BAF2£R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2023,34(12):5737-5756 [doi: 10.13328/j.cnki.jos.006797] http://www.jos.org.cn
O FE R B AT T RRASUIT AT Tel: +86-10-62562563

S E M B S S ESEE
REE! EBEK Axs FTE ¥ OBY OBAE B OB

SN B E 5 55256 = (B RUR ), Y178 B At 210023)
HUN AL PR TR BE, L BN 310018)

JEEER HENRA S EARR, 15T 100084)

(FE R IR S EAR R, TR Bat 210023)

SCREBCIE LR TR BR, YT 05 R 5¢ 210046)

WAFEE: B2, E-mail: gjJd@nju.edu.cn

B T ARGy FP, B HFHITE S S 2 A 4R 5 B PAT RS A B IS 3 & 09 K. A
3 5L R MR Y IR AT A 09 B 4. A TR IEARME G, RAT AR BN TR A A ERRE L 2R LIRS
B[OVTIRAREA TR, B R BT IENCR B 3 AR &4 BB AR i B AT SR, VT A% ARAE 5K BT 18] 49 HEBA S A, %éfciﬁ
DAL BRI M AT R K, B SRk U % AN &0 AL B AT, ST b, 23t fp 8 e mb EARAL D IR 5 Bk b
FEGREIR R — 75 &1, B 38 R S 69 4F 559 LAEAR A — AN RIAAMRAC IR A, AR R T488- % ﬁ%ﬂ%‘f%}béﬁﬁ&% 7
FiENERERS BRI, 5 —F @, & T RE L 5PATIAF AR TAE S5 R AR AL, B M B ohit
FrEp B R AR B, A T 3 E B R, KA T FA RS DIRGFE Q F I kA TMEFPIT/LE. 5
HHAIER T R T A FH S AR P B ARG R B R 4200 SR T4,

KHEIR): AE S Fr K 1R SR B HIR; G H R )

FEES S TP393

o RS TR, BN, 20, BT, TR, BROGE, O, gt B UME TR R S B AT S TR B AR, 2023,
34(12): 5737—5756. http://www.jos.org.cn/1000-9825/6797 htm

J 5| %X Zhang FF, Ge JD, Li ZJ, Huang ZF, Zhang S, Chen XG, Luo B. Cooperative Computation Offloading and Dynamic
Task Scheduling in Edge Computing. Ruan Jian Xue Bao/Journal of Software, 2023, 34(12): 5737-5756 (in Chinese). http://www.jos.
org.cn/1000-9825/6797 .htm

Cooperative Computation Offloading and Dynamic Task Scheduling in Edge Computing

ZHANG Fei-Fei', GE Ji-Dong', LI Zhong-Jin>, HUANG Zi-Feng’, ZHANG Sheng"“, CHEN Xing-Guo®, LUO Bin'

!(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210023, China)
*(School of Computer Science, Hangzhou Dianzi University, Hangzhou 310018, China)

*(Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China)
*(Department of Computer Science and Technology, Nanjing University, Nanjing 210023, China)

*(School of Computer Science, Nanjing University of Posts and Telecommunications, Nanjing 210046, China)

Abstract: In edge computing scenarios, some tasks to be performed will be offloaded to the edge server, which can reduce the load of
mobile devices, enhance the performance of mobile applications, and lower the cost of mobile devices. For delay-sensitive tasks, it is
critical to ensure they are completed within the deadlines. However, the limited resource of edge servers results in the fact that when data

transmission and task processing from multiple devices are received at the same time, some tasks have to wait in queue before they are
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scheduled. As a result, the long waiting time may cause time-out failure, which will also make it impossible to balance the performance
goals of several devices. Therefore, this study optimizes the task scheduling order on the edge server based on computation offloading.
Firstly, the task scheduling is modeled as a long-term optimization issue, and the online learning method based on a combination multi-
arm bandit is employed to dynamically adjust the scheduling order of the server. Secondly, the dynamically changing order of task
execution will lead to different levels of performance enhancement for task offloading, which will influence the validity of offloading
decisions. The deep-Q learning method with perturbed reward is adopted to determine the execution sites for tasks to improve the
robustness of offloading strategies. Simulation results show that the proposed strategy can balance multiple user objectives and lower the
system cost simultaneously.

