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Abstract Computing power network breaks the performance bottleneck of single network point by collaborating the
computing resources of cloud servers, edge nodes and devices. Computing power network provides support for
intelligent society through computing power. Computing and network convergence has gradually become the trend of
new information and communication network technology. Due to heterogeneous computing resources and dynamic
network, it is an challenging problem to cooperate the computing resources of cloud, edge and devices to reduce the
delay of computing tasks in computing power network. To simplify the problem, existing work often assumes that the
system time is discrete and only make computing offloading decisions at the end of time slots. However, this
assumption results in decision waiting latency and increases the overall waiting delay of computing tasks. To address
this problem, we propose a time-continuous computing task offloading optimization mechanism for computing and
network convergence. Under the premise of continues timeline and collaboration of edge nodes, we model the
computing offloading problem between cloud, edge and devices with the optimization goal of service experience
improvement rate. Besides, we design a computing offloading algorithm based on deep reinforcement learning to
improve the utility of computing resources in computing power network. Through extensive simulation experiments, it
is demonstrated that the proposed algorithm can effectively reduce the task delay and improve the service experience
compared with two baseline algorithms.

Key words computing power network; collaboration of computing resources; task offloading; multi-edge nodes

collaboration; temporal continuity

W E AIMAEINENR = B SBHENR, RRELELENAOREMRA, ATRNKAELRETES
XHEAMBEBRIRANAREBEMEBHERELEOEE B THATRAM RNEGESDE, o THE
A SH AR R, AT ARG B S 2 R P Rk A T AL B M G P B2 — A AL R A, I AR
AL R YR A2 B8, OF B R AR BT IR 4 R BT B AT I S B ok R AR BR A T Nk R AR R ], 3
A T AL S0 Bk Bt A AT AT R P AR, 37 R — R AL W kA BE D) 3 4k 64 3T SR S AL, B AR GE AT

Wo#s B #: 2022-12-30; £ 13 B #8: 2023-01-31

ES T IIARA ARRHE A H (ZR2022QF040) 5 3 & Tl K BH ™ il & 12l A3 H (2022PX083)
This work was supported by the Natural Science Foundation of Shandong Province (ZR2022QF040) and the Pilot Project of Science, Education and
Industry of Qilu University of Technology (2022PX083).

B 1EE : 9 F (wzhang@sdas.org)


mailto:haoh@sdas.org
mailto:wzhang@sdas.org
https://doi.org/10.7544/issn1000-1239.202221055

736

HENR SR E 2023, 60(4)

Ml ik AR EALGH AT RGAIET, QIR SIRIEIR I F A KA B A7, 354 55 1044
B AR AT AL, R T AR TIRERIFE I GES T R, Ad I SRR R A R %R

BABE K FT A EIEN, 5 2 A A& I R AR T4 A

B 45 A AL EARAT S0 28, 2SR Sk B

28R AARNG T ERRWBEEESHE, A% S WAF; iR E S M

mEFESES TP393

Wit 5 % h 2 o 15 A 1 PR kB, MR I 23t
T 9 AR TRV S AR A I TR O 2% iR 55, B R OR Hb T
P A TG G A s, e gh R 2 A ok T B R A R Ty
Tt #| 2035 4, AT KA 735 %] 10 000 Gflops, /&
2018 4E A TR S0 21 5 AH i T T 25 Y BR 11
FIVEE IR 58 HE 10 7B 2R 8%, A% e B 29 A i Bs vh oo B
JI RG2S [ R R A BR B 1 54T 55 1 2% 21 3 iy 2 A
55 g TR AT B v Ak PR A% 58 2 T E SR O X DL A2
AL R RINTT R AR AN, — Rl ——
511 4315 (mobile edge computing, MEC) ™ Ji iz [fij
A SEGE R A, B30 Gt 5] LUTE N 2% 30
G BRI SRR ) D SRR A A R 4 IR 5%
T AR T B84 55 1% i o 228 D38 v 2 il 55 4 A H 3
FEJ7. M, i B e s IR S5 A L LS AL BB B
2 v W A LR s —ih —m TR T W 4
(computing power network ) 42 #4) i 128 ¥ 1k A ok & g
(1) o R Fe.

