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ANTHEBEREERR S BVHER “EH)”

LT REFEPFETRA TR, T, 110036)

BE: CEWOE T — DA TEZR R BRI, 18 FI5R L 5% > Q-learning 5IENS £
B BT ER S IR, 20 S AN Hy N T B g Al A A BN I Al BESE A . EEEE R U T
B, RERREARESLIL “ &0 S RMMAFIFA R, HESNHEMa R, TP
SEARTIALE KPS s S LR AR . 55—, B REAEE RGN FRAR “ Sl sk
DM, HxMsgm AR IR, =, TPRIIMERER S ae ik <&, (=
KRRt E R R, AR ER N E S, 0, RN RFEEBER “ &
B BSEOUER, (ERXAME A R A, ER RER R 2 HT R A M AR A
BERE. T LLEWT AR, SCER I TInsm A T8 G S AE Al R 552 1Y B AR EUR
I T2 T AU B WK sE R O 1 B SCE

R NTHAE: Q-leaming 5k WFAMZE: AkGUH
F BT F406.3

—. 3=

TER R iR~ AR NS ZRAIH EA, IR RN C O H R Z 05w g
WL TR, W Es) IR E &5 L m i K R A H R AT HR, ARYE, BERIE
B T)E, —J7 1, BRI Ree A BE T b sa g 1 B 5 —J7 1, — BAER RIN,
AT e B0 i BT AS S L B A A R, L2 s E L. Bk, Ty 1 AEE U |
TR RGBS IR B, A TR K G, X R GRS (Lt G HT . $E Ak
R PR 2AER], HWRe FREUEE MBS EHZ 3P, Sovinsky® i H T KA T A
F] (Research Joint Ventures) FEUS A MV ILBER LA TT X, BFEESEE T s, PR 5E5
ok, IRRHE BRI . SR O T A 3 (R R R RO R S B SR A7 A — 8 B4,
{EANV LRI A AT IR IR, Bef% 52 31 [ ZE I IR R AR AN 2 5

SR, Bl A F - 2 5 AR BR, Al AR B SR b R 2 S T LR P 4 B
Horp i) — 2R PR H 7 N TR ENL 282221 (Machine Learning) 535, BeW0{EH ik W4T
Fash HES S, XG0 7RO XM N TR G K2 B S ER A FRiaa@ s &4 TR
“EWRT WIORTE, TIXRERT I ) [ ZEWHE T il kAR . DAIRE R ZEWE A, (hiEN
FOILANE S 2B MWk ) 08— = 0E “AVERDE BT NG —. &E IR ZE
Wi = fEFWHAT A = BASETRAAHRR. REEH8RNAEH
b BEE T EFE, BERARSFRRNAEEILR “IRELHR A ik
B PRBITF AR EOR . B i 7 WZBWT I, JFIIBER . “ AR R 2B, R ARHERR .
PRI TE S P Yo s HAh B AT 8.7 B4R, Wtk AR ZZir—FER, EHBLEs
o) BEES AW AT ARG LTI R R A R A TRRAT N SR, AR
AMEAT AN ERER; 2 BEA RS RAMNEEE (FL) ZEEA R BA TR
ML “Hi8E” fAERRPIBRRMERT, RBERFEH (tacit collusion) AT, XTER
GRS BRI G e £ 2 BT EEG R I, — 2225 08 REATF
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TEMSG BASBERE F 52 B[R &5 SR A N A uE 12, (HTE 22 10 8 AR S PR 5, AT T
NI ZE W LA ER B U T 2B, AT JLREAT R U3-170, TR ik, e 2B Wit
AN ER B2 U AT BGIE AN R I, DI BTAT e o PRI e . HEZRAA SRR M . SRkl 5 kG
B SONE S R BR 51 22 A 821,