Key words: task offloadinng; task scheduling; deadline; edge computing; reinforcement learning
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Whhise K. TA VAT S HE 7 22 — AN LA 2 8 1L (CMAB) 1)

EX 1 (CMAB RE). SN AR THEN— MR, Bl ¢, = (), oI WEEHT, 5% i e B %
AT LRSI BAAT . 7E RS B ¢ , YR PR 03T U8 5 S N, A7 | S¢| A e VB IKIAT 2545 LUCTIRAT, B || A48 1 4%
— BN BB A @, = {¢i,,|s;, = 1} AR @, BREN, X TG ¢, € D, FEFTAH LI 25 2.
HHFARHER) CMAB S 1A SR Ak 1 78, 52 230K P3-SUB2 1 H br 7 BEEE KA SR Ak ) 8T 5 HH A3
B IR 32l Jr .

TE N 2 (RENERE). 1655 e MR, 0T PG &, P& IR ¢ € @, Bk Eue SCh:

rig =Y si,—X-si,¢i Be (25)
HHE CUCB X122 h B K5 X, £EITBR s 45 oA o, (22 h 236 V- 14 :

fi = (Z ri,t) ITis (26)

t=1
TR 52 il ST B P o S 2 SR P e M A ) 7 2K, R 11 Rl R VA o 5 A 4 R (1 3 b2 A DR,
L K AE S SR
r = Z Tig 27

icd,

BT UL RS B L R T R BT A s EE. X TN ARAT 45 IR & TR N AR R, SRR (AT R
FeAEs (B8 2 AT) AR AT S R BT, B, (E KR 25 B T m i AR e 9 (B8 3-9 17). b, oy, T EAEH
%2 M 5 ATe . SRS IR [PIEV BT S5 BR BEHE T (BF 10 4T).

B 1 R BT A A

i U, X, Be, &, t, {tili € 0}, O;
it @, r, N,

1. ¥tk re0; (Y, < 0li € O,}; ¢; <0, VieU

2. AEFID, A7 (bl = 1), 42 i, LAREIT 7 5 HE A1

3. WiHte —MREXEES N,

4. BSMREGIme0

5. for neD, do

6. Ny NoU{(mu )}, 3oty SERLUCH n (K8 0 (94245
7 me—m+1

8 if n=10,| then

9 H AR

10, HHE N, VST r B BIEANE R ) ¢, 8, IFF I IEHET N,

BEE 2 JROR T 3T CMAB (£ 45 VA1 U, 04 41T SRR £7 45 V83 10 D I RO O P 0520 . 70 2 o,
BORHAEA BRI Y, (6. BOEFRIOVCRL T, SV 032000 v A0RAHC N O (5 1 47). SRIFH TRV o, BiEAL
A A S R, I B T, I & AT B RO OB T, = 1 (58 2 47). FE R R A
B, BRI A B AR I RS TR 8, G S AT). FEGEFI ST 14 BUE S BT IR 2 5, 4555
BT AT FL BT AMT S g AT O 8 o, (3 6, 7 7). SR LT I MUTE 451 4T 45 AT I ),
SR IR 6 @, = (s, = 1), BRI 0 s, = 1, TS0 o, AR ARSI B e
(5 8 47). I SEHTRRBEAR S 10 I g, (8 (5 0 7). M FAAT T AR5 EVBRIG R 45, i, 010 22 A FE 45400 T 1 20
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B IR (BB 10 47). B AR 25) FIAR (27) THEE, 7T LA REE I S2bR 225 r, (3 11 47), 3215
BZE ¢ AR ETE 225 G 12 47). ZERTBR ¢ 1R B RE B i 2 B,

Eik 2. 5T CMAB FITEHRENLEL

AU, X, Be, &
Wit @, r.

1. WA Y, 0,1,y < 0; VieU
2. HTREANEE ¢, BENLEE— N @ 11 ¢, € @, R AT (25) MAI (26) 3 FIREE ¢, (M H 7y A1 f,.
AR IR T, B 1.

3. re0re1

4. for t=1,2,...,T do/MT55 IR B

5. XA R ¢is, 2 P — Qg+ m

6. ATHSE 1 HBES IR BT

7 Hedm BT ATAT 55, FEAFBURE— M5 AT DPIT I 155 8 {s¢ by, = 1
8. B s, = LIRS ¢, ALS0HIE &,

9.  MHAI 26) BH @, PN i, Ty Tiy+ 1

10, MRIEA (14) HIAGEHAT 55 BB R B4 1 Y3,

1. WA (25) A (27) 132088 1022050 r,

12. rer+r

13. te—t+1

[aiEss/ S BRREERof

Lyapunov

BRI ; B0 R 4
P Y €0} I:

| RIS i 7 A U

Kl 2 KR ¢ 55T CMAB AR 4% 1 i R
3.3 IFEEHA MDP 125
AT 04T SUdERE T DQN (W34 24 3 J ok SR ARAT 45 E0 28 1) #. DQN SvEE T s B0 0L, 2R B 5k
S WFEARGE 2 — . AR AT S E AR SR A — A MDP B BV — AN g i) MDP B S NG R,
BI(S,A,P,R,y), SENIREZM, A RRHREISHES ], PRINEBHFE, R FZRIEREE, v e [0, 11K RPN
T MUk B EAS ), AR Z A agent ISR 3] 7%, MR R —A agent, X248 agent 784 AB] B [A] B4
HRE X T %0, RS, e SEE T 334, AFE& LI g, , BEIRFSHINIIKE q,,, S HIE
BN g1 RSV RIRN S 10 = (Girs Ger 8ie) - FFANBME A, € A QG PATALE by, FIFTHIEE a;, WER S, W1
BALSSEEARNPAT by =0, Wa;, = -1, BFRATEAFLE RGBSR, FILSERR A A, = bisai,). PIREEBHR
P(S 1S iper) MHREBE, £ TCREIY (F a4k 22 2 34 50 agent JCIBSRANP M L ARME B IR AESE ¢ I BR, 242 U T 454
BH Wi € Uy, FXE NI ) CPU JAAIAL S il &4 C, = {(ciyviy) i € U 13 SUB1-P1 K H R, MR e
Heom
Ry =—((1=by)-Cl, + by, CL,) (28)
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1TV 45 e A L B LA S 5 R I 36, 7 A S 252 _E AT 45 o MUY 2 S U A 2%
> agent B4 IR B0, 518 4 BRSO 1,2, 3, 4 Bk MRS EBIA L 18T 8o 4, IR ¢ AR & HLAT AR
M RGORA S = Sas, LhRLMCH FIREHIE S5 EVARENME Ay = Auy AEITIR ¢ R B &, VA0 45 B 10T 45 4 45 49
(0, W, W, W) o I IR LRy (4, W, Wi, L), DRI W TETE 2 IR P S, 72 T A Y DR 7 TN B & £
VA JSENT (W, W, W, W), AT S5 AR A SUTBR P S . 7 LS TR (S 10 Asr) L HRAL 2 5] agent T L)
AFNIEHR, B Ry = R(S 10 Au) B Ry = RS 11 Av) 3 HLR(S 1 A) # R(S 1 Avy) . TATRRR(S 0 As) I HRE 2.
AR A7 15 22 R EV AR S 4 20 4,

A4 25 NG AR T 207285, DD 45 AR K, 11 B P B AT 1. I BT 55 M5
S IRIAIE I Lo, Conan] P 0 5 B T TS P Do, Vi - 1B B9 5 SR B OR300 93Ky m A
B ), A B T P (R D R0 0 O A O ZE AT R 0, RSS2 Q = o mr® - U B AT REROHLE, 3
P4 AEA S AAT SEAT m BT REEUAEL, 7255 2% LARAT I m? - U R T REARIIDUA, J9/60 7 AT SR ARG L. TRt
R, WHUEYEH & R = (R, Ry, ..., Ra}, MPATRIGKS, R, = Ry . IRVEFEFE F(Q+1)><(Q+1)%ZT_\‘R' UL AEE 2R, B oo
F fiu FRMPER N RO B HNER: £ = P(Rir = RiRy, = R)).