SEC T - 8 B T I 4 RT3 s ) % ] R R G
vt s W45 i 002519 05 RS sl 28 1 T F B R
H P PSR 55 X 3 APt BB A A A
Hig, Hoh i o o IR 55 an i H A IR S, (H i TR da iR
B IR B P A2 PR A D DR B R U i A i
[EEE: S E S AT RIS S - R BUR U SPEE/ Yo
THLRE 0 RT AA R4 4 AL iR g | R A 4 BRI S, {H
WG AR BT AT B M DL SRR T A AT
11555 7 i 2 v 11530 0] 56 4 A A i el B, {2 i i
BRI T AR, 55 5 80T H AL 5 0 &
b PR, Aner o T EAT 55 0 VAR P ) A
FH 8 315 25 IR 55 % 30 %19 RN 28 i B A AR B U
SR T W48 B il ) — AN S ).

S BETOE ST BRI Rl S R TSR 47 1]
LT TR R RIS Ty, IS T — R AR R
() AL, (EL FR T 0] A 52 2Pk, 322 Tl AR 8K T I 2 0
Z PR BRI, AR SC T R 3 T T A [

1) B[] 3% 2 M (0] B A6 R 8R4 TAE Y, S faj fkfn)
R, 1A S0 I AT B UL I B, RSB
A BB TF IR B A5 R AT AR R R E 2, A
THEAL 55 BIA B, RGEA S 2 AT TR B O

1T 2 5 28 55 B i B 0 JF s B0 25 T e AT 48— DR
AT 55 191 2 e SR S R ) 18] g A2, o AR B it
F14) 160 o B . (L st 194 (1] o B 7 A 2 R T 2 1
B PR K B 5 JC 26 {5 18 /9 4H T B[] (wireless channel
coherence time) A 5, 7F 5 bR 2 4¢ Wl i 9L B 10~
100 ms"™™. LAk, FEAR ZHF 58 TAE P30 — U e
B, BIHEAT 55 A BB, T A AT 55 W B —
A B B PN 98 B, 3R AR TIE B B BR AT 0 A 3 5
U8 BRANAR, 359 % £ 0 ST RE S, MmO (8 1158
AE )X — 2y o SR R R, X Wk IR E i 2
Sy 55 v i B 1 I B AN Rl R J. TR b, 5 R 5 SR
(1] 322 252 P ) AL, 4 P[] 25 0 A 2 i R 2 3R A5 1 ) A
B 7 EAT 55 B SRR

D)FE ATy RN . R AR R S 2
AL 55 BYIE K, 7R BRI 5 s 4 R, THA ek
AT L AT AT S BRI gk
AR AR 5 AT 55 B0 A OC. Rl — 2 TR
JE B AR 2 > B T AR IR AR R v R TR A S ) e S R 2
TG A B A A B T R AT 5 AL AR e SRR
BB 55 3 IR TR R T AR R 2 oo AU
i e B BUAE X AL IR BT G G TR O
2 > AR RS R I S, il R i T AR B TR A TR
e, Ry At A, 1R 2 TAERRA — A e & ik,
BPHARAT 55 BBUR AR, A5 R A T k.

3) I AT Y b I ) R B AT R 4 T AR 28
A TAE R IR T =, 9. I 8] H 53 58 U8 A9 9 1) B
), H0 2006 T 30 G A IR) A B PE, BB A K o
WA HRE W TH 84T 55 180 230 3 5 AN e 0 1 30 25
Chnsze A0 B0 ), 0 28 1 AT 55 ) 48 3 At i
xR R T G U TR DX AN [R], A A
0 B8t AT 55 B AN TR] , 45 2% 130 219 1 18] 1Y P
[F], 25 5 5 805 A i 515 s 18] G 3N 4, ek 78
FI AR T 23T SR BRI R, T 21 A R B P ) 2
o B, A A T LK ST 55 ) 48 8] HoAlh
G m (R o 525 5 B AR L &1 5 B4
M, L A) DL O A i A AR ARG R R R
15 80), DTS5 B %715 0 TB) 53 % U5 % i [) A i
ST 55 19 B 2 34