N XEE AW TR RG], RATE R EEREIEIGR T 2 F B INTR
CEW”, M EAT NIERNRE W R . YET, AR EE T DGR L A
FETAELE: BB R HARBE 2 M SE T 37 45 SRk AT W . 140, Milgrom 1 Tadelis?25 4t
TN N TR R EIE B R R F T T 371278 AR I 221, Assad 55123150 14 [ 7R &
BT, RN TR 68 8 O B0 R A 5 gl (R R0 2K W38 A oG o 28 2R HR BR 42 2
N TR EIE RN B SR T & I vl Rett . HAT, XPhHEIREELL 23] 1 Mok
T OGE, BEEMPTFBRAW EI. Fla, SalcedoPi5zit T —ANWEE Sk Bertrand 7S
TEPREAL, RIEN FIL o SCI R ZE W A% ()35 . Zhou SFRPSWHE AT 1 WUSE S i A A vp
LG, Calvano SFR2OHEH T kg 36 4+ Hh B BB AR 2 S 18 11 S0, Klein?WF 5T | 42
FIAS a5, AT T 035 3R IR A SR VT e S EIU Re AR S — e R R B & 1 . Meylahn 1
Janseen8HfE 78 [ ARACINAE N BT S5 AN E RS 25, ZEPTA =AidgReh, ME—R]HE 1) 51 SRk
HER “EEHA” (win-stay, lose-shift) TR .

M2 NTFIERRS FEER AN ? X R 2 DU SRR — 2 HAE
AT EA BT 45 85 .. Beneke F1 Mackenrodt!2YHA Jy 5i2: EL A X ANHf 5 A% A HY HEAf
TR B “HEBANAE” M HIRE 1. seAh, FIEAERER B bR 45 500 e 708 55 Sk Bh il i g
AT AR AT EE KT, 25k AR ReE R L B N AT /B3, 2Bk S
YR AT YRR A A PAT EE A E BRI T 1R — R0 111 328 S A0k 0 25 it 17—
N, Refd GRS 2 T O ZERF B2 H TR e W 2R Bl 0T R ARe SR 4R B[R] A 3 35 B g 331,
Mehral*I$i H 24 Sk A 25 1) 24 3H I 25 /N T 5 VARSI S IR 2 RO, & Wl B mT 2
Frtko TN RVE G 2 M, 22 TR B2 FIRELE R, A ATE FH B9 ) A B>
SSURIY 2 25 450 AREVR I A7 FEBO-41, - e 1 B0 T S e AR i) 2

AAECHHFRREA b, BREERER S SRR “ &7, RATHH FshL
mr: -, WARTED TEMEEFE B BERERIRSEE R, B08E
BV AFE A2 78 4 0 B 1 SR Tl L (LS R Ak sk i, N TR Re e R ia 52 2 K 1 S HF,
B R B R IE AR AT, AT EIE 2 S AEE “ N TR B A N rHE A 2 H
RN B, SHEMEMEE ™ EREIAR, SRR BAAAEINGETE, XAt
Tin MO SR SR 7 A TR BRI, IX P ) 2 15 S TR SR R ()38 4 o A AH — B e W
ITHSEMEE I E ., 5=, Jxsafb2z > ek iilgs BE, REE— DRSS TR
REARAT N IR I = S R B 1420, (H 22 B BRARIRE G I SR (4T D938 B TS AR A DA Hh B it ) 3
AR TR, ASCHIR 0 BT IR TR R I ZR 3R 5 L SOt g 351 5 G i s R L i,
T TR L EE R0 o (H RN, FRATTARRE X vk p SR ) 4552 el (8] 2= P R 4 B9
SR IR BB [R5 B3R AT 0 AT, DABHBEBE X RLE SR B N AE @ i AT 2l bR . e, R
ERILERFE O BN TR, ARSI SR AWML, (2R SCOCEREMLF- 28 7 iX —
BT 0] o FRA AT BB AR SO 51 B 22 (v SO AR S SR AIE, 7 AR TS I R SO AR

=, AV FHREFER LR

XL, FRATHEE — TR AN AT i H 28OS ) e b A A 1R AR AR, Y DAy A A B e Al
[EIFE S8 S AN G AR RIIRES T BB SRN, N RE RS B — MR B
BB AAE — AN R B T 3 AT B e, T AR SR e BN .



