SEof T, ORI 55 R S T ST A R B A L1, TR (2)

T

x-s. (2)

T, BT RIS AT, 56 HTC fE4 IE AT E BN, 1 2(b) FUR, M4 HTC [ 10iE
A7 I TE) RT3 2 S0 A H A B AR A U FEAZ OIS R B — %8 HTC AR e e it ia) (R0 ¢ > a- ©) i, W
G — RSB T — el LIE TR S, TTHL T, (08t 55— 2 e ) 4 0 02 DR RO S — B
B HTC (25 35 (P ALK, SR, T, AT (3) 0
C J

Horpr € FORBANE RSV E BT AR O R, £ FoREATT RO LI HTC AESE. Wl 2(c) FivR, M4
(55 HZATII) N T 55— JR S A9 JL AP B A H B LR T — 6 HTC 4555 716 SO (D ¢ < - ©)
B, T, B S RSB BT HTC (14 60 TERIAI— e HTC 4% MG (7 4L, R, 7, W
A (4) THE:

x

Hrpr £ RREAHJREHIH HTC ALSHIEE. EF K ()~4), T(x) TTH (5) T

8y

)

C

x~s+l-C-d+u, t>d-
Tle) = 1 (5)
x~s+;-J-d+t, t<d-—,

8lQa|Q

Horp A o AENEE RSl (f, HIBUEEE W LU [1,C) WRERERR ¢ MR B AL dd i s — iM%
AR NS B IS AT I IR) T (), 8 AT HRBIAEZTE B AT T () s/ RMBEGEAE, JFR AR 958 — 2 Sl i B
B 3(a) A1 (b) AN LB 1 ARAL S — R SR M RCR. Bk, JUALRTIA 10 A5 =2 5L,
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Figure 3 (Color online) Schematic diagram of the effect of the task partitioning algorithm in HFlow. (a) The unoptimized runtime
of the HTC job; (b) the runtime of the HTC job after optimizing the number of 2nd DRM instances; (c) the runtime of the HTC job
after optimizing the number of HT'C tasks in each 2nd DRM instance.
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Figure 4 Comparison of task throughput of various resource management schemes when running (a) sleep(0) tasks and (b) mixed
sleep tasks.
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Figure 5 The variation of task throughput with the number of computing cores.
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* 1 f£f HFlow B HTC {Rlxt HPC (Rl EEHRAFM.
Table 1 The impact of using HFlow to manage HTC jobs on the management efficiency of HPC jobs.

Number of HTC jobs 0 1 2 3
Average job waiting time of HPC jobs (s) 35.9 35.8 35.9 36.0
Average job slowdown of HPC jobs 4.6 4.6 4.6 4.6

* 2 HFlow ZRAFEHHITHELER.

Table 2 Evaluation results of the multi-level fault-tolerant mechanism of HFlow.

Failure location Number of submitted tasks Number of resubmitted tasks Number of successful tasks
No failure 122084 0 122084
Failures on 1st DRM instance 138217 16133 122217
Failures on 2nd DRM instance 134356 12272 122148
Failures on HT'C task 123304 1220 122084
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Table 3 The time cost of the HFlow’s task division algorithm.

Number of HTC tasks 1k 10k 100k 1M 10M
Division cost when the task runtime is the same (s) 2.8 2.9 2.9 3.2 34
Division cost when the task runtime is different (s) 2.9 2.9 3.3 3.6 4.0
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Abstract High-throughput computing (HTC) typically executes a vast number of small-scale, short-duration, and mutually
independent computational tasks. Although high-performance computing (HPC) systems possess abundant computational
resources, mainstream resource management systems and existing HTC-oriented solutions exhibit significant deficiencies in
throughput, application compatibility, and fault tolerance, resulting in inefficient resource management for HTC applications
on HPC systems. To address this challenge, this paper proposes HFlow—a resource management solution integrating
centralized and distributed resource management architectures. HFlow achieves high application compatibility through
a hybrid job management mechanism and concurrently enhances throughput and fault tolerance via a fine-grained task
partitioning algorithm coupled with a multi-level fault tolerance framework. Experimental evaluations on the Tianhe-2A
supercomputer demonstrate that HFlow maintains HPC application management efficiency while successfully supporting
HTC resource management requirements. Specifically, HFlow delivers task throughput 2.1x to 108.3x higher than
mainstream resource management systems and dedicated HTC solutions, alongside robust multi-level fault tolerance
capabilities.

Keywords high performance computing, high throughput computing, resource management system, job scheduling, task
division