RIS B IO Rl T I ) 3 8 ) T84T 55 S 2R AL

737

BEXK 3 AR, ASCHR T — R A T
[ 3% 2 (9 T+ 50 AT 55 E 807 1%, AR 2T 55 e i
I AE BB ASPF T, PSR R AL IR 55 PR 36 32 TR O F AR,
A I R Sl AR 5 2] T 1 AT VAR R SR AR SO B
TTRRELEE 3 ST T -

1) R A1 56 7 ) 2 25 e ) 3 584 55 S A 1.
R SO AT R B 18] il 2 AT B oAk, SRR DA B A
HEAT R R A, T AT SRAT 55 A B 1 e b e )
S Y T AR A IR AL S TE A B R 4
FCETT R I A AT 5 AP 3R, TR A T AT 55
P IR I 37 2 HEAT DR, AT E B 1 PR SR AR R AL I
G, A RUAE S I 2% B8 T 0 1 A 6] A BRI RDER S
B AT AP R — I G s AT S 2

2)$ T — R T IR R AL o T T O
W E el E LRG| S A ) 2l eR RS
B FORs A) AR B B A S By 2K R] R e SR e, o T
o TR EE SR AL 2 2] O R BEAT RS BT sE o R T
LR T YR, R A R ST 55 R ek, Y
5 G mBCR ARG, RIS 1 G A R R AR R
i, BRI AE 55 i e A AR AL, A AR R
Hh i LA R TR, TR & 1 Rk R T A

3) 38 i R LS B 0 U 1T B R A A A
SCHG B IE TSk B WS, O A 1R 8 T T A 2
b e BESEL HEAT 108 LU SERR A SRR, PR L BE
AT OB, FFAEAT 55 - I AE | IR 55 35 TR S5 T T
B0 T Al 2 bk L O k.

1 fHXIE

RO 28 5% 0 R R 7 A v R B b
B, 1 v B[R] A a8 DR GR ) RN i B ) ) 4
He AR Ry—FhAE 2 | 0, i 22 6] 45 75 0 TC A 2R3 3 L
TR BTUR A7 BT IR DL I 4% 5% % LA L Rl
B, M B g G E T R R AR R )2
FKTE. 2019 4F, r [ 1w Bk 1 22 5 AL AN RHBIT Bt Jir
Aii 15— 1 W46 95 T Y B B ——(h [ G
B33 W 2 1 B A5 ), e BT T R ) 10 6 1 1 AR E
20, RV g 0 9K 25 DN 2 TS ) ) 245 i % E 4T 97 8L, T
M= R 2020 4R, B TE
QZAER 1. Bt i)Y ST ag i, s —
i 2H S R R ) AR R R R R F A Y R
Ve PR R, RORE 1 b SR 1 5 —3h —i " AR 5
T, W A e A A R AR AR P I
BB 7 2021 4F %A i b (688 3 57 1 6 11 e 5 )

W BG4 L LU G, IR Bk s iR
TE 1 5 0 1A 22 5 07 0 46 b o A T A o 7 R 2
71,2021 4F 7 A 75 [ B AL A5 36 B R 5 b v AL BT
(Telecommunication ~Standardization Sector of the
International Telecommunications Union, ITU-T) %5 13
FEA A AN b, i T A AR Y B I 2%
BRI FE BT B P 7% Sk 5507 0 288 HE 2 5 2R A s v
(Computing Power Network- framework and Architecture )
IV G Y. 2501, bR B AR AS [ PR bR 1L 2H
21 15T 28 AR