(1)

AV IR A B2 T2 LA, BB I A G2l , 385 PR AL 5 R 7 dh A I R

WAL, Tl AMMPIRE C = 12.., ), FEL (, - )Fordlk AL A=,

K - OAFRORER AN AT BN B IZRA R B BEE N n AR BN K

(TR 25, R0 Al (0 AT A 7 A AR T B S AN, 52 B H A AR LA SN (1
o, IEUH, %

(,-)= - - % =12,y 5 %5 >0

(2)
FAME (20 > 0, RFIRAI A A S A HoAt AR VAT A F N 3G b T
R, Xzl 1 AT A S S TR S IE R AN AR S8k, BIEAOR ARV R Ui fe A A
AT AN AR TR AR RN (), IFA:
()= 2
3)
T, ATE S EANA SRR, EATRIE SR &Ko 25, B AR AT
PAHEAT SRR, BRA A e KA A A K-
1 T ¥
TEAZTEZE, ARV e B RN, T E A R B, 2 )5 PRI 7 K.
SR AR ZE T, FATE S RABANVAE P~ B S P g, SRJE R A%, SRR
WA AR IKF o
MV = BT R A RN G, WRIARE A A bR A A REE , BERE, n A4S
Ak 5 4 B 2 i AN A K R v v 5, N a4

- +2
+1
“4)
(- +Y . )?
- ( +1)2
(5)

T b, BATRA AN RSN R AR A AR 2 B O T
PAA GRS BEILE E B R AT, BUi, RATESRE — AT gt 2. Juik, #
(2 AN (5D, FHRE NI BRAS, AT A2 A A e HOA -

2

1 ()2
:W[‘(——E)’fi(——E—)]‘

Z
#

2
1 2
=W[‘ -(-(-1)) +(1-2)% ]‘()

(6)
M= MNEERBRKT , dolk 8 Bl EALE b .



T ey D M ) 2
0= — =gl - S(S(s1) +as2)s )
g
PR AL WA 2 | 2<0, B
A R
-1 -1
®
TR A 2 T RASRAN, RATATLR RIS a0, (e
ToAa= g o= o= L EWE BRAERAERET. e TRR
MKF, i F R
B (- )2 +2 -2 )
(-2 o2 Ju = 2D hap
©

2. F 1

EEVE RGO, e r= 8o G &l = Bk e MR 4T, JEIF
PR RENE B S R B R AL I R F AR o BV BE S 38 % B IFE R BEAIKE , B
B KA A F)E -

ma X
=1
(10)
Heh i (6 S, =12.., . %R
0= 221 oty 2, L, 4
)]

Kb/ TR BRI BN B BRRE, F ARl
(£ ) BORITIBREIN, SUET ol BRSNS R G M. ik, b
59

=2 -(-1)) 2
0= (+1)2 [ - -(C-(C-1) +(1—2)Z¢ 1-—
2(1-2 )
+w2¢[ - -(-(-1) +(1—2)Z¢ ]

(12)
H R B AR 2 A Z TR FE RS BR A,  FRATT AT DASK A — N XIAR I A AE 291, #2158

fish, 1= .= = =, Hi,  EENSLESESE T RBABA KT
(- -+ + - )
T2 2 - 22— 2-2 42 + 242 - +1
(13)
3 i W

B, AT BL AR o i 2 HGE AT Btk veE, — 7 REE X R SRR S MRIRE T4
AT AT AN E A LLES, 55— T AR o B N LR e sk 4 flt— M 3154 =1 0,0



=50 =2, ki (&) R&himI—pracft, JATBUE) FEE 0 23 2, 3 14, WK
ShEEFE 3HR 0.2, 0.3, 0.4 F10.5. fERXFERISEBOE T, FATHHE TR ) RAE
EEE (NE) 5&1F (CE) BIHPIRAF IHERIAAKT (R&D) 7&K (Q) FIFIEK
(), Rl JEoR TiFREIR
-1 M AREAERER ST AR T AT A 7 B AR K Y LA

Ak | SR p=0.2 p=0.3 p=0.4 p=0.5

¥E | B NE CE NE CE NE CE NE CE

R&D 38.46 19.61 37.12 23.13 35.40 27.56 33.33 33.33

Q 32.05 24.51 32.75 26.69 33.19 29.53 33.33 33.33

n 287.64 408.50 383.76 44484 | 47478 492.13 555.56 555.56
R&D 29.82 11.59 28.85 14.71 27.23 18.91 25.00 25.00

Q 22.94 16.56 24.04 18.38 24.75 21.01 25 25
T 81.54 206.95 161.80 229.78 242.01 262.61 312.5 312.5
R&D 24.08 8.05 23.45 10.69 22.08 14.36 20.00 20.00
Q 17.71 12.58 18.91 14.06 19.72 16.32 20.00 20.00
n 23.57 125.75 82.68 140.61 144,92 163.19 200.00 20.00

HIR-1 Al UE H, AEETRIREST, AR SR BT AR S RIS RN, A
TN . EREETIRINEREE (B) MR, —HNEBABEAD, £ =051, &/F5
FEEIRIRE M eAFE . SChr b, WRS B AR K I, £ p>05 I, GIRIRET
HIBEARINAN = AR = B i, B ACT U2 SRR T .

