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Introducing Communication to Joint Policy Search Algorithm for Networked
Distributed POMDPs
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o BRFTEE~ )L 2 7 R EBE (Partially Observable
Markov Decision Process, POMDP) i, Bifilic NeEEM:
NEFIET 5356, HIAEHEIT Ry MO BRIEALE % [EiE
KR TERVIRARIS, B LWTERTE RSB 29
DEFIVEFZEE ULTHWSNTWVS [1]. POMDP i
B ATEEIEIIZRY) —eidh, T—Y 2V AR
SSRETMANETEER LIy S TEINS.

WE, PHERUENEETEIIIIVFI—TV VR
T LEET VLT 5FFEEL LT POMDP ZHWV 5%
NEATHS. ThETIK, T—Yz v FMEDOHEER
DRF%EETTMELEX Y N7 — 228 POMDP
(Networked Distributed POMDP, ND-POMDP) [2], &
U ND-POMDP iZ BT, #BEEEHET S, DEDE
WKEBNREZ D a— Y AT 1 v Z7HAKICE DL
BRFEEFATZ LI, -V OB
B R) y—DER ARV Y—) BRDB 7))V
1) X L. (Search for Policies In Distributed EnviRonment,
SPIDER) MR E T3 [3].

I—YVx VIR F—-LLLTIT#HTEHETE, &
B T2y T — IR0 BEABESORHIIBY
T (4], =T—¥ = v VEOHEEBEERIGHEV RFTELE
£9%. fIAE, ERICKRBEASEE Y Ry b T—
UTH-TY, HEIFEDE—T Y N eHiET 5729
KBNTEARBEOH R T RL2EDTL—HTH 5.
ND-POMDP i3 D &S AT —Y x Y MEDHEERD
TR S T LW A[EETH D, SPIDER EHWVZBA,
I—Yx Y NEOHEERIC TS ERFMENEET N
W, T—Yz 2 MO THLERENTRETRAER
VI—EBHTENAREEL RS, LHL, T~V
FORY —DOKEXR, THFEOAT Y 78 (RY
VORI MU TEEN LD, ATy TEBH 4 &
DRKENR)—ENRETEHCLEIRETHH .

AR TIE, TOREEBRT 57281, SPIDER IC
I—Vzx Y NEBEEREALRZ7IVIY XL (SPIDER
with Communication, SPIDER-Comm) Z#%& 3 5.

RRFHETIE, BT—Y Y NIBEOBRNI-VIHE
RREE R TITBIEBRRAT 2%, T8RS 28I
Bixbldh, FI—VY rOEOEIREIREICR
BH0O L%, SPIDER-Comm Tif, T—Y 1 v b&
EHICEEZ1TY, SHERSTHERSOBEHEHR
E3%. COHR, Fr—Y v NIBEOHINH—
DEREICEEL, ZOESKELZTIHKEL T 55
LWRY Y —BRBRTZLT, RUY—DKEZDOHE

TAMARZERER S AT L IEHIRIERT, Graduate School of ISEE,
Kyushu University
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SRERERIBZC EHTREE K S.
UL, SPIDER NDBEEAIIILITOFEND S.

1. BEZBALKBE, HEFRORMEEZFIFT 5
TEMNTET, R0 SPIDER Db 2 —Y X F 1 v
JBIRAFIR T E R0,

2. BEBOEIRECED, KUV—DEIIINLT
BRI L 5.

HED | ZERT 10, KX TR, BEORREE
FIBHVRERELRLESREZTS) LIRET S
L&D, BRERHIETE 2 —) AT 4y VERER
EIBNERTRT.

e, FED 2 ZRRT 51, FEIREOED 5 3
T2 -EXBTLICRY o e Ay Y aZHV, 2XHE
DRLRIC K DIELUT 2 VS FEERET 5.

2 xy b7 —ODBEBYERRTRE~/I DT
REIBIE

BHRXTHOS Xy b7 — 7 2 BER S BRI sE<
N T HREEE (ND-POMDP) [2] D€ FIVEFHT
5. ND-POMDP &, POMDP ICB VT, Z—T z
FROHBEERORFEZBCRALLLDTHD,
(S,4,P,Q,0,R,b) TEBENS.

S = X]S,'S,,S,' XS, &iﬁ%ﬁ’%’f%% S Fr—> v
b i ONFREDEETHD, S, BL—Y x> bDITE)
KB RZTROREEOES, FIZEEKBERE YRy
FI—DEBIB 2Ty FOMNBEEERT.