T AE R, A 55 B AT S B 0 0 4% B I
TH—ADE AN, SR TR R R 20
o TAET 5T T ALAL B AN T 5N A B
. SCHR (91 B T — D2 H L GRS A
2 IR 55 a9 3 2 TH L 2007 5, A [R) R L i
T A% i B 8% 1) 47 5 20 I, R T 530 30 2 AN 9
PiC A 156 15 D0 A 4 S i — > 23 Bt M 1m] A, I 2 1
T A R R T A R SR [10] AT
T ) B8 B s SRR VST 55 3 A 2 n] R, R H
il 348 RS AT 55 AR SRR [ 39 R 249 R 14 RE R0AL
A de /B TR R, 3 1T — i O 1 B A 2
A LA 5 0 £ A7 3 R 25 3 A8 U T RAT 55 B A AR
SCHR [11] 7 3 2% 08 1 1F 55 0 2 /9 REAE ], o 3L
AN B AL Ak IR R, AR 2 7R PR IE - 2 45 £ BA 41
B2 1 [a] B d5 /N A AT 55 180 28 1) fE R T 4B, i i B L
DAL T ¥4 J5 bR (0] AT 1 86 4k, JF 4Rt T —Fh gl
BT RERY T E By R SCHR [12] DR 1A & Tt
TAAT: 55 I S0E R BE S TH A 2 5 T Y BRLER R OA ) 2
5] B8 Ay 22 A B AR R) R, JF 25 45 JF 47 I8 B b 22
W28 FITRBE O ¢ ) Sk Bt 1 — Mg i R oo i Ak
5 2] I R ) AT SR

MRS T ZADMWGT G, h TR L%
T IR 55 3 BN 2 B A8 RO N [ L TR 55 A
[, BR300 2% 5 i ) B R 5 3 BO A i G ST
NV N 115 S Uk SV PO SN B AR & )
A TA) GO T A B, DT 52 o IR 55 1R 6. TRk
o BRI E AR 2 T 230 G AU E L[]
56 WUTH AT 55 . SCHR [13] #8401 — R ) 2 30 4k
e DME B T S AR A AL AL, K DI A 1] 80 A A TR
B R BRI R R, B T — T Y
X3 VG FE B, T8 BEARAT: 55 B AR AT I 42 ity [7) I 52
U G 5 ) 1) B R . SOk [14] SR Gl
15 WA 85 J7 T A I AR e A 55 R A 0 26, i B3R
HIER AR, IF P T — Bl e T AR 55 K R O3 i )



738

HENR SR E 2023, 60(4)

B, SR ST AR A vk AT 55 AR AR Mk
SCHR [15] &0 F 2 A Go it i 55 5 & AR UE A9 1158 1 2%
W) R, OB T X6 S BAAT: 55 e S 5 (A% BIR A, g 0 007
B P4 58 BT SEAT 55 A O 52 BOAE 3R i T A B
BIAT, B e ik oy B Ge b 2E R 29 o A IR A R BIR
S0 1 T A T L, 3 e o™ O Ak 3 R A T R O
X7 (8] RIEHEAT T SR . SCRR [16] % 18 T 15 ) )
1T 55 8 3R R TG 4% A% i B B8 6 [ (19 359 4 ] R, 38 4 X6f
RGBT e AN EREE
T 7R 0 TN ) 28 RN e U 43 IC O 48, AR b T
15 B H R AT 3% BRI AT 45 i 2E. SCHlik [17] F T —
i 36 F R o SO ARL B 22 B2 A it B 28 A, XF
W 26 AT 5 e ORI AT U IR A B, ORI T — R T
TR B S 2% > 1 2 G5 IR 43 T SR W, AT 4 1 A AL
WS E AR 55 . BT AR A IR sl i, AR A
530 G o5 0] 0 3 4 0T BB R AR E , XA K 2 R i )
PSR, FL 2 T O R . SCk (18] WA T #8 8l
PET51H 25 8, BT — R B R
PE TR 2R W, 7E A 1 £ RS Bl A BT A Rl R
VR 2% T FE R 46 40 A 55 56 LR ). SR [19] BF5E T
Tl A I X v ) TSR S R ) A, B TR A R AR
AR RN B o A28 (1 B ) S AR 4L, IR T R /b
R GENA R B AR B 3 T2 ) AT 55 P ) 1R ik
AT AN 5 5 6 () 3805 8 A7 00 T e R e I i %%

SRMT, M RT 2 T80 M4 B A T T RAT 55
48y T (0 BIF 5 R 22 T AT 25 SR ) 3% 2 1k 1) L,
R I 5 A7 S Ak A 3, S BO™ AR B A I DR A AR
BT L v — 2 5 O R iR Ak 2 2T BT ) 80
B R T A R TR 5, YR S B
CAR B, 1R £ T A Rl 2 I 4% i s e 22 n B O
FHHEAT ISR, RL A AT R 2%

g5 b TR, AR SCER X £ 3 2T A5 UM VE B T
B35, B 5T 5 T I 1) i 22 Pk 10 AT 45 D AR 0 2
) R, it — AT SR SR Y L 3 TR R AR ST
AT S5 BB, H bR 2 AR T 2 1T ST 55 43R 5
ER AT, SRR 55 R 56 42 T 5.