2, QR AR 8] R AT R RZE, SHIAA4 R 0E? sehr b, BURIHZREEE
CZUEN], XM ME—2E SRS N A T 0 2%, e A IRIREZ RN M A =
RAEBAR o AT BCE AR 5E, AU NI T — A, A, BLEREsI 5
IRTEZRI A5 R 15 2 I AN SIS, Wi 3 (0 MG B R ZR S R e AP AERE ), X A2
PATHFZ BB P N, FA D AT LA S SA T R B 4, 2 A R IF
TIN5 4h A DA [B] X 2 i) L

=. BH¥ X 5 QLearning &%
1. nr
sl 2] — P AR I RT3 R E 7T, tHEALE I SR A B
BEEAT Bk S WA 58 il — WUE 55, BRI rT R4 15 00 R BAT 3y, AT S BB 22 b 15 5 i
K2 tHENTE ARSI FEA RN RIS EIR 4, WA EEZE AR
(explicitly programmed), T2 — R H AT 220 B k5825 R R s m AT 3 77 2 .
BI-1 45 H 17— A aiih e SJHESE, BT IR IR . (D s I i H b2 I 2R 8 s
& Cagent) TEARFMPIFAEEF 5EHiAF 55 (2) B RS R B IS UMK A AL 5, I m 36
B AT 8o S xR AR B AT B0t T BCBARAT 55 i AR R — MR . (3) Fie
RSN 7, BIBGE (policy) %22 %9% (learning algorithm). B & M IR
VR IUR S 208 BEARAT B £ 00— AN i o B E I, BOE RS e — M HA RS H R
HUEi 4% (function approximator), %% > FIEMAE 2K IEAT 3 IDPIRZS A1 2L ih FEAS
W A I AR RO S B AT SR, 2 21 SRR B H bR e 3R BIAE 58 T S AR R R B KA
SRR N B e AR

®© OECD (2017) ¥HLas2: 3 MW %3] (supervised learning). TEWiE 2% >] (unsupervised learning) i1
k23] (reinforcement learning) =Fi2%Y,
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(K FrkiF: What Is Reinforcement Learning? - MATLAB & Simulink (mathworks.com))

S AESRAL 7 S 2 S I FOE T bk 3, EASCE T UM LR IR EEM Q-
learning BVEN B BEAABEAT ISR, 58—, FRATA BRI R EE RSB 3 Z s Y,
SR, RVE H AN TR BES 5 A& B R SNt ik , 5 A AR D> A Al AT A FH ) 500,
PNV PG E N FFIGES TAEE . HE, EHREREMIR, Q-leamning Hik &R 3]
N, T2 5 R B R B ECR, AT UAEAE Q-learning 5%t o4 iz H] £
Al TEAE AL BRI F R S el 58 =, Q-learning SLiE R4 5 MliE 47 HUEB ] 4,
iz ] matlab B python S& 3 AT L@ ) LSS B e BON T 5 58 I S, I HaxX et
SRAEL T F TR BV N B8 45 T WIIR I ke, X BWE Q-learning A& &7k
YR BT 4], 25 =, Q-learning 5325 T & JR (I R L = M R A 204, X L6
VRAEAR 2 USRS T B A BT, e F TN AR AR S O R AR AR S5, IR EVE
IZRIN ISR T N 2E[46-48], IR AL FATTAHAS 2 SFVAAE Al e S AU A H AT R R R 7
B8, Q-learning FAWAFAEILGR A, HWRWI R AR Hig FEUg, K& AR kA5
77 T R E

2. Qlearning

At ) SEMHE], Q-learning FUyA R EE T CARKIAFATS), WAL RS
TR IR B B8 R Dy (1947 2 AL B vy, e 3% A IR W S AN ) 4T 2 R SEAIR . Sl T RE 1Y
Tk, B RERAEEAS 2] — MR LR (BoEIE T BB . ¥, Q-learning
SRR S PR AL B Ty SRR R SR SR AR A 19T AE — MRS I S /R BRI S R, 8 R AR AE I
¢ (=120 W B —AVRES HEFE—MT3) (). ATAEREM 1, BhHelk
SERAE , FNHEIEART RE 1. M RIEABER ] R B K 2%
PERER AR () wq )P B BRARAI IR SR B AR s KA S AR B RO B A, B

oo}

[> ]

