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Parallel Enterprises Resource Planning Based on Deep Reinforcement Learning
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Abstract Traditional enterprise resource planning (ERP) usually adopts static business processes design and does not
take the key role of “human” into consideration. It rarely involves the systematic process modeling, which makes it
impossible to tackle the management complexity of modern enterprises. Considering the big data driven environment
of modern enterprises, we utilize the ACP (Artificial societies, computational experiments, parallel execution) theory
integrated with deep reinforcement learning approaches to establish a parallel management system for modern ERP
management. We first propose a framework for ERP systems based on multi-agent technology where a sequential game
model is included. Then, we seek for the optimal strategy using a deep reinforcement learning based neural network. Our

proposed framework and approaches can well deal with uncertainty, diversity and complexity of modern ERP systems.
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Q*(s,a) = max E(Ry|s; = s,a; = a, ) (30)

i Bellman H#2, A28 ¢ + 1 BFZPRESHR ¢
Hiftkaih Q7(s',a’), M Q*(s,a) n[FRRA r +
yQ7(s',a’), Bl

Qi(s,a) = By (r +ymax Qg (s, a)s,a)  (31)

2015 4F, Mnih 2P0 $2 i REESRAL 22 >, TR
FEMZM 2% Q BT, 1

Q(s,a;0) = Q"(s, a) (32)

Hrp, 0 kiz DQN (Deep @Q-network) &%, 1F
TR FE A 28 ) 2 10 I 25 i A b, 38R SR T I O 1R
7% (Mean squared error). Xf%{¥y )ik 2= (Mean
squared logarithmic error). 2 Y 4% (Cross en-
tropy) &5 0t K bR AL, DA K BE AL BE BT B T Ik
(Stochastic gradient descent). NTE3Z R BFGS
#y: (Limited-memory BFGS) . H:4ifh Y (Con-
jugate gradient method) Z&{fifk k.

BTl #E ERP R G a4 05, itk
A & H CWAT N, B ETE 40 F-11)
k. ZEEZ NS 5T G S 2N S, 7
t B, B AR B OIS SARES s A
J A () ERAT R3S (Behavioral strategy)
FHERES s BUSHAATIEAT R o W01, DA
KALH ORI . @ SORAE T = {n', 7%,

co,om ), Hid ot BR N G B, m FoR 1T
Hig o DAY oAl SR, T A S A SRS 4
T RN AR RIS FR A 1)
IV (Best response). WIHRAESHE 20 A5 &4
TR S At SRt T A B R S B, U)K A SR 4H A
a4 (Nash equilibrium).

H T e A SRR G AT 2 A 1) SR R A, A
SEPR B AR MEIR S, EER LT, HEE SRR
PR AR S, AT ERAS I U A0 A2 4. R4 )
(Fictitious play)®? 2 M HFex})5 (Self-play) ik
e ) IR IR ALY, IR I R Ee, s
N OG- 14 7 25 SR B PR e A S 7, FE HE 2 2 A

PEZE (a0 — NSRRI Z NS T35 5E) Hhn]
DA SR B AT 24, HET R 554k B FRX R AT PA
PRIEICEL, 38 FUF A AN S S AN 3l i -3 o
W& EEHT. 2016 4F, Heinrich 251230 42 H fg 0 5 Tt Ry
(Fictitious self play, FSP), /51l 5i k2 3 At
2 ) R A S N T A Y SR T . FRATTRR
b 2 B ) REIAXS R 2256 (e, ag, Tegrs Sev1) TR
FEa Az >, PAYIZE 68 747 30 1 S8 AR 1 o 2 O
W X 28 Al B CHITT NEE: (¢, ar) T 2%,
PAVI AU &8 BR AR -T2 SR 0 M 2. FE B UL =y
B HE U8 G % T8 R B35 SR, SR A Mk ) il
(S SZESrAVA
3.2 KREE