HB. ARTI—TJ iDL DS BTHOEEERT.

P(8,d,5) = Pu(sus5;) - Ticin Pilsiy sus i, 57) 1&RHE
DEBEBTHD, KE F = (s1,...,85) KBWT
d={ay....an) EOITEELOBAI, KE S =
(87500, 8h, 500 (BT DHERZERT.

Q= xlsiani Fr—yz bk 0)?55@?&']@@’3‘&@@
BTH5. QRBI—Y Y MiHBEBROEEEET.

O, 4,8) = [icicn OSi> Sur a1, ) BBRFBBT D
D, REFIKBWTIT#d 2okl ® Bl & =
(Wis...,wp) € QE/IHEREIRT .

R(.?,a) = 21 R[(SIl ..... 81,5 Sus (all az,)) Liiﬁyﬂggﬁ
TH5. | IBEERDH AT —Y 22 OB EE%E
ZLTED, r=|] TH5. BMBERICESNT, 757
G=(Ag.E)y WEEIND. Agl¥/—FTHH, RT—
VxVIMRET.EZTYITHY,E={l|l CAgAR)
LEBEINS.

bIMBESKEEEL, b(3) = bu(sy) - TTi<i<n bi(si)
LEEBEEINS. b, 1T s, OB THO, b 31—V
b i DRERIREE 5; DHERDHZRT
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K1 vrvxybhoy—2

RO B, FIHERRE b, RRKATY T8 T I
WNUTY AT L2EROHMERALLT 2SR > —
n={ny,....m) BRERTBHLTHA.

DY X2y R —2% ND-POMDP & L TEFIL
LU Efl%ERT [2]. 3 20k VY (Z—Y 2V b)) B
T 2BE5ORER 11RT. HEBAICBNT, Zh
FNOEYI 4 Am CERERIL) DR 1 AREY—
FIBHIENTES. FOBE, I3V —F LB
BRIANEZ2—T v "W EETALELOBRZES.
Z—y ME2BEFEL, ZNFNMN L TIT#d 5. X
1 ® Locl-1 & Loc2-1 3% —%"y BN S5 B AR
9. Z—%w 1) Locl-1 (Loc2-D) IKIRNAHhE L
LR ETIRBENZV. 2 DDV YRR X —7
e —F U, R L BEL, HMAB OIS,
FNFNDYE Y WEBEACZ—7 v OI8O
Y Y OITE (Y —F D) IRE LR,

SPIDER (& ND-POMDP ic B\ T BELEEE S %
BRTAT7TNIVALTHS., COT7IVITYXLTE,
I—Y Y MNEOHEERAZEZET XY hT— I OHX
B EFA (Depth-first Search Tree, DFS K) #HHEL,
TODFS KZFIAL T a—YRT 1 v 7BERZITS.
FNFNDL—T Y bHAFEDORY —ICBELT, ftho
I—Vz Y MIBRNCAEEEDEE LWV (RVay
REBETHZ) LIRELT, BRI THEHES
R, T OHEEER IV TERRDEEN D 2175 .

3 I—YxrYHBEZRAVCT S BRY
VI XADRE

31 BXWNETZ7ATT

SPIDER T, X —Y x> rOEDORYI—IF, &
L TWSARELTERENS. YIHESRERRSL
LT, BRIOBEEOKZ IS ML, FNFROERIC
MU BRI ARZITEHNTY EVFENTNS. £o T,
RY—ARDAEZWZRY V—DEE ([TEHDOREE) i
MU THEBM LS.
SPIDER-Comm Tif, T—Yx Y MIUTDOL 3@

Pt

E%179.

o I—Vx VM, HEMUBHEDENL—EDIR
TBEZTTS. 9205, BERZIT> 724 XL, @
BRITOTEBOTEZITI 7 24 AHhh 5.

o BEZRTI 724 ATE, 21—V Y MNATITH
/BRIBEOR B TDN, BEOIMNIH LG
JRENMRONS.

BEBROBEIREICBNT, FILLBERY Y —%E
BETBLICED, RUI—DOREZIICIIHESER
ZEMT A EHAJgEL k5.