=0

(14)
ERXA, < DB T XANBE L in) @8 5 CLULUR 248 R %0 (Bellman’s value
function) HJJ7 =0 AW, B


https://www.mathworks.com/help/reinforcement-learning/ug/what-is-reinforcement-learning.html

()=mai[ |, ]+ [ (). 1}

(15)
B, Oy WS, R, FATE X Q M, HAMEAIN:
(.= 01,1+ [max(’ ), ]
(16)
AR, Q MBI EHREMRAN ()= (., ). BASH A #RZAEMRM,

Q BETIREIE AN — | x | 1SR
(1) 5], MR AAANE Q MFE, AT LU A EAIRA T 5 R T3,
Q-learning [Iy7A< 7 A 48 RE AR AE R MR AN EREL ('], )OI, £ Q HiRERG—
FOTIE
Q-learning SE32 F AR FFRT Q SEBEHEATAN S I —MERCIGVIAMRE oTFEA, 22
ACTHE TS 5, SEOWEE A IR (L, )HERER R G T . EA
M, AT =, =, BUETEH QAERERIRITE M A

20,)=@Q-) (,)+ [+ max(,)]

(17)

EURWY, XPTRTEER R TR, HERME ()2 LEMEA 25 5 2 )
fTEEPTERIAN Q R TRMMBUE (', YN G. W T LR TR 2

o, Q EAKRAENRE, B ., )= (, ). NPEBE  [01HHRNFH
(learning rate ).

M Q-learning SIEAN S Q FEFEHTT A UFT LAE Y, B REAAE R M E L ERAFAEILZHY, 2
XACAZ SR T T E LK) “sERICIL” AR R 2R . B e R0 125 2 2R i
Z 5 NEE AR B ek A s, G ERFRIAIRR T, 825 A4 6
N EL BT ) 78 56 4% R SRS A, DT A Xof 8y - 50 147 ) 4 T SRS £ v 1 35 SROM 4K 90 ik
HME KBTS {BFE Q-learning 5%, B EEAKAICIFZ AT YR — K ZE B A1 H AR R BE 14
S BTN, LARGRME TERERIES, RGBT REARAS B A i 1 347 3 £ 10 SRR Y e
71, WAREE S IR XA GRS 5 AKBULT11T3) . Z BRI 2 MRS 1L Q
Werpr, B2 BT HIERRAT Sh#ON Q FEREZEAT 1 S50, 10 24 B0 HOAT Shi # R A 24 B HY Q FE %
BT . PRI, B RERRIAT NI SRR TP 2 5 AT e R e A F 1. SE
brt, BAECECAIEY], 2R AR UIZE (independent learning) J7 2 CRILRE HAt:
Z 5 NBATEhIE A NG R — 3870, B R BT shik S s Bt 4, (2B e fAk
WZRBARG SEBR B 7 AT, BRIA SIS 2 B GEREE & IR (joint learning) HJJ7 2o

(2) Wk N TN MEBHIVIIEFERE o HLSEH) Q FEFFEL, FEATARE T =
WA TS P, XAy =) 1 R R AR 1Y, I 75 AR 257 ST AR ] C& 3R A5 1Y
KR TR AT LT o FRA 145 BR A5 2 1 B ARDIR 25 2 4K B MU 1) e DR, (ELIR 5013 R HE
Q-learning I fi 1k 77 =R AN 1 H 25 e AL 7 3K

AR B 77 A2 A ~ 5038 C ~ ) RBAEIO, R I IZAEAL,

© T Q-learning WX ITH BRI —MEMFEE R, MUNSEIRLHN Q HRRERBNERFEWTEHZ

W, X FEE S FRAEE RN, HARSFAT S A, B SRR BN T S [ 5t 2 s

@ sEfR b, 7E Q-learning HiEHIEH E IR MR R MTHE 7%, #1U0, Boltzman HREFM (S

Kaelbling 2%, 1996[50; Sandholm Fll Crites, 1996051) t{f Q-learning & AEAR I 2k 5 2B N =2 N H
(4 Waltman FI Kaymak, 20080431), {HASCHEE BTt 70 i) N 200 4% e~ S0 20, Re g R e Il grid

