Learning to Collaborate: Multi-Scenario Ranking via Multi-Agent
Reinforcement Learning
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ALGORITHM 1: MA-RDPG

Initialize the parameters 6 = {6%,..., oN } for the N actor
networks and ¢ for the centralized critic network.

Initialized the replay buffer R

for each training step e do

end

fori=1toMdo

ho = initial message, t = 1

while t < T and o; # terminal do

Select the action a; = p't (hs_1, 04) for the active
agent i

Receive reward r; and the new observation 0;+1

Generate the message hy = LSTM(hs—1,[0; ar])
t=t+1

end
Store episode {ho, 01, a1,r1,h1,02,r2,h3,03,...}inR

end

Sample a random minibatch of episodes B from replay
buffer R

foreach episode in B do

for t = T downto 1 do

Update the critic by minimizing the loss:
L(¢) = Eht—l,ot,at,rt [(Q(ht—la O‘t) at; ¢) - yt)2]1
where y; = r¢ + yQ(he, 0041, p't*1(he, 0£41); @)

Update the i;-th actor by maximizing the critic:
J(6") =
Eh,_1,0:[Voir Q(ht-1,0¢t,a50) a=pit (h,_; 0,:00t)]

Update the communication component.

end

end

FRRESIEHRERINA



BETRREBERENIF  ZAEESVHLUSLUTENR , HRFREHESHBRE
. EHRER (T query NER THRIEHANE ) CEAFEEHRNEEERINER
TH., RELSRREFEMIRAIZS  SEML SIS TIEFERNENRER. BT EEN
[EHARSK—DREI , FILERRNMNYT  BIREZSAURERRFEE —LERY
. FA MARLEGE , B MARIHEFRIBEEM agent , RS MARAIHE
Fr MHEBARXER GMV f8iR , RMEANEZME. TEMAEFK(IFIAE MA-RDPG Hi%
EE RS HERRRRFTRINA.

B5%t , WA MA-RDPG &i% |, 37— MARL RYZHEA1 T EIF7

Action

Actor 2

Observation Observation

Message
DN
. Action .
Observation Communic Observation

ation Reward

?Observation

[ Environment ]

Reward

-

Environment : DIEEFIERHRERXEMISHHE, BEERA agent XY action

MERONSHEREENE, FEHIZNEZIRIERTRIAY action FIATALAY state , L5H—1
reward,

Agents : FHEENEHNERSFIEME agent, WE—MAPMES |, ER—Z , R

#—"> agent ATERSS.

States : Ff{iJAY state @EFWNSE , — P2 communication HERETF4ER E—EIZY
A9 agent Fr& HAY message , 5— N2281 agent ATLMEIAY local observation,

local observation &1% : 1. AFRIBHSEILESR (5. FRMBILNE) | 2. AFRR
TEmABRER (&, CVRIEES) | 3. query BT IRE IR SRIAFATERY
ERS ; 4. SRIFTAIZER index, 10 #EH message 5 52 #4ERY observation concat



FEEZRY state ME,

Actions : IRIATIA , BRI EAVHEFEIRIER mASF LM IISCKFNATSRID 2L, KT
HEFRPRY, WNSRHEH T IXLHEFARHIERINEE | BIEHI THEFSER ., £ action A—N 7 4
NERE , [EMNEE action I— 3 HNERE,

Reward : tNRAFELIR pv ERETRETH  Wreward A 1, EREFRETWET
73, WBSEEE reward , EBRLREHBAMIZ , U reward 73-1,

M ASha gy

EL)HIRRNAX RF BB HRIE . actor network — 32/32/73) I 1EEMN
& , BIMER Relu & , &RE—/KA softmax BUE. critic network E—1M=EBH2&E

EM%& , F ReLu #iE. YIREN 0.9, 1®E buffer size /910* , minibatch size /5

100, FAI#H4T T IUAXIELLLE : 1. Empirical Weight (EW , ZI61E&E ) + Learning
To Rank ( L2R , BalZ L#EfEBAY online LTR) ; 2. L2R + EW ; 3. L2R + L2R ; 4.
MA-RDPG, A + B RRETHEE AEE , [HHENIEERES B &, BEXRES
EW+EW {ELVEE , A/B test ZERANTEIFAR

B in-shop } :
s| [ total . . I —  § ]

GMV gap(%)

EW & L2R 2R & EW L2R & L2R _MA-RDPG



ERD

B5% , MA-RDPG FIREREAMTEMTT % , EEEAETHEIZ E&RIFH L2R+L2R,
PR BRI A | BAIBIBR SIS ARTEISRIRERIE AR T 1% R Z s E G 1FRY
TE , EZHENMRESZT , BIMERHIRBERT. BER , BRIJTLIER MA-
RDPG 5 L2R + L2Rf8tL , FEIRBIRAERIERRIBR T | 1B T TEHAEERN GMV ,
HRZEOMEIBF—REETHI. &f5, L3 L2R + EW BAGET FEMRES |, &
—EREE LI EERAERN GMV XPMEIL,

&gtz

B M4k batch FrigitHAOFLS action , MBEMEIZRIEFHTIER. 0T
Bl

0.4 — Action 0 Action 3 Action 5

c
.0

= . . .

g Action 1 —  Action 4 — Action 6
c 03 Action 2

S _

—

©

[}

0n

£

©

=

25

c

S 045
=

© 0.40
<

O 0.35

—

©

0 0.30

Qs Action_0 Action_2
o0 .
< — Action 1

? 0.20

£

0 5 10 15 20 25

Time in hours

ALAEE , actor ArfHAY action &G EIMZELSERIEE. LEAEER action
TEAEHEREZERR action, WHNENXNIFBEERSHNIPOUSERBERS.



Case Study

BANEBU LM EEE case SRiH—5iB8 , MA-RDPG 2aE{EER MASHITEIERN.
case 1: FEZWTHUEHRER. BEUXFE—NMER , — I BWINNFELMN | £
SEMSRENEGE  BR "dress” |, EEEHET , Xt MA-RDPG # L2R £5HAYE
RER.,

dress
> Vero Moda 2017
new dress

» 123

510 Sold

ONLY dress

new collection
$ 55

566 Sold

Vero Moda high

dress

| flora dress

$ 35
1218 Sold

jersey knit

B dress
- A
‘ $ 30
& 1112 Sold

retro flouncy

wais ress
aist dre dress
S 92

329 Sold
ZARA loose dress

s 36
1350 Sold

turtleneck loose
dress

$ 61

322 :S0ld

$ 52
997 Sold
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Siemens
- | refrigerator

$ 768
1723 Sold

Haier
refrigerator
$ 538
1997 Sold

2 Rongsheng
refrigerator
$ 613
1597 Sold

Galanz

. microwave oven
i $ 60

2997 Sold
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Galanz

. microwave oven

S 60
2997 Sold

Sony television
$ 683
989 Sold

Haier
refrigerator
$ 538

1997 Sold

Little Swam
washing machine
$ b67H

999 Sold
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