UL LEDNS, BEZEALEES, v Iu—28
EDORMEEZFIATS I EMNTEY, SPIDER Db 2 —
YRAT 4y JEEHDFIHATEERNE WS BENET 5.
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M1 DHERNTHET L, o9 1 LY 3icid
EEOHAEFEARZ . SPIDER T, 3920
RV —ZEEL, FOR)V—IENUTRERIGE &
2 91 BRUOCEIY3IDORY—ERDBEVSIE
FETHERNMTONS. TOBE, Y2 DR V—hHEE
ENTVBRTENS, VY 1 DORY Y~y H 30D
RY—FHWTICHETES. LM LAEYNS, 22—V
YIEOBEEERT B L, LY 1 ORY —F M
TAHRICE, BEROEINRENE S LEHhEERT S
PRERSH, FOEDIZE Y 3DR) I —%EZRT
BRENELS.

AR TR, MERDOREICELT, 29 3 ORY
VI Ko TEIET 2 EREN, BEROFRERD
RELTBREBZRET A LI KD, BRELBET
Bva—VYRTsw 7EBERETS. CORFEIK
D, LV 3DRY I—ARRELRFRICBNT, Y
Y1 OR) — BRI L TEREAmET S ea—Y
AT 4 7 BB ORBELTTREE 5.

¥, BEERICIOVBONSZZRESREBIIHBVT,
FLOESRY Y —RESETELICED, BRYY—
DY A XREEKZNELBBH, BERY —EHHELT
BARBEDH L EIREDORIT, £EOITEHTEOEE
Wt U THREIIC Y 5. %2 T, SPIDER-Comm T
FESRENED 5 BZEMICH LT, —FORB I LIC
RYlofcAvyaZRv, RBRAICH S EXREEL—D
DRIGELT 3 L TEABRNEBIREDE 2RSS
WS TAFTRANS.

32 ZIIJYXLDFHM

AETE, TV MNEBEERAVWETT VHEE
7)vd Y XL (SPIDER with Communication, SPIDER-
Comm) DFfIZRT. TTTHEHELE, VI —RUTRY
O—, BERIRICB U T T OXRTBEERFHT 5. 4, j 13
I—YzYbDOID%ET :

t= iRV PETETTVU—2EKOKAERY
—.

= iDLEA/— RCBETRIEERY >—.

= iDEDRY I—,

r,n" 1= m RO 2~ &9 3 2 TOMBFENBO
BB

{’j[ﬂ',‘,ﬂ’i_] =
EFR.

vm, "l = a9 B o i X B ERIE.

vt Tl = AT IiCxY B ot T K B EERIE.

V[b,n] = nRBIHOBEIKE>T, 22—V bDfE
TR b Lix o Tz & EDFNLIBROIHFIEG.

SPIDER-Comm 5 X3 RY ¥—iF, @ETz A4 X&
T87 2 A REHELTHRENS. T8 7 2 A XDR
Vo—, k ATy TOIT#O~<y TTERENS. §
B7 2 A ADRY v—i, KEBIKBEDL ST 1 A7y 7D
BETEKEINDS. S~y MNOEER2TOERIR
BELITHREERHBL, ZOREBONBERELH
TafIREL T3, Rk ATy TOIBET =4
AWB O, THT 2 A ADBBEET 2 A Xk > TBE
Mibhd. CTOLIICEBET A RXEBET =4
A2RBICRDERT. IBBET A X%k ATy T, @
B7xAXDEEE mEETRERKATY THTIZ

iDF/—F jick? o't TOHFFIED
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i B T i R R T
& & & & |7

step

X 2 SPIDER-Comm DiEtEAf

T=Gkx(m+1)+méix5.

R SPIDER-Comm DB Afinzrd. K2 &, &
ERITSIBEDRI—V Y FAEORY V—KRDOHIT
HB. CTTHRHOSBRANARIBEE T A A%REL, 7
DTOMEAR, FRREICET 2HRORMR S EET.
EMAM ST LR, EEHEI L/ ON/IREICET
BHERSH TH . SPIDER-Comm T ETRY >—2%
HBEBET 1A AT LT, BTFEISDERMTD
N5, FEH T LICED SNT-FERS NS, SPIDER O
FETRTITHEE2 TRATY I T-1,TRELT O
BEZRY —DREENS. DF b, FEHICEZELZ
REOBIFRFISRRE S NIZEIC K 5.

RiZ, 1 D EOBANCDONTRY V—DRERITS. T
TTHRLNAHRFEIE, BEOR) V- b5tEE N
ZIEFIE L AEHROBGERRICE L TR ERD M
FHRBERLIZEDTHS. o T SPIDER DFHEIC K
BHROBIC, b a—Y) AT ¢ v ZEGEE LRI RA
DEIRLBVHFFBEZELEDEREDEHAVS. B
WK1 DEOBEEIELT, £S5 &3 IKBELICRKY ¥—
ARE#o THRL, RERNZR) V—ERETS.

