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Abstract: To meet the quality of service (QoS) requirements of emerging intelligent services such as large language
model inference and multi-agent collaboration, constructing an efficient resource scheduling mechanism has become a
core issue in Al computing networks. For the resource scheduling scenario under QoS multi-objective optimization, a
scheduling framework that integrates differentiated intelligent service modeling, heterogeneous computing-network
resource awareness, and high-throughput remote direct memory access (RDMA) transmission optimization was pro-
posed. Within this framework, a reinforcement learning (RL)-based intelligent scheduling algorithm was developed to
adaptively generate scheduling policies by considering service priorities, computing-network resource loads, and data
transmission characteristics, thereby improving QoS. Finally, a simulation platform was constructed using real-world
network measurement data and actual topology parameters from an Al computing center to verify the performance of

the proposed algorithm. Experimental results demonstrate that the proposed method achieves significant improve-
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ments over existing schemes in key QoS metrics such as task completion rate, average latency, and resource

utilization.

Key words: Al computing network, QoS assurance, resource scheduling, reinforcement learning, RDMA network
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JE T R R0 I 4 DX B B ) A R A T, o7 L A A
FEWI=AE
UEAL, T2 B REARSE AT 55 1R SOE T
Y5 B R SC—8E, ARSCHINIE L — B R
Wlo & AFSS T 5 H N —AMESS T, I B2 8] By
Sy A Y FOVF B K TA) B O T3 SO IR T
N2 Jih iR -
roe 1= 105> Omax ) (10)
Hr, ARRETRE, 0N REE. ZILH
AR AT PSR I AR S DR b 22 B B U 55 IR 1
4.1.4 RL B 47
RL (1) 5 2 H br 2 SR KW 7o (a
RS2 il K

max E,,{Z:o:oytrt} (1D

s), flfFK

Hrr, y e DAHTHRFT, FEH1R R ) 3 i
FERE .
4.2 TQC-QoS &%

A SCAE MDP BERUEER b, DU 73 AL B0
X (truncated quantile critics, TQC) Ry
Beole, BEUE T —FRLS QoS BN 1 BE IH Bk
TQC-QoS. %Kikl & 5 71 5 W 4 IR I A fig
71, ik QoS fRFR KA £ HiRK R E, 5%
BRSNS R B m I
g

AHIAE e 1) 308 R —VFIR 2K (soft actor-critic,
SAC) BRI UUHEIR T P A 1 S W o 15 R0k
(twin delayed deep deterministic policy gradient,
TD3) 5EPY, TQCSHIEAEM MRS BE . VI 4k
A 78 P DL RO AN T8 P B B 1 L BE 7 77 T 18
A, FEIEA R T I 1A) QoS R i 1) 8 4 1) 2 5
BER . TQC-QoS FLik A WAl 3 iz . kil
i B2 SR 1) & MR AL S = O, TQC-QoS
R INGR, LSRRI R . £EI
B, BBEARAE B T 2R, E
256 TSN B A HEE 5 Q{8 70 A AEHEPEEY
B, AUOR B I RIS SR W 2%, T S R 5
MFELAT SR . BRI .

AR 3 T TQC-QoS HIE% 1 8 58 1) 45
PR A B SR AR R

B BT TQC-QoS B ik i 8 5 o 4% B
WS

BN AL RLFH T BEM IR E.
PEADH Ty, B R e, RN B, B
Ceritic) #New DALECEN. BWHK. H bRk
Ho~ BRI EL T oo

HMidh: 7EZIARERES

(1) V4R Ak 55 B K 2% ng(a’s)\ 5351 Y critic
B4 Zy (soa)ie s HibRcritic &4 Z5 (s, a)ei s W
ZHa. AR D;
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B3 TQC-QoS HiE4EHy

(2) WAL E, WIMHIUEIRE 55

(3) t=0;

(4) while t < Ty do

(5) t=t+1;

(6) HRHMERFEENE a~ 7y (a] 5):