LT SCHR [36] 051 2, AR SOREARIEHER R(S 1,0 Ay) RSB EBREL o T 45 ARG 3 3, ASCHIA

BRI IR 1= [R(R = Ro).....R(R = Ro)| . Jorb R(R = Ry) 4% ML) KB DL Y Ry 5
[A]BS 4 R = [Ro; Ry;...; Rol A FRIHRAE IFERE. 2 X 3 4 ih ki,{ (BIR(S 1, Ar,)) WIS FE.

E X 3 (BRER). b Frls. il e X
R=F"'-R 29

154 B [R(S 10 Ai)| = R(SioAir) . BRI R BT AiA T
34 TERERMGETHESHERES

AR A AR ) DQN ST E k. 7RIRES S, agent MU BIAE A, 5 AT OB 2~ —ANIR
S R RIHR, = R(S i, Air,S i) €R . FTLAEREA I BRI BE A H 2 J5, agent 7] LG 2] — A& 00 u 4l
(SinAiss RirsS i), FHRTCAAEAE R R TS 80 8. Agent 1953 B ARE 5 I BI— /MU R, BI— N5
ik (AIS) R ARZS I R L. 18] 3 45 T ain AR RR 1) DQN LB 4T 4504, 56 [R1 780 H T A2 R &= A 58
FHBV Bt SRS BENURAE REA S J T4l M 2% 2 50 BRI N AEIEAR, TPAG 2% 6, S H0dt % WLE B AR &% 6, .
TEREAIBR 1, agent L ADBIME A, BEAN—ABIPIRES S 1, MIEAT Q {HFEHI. DQN SBEIIZ Lo (R BuE AT it

O(SinAir) « O(SinAi)+a-[Riy+y -max,Q(Sise1,Airr1) = Q(SinAir)] (30)
Hormf, o 2222,y RPTHIRF. VPN 452 5500 TR G e B T R vk dne M 2R bR
Lis(0) = E| (R 7 max,A (S, .07) = 0(S A6, | G31)

P 3 7R, MFR S5 S A5t ) I SR AR T B A M A T R AR IR Ry, A REAF A B2 0t . AR 52 L 6 U ST R 5
LA fi BRI SR IX— {5 BAESE bR 5t Joik AR, PR ZAE I 25 MDP B84 I 0 kAT (v, 24K 0]
AT AR A% 0 S A2 ) 285 AR AR WO 280 ) IR (LA T8 IE B R AN U fe . TERE IR IR, X TR E T Sx A

RS BNVEXT, agent WCHE T2 AR BN AERT IR FOWLIN 2 1) [R] SR S5 45 ST 340925 B0 5 v ke Tl 20 552 1) [ 4.
BT, T 000 () B8 [BIR CL BOIR A SRR, R E A R R B A S R0 R
R(S,A) = argrggL[R(s,A) =R (32)

Z(&A)esm L[R(S.A)=RiR(S.A)=R,]

Z(S,A)eSxA + [R (S.4)= Rj]
o, L [1FRAEI I B A BHR R (S, A) S 2 4 A [ FPIRESSIEX IEE. R(S,A) FIR(S,A) 7 R R TR
ABAEXT K7 (S, A) I TR P B S [l AR RN [ 4R AE. 50925 3 25 AR IR il oF 07k,

fix= 33)
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A F
,:45” >
RHER 0%, 05,1, 4. 6,) 05, 4,0 0)
p—
> %g BRI
A4 2
b 1
|
(S Ao Ry S, o0) S A, | S
v — B
%E’T& vy v > R
' (S Ao Rop S, )

K3 A RER Y DQN ikt
£ DQN VI ZRHBE, A SCRI I3 A X BRI 2575 307 454> agent 4EH A 1) DQN BiAL 240, Fl 0, , 1655
AR B BT agent [T 240 LIRS 38 )5 50 & JHIR R4 agent:

1 M
Oy M ; 0is (34)

B 3 AR TR S
HiAN: R(S,A), n, F;
B BARER R(S,A).

