mEFAE N BRI E TR ERARR

HER', TFE, #wE? EEsE’, E', mek'
(1. Y B &1z B A P8 AF5 R, dbw 102209;
2. RAEXBHEARAABETLEERT (bxirw kF), bx 100876)

# OE: BORARER R SRR ATk, (R R IOy ATEERE R IR &S . SR, R
WREINEEH, T EELUKM Y RDMA A2 (RDMA over converged Ethernet version 2, RoCEv2) J7 %
AELE AT S AN ZE P R be, ARSI ZR ) AT 5 R Re O A s T B o 12k R () 4 8 BRI % U7 22 IR i %
TR 5 EAEEE (collective communication library, CCL) FYEXECAEE . SNk, $H TR S 1355
AT v P R0 P 8% il v 7 S —— R e A% I LUK (intelligent control Ethernet, ICE) . %77 4T RoCEv2 Ppid
PR Z, fEREGRXT A CCLEHMTIREERIWATIE T, Rl s s BoRE . Erhish 3 5 mil 5 34248
dity, LW ERRNMANR LR EaMEER, BERARIFTEEIER. ESCYETSSnE N,
ICE W FHEEG B S T e iR 108 47% . ICE 5wt B R I 28 S SR L T PG 5 g e s 2 .

XEE: FME S BEMY; RoCEv2; WFHE,; S|, ki

HESES: TP393

XEkfREE: A

doi: 10.11959/j.issn.1000-0801.2025183

Research on key technologies of intelligent computing
network for heterogeneous computing power interconnection

SU Yuzhenl, WANG Zixiaol, ZHONG Chiliangz, KOU Xiaohuail, LIU Yuanl, CHEN Ying1

1. China Telecom Research Institute, Beijing 102209, China
2. State Key Laboratory of Networking and Switching Technology (BUPT), Beijing 100876, China

Abstract: The intergenerational heterogeneity of computing supply and the demand for supply chain security have
made the driving forces behind heterogeneous computing becoming an emerging trend in Al infrastructure. However,
in heterogeneous hybrid training scenarios, the RoOCEv2 (RDMA over converged Ethernet version 2) solution suffered
from deficiencies in load balancing and congestion control, resulting in suboptimal parallel communication perfor-
mance during model training. Meanwhile, existing high-performance homogeneous intelligent computing network so-

lutions were faced with deployment barriers due to the heterogeneity of devices and closed-source CCL (collective

Wi EE: 2025-06-09; fEEHHA: 2025-07-19

BIEEE: LTI, wangzx15@chinatelecom.cn

EEWR: Peflh 57 R 28 BIHTIE G R —B B 5 i HIEEOR BT LS5 T H  (No.2024SWLHT-024)

Foundation Item: Innovation Consortium for Computing Power Network of Central State-owned Enterprises - Research Task on New
High-speed Interconnection Technology for Intelligent Computing (No.2024SWLHT-024)



A .Q"

«52.

communication library). To address these challenges, ICE (intelligent control Ethernet), a high-performance intelli-

gent computing network solution for heterogeneous computing scenarios, was proposed. Based on the RoCEv2 proto-

col framework, ICE was designed to avoid deep customization of devices and CCL. Through a combination of hetero-

geneous communication library information collection, a centralized controller, and autonomous control at the end

side, global optimal path planning and global active congestion control were achieved, significantly enhancing hetero-

geneous parallel communication performance. Experiments conducted in real-world physical environments demon-

strate that ICE improves performance by up to 47%. Thus, ICE presents as a pioneering and easily deployable solu-

tion for constructing heterogeneous intelligent computing networks.

Key words: heterogencous computing power, intelligent computing network, RoCEv2, communication scheduling,

congestion control, load balancing
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LLDP % $4f5 8 ¢ J2 032 B B 3h R B4R
J& 79 5, SNMP i bR AL 77 AR AR Ja 5 A
HRAAVEAE R . L R, ICE#d) B
23k ) 55308 LLDP & L) 48 2 55 2 55 SNMP
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B3E1  ICERMRAGEIE

Wit SRR ML b

(1) searched nodes=[]

(2) wait_search_nodes=[]

(3) local node=snmp_get node info(local)

(4) wait_search_nodes.append(local_node)

(5) while wait_search nodes:

(6)  tmp node=wait search nodes.pop()

(7)  rem_servers =

lldp_get rem_servers (tmp_node)
(8)  forrem server in rem_servers:
9 tmp_rem node =
semp_get node_info (rem_server)
aom struct_link(tmp node, tmp _rem_node)
(1D wait_search _nodes.append(tmp rem
node)

(12> searched nodes.append(tmp node)
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4 4 6 50 004 1

5 5 7 50 002 1
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7 7 1 50 007 1, 30
B3%2 ICE-LB4 A5

HIN JE{EHEREM, ICE 5| 2 5B 2
ICE_Topo. 25145 ICE_Path

Wil oS e REE MM

(1) for QP in M:

(2)  SW=GetLeafSwitch(ICE_Topo, QP.src)

(3)  cur_link=GetMinUpLink(SW)

(4> sport=GetSport(ICE_Path, QP, cur_link)

(5)  QP.sport=sport

(6)  path=GetQPPath(ICE_Path, QP, sport)

(7>  for link in path:

(8 add QP into link.QPs

EREE, PR 2@ AT QP Y bE 5 52
H R R B0 LSRR, Wl 2 QP YR T J& BY) Leaf 52 e
BLHT 1 SW, S8 M 8 3+ R RS I E s 2B
PR3FET ARG, IO HT QP & R R AR
) _EAT BERR A N B A AL A PPk 4 ANICE B%
A58 TR R 5 R SR LR 426 1) ECMIP il S5 g 1l ——
sport; U IR 5~8 ¥4 15 2 1] sport 5 XF W7 [¥] QP % %
BEATYRE, JEXT1Z QP HIBERS 5 FDIRAS AT R .

JET BIRMLE], ICE 7 LA % QP RSy L
RE IR UDP PR 1 (IR 3 HIZE 450D . Bl
Ji, ICE 5l Z s M HC B R R 206 R 77 5
W TeleCCL, 58 A2 FUR 45 R A RE -
223 ICE-CC A4 E 154

e G54 28 1 ) 5 R T B o4 g E A
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(explicit congestion notification, ECN) . 73 iR i}
#E (round-trip time, RTT) B INT %515 ‘T W &AL
AL FIPIRAS RN A4 2, i I a2k g 236 1) 5 5K
DA ZEGZ A - 2L T 00 iy 6 5 I e Uk
e gl E 5, (AR B A KRR IERHE H R
FEVRE RAPERERI B M L R, SR RA S HERR
J& R SR, Sy Rl e 8 38 fish AR S i
#4129 (priority flow control, PFC): i 4 #i B\
A1) 1% ) R B <7 R Tk S s 0 T e 0 R
B F IR R .

TG NZEIEHINLE] T, AT s REE
JTRANGE 12 IR, Tk SR IUHA Y s i AR I
i B S XA sk S e A
F 1 RUR K AFEEAT R R R, JfE
i Z R YCER B PR R R AR IR T
HARRT, gl SRR SRR RHE S
A JR i) 4 e LU S A AU E AT A AR A,
HEM TR SE I T30 AR 8 U IR R AL .

ICE-CC 537y v Ja R ANl 2 ). &/ &
MM, EE 3 R, ik
KIS HR S e XK 4. EIIZRE RN,
RNIC #1478 A s Ze i . AR FER N,
FLF RTT {95 A 20 W] LU 3 L DCQCN HEAL
O R, it TCE-CC #y B AR AT 3R B 4 )
B (Targer) 1ENEERS A TR L5 Tk AR A £ 0K
A, FFANHTHL TN T4 HT RTT SLME & RTT
B (Tyag) FHAERISEIMHLE], WL 3NES
Tl T — FUA RTT 32 4 I 48 R A R ARG R . 75
W2, BRI E AT RTT R —EfE E—Ik
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HIK3  ICE-CC T sl ZEi i Hik
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Wil CUETQPAIEH AR,

(1) if Rris within its validity period then

.60-

# 4 ICE-CCEZEFHRIFSENX
AR ) P4

Thase B 7 BT IR BN A

T AR PARNAT B L IR I
Tprev L ARIAS B AL IR I I

t AR AR TF A I 21
Iprey AR TTAE I 21

w B R

b i R

Rap T B R 7

Y Tl R T

Ry ICE 515 N R H bR 5

“ AR R

(2)  R.=pRr+(1-wR,

(3) else if NACK received then
(4)  R.=R.2

(5) else

(6) Ttargetszase+ - +b

c

T—Toey
I—Tprey

(8)  Tyea=T(Tgaa+1)

(9 if Tpred < Ttarget then

(1) Tyua=

(10) Rc:min(RchRAI,lR_cy)

1— y Tpred - Ttarget
T pred

B3 OB R 1~2 i A R Bl I ZE P A Ak
S EK B ICE 51 % A B AR, JFHAT
A7 RS TE] AT, SVl R B0 Bl 2 S kR
AR AT S 2P BR 6~12 2 7 K A ZE
B, MBI ERIE HARE R e, FikaH
EHEAN IR, SEHUm I E g, K, PKe
A A o Bt B 7 S L HEBR 51N R SE IR AT Al
ks DIRT~-8 M RTT B T ALAR,  $2TH 59k
VR PR HEAR I s 2D R 10 M5 3R 12 $0AT I 4 3 A
AP A S 1A X [0 1 S SRS

(11)  else

(12)  R.=R.
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