? RGMES MmN

AT E S AT G R IR RIS ARG, £
75 24 S 5 A6 TR D JH Al R TR 5 i S R R SO i
TR F [ R AT R AR R SO R i 32 B e A
Sy IER BV

Table 1 Variable Notations

x1 TEHS

N U SEUSE e

M LA

Ck 8 kMRS HENI R

U 55 k AT 55 ML R it

Ik 55 ke AT 55 1A i 2]

di 55 ke ANV S5 ARV AER B

m PR kTR S 2 iy

Xk B kAT S R E AT AR AR B

Yk 55 kAR Y EIA B AR
qm (k) 55 ke MRS A R SO B m AT BASY
Oy (k) 5k AT PR G A n A
fdevice Ly g m T E AR
fodee S 0 RS
feloud ZHR S5 SR A m AR RE S

2.1 iH=#id

AR ST XF B 2 140 i i ) 4 32 A 5 7 I 2 2
WAL T PR, 25 R i S 2 IR 55 A, 320 O LG8 AR i
A A A v TR, A% 1 e T I G 2 i
PRt A . 2% S v o8 A6 7 LRI BT 55 ), Bl L
FEAEAR MR AT VT3, O] LS i T 2k i i 1) 43 4
G 5 B S s AR 55 AR AT VRO, TR A B it
SET7, TR 55 T

o 33 5 R 2
- \\\ \
k) Ne c
B e
THHATS

&
I/ W >
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Y AT 5 1 7 R R 5

oo
A, TG+
6 14 I 45

R 25 52 71 35— A AR L R 55
STV SR AR LT 5 2 R RS L 25 338 B R
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1T 45 1 8 S 3R 2 1 (B AR 57 S aR 350 4 L )
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BRI S A 5 R AL R G K 0122 0
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X LA 2 2 L 45 R0 B8 1y, PR otk 32
RULT (k) T (k), 5 1) 2 28 o U A o 8 K AR ORI
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Ui 25 IR 55 i, BB A2 vl BCEL. PR, 2450 & S TH5ATE
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Fig. 3 Illustration of neural network model
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PEREAE BHR HAR O (H:
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Loss = % ; (Qn(s(i), a(i); 6,,)) — Q(D))*, (29

Horp PARER — AR T REA (50t 1k count AR A
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PEATIEARY
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{E X [A] &7 10~15 Mbps, 23 % #% B 37 3t = Il 55 25 1%
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BN 2 TR U E A 9 451 gL i /N R 16,
5 2] HARn=0.01, Fr4n 7k y=0.9, IR FHBEPLEL
T & (stochastic gradient descent, SGD) I fk #§ i 17 5
R 2R pifk.

Table 2 Parameter Settings
®2 BHKRE

Zom i Bt 70
PHAAT: 45 (1153 4 Gigacycles [0.5,1.5]
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LI 5 2 IR S5 28 A AL 461 7 3 /Mbps [2.5,3.5]
PHAAT: 45 SV IO 48R [ {E /s 0.6
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NG RS RE J1/GHZ [30,40]
MRS5S IR L A TS % IR/ GH [10,15]
P25 R 16
P2 2427 2] e 0.01
PR PTIE Ty 0.9

T VAR SRR R, A SCH T 4R 5 1 5 H At 2 Fb
TR B AT R .
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55 HV B 20 245 s, HURE R PR AS Hb DG HK 1Y 4 E
59 A, AN BRI 2B A 2 R, T HLA 2 ]
AT 55 HI AR
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AR S o B 2 7 OO0k i 28 I 4 FEAT N 2, JF AR
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Fig. 4 Convergence of the proposed algorithm under different

learning rates
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Fig.5 Convergence of the proposed algorithm under different

batch sizes
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Fig. 6 Performance comparison of three algorithms
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