SPIDER-Comm D 7 )L 3 1) X L% Algorithm 1 <R
9. FIEICH B CommPhase ZAEIHOBE I 214 R
KDOWTEZ TS %EEZL T3, SPIDER-Comm
REWEIEZEEZRAWTE D, BED k A7 v Thbat
B9 5. %79, makeStarting BIEIC & » TEZIKRED
HEUROEEEES G17H). LT, be BL%3
2TOEIRE b ZHHRKELTIRERY V—%
R, (b,CommPhase) DXTIWINT B k AT v 7Ok
ERY ¥—% n*[b,CommPhase] \< BT 3. ThiE,
CommPhase W0 I 5 F THOIET.

KIT, EBRICRY o —%K B Algorithm 2 i DWW T
#BAY 5. Algorithm 2 i3, SPIDER OFEZEH AN,
ta—YURT 1y VEBERNTHHREN D, &5 L
20, KEMSERY > —2RDS. £9, 1L IKHRED L
27w TIBIFZED 5 3FXNTOR) —52BHT 5
QTE). ==Yz bMiNETHB L E 7 BRI TK
&> TWADT, GETVALUE B#ic X » TG 25
B95GTE). T—Vz /M iDETREVEE, FTI11
Kea—VRATFo v 7EICX>TY— LTz, RY¥—
DEEERATS (11 1TH). UPPER-BOUND-SORT 7
WIAVAXLTR, ea—VUXTF 1 v Z{lOFEL, Fhik

TUC LIEETORY —ICBET 2BED Y — FhiThh
5. I—VzYbiOR)I—ERD, Ex—-T b
DEBEER) V—RERT S (1620 1TH). BREICBX
CRBPENBEZFDLEDRY V—BEET S (2123
78).
33 #R7IIJYXLOEEN
WERDEIIREDENUEITHLEWVES, SPIDER-
Comm Dt 2 —Y X5 ¢ 7EEIIER, IhbbBHE
KRB REL R THY, ERIBLNSHNEZ
EEzz i EHEEBETE%S. &> T, SPIDER-
Comm ADEN DI kK-> TREENLDNS T Ltk
<, SPIDER-Comm 33 REAEE/S T EHREN
A. —f, EJREDELEITIHBEIE, FOETOD
B 7S VHRME2E TORE TS v ik bl EEl:
HH O, mEMEIIAREEE iz,

Algorithm 1 SPIDER-Comm(i, CommPhase)
1: initialize ¥, n* « null, val « 0
2. while CommPhase > 0 do
3: B «makeStarting(CommPhase)
4: forallbe Bdo
5

n*[b, CommPhase],val —
FINDPOLICY (b, root, null, —co, CommPhase, V)
6: V[b, CommPhase] « val
7.  CommPhase — —
8: return 7*

Algorithm 2 FINDPOLICY (b,i, 7, threshold, Comm, v)
1. ' null
2: TI; « GET-ALL-POLICIES(k, 4;, Q)
3: if IS-LEAF(i) then

4 for all x; € I1; do

5 v[n;,n'"] « GETVALUE(b, n;, 7'~, V)
6: if v[n;, 7'"] > threshold then

7 7l'i+‘* -

8 threshold « v{m;, 7]

9: else
10:  children — CHILDREN()
i I

— UPPER-l?OUND-SORT(b, i, II;, ©'~, Comm, )
12: for all n; € II; do

13: At — m

14: if $[x;, w"] < threshold then

15: Go to line 12

16: for all j € children do

17: jThres « threshold — v[m;, "]
—‘Zkechildren,kt - Ve[, 7] _

18: /** « FINDPOLICY(b, j, ml|in*~, jThres,Comm,V)

19: 7 — #H|n

20: P, 7] — vindt ]

21 if v[#*,n'"] > threshold then

22: threshold « v[i#*, 7]

23: nJ+3* — ﬁJ+

24: return 7'+*, threshold
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3.4 RBEZINIVILDOFERFTME

BAATFY TR, 2—T =Y M n, T8O |4, B
RO Q| THABPEIIDODNTEZS. BEETTDOAEL
BE, R Vy—RA7y TEECBUOBIZ IS 5
WY—EhERELENS. #o T, RYY—DY A Xd
QI TH3. ThIKNL, k A5y L DRERITS
BER, ELEDEE m, BEREE c(=T/k-1) LB
e, R V—RBET 24 B, BRIOBICELL
SEN kBBHZBVU—%ED, R —D&EHY 1 X
(em+1)-1QF 753 . Dl EXD, KU —DY A X3, &
BERITOLRWVEETERKAT Yy R T ICEAL TER
A=A THBDICH LT, BEBXCEERDIREDT
HUETFSBAETE, mEZEREIThRISERA XL
LT EARENS.