(T PATIE, WHEBEHEAR (s, a.r,s' done) fF
NG IS Ds

(8) if|2) =B then

(9 M DHBENIREE B 2&FEA

(10> % 4 7l 5K W& K FE H 45 30 1E a'™~n*
0a'} s™)):

A1) KR4S, HH FF critic 15 2 7 47 24
# 2=Ulz0) (s a1

(12) % 27, FFsl R R KA 6
B, 33 27 vunc:

(13) M i& B bx 2 AL B & yy=ri+9(1-
s'j));
(14> RHE (8) HHT /A% critic;
(15) WRHER (9) FHHEIERIL
(16) RAER (100 FHEESH
(17) W E AR critic:d; < t¢;+(1—17) gy
(18) end if
(19) s=s';
(20) end while
QD Hir I 255 75 2810 5 SR 7y
B, WIS S 25 R (LA

done; )- (Z'j,mmc —alogmy(a’;

ELHE (D A7) DUBEL 2 7 U B 2% 1R IE AT IR
&, WIS AN FH TR G35 RDMA
BERRITAEAAY . Hok, fERANRERAN, ®h6e
PRARYE M RTIRES S HEWE X 2% 7 (a 5) 4 HH BN 1E
SIS H (WEIELE (5. (6) 17, HEHES
HAH TG RAESNE a~n(a|s). FHR, REWITZ
SESRTGF il r SHRAS 5" DU (s, a7, 57
.done) FEAL I (WHIEL1E (D 17). 44
Wit RFVEAEASS, ARG B: W&
B o oRAFE BARAFEAS, R H br 0 45 v 5 A
Ja A8 H bR, DA R O 18 I A5 o1 1) J
(EELE (9 ~ U3) 1. Ba, KIKIEYE
X @) A @ F (10> FHcritic &%, 8 5
(actor) M4 REESH (WEXHK1E A4 ~
(16> 17

8 X 2 1) L AR B s R

(1) critic % 4% 58T

TQCHIEA BT H R — OfH, M5
37 K 06 K O (5. @), F 1) FH 288 T~ 32 U8k 2> v £t
#. HEHHEA:

EQZE(S,a,r,S')

[V 0(r+10um(sta)- 00 .)) | (12)
Ho, o (VAR B, O 2 £ 15
AR T O -

(2) actor & T A4 AT 2K O LT )
7 DL B
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L.=EJalogwy(a|s)~ Ouunc ()] (13)
Hr, oA, HT M RR SRR
(3) EESHE R : TQC HE R W 211
WL I NLATL AR -
Lo=EJ ~a(logm(al)+H,)] (14

Horb, Ho N BRI

HEERR B A R BE SRS X 285 F T 0 () E 3R,
NRRGCYFCRE W E, Wl ESsER .
I RV TR, HEER S RE LN Od), -
dow)s PIAEIA ST U R BEd ) 2% =2 fb e
AT -

TERF R R 24 5T, TQC-QoS Hyk 1 Hhe 1)l
ST T ZORVE T 2400 r O 2% 1) S 1) L 4
ARG IRE N

O(B-Ny- (di+dy-do)) (15

Hrb, BAHALIFE KRN, NN OL QMZEL, dy
NIRRT FE s dow NENTELENE o LR BUH
Je S PR 28 (R 50, A EL N oM -H ),
Horh MONINYERE, HRRRZ %R, 15 A
VAR ED = L 5= AU A