Lo Af S x A 25 [a] 3 PRSI RS T2 fE R then
2. AR (32) FHRITM A ECSE IR R(S,A)

3. WRIEAK (33) BT RAR EFALF

4. MAEAK @D HBRMETHFAREER RS, A)

090 4 JEOR BARI VS s, P T 16 agent JE R BT A — AN R AL VHEREE . FUEET A agent FT
FEA I R IR T S (505 3 58 347), AT AR IR R R K R(S i1, Aiy) . BT AR A AT LU Q P44 11
Wk, J T AR R 2 INAT 25 IR AT Sk BB AR B, BT LAZE VI 2R S5 Q 4% 2 T, SEXE B AT A5 o (GF 2-7 47), It
AEVNGRM BEGRSE TR B (G 13 47).
oL 4 BT AR EAG T BT SN 2 SR s
BN R(S,A), & 7:
it Q(S,A) Fin(s).

Yiaatk: BRI R 2L Q (S, A) , EE R AG, = oli € UV & A TRV N 0

for r=1,2,..., Tiia do

1

2

3 WIHEAIRAS S = (S i e U)
4. while § ALK do
5
6
7

A~ agent BEHLIE R —ABh1E A,
A~ agent PATHINZIE Ay, MEZ S ;00 FIHTATWE S (IR R, ,
A agent {81 SE% 3 7 B M9+ R(S 1, Ar) HEHE BT B
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8. fort=1,2,..., T'rain do

9.  WHRIRE S ={SilieU)

10.  while § A2 IR do

11. 1A~ agent RAMER £ BEALEEE— A BNE A,

12. T A;, = argmaxAQ(S ,‘,,,A,-,,;G’,.‘_,)

13. B agent A FETE 3 BT IIIEHR R(S 11, Aiss S 1) HEHF

14. B4 agent 46 (S 1, As Ripn S o | AR G; th

15, A agent A G; HBEHLRAE ARG (S0 Aise Riger S i)

16. G N RIS 0, 5 T E 6,

17. A agent KT 6, M6, AT DBE TR

18. KHI A (34) RIS THEAF BN S5 6, 9T HERI A agent

19. R Q(S,A) Fix(S)

3.5 MHRESHRT

AT G AT 55 AR LA L A R SRS TR R RE VAt AR e IR 1K) SR, AR SO 1 2 5532 R A 8 SRS 1 3 3 BUAN )
HIPERE PP TEAR. XI5 T CMAB HUAE55 1 B S, ASSOR I S R (regret bound) Al A TERE; X iii A 8
ARIFIR PR A 55 SR, AR SO 18 [T R 30K 7 22 A TR I ied R v R RAE S EE. 1 T 2 31 AT 95 T BE T 55
N 5 T HEAT PR 20 HT

BSR4 HH U BESTE I CSIE I . ARE CMAB WSt 530 7, s 3 3 45 Hh T AR S5 B STVE IR L

EIE 3. 4o =2/3, MALENER 1 (AR SR A -

2~lnt~(z_olt~/<)3 2~1m~(ZiEaY,,,+X-Zl_€ac,-ﬁe)3

i€ Ve
3. 02 + U2 +(§+1)~IOTI~[2U:M) 35)
R BTN BT e AR T P SR T 51U A @, T — A48 E IR ¢ U
Al =min{{v,(®)|® € Dp}—v, (D)} (36)
Ajyy = max {{v, ()| € D} —v, (")} 37)