FE B0 7 A T A



A FRL MR A AT S TR AT S BRI B, DARBDE IOBER 1- 8T &
PATBD CRIFEXT RORES T HA ey Q 4T3, B

=ar gméx)

(18)
BRIk, fE2 2] ferh, 1- B RAMERS (exploitation mode) HIMEZ, T &
HER AR ZEM (exploration mode) (MR . i 5 > REUIIGE N, B BEARXT IR IR 35
M) T A eE, RAREE MR N AZA W TR, B, AT E— PHEBEER
I F ] (1 AR A0 2 ek o S, BRI
()= -(1-)
(19)
ERRE, EVIEI, BREACR IR R AR, E AR T, X
REAWHE/N, BEEREIET 0. EELFENERANGERES, FEEER e — R
) E, BAPEIHC N, MEIZGIEREREE AR KT, R R DL_E R AR & AR
AR, R ORAIER REAR MG AP R IR R ML 2

W, BrEANEKER

RS N T BRI R IR T AT ke %, 5 B0 STHIRGH b R 7= B TR 2R 1R 22 4T
AFEI AR, IR BNALE NG, PRI, ARSCH JesE T NG T B 1A [R50 2 X R
AT ISR KIERTSC, B AERT 0.5 WAL AVERI# R B R BN KPR 2K KT
ARSI, X SMEDREARE, Bk, AULELE B /N T 0.5 KfEHL. H4h, 5 B /M T 0.2,
LAV EE R TET 4 WA VRNE R ZFr 2 (8) AR RN L, Bk, FATHE
B B/NT 0.2 BT OL. B, FRATH B 4l e N 0.2, 0.3 F10.4 =FEHL, FEIR, A3
BONWEN 2, 3 M4 5. Sish, EENACHR, W14 =09, =09, _=001 %
I M IE N 025, 0.50 A1 0.75 =FiAS [F1E 4.

s B, nFl MARAS, FATEE T 27 FIAR IR GEARNIZIAEE, BT HEHLECT
Refi g SR Ao, DRI ERATE BRI SR T T 0 & REAREAT 100 R INZR. N T FAERFCUI SR
HRERS LR AR R BNl 2 i — P SRS IR A SRS A, FRATR R UGN 2RI Fr BB
(episode) & MRS AR 100 5. ERINGH, WREE— BT RS
JE 50 MR BT sh S A ZE /AN T 1%, MR IIZRE: Uk sion vl A2, B IAE:
ZUCIRNGREE R, AT RRIUNRGE 50 N B iP5 45 3.

T R E S SRR R AT Nk B R R T AR SR AR & AR, Ti1kE T
“HiRE (cD”, HEAN:

CkE

(20)

AR, RATRGE T FA G R, EIFFR B SR (Clo) RIRBEACE & 8
(Cho. B2, RAFHERE REASFIAT) WERAILGSML, o
A, PR R DI, SO0, 1K 1A, R 0 Rk A T
RE VBT T A0 100, BT T 1| R A L AP Tl T, BRI
R I At TR«

1.4 =02 "

-2 IR THE B=0.2 IR RS ARBF R P SO A I S B 226 T DA SIS, 5 Rl A
R B (5 5 T BRI R g, MR T SRR AT, X5



HCERIITT RSB — 2. N, AT IS Bk T B, IR0 R

F—, BERAERIGEM, CIETFM, NE SCIRBEAEAINES, CE SCIlikE
BETFRE. Bk, WCIHEER: (L 5t CLaRUF, fE¥1% 0=0.25 B, FHEEEAREA I
258 0.5249, =R REARBLEIZ N 05116, DU REARICA ISRy 0.4386, FA WM TR
#, HIXFhEAAE 0=0.50 F1 0=0.75 FHB R, (2) #t Clye Ko, 7E2%31% 0=0.25 i, ¥
BHABEAIZN 0.7102, TUEBEARBEAIIZRIS U R % 0.6712, RAETE =B HeARA I
2 2] 0.7145, (HEf& E 2L T B, HiXMEHLE 0=0.50 I 0=0.75 AF7E . H IR,
MIETSEIRE EE: (1 3 NE SEBLRECK I, 1221308 0=050 iy, —. =FIPUH A
WRIE IR BT 12, 7 R 42 IR TR 2150 0=0.75 B}, —. = FIPUH GRS ISk
rASEELT 9, 18 Al 89 WK, IR . (HIE2IF N 0=0.25 I, MIAGERILLF
#ah, (2) wi CE sEIlRECck i, 752 31% 0=0.25 I, PR ARSIy 12 Ik, =%hE
LA INSR 2 %, DU BRARBRE ISR 0 Ik, BA SR NEES, HixMEELE 0=0.50
1 0=0.75 B %57