¥, REFERR, BEATOLAVBATRERAA
Ty T TICELT 49y Thb 2 EigEA—X &
5. 2L, BERITOIBEORESERTR T
ICELT (em + D)4y THoEERA—H L x5,

STRBERER (IC K A FHE
AEBTER I TR IV Dby TRy
NI—O%HVE. ZOBIETIX, s, DHLD S B,
Z—4y FHWHICEET 5, ELOMRAICDOREE
T3, EELRRLEFEELRVBERD 4 L THD. £k,
Z2—4y b 1,2 ZNEFTNORERBEOHBE +45, +35 &
L, REREOFEE -5 9 5.

¥9, % 11, SPIDER-Comm ICHBWT, Aviad
SEEOERMRUCRABICEZ 28R RY. B
KATYv 7T =8, k=2CBEEHIZ2ME) & LIiE
B, Ay ¥ a DB EEL IR BEOHFNEL
FEREERT. SEEEET L ICHBNEIEREL
BAHED, TS FHEREOLREZE LW EARE
NTW3. UTTRBRESBIC 10 RS L LTFHERTT
5. R, K3 IC k=2 DRFOFEEFBOLBAEET.
SPIDER & SPIDER-Comm TR T3 75 AR

4

£ 1 AvyaOn88 e ERER UHHREOLLE
RIRREDOLEE | FTEEM [msec] | BIRFFIE
2 1703.00 312.58
10 127890 319.67
20 846750 321.03
1.8¢+006 . : ; 1 .
1.6e+006 | F S oa-gomm ——
. 1.4e+006 [ K ]
§  1.2e+006 [ ; .
E  qe.008 [ & .
€ soo000 | 3 .
5 600000 | s ]
T 400000 | Vi .
200000 | .
0 e 1 1 1

o
-

2 3
Number of Communication Phases

3 BETVIVIVALELZERTVIU XLOFE
e D LR
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5518, BinETREOLBIETERV. 22T,
BOXMNHE LT, KEBREBRERT V1) XL (Global
Optimal Algorithm, GOA) [2] % #;3k L 7= GOA-Comm
(GOA with communication) ZfH\5. CO7)VdY XLs
&, BEICKDEETMEAZEIREN S, EFRICKD
RERR) —EBFERTET7INVITVALTHS.

3 OF5 7 ORI EE OEE R, Wi At B
PR BEnEOR k=2 THEIDBRATYTH
& T=3n+2&7%%. SPIDER-Comm Tldka—Y X
T4y VEROEAIC KD, GOA-Comm & LE#E L TK
RTETREREOBIRIE O NS T EREINTVS.

SPIDER Tl&, HRENEZRHATHELNERY —D
BXZ4MBRTHADICH LT [3], ThdOFMmE
&b, SPIDER-Comm Tk, BEOCMBMN+5/h&
{, Ay yaDFEHRHahEdhiE, RUv—0EXH
®E, BTATYTETRELTEHILENARETHST
ENREINTVS.

5 5

AW T, FHEEELRRTTORRAT T BREC
BB, 21—V MEOEEOBAEICDOVTRETL
Te. BEMICIE, WKRFHETHS SPIDER TELU SR
Yo —DORZEIOHEEBHEL VI HEERT 520,
I—Vx Y FAERRIGEREL, FILWNMESRENS
RY —RETT S LS /7 (SPIDER-Comm) # 2
Rz, AFHEE, BEOBARI-TELS, HLL
Y a—URT ¢y 7EBOBKR, BLURBEEROESK
EEOHAEEEBHEL VWS ZOOFELEBRL VS,
3k SPIDER TidHEMZREREAIC BV CEHERATRE
THoIEEEDRY =0, A7 NIV XLOEREICK
DETERREE BT L &R LT,

B

AREEEDBICHTI-D, BRZRRESH2HRE
BB EBIE B) GEEES 17300049) DOBEAZT
L7z, CTIKESEHANZLET.
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