Jerb, v (@) R B AL SRNE @ PR AFAE I B ¢ SRAF (KR BL. g = (Dly, (D) < (2/3) -, (@)} . B0 TE L Ay =
MaX;AL F Ay = MINAL, &, (S, @) == fociofe, (S B)= Y Yis-sfy.

iev b
[A T 5
Vi (D) = v, (D) = X - (c: (S5, D7) = ¢, (S, P)) + (d, (S5, D7) — d, (S, D)) (38)
TRCBEIN B ¢ BRI 55 SR AT S5 4R 50 O, . JE T M HEns &, Wl {5
=B < (S ®) <0 (39)
€0,

T R AT 25 A AE AR U PR P 5 B e /ML, T AT 45 0 R ) B e KL
Y- d, (S¢, ), WA:
0<d,(S, @) <D Vi< D 1k (40)

i€0, i€0,
LT v () < D Virs A < ) Yt X Y cioBe AATTRHREL g ()= U - x, MREECH ¢! (0=U]/x.
IBEISBR 2 (1> 1) IR HERELI AR

. 3 .
6-Inzt-(A] Mox 6. Int- 12
Z[ U(Z ) +£:,,m Zzzx de+(g+1)~

S: ° Amax

ieSy

t
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<)

€0,

3 3
2-1nz-(z_€0 z-K) 2-lnt-(z_60 Yi,t+X'Z.EO Ci'ﬁe)
< A " €0y et

3-U? U?

. \3 i\3
6-Int-(AL;) 21t (AL
[](2 ) + U(2 ) ]+(§+1)'|01|'Amax

Gomlg) o

ieU

HUE AR A S (35) AL UEER.

P08 B R T U0 W] SO P T B AR R R SR S S e S @ IR (R 2R R AT AR, A ST CMAB
SRV (1 302 e 0 DR TR IS

KT EVREE, TERE S BT e BE 4 Jow.

FEIHE 4. R, € (Ro,Ry,...,Ro) N F R HL B ACRIRAA W kot

1) AR T7 2254 8
o (Q+1)?
Var(R) < Var(R) < W R} 42)
T’(‘Zemax'qmax)'(M"'l) T'(qemax'qmax)'(M"'l)
k=0 : 1 : 43
£2-(1—v) - det(F)* o8 5 )
Hrp R E0<5< 1.
MEBR: 5G4 T ZE SHIIE .
F AT det (F) . AR $1 501 5 S, 331 [Ro| > IRyl
HRAR SCk [34] rpoe 3 3 w15
Var(R) < Var(f?) < @+17 ‘R2 ReR 44
h S odet® "
MKy
2 2
«Q+1) ,  (Q+1) -Rﬁ 4s)

det(® " det(F)

ZEE A (44) A (45), A0 (42) FBHE.

XHFREAS agent, IR KN G max - Gmax, SWEZSIHIRANA (M + 1) FRPESCHRK [27] PR 2, 25K 43) AHIE. UFEE.

SR Q= meam? U, BT 20 ERATERH (mam?-U+1)/det(B - RS AT I, 24 m FHEK, A8
ARIFIHR T LA 355 ARG ] b oA 0 1) O 2, AELE 2 38 I RHRAEL I 07 22, 24 det(F) — 0, [IFHRAEL 1K 7 2 SR 3%

MR GETFR 1 5 00 BT, A LG TS0k [13,21,24] 5556 F Mo Ab 2% 2] D5 i S8R5 58, %05 1338 N (1 &5 o b T4
TSR GRS 7= A B AE RS TTAS O (Tiar) , KN TR B B A I iy DR AEPIAT S B B A AN B £ A7
AR IR TR 25 1) A4 O (m?)