-2 B=0.2 I & BRI R SRR Gl 2R dh 3

o ~ 95% B 15 X ] T SEPLIR B

IV N 4) iy
N 0 WMFeds | ¥ME | R TR | IR Cl NE oE
0.25 WERPEN | 2857 | 05742 | 27.43 | 29.70 | 0.5249 1 1

FlEKF | 373.48 | 3.8823 | 365.78 | 381.18 | 0.7102

WA | 2899 | 05703 | 27.86 | 30.12 | 0.5024
2 | 050 - 12 13
FlEsKF | 37158 | 3.8594 | 363.92 | 379.23 | 0.6945

PR | 28.33 | 05416 | 27.26 | 29.40 | 0.5374
0.75 — 9 13
FliEKF | 376.74 | 3.5529 | 369.69 | 383.79 | 0.7372

PR | 2049 | 04011 | 19.70 | 21.29 | 0.5116
0.25 — 2 2
FlEKF | 176.67 | 2.9025 | 170.92 | 182.43 | 0.7586

RN | 2071 | 04770 | 19.76 | 21.65 | 0.4999
3 | 050 K 7 3
FlEK | 17115 | 3.5047 | 164.19 | 178.10 | 0.7145

RPN | 2171 | 0.4829 | 20.75 | 22.67 | 0.4449
0.75 - 18 1
FlEKF | 163.90 | 4.2693 | 155.43 | 172.37 | 0.6567

RN | 17.05 | 0.3675 | 16.32 | 17.78 | 0.4386
0.25 = 10 0
FIEK | 92.15 | 2.9649 | 86.27 | 98.03 | 0.6712

WEREN | 19.73 | 0.4574 18.83 | 20.64 | 0.2712
4 | 050 - 42 0
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WA EEIAER 9 MATENAS, 4 MERAILA 81 FiTaNA G, B E N HITiRan—Fh
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fah, £ 0=0.50 I}, NZSE NEE ETF fF 0=0.75 1, XA ETHE FRE. (2) 5 Cly
Ko, 1 0=0.25 i, FEEReASER NG B R 78 0=0.50 B, BEE AE SR N
AW BT 7R 0=0.75 B, BEET ReARBCERE ot EObIm N . Rk, MISHTSEI R F R
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FlE7KF | 425.44 | 1.7556 | 421.96 | 428.93 | 0.6825

PR | 30.37 | 0.4255 | 2953 | 31.21 | 0.4825
2 | 050 - 15 12
FlEK | 422.84 | 1.9668 | 418.93 | 426.74 | 0.6398
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0.75 — 12 12
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FlE/KSFE | 211.72 | 1.5878 | 208.57 | 214.87 | 0.7343

RN | 2253 | 0.3031 | 21.93 | 23.14 | 0.4467
0.50 - 2 0
FlE K | 205.62 | 1.5531 | 202.53 | 208.70 | 0.6445
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0.75 — 1 5
FlEASE | 211.09 | 1.4186 | 208.27 | 213.90 | 0.7250
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0.25 — 2 0
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-4 B=0.4 I B BEARIIT A& W SRR A I 2R 45 R

_ _ 95% E {5 X ] W SEBIR B
N n“ YA\ /\‘ i I
0 WAFads | BME | PR TR | LR C E e
& 31.30 | 0.2299 | 30.85 | 31.76 | 0.5225
0.25 HEBN 9 14

FlEKF | 486.03 | 0.5003 | 485.04 | 487.02 | 0.6484

RN | 31.30 0.20 3091 | 31.70 | 0.5225
2 | 050 = 6 9
FIEASE | 486.27 | 0.4377 | 485.40 | 487.14 | 0.6624

PR | 31.15 | 0.2315 | 30.69 | 31.61 | 0.5425
0.75 — 8 15
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0.25 — 4 4
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RN | 23.06 | 0.2172 | 22.63 | 23.49 | 0.5217
3 | 050 - 5 5
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0.75 - 5 2
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REREE (ND) FIZE]Z (0) 9,
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-5, N A6 XS B REAR IR

