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Her,q(e) AnZ) e B ETHEAE S E 3 E 2, AER
SR IPRBMENBEERE, Fm N

2, = W ¢ (e,

Hr e, oA v WEIRE,

# R A B T AR %, AR ] ¢ 7
A RVEHE S REAE £, () 1 A< H MEC I 55 25 1K

(2)

REGHEIFG M, (1) S50
E (1) =p, - 24 3)
M(1) = &(t) +p-qt) (4)

o, d(¢) Rosm 2] ¢ WAL S BAE R, p, B E
R ZR AR, r R 27 57 M MEC [R5
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A, AT REBREDERAE o - 1k A HRT
FURER MAC, HEukdid iy S E 2T 2/(f
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T EERSRRERENEE ., A IERNFENEL
Bt 2f, WG AR B S A, A LR X R
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JARHRZR: , e AR S S5 P (L BR B PRA T R R SRS
FLfcH, 7Em 2] ¢, agent WEEIRERIRES s (1) , ¥
il AE ER AR &5 a4 R W IR GH R IR IR E
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il o
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Q(s,a) < Q(s,a) +alr(s,a)
+ymaxQ(s’,a’) - Q(s,a)] (28)
H, o e (0,110, max K Q(s', a') HTF—
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(1) 285 Mk, AT Mk 8 e 2 2] %) Bf (B 4H €
P, agent IR ER <s,, a,, 1., 5,,, > FEAZLKH
o e 2T i, AZR 56T H B AL A BBURE A iy Al 3
RZ& TR, BRI A FTE IR ) SE BT 2856
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PRIt , et B O R L(6) Rk =

L(®) = E[(r(s,a) +yma§1xQ(s’, a', §7)

- Q(s,a,6))"] (30)

Horb, 07 S BAR R4 b B AR A B S 4

Zi b, 3T DQL i Tll I I 2R 55 B8 U 43 L
WRD M EAR TAERBRMEE 1 PR,

B/iE 1 EF DOL Y Toll 75k P 5 40 5 U7 Bk R ik
1. ¥Gf:
WA M A 24 6
WL Bbr s iS40 0
WHRIICAZ PEA i M FIREA At B
WL AL R e
2: for episode = 1,K do
3. BEHLE BRI FS A GRS 5, I (1) =

Sinitial
4; whiles(s)! =5, do
AR 2 BEMLIEEESITE a (1)

B MEEFELR AN a(t) = argmaxQ(s(1) , @,0)
T PATEIE a(e) ITIRHLBNIF 22 5h r (o) , ST —ARAS
s(t+1)
: BEBW<s,, a, 1, 5. > TEAIRIZE
9. MIdiZEET AL AR B B RN <,
@i oTi 3854 >
10 FEASIHRIEE PB4 AN T Q 18 Q.u
11;  fEEFRPEEPIEIRH BFR Q 1H Qe :
ifs(t+1) = =5, 0u:
Omrgez =r(t)
else;
Quuger =7(2) +y nf}X()(s(Hl), a',6")
12 N2 i S50 e/ M 2 iR

L(8) = E[ (Quig = Queat)* ]
13 EE NS BUEH BARM % b S8R R
TS

4. BR—-ZINELH, BN AERE
15: s(1)«=s(t+1)

16. end while

17 end for

H1 5 ~7 1772 agent SHERIZHIIHE ;8 ~9 170
FAZR5 BHCHL 4 B 2R A s B S, 10 ~ 13 4724
T P4 0 1 ki A2 AN B AR M 4% 09 [R) 20 AR5 5

13 F7 N A R AL & LLF- B R sl 70 0 i S 4
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AR EEN T HELR R IE NS, M5 R
AIFPHEARIRERFAR J7 ik T AR A5 R .

N B PG A SRR T7 95 B % T SIRESR 7
EHEAT O E AT (1) TEBIGRIESR M RS54
AT AR A AT 5 (2) BRI AR, A2
HGH X HRCT [ 5 (3) TolR 55 A FRHELE , BALK
TEAR 55 A% SR R R R 55 (4) Q-learning
Jrik: T Q-learning FILALIL .

AT ESLRRFFEL A Python3. 6 A1) 12 HI T3
FEHLarer B Tensorflowl. 31. 1 k5, fEM 4%
Yysch, % BRAFTE 6 /DXL 6 A HLgE i 75 , LA
B 3 AR 3 AL IR B R R R S, B
2 A~ MEC fiRg5¢af 1| D=t IR 2% Mok, X
BEERGPEHEA 4 DM IORT A TRIEILR, 5
s AL S EEMNER | s,

F1 ZWRBHIEE
bt 24
FEIRTT s, N 4
MEC Hjt 55 28 =it 5 iR 45 A gt X, ¥ 2.1
ANBR A B T L, U 6
W UE 4 4 R R/ B E MAC i 10 Meycles,
HEE%.0, o 0.1 Meycles
[l s X e A R B 0.255
ZEFEIRE R 200 B
BANLT AL T 1L b 3 MB
A AT TR IR e, 1 GHz/s
A Hb MEC Hit 55 238 F 358K ¢, 20 GHz/s
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Research on resource optimization and allocation for industrial Internet

based on edge computing and blockchain

Yang Le* ™ , Li Meng™ ™ , Ye Xinyu" ™, Sun Enchang™ ™ , Zhang Yanhua™ "™
( " Faculty of Information Technology, Beijing University of Technology, Beijing 100124 )
( ™" Beijing Laboratory of Advanced Information Networks, Beijing 100124 )
Abstract

Industrial Internet has emerged with the developments of various communication technologies. However, the
requirement of data security and privacy in industrial Internet has brought unprecedented challenges to traditional
architecture. As one of the promising technologies, blockchain has been applied into industrial Internet systems.
Nevertheless, there are still some problems to be solved in blockchain-enabled industrial Internet systems, i. e. un-
bearable energy consumption for computation tasks, poor efficiency of consensus mechanism in blockchain, serious
computation overheads of network systems. To handle the above issues and challenges, this paper integrates mobile
edge computing ( MEC) and blockchain into the industrial Internet systems to promote the computation capability of
devices and improve the efficiency of consensus process. Meanwhile, the energy consumption and the computation
overheads are jointly considered. Thus, a resource allocation optimization framework for blockchain-enabled indus-
trial Internet systems is proposed to decrease energy consumption in devices and computation overheads of system.
The optimization problem is formulated as a Markov decision process (MDP) , and offloading decision, block size
as well as computing server can be dynamically adjusted and selected. Accordingly, due to high-dynamic and large-
dimensional characteristics of the system, the deep reinforcement learning is introduced to solve the formulated
problem. Simulation results demonstrate that the proposed scheme can improve system performance significantly
compared with other existing schemes.

Key words: industrial Internet, blockchain, deep reinforcement learning ( DRL), mobile edge computing

(MEC) , resource allocation
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