FEZS (B 2R FETT T, AR SCBCTH IPIR A 7 [A] 4
FE D 5 M B R 2R PEIE KOG R . R 271 AEK
NN, KEFEREBONL, W Ds~nug+ N Nnode feat +
L Njink feare FE R H M &I 50T, BARR
SYEERIN, HbT TQCHIEEA Wik ik
fERE T, FUSUE FE SRS e PEAR IR TR a5
EEAEHERIE . A, B TERINLE.
AR R, BRI R R IR S
PERETHRLRE I, AT R AN s AT R
AL AT R R . XM AR OR T SRR AE T RO
YRR ARERE TR, KRGEIR R = R
P RE

gr b, dmadk gl N g A 0 S R AL
#il, TQC-QoS HikfE RL FasE I 1R JEE s s iE

LA 2 QoS H b H & M Jy T Rt EALIERE,
BEMERME T — My R, Al e M

ES
5 RS

56 IE BT 5 R BE T BVE A R 5
P, AETHENEENEJE T EG#IT TR
G
51 HEXKEE

UG F 6 45 A GEANT SEPr M B 5 55
PRIRB AT AR A, BB A% 5 5 S b S LB 5715
7. RDMA % B 3 &840 J AT 55 2 REPESL AR
IBATHHIE. P EWE S, 8. W3 EFWinh:
AN PR AU GPU SRS Sy, iU 53
% B GPU/CPU B LS AL HAUESS, %
Ui 9 TS5 RO S ARAS S st B K Y 9 Y
9 1~10 Gbit/s, i F ¥ I 4E 0.3~1.2 ms, 77 %8 5
IR BT R B A48 4k, DA Bl 2SI 7 D%
3o ALS BNEIRMIIRL AT, FIFNEE A NG
P10 UE R . AERB G R HR, Frk B AE
A3 2K (N 0.34:0.33:0.33), e N
32~128 MB, fES5HEIRIE 9 2~3 B Bt

ARICVE 5P BT TQC-QoS Bk 4T
xf .

(1) i KBS P Ak (proximal policy optimi-
zation, PPO) HikP7l 1 2 i 1 16 28 S s 51
W, FLaE I BT MEER LY B R RN SRR . (H
RSN FEML T, PPO FIENFEA KA H
R, HAEm L4, ELRNEhESEE, 4
A DA UL 2 4 R B A 1Y) QoS 7 8E SR

(2) TD3Hik: @ #EW W 0% > ik 7
H R E Sl w22 . SR, EEMNEE R,
AR BA = BEAH ENE, TD3 1 H— Ofafl
T HE LUK B 20 1 2 J5h o A I G i e, S BURE
et P9 2% T30 T IR AR A2

(3) DrLBEE: BT /N R AE (1 50 1
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A 3CHE IR TQC-QoS Fik £ X Fik RL i
RIRIRAE,  SINE A B, ARER 24
O EE A, S AeaE L o A 2 B R R 4 R
LRIAGTIIREALIE, MR B A 205 S B S A v
(¥ QoS XUk 2l o i DRL JESHEI R F 5 2 4
EEAN L A g S E ML, S EAREF
— 2 IZRBrBER A k. oA A HEE Y
2K, AEF— Bl S S E AT L

NAHEHL & FIEEAFIZ R RERE, A
MMEF I BEHR 5 RGURE L bR

ST BN SE s A 55 AR AT B 5E 1T
IR
TS5 INA AR SEL) A A RS2 52 AT
FIILEB], B QoS REEHE S -
FIPPBRAR . FIIRIERIRCR
BEPET35 (5 FH 2. RDMA M 4% (175 52 7l
P& DL o
YRR B Rl BT D TR
FF S T RAT R, OB IS
IR DS TE RO L W IR SE % B YR
PR = 1] B AR AL Ao BT AT FE s
P59 R 07 OB A A U B A SIS SR 4R
FEAE 2 RSB T BT SRt
52 MRERITSERIMN

(1 YNZRTERERT LE

H5E, ARICVPA T 3 K RL VAL R S R 45 34
BN SR I SRR e 1 .

FHEEITIHE 08099, fitE KN RS2,
2 RE BN IR TS S IZRE BrgA

o] 5 A2 50 N T B2 A 3, Il ZRE EC 3 000,
B4 JE7R T 4 Fh BT AE DI 2R 0 B 11 35 525 22 il
B U 25 o] S BB R S 28, K B TS A 3R
N R AR BAE D BE

0.65F
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E e
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iy
B
045 %
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WSt 28
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