(1) Cly (2) Clpt (3) INE (4) ICE
0.0050%** 0.0026%** 0.9026%** 1.0148
b (0.0006) (0.0007) (0.0088) (0.0109)
N -0.0510%** -0.0528%** 1.6106%** 0.2809%**
(0.0064) (0.0072) (0.1476) (0.0403)
6 -0.0012%%* -0.0018%%** 1.0283%%* 0.9991
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(1) e hsRgs By B AN, -6 JER TEN A0 AFRIAE T, BEefkk
ARG BRI . B, ClafR7E N=2 H. 0=0.25 i 5 B fiAHIedbh, 7EHARRK N
e HETHS B IEMIE, (HAUE N=4 i, HKXKREE. B, Cle5 p 7E N=2 fl
N=3 i A5, HAE N=2 H 0=0.25, N=3 H. 0=0.25 PA )2 N=3 H. 6=0.50 =FE i T 171
MXxREE, HXMAMEKRE N=4 H 6=0.50 1 N=4 H 0=0.75 PifE NN
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A, 7F N=4 H. 0=0.25 fil N=4 H. 0=0.50 &0 T AL R B2,
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Cla'5 B Clys 5 B INE 5 B ICE5S B | FEAH
n=2, 0=0.25 -0.0034 -0.0844 -0.0397 0.0265 100
n=2, 6=0.50 0.0286 -0.0439 -0.0783 -0.0515 100
n=2, 0=0.75 0.0071 -0.0974* -0.0138 0.0240 100
n=3, 0=0.25 0.0147 -0.1722%** 0.0479 0.0375 100
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n=4, 0=0.25 | 0.1631*** -0.0161 -0.1805*** | 0.1424** 100
n=4, 0=0.50 | 0.4031*** 0.3442 -0.4688*** | 0.1276** 100
n=4, 0=0.75 | 0.6570*** | 0.6575*** | -0.7401*** 0.0000 100
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MRKZREE. B0, ICEA/LMER N5 N AR &R, (BAE p=0.4 H. 6=0.50 I}
AN o B SCRR XS 11737 38 4 55 A ] S i L At R B8N 2 A — b 22 S e i B, —
J& ZE T4 ) TR R AL SE A SR AT BRSSO BB T 3 v e a Al
BIF R A N T B8 v A P s e 59Ty = i b 3 4 iR FE 5 A i R 2 TR A AE R 2P OC R
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Cla5 n Clyy 5 n INE 5 n ICE 5 n | FEA%L
B=0.2, 06=0.25 -0.1377** -0.0562 -0.0301 -0.2323*** 100
B=0.2, 06=0.50 -0.3122*** -0.3224*** 0.3043*** -0.2362*** 100
B=0.2, 0=0.75 -0.6177*** -0.6436*** 0.6707*** -0.2516*** 100
B=0.3, 06=0.25 -0.0262 0.0389 -0.1635*** -0.1124* 100
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(3) BHEARR A RS 0 IMAHCIE. £-8 B/R THE B AN MAFRHEG T, FEEkk
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Abstract: This paper sets up an agent decision-making environment for enterprise R&D game, uses
reinforcement learning Q-learning algorithm to train agents, and analyzes and predicts the possible
results caused by artificial intelligence empowering enterprise R&D. The results show that: first,
although the probability of convergence of the agent's decision-making results to "collusion" is not
high, it is common for lower R&D investment and higher profit levels than Nash equilibrium results.
Second, the increase in the number of agents can reduce the probability of achieving "collusion",
and this effect has a high global character. Third, the spillover degree of R&D will promote the
"collusion" of agents, but this promotion effect is local and easier to achieve when the number of
agents is large. Fourth, the increase in the learning rate can reduce the probability of achieving
"collusion", but this effect only occurs locally, and it is more obvious when the number of agents is
large and the spillover of R&D is low. Based on the above research results, this paper puts forward
three suggestions to strengthen the management of artificial intelligence application at the decision-
making level of enterprises, which provides theoretical support for the continuous improvement of
anti-monopoly regulation in the era of digital economy.
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