T E—A7W 00T, A5 45 R A (26) 1)
B, FEAUEA TR

ST YR ML, L FKAEE T L
Pt 2ME BARSFAT IR (s, a), MIZRT2I RN M
7%, BB 2~ >) (Supervised learning, SL) #2%.
P SL P2, n] RG240 5 BARAS R, wliktr
IR A

it ERP 353K, SR K 4 Frspg iR EEpf
28 W K HESRAY 7 SL ) 25

IR E] PR HE 2 i He Pk

Pattern recognition Fuzzy reasoning Control synthesis

s 4k ERP
- il

K4 BETHEMEMBELRE SL M4

Fig.4 SL network based on deep neural network

N, {2l ERP @B 5 AL s,

M. il ERP #5% a, = (w;:,ta yl:,w 9Z,t)~

AC3R. AR RO L s A =
PR AR R R 43 AAIRUZ YR B D s o A\ B
SRR Q1) = =R Y [ B 9 72 W R e 1 O K B
o BT RO 2, MRS t “IF-THEN” £}
ISR 4a S R i A RN ST B, e At
25 il SR

B 2. IR, M E DT AR RIS N 2%, Bl A
2¢>] (Reinforcement learning, RL) W%, $ SL &
245 R RL Mg oliate. fEiHEScmh, gE—1
REAME e H 2 A B USE S0 . FE kR
FF R A K T 4 6 - 22 [ B 1 2, 4 BE 4D 58 4 XoF
FH I 2 AL SR A0 RL W25 RIBUKKE, R4
AR 2 FT ) RL 0 45 SR B S 25 SR . 10 5% KE 42
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ZRSE BT RS T B AT ol B IR
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VAR BT S Tl s, EEEIRER. ARG
BRI R, ARYE ¢ B ZI B HLIRAS . 4738h
KB B DWRT (8¢, ae, Ry), AT RL P25 S

BB 3. YIGME ML, FETHE LI T, fE—
A B 2 A e % . 2 B e S X
F-He B SL M 26 RECT-35 60, R LAl ) 58 S5 A 4k
SL 255 RL 2% R HUR .

FEHLAT IG5 SRS so A1 L (L SAKRT 0 3
B0, B e HE AL e e ds SL W 2%, Bk B4l
FTRamATE), B L — 1 20 58 L APE, B4
b F BRI SRR A T RIS SE A A R BEVLILEE
1l W& L+ 1 B3 2kt 2) T, B 484K 3
RL M4 REUTE). il & B aglkeE, | L
H BRI BARES s Ml 2lai Ry 2408 M 4%
(Value network), H T Hiill 25 & 15 BARS NI
W Skt

B 4. PATIAT. BERE s, 409l f A SL
M2, RL W28 FOUEL N 2%, 15373 K& asr, 77
WS apr, KIS WaT V. Al PA— @ MR
asr, Al apr FREVLEEEITIAT. BN, IEF E—
B2 RS AT S /i 2 et RS (se-1s
ai—1, T, S¢), X RL PIZEHEATEEHT. an Al AT
5& agr, WA (s7, arr) fERETHEAXT SL M 253647
BEHT

WL PAE 4 AR, BImTAR S AV i B0 dh iy A
BRI AN A AN 35 A SR

4 HRIE

PAN TR GE N AR N E 22k, il
ERP 75555 RS Mkl 5 2 5 2 kA
AICAE ACP Jrif e, MR AT B Al
ERP 3.0 %5, BT Agent Jrikdtfr N TAell # s,
e R AL S ) S8 N TR BT AR N TR Gt AT
THHESCK, DA S B AR MR I Rl ERP
T 1 P ) A8

FPHT ACP JiiA B B8 ATl 2
B CERRRL” BOERE, R RSk ERP Bk
JE# Y. ASCRAAEXATT 1) L — R R R,
A PATIUL, TEACRA A ERP o, N T BN RS
T SRRSO BLSE, KRB HE O JEURE, 207
it . RO BEER O A ), TR SRS
AR BN B 2073k, T RE U5 BSR4 T 31
o2l ERP /Y “HiEss.
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