4 MESSBRSERS

AT B EN ERNAT 551 5 S IR Pk REREAT 0 BLSE 5%, B A5 T VPG AT 25 TR S SRS T4 45 8 It ) PR ARAL AR
o AT 45 D SR W X T PR SEE I B 1) s P L B R ARk R (7 ELSE R A SR R4 AR, CPU Y T %I
Intel(R) Xeon(R) CPU E5-2678, L4k 2.5 GHz, W AFK/NA 32 GB. #:E R %4 Red Hat 4.8.5-44. GPU 24 RTX
2080 Ti. AT P SEBRTUIN IR S0 (LR A2 H AR 55 38 B K A B FE) o T4k BB 09 52 i, 48 5 43 S o AT 451
JEE VNSRS 43 S AT 1 BB 4 BT RN SRR [2,19] — 35, AR G RO (% 7 58 H B AE AT 45 SECR IS
HINEL R TS RIS, HGE A id (5 8. A Zd &/ CPU A BUE TSR 4 72 [471, 6583] KB
1 [49, 1123] MHz. /245 #1E MR %9 1000, $ATHEI T 500 2000, HAMEES 40w LNk 1 iR,

S AN SO A (AR HFRCTE S AT 25 TR 5 S e R 2 A [l I S 2 S s ) 1) e, A SCSEI T AR
SCPTER I (RLSR-CMAB) FILL R JLAN SR £ 5002,
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« RL-CMAB: K57 — M IR o8 B0 IR Q 2% ) Ty AT v B v e, LLACR HIE T CMAB (577
A Y BE N

* RANDOM-CMAB: [ HEAT 55 A% Hh A BR B EI b 51, 7EA ML BAE 14 2 454 . LRSS T CMAB 11
S A IR

* RLSR-FCFS: 7EBAN {55 I BUR F 5 6 PLah BHR VR BE Q 2% ) Jy ik AT SR 5, AT 25 A SR 4 31 58 ik
45 BTN

* RLSR-GREEDY: 7EAAN g 58 B KR i A5 SR 30 [l 4R 00 VR B Q 2% ) 7 iR HEAT VLN 38w 5, 0 B2 U TR
FIAR B B AR IR 42, R A Sr O SRR P2 AE H AR R 3 (A3 (24a)) /MR BT,

Rk WGSBS B I 24

ARG T ZH 4 ZHH
(EBERAE M=5
ety pi=01W
fE T 9 w =4 MHz

B o
e 7 Ty @, =—100 dBm
HEAR IR ARHL p=4
AN REFEDH 1=0.1
‘1], HZ?, P ] }1? = 0.

D o UL Ji S fﬁ /CPU 1] Be =0.05/Gceycle

CPU T 3 GHz

(2ol & CPUEM 1.2 GHz

BEAh, A SR SR S 1 B A LAE B2 T B 1) XTI S BURAE 5%, LA /IMEREFRE ) H AR, SR 3
T Q 221 Ity e (QECO)™ 2) Lhdst/MUH P SEIF RS L A%, SRHIHE T DQN 53 Aii 2 1 e (DRLDCO)';
3) % TN SERUBAT- 45, LA MEREFE N F B, RT3 T- DDQN (double deep neural network) ) 133 (DRLECO)™'.
BT FERS I S35 56 T AR SO R G i,

HRA 56 H MIARA SCEVERIARAL B AR, FES256 T E T n F PERE RS,

« ZIFRGIFARIET A epoch AT B4 10 Rt IFAS 2 A

o IR FEMR AR FIE1T—A epoch T & £ (1 R EEK B 2 S BT 55 5 FILL 2R,

o S/ INERBR N 2 AE MR B A EABAT A epoch FT A B4 Hh /M B E EIARAT S AT B h .

LS R T R BN R £ SR 280 8 M 25 A8 70 A O BRI 5 BT BR AT 25 0 A B R 4% s AT 1 R THT
SRz . i AR S Dl /NN R R LA AP, KN %A TR R, i DAL A R B /NN D 2 AT
55V 8 SR AR SN A SR I Bl A A 0 Al 55 4 i (R0 A 55 VR BE AL, 50082 S 1130 2% R 55 4 i (AT 45, O HL
AN RS, T LA 2 SEUITAT AT 5 2 R T BR 5 R R T B, 40, AERE AT IS IR VR T Q 2 X ik
LTI Ty = 0.9, MRMHR e = 0.9, KW A0 K /D |G| = 1000, LR R/ N 32. Q W4 AN ZE
P k. AN ZE epoch 47 50 kAR, F bR 45 1) 5251 1 & 80 4 epoch. I 2k 5E B Ja 76 MR HE 4R 11247 100
EIEMR. AT CMAB (WA HET, X =0.1, «= 0.9 X T8 A EHAAT S B35 7%, ALA Tyig = 10. 525
HBRIAANRIAT 55 B AN [ P 242
4.1 FEHE R

AR S0 AT 5 T A6 A0 G AN [ SE AR 5 SR [ S, BBV T SR . S BN N A 2RSS A AL
16 NMEFLES, [ 3 1R R CPUL S8 - A2 R B A B [ R 161,

KL 4(a) RTE 4(b) W] %0 B %40 H 390, RLSR-CMAB. RLSR-FCFS. RLSR-GREEDY #1 RL-CMAB #
WS 1) R 0 TR #5 4 WH S B vr, [) F SED 2804 25 PRI T B D R AR T - o, 2 B BB A T 80 H 38, A I It A
{1 5 A FRAT 45 B30 o, o) A B9 88 140 5 4 I, 320 2% M 55 % TGV B8 (AL F 8 14D 9 9050 I B A 30 22 A2 48 R SR AE TR 45 4%
PAEE AL LT, K AR 75 % (RLSR-CMAB. RLSR-FCFS. RLSR-GREEDY) fiil [f]] T-KAT- 45 Tl 7E
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AHBAT, BT LA SRR AN AL R M AR/, FIEATE 55 AT D Ze5r. Horh RLSR-FCFS 3l Al RLSR-GREEDY 3
WERE L, P 5 (1 1 B AH I, 0B SR FH D0 SR AT I B2 DAL AR B2 BR. 1fii RLSR-CMAB 5V & ZL A5 AT 5 AT
R ZE L. A bE T AT RIS 5 45 16 43 A 2N 2 DRLDCO, RLSR-CMAB TE £ 71 R G T84 /N E1 2
IR HA TR TERE. R 2 W LLE W, fER &R IS OL T, SRR S 2 AN i e 2, R B AR
[B[4K 1 75 %€ RLSR-CMAB B A % i B 48088 B A B A S0 n, 028 B IR 45 48 1A 45 1T g HR IR AL, I Haw A5 T
B R Bt e B e AR T 19K, IX B RLSR-CMAB H A B B AR I N 3 %, AT-45 38 2 M JBC/E W & AT T A 3%
T[T R 511 S B ST TR AT ol I 55 i I A5 S A L R R 1) SN A vk S, AE BE A B H B/ NI o R A
IRIEN R, 70 MR %5 38 PRI A M I DL T B 24T 55T R IR S 28 AT, T2 BT PR T B

—=—RLSR-FCFS —+—RL-CMAB —+— RLSR-GREEDY =RLSR-CMAB sRLSR-GREEDY =RLSR-FCFS
—e—RLSR-CMAB - - DRLDCO =RL-CMAB  =sDRLDCO
3.50E+04 1.0
09 |
3.00E+04 | 08 |
B 2.50E+04 5 r'di
e 3 0.6
N R
W& 2004041 = 05 f
= & 04 |
R L &
1.50E+04 2 o0l
I
1.00E+04 | 021
0.1 f
5.00E+03 . . . " " 0
15 20 25 30 35 40 10 15 20 25 30 35 40
WEEH wEHH
(a) R RGIFH (b) T/ NENER R TR
B4 5B N B RS TFERY R E T 2 1 i
F 2 WEBEXEEEN W
[EIE 15 20 25 30 35 40
EERAMEIE 73 0.42 0.37 0.34 0.33 0.28 0.26
WL (B4R 0.19 0.19 0.25 0.32 0.39 0.47

4.2 BAFIHCE BRFIAIF A
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