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Abstract

Title Multi-agent route search formulation
suitable for item search in battle royale games.
Author Kanau Shibayama
Adyvisor Taichi Watanabe
Key Words Game Al, Battle royal game,
Route search, Vehicle routing problem, Multi-Agent
[summary]|

Generally, in the delivery planning problem applied to multi-agent travel route opti-
mization, all nodes must be visited, so the cost per agent (travel distance, time, etc.)
becomes very large when the number of agents is small and there are many nodes.
Therefore, there are cases in which the optimal solution is not practical in the delivery
planning problem. For example, in a battle royale game with a time limit, the player
may have to search buildings in a large urban area in order to obtain items. Since time
is not enough to visit all the buildings, the existing method of delivery planning cannot
be implemented in a battle royale game Al to find the optimal travel route. In this
study, we propose formulation for route search that can select nodes to patrol based
on the profit, cost, and location of each node under cost constraints, in order to find
practical and efficient routes even under the above constrains. The results are compared
with the efficiency of the existing solution methods for two problems: VRP, a general
delivery planning problem, and DCVRP, which can set cost constraints. The results
show that the proposed method can find more efficient routes than other methods when

all nodes cannot be visited under the cost constraint.
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H/ — FORETIEDH 2208, aX MKSBEEIEHTHORHE L, — FTITH3EEDa X M
ZRLTOVWRY. NI A YL =207 47 LHRD AR ROFHRIE, BEIREICMZ
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BraXEHHE R [16], TOP ICFRMDHIR 2 &% 1 7zfM&E & L T Capacitated Team Orienteering
Problem[I7)[IR] 2828 F 5%, NMABAYIALTS —LATH 1 T =YY bDBRFTET7 4 T 2D
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TREREERMED 2. RRNRDIORLTOT vy Y2 KET 2 REEKZ R 2 FE NEH
{ERGERIE 21] 2, VRPTW O & 5122 v D128 U OKIE 3 & BRIH o $1#9 % 213 72 Time-
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. ¥L2EPKRACEST 2 TORIRKMNE L 3 5.

FFL—T 2V m DFERRITBNT, /= F EIHLT zp, BATDLIITRS.

(2.1)

. 0 FihTwiw)
BT 1 (e

ZOI, fr—y = MR EZEL TELMRO G GERIEKZET A 74085 ViX

p

m=1k=1

THRIZENTED. 2 13/ — Nk BZHRTORVIFZ 0, #inzME 1 TH370, Lo
NiFFNz /) — FOADORROAEFTH I EX 5. REFRIZORX (2) 2EKILT S 2 m
DNEF % BolF 2 Z & TR ZET T 3.

FlL— 2y bmOREORaR s O, 1T

p
Crn = Em + Y _ Thpm (2.3)
k=1

TRIZENTES. 2FD, MNP OREOBINCE L KRE EFiN /) — FORERRICE L
RO EEITH 5.
MATCZ—Y =z bOHF TR EW O, ORI ZAT) % Chax & LK, aX MlgE L

TU RO ZRRT 5.
Cmax < L. (2.4)
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3.1 VRP

VRP 13232 M5 R (22) LS ORETHE L REORAMD 1o, 7=, Hhiit

RBOEGF N 2L oK TRT.

N=3% wm (3.1)

m=1 k=1
MZT VRP 3 &M EHNS  EDHHETH 2720, T OBNERT 3.
N =p. (3.2)
VRP 3 2H120% 5 LTI 3 BB OMlA S bEOHT, REIEET 2 % TOMMERMT
BIETH 2 L ER Coax BRAMET 5 14, OIFIEROT 3.
CHBRAERMUEETH D, T—U =y N RKOREE g LT AL, TO%OED B
B

Minimize : max(C,)

subject to: m C g

L B7DIETHS. LHrL ZHIREEMTH .

Minimize : ¢ (3.3)
subject to: ( > C),,m Cg

%S max(Cr) FRTD G, DEMED S BT, BN 2RDZ 2 LICHELVA ST

H%. Hrid (23) O BEEIEFEE LTI oR

Minimize : ¢ (3.4)

p
subject to: ( > F,, + ZTk$k7m7 mCg
k=1
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3.2 DCVRP

DCVRP (32 2 Ml & D VRP TH 27, X (23) da R Ml F Ttz iins o v
HTEBHEIEVRP LAETH 2. L2 LR (22) 0ol Featisitiins i wigaig, #
BN Z L DM EFHN B BBEHSBER TV S 2 3RO (BD) 2RBALT 3 2, RO

7% XSGR Y .
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L, TRy 7D —F2KOELGE P, =T—Y v V2hkoELE% g v T 5.

ZOR;, EEMNFL F 26 HFET 2 w5 fl#ig,

p p
> @ipm— Y Trim=—1 (3.5)
=1 =1

subject to: m C g

%%, OFD B2/ —F o F il &b TF 2652/ — Neiitkmg 71
ERIZITNUIF 2oHELTVWEEERS. mEZ—Y 2V FOESTHD, ETHOI—V =
¥ MR LT ORI Z A .

KICEBEDF T LICEET 2 W5 Hilf,
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—HTCTF 2 LUND ) — RTRIEPED > TEWIT W=D,

p p
D Tigm = D Tiim =0 (3.7)
=1 =1

subjectto: 1 #£ j,j C P,mCg

b, DFEH) Fe LMD/ — KX, ==Yy ¢ zEe HELZBEDECTH
5, IR TOF 2 LUAMND ) —FIZHIIe LTHZ 5.
FRICEVEZHRR L THIENRL -0, ErD—EERL-EWISninwk S5HliE S5z

5. ETRETFEL DCVRP 3R 2K ES 2 8ED 72N RO 725,

a p
szi,j,k S 1 (38)

k=1 i=1
subject to : i # j,j C P

H3B/)—=FJINLT, jLHOLETD) —F s, 2ETOZ—V =Y "BRE2EPERELTI
UR®H20E1THIUE, /—F jICHNZDEIZL b 1 -V MR 1ER TS 2k
TH5b.

—77 VRP 32K [E 3 2 BEWS D 2 7D ROXNTHINZ 5 Z 5.

SN mije=1 (3.9)

k=1 i=1
subject to: i £ 5,5 C P

A BR) LFBRIC, B/ —F jIIRHLT, jAHORTD /) — 26, 2 TOIZ—Y Y bH
Ki=PEPZELT1I THIUR, B3 JWCHINZORE 12—V PR 1EETFEVWS 28T
H5.
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3R (E3) D T, TH 3.
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J—F_1
/—F n

X 4.1 %/ —FDTF—XEREFT S p x 4175,

ME21Z, a A\OBL—Y 2V bOBEZRLERLZZWTHL. ZHREBRIESIUHEBEDE

RICBU B wp 188720, EELE TED /) —Fhoiinidr) dRE2D X5 ITRET 5.
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I 7
T

[ I

J—F.0 J—F_1 - J—Fp

J— P_O - J=F_ 06/ —F_I~BHLEL] S=F_ 056/ —F p~BHLAEG]

/—F_1 2—F_ 125/ —F 0~BELES1

/_]-.“ p /—F phrs/—F 0~BHLEG1 - =
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En Z2RKD2. 3B/ —FO0»r6/—F1D7—%t, /—F15»26/—F.00D7—XZHS

16



PITFEL WD, ATy 7 2D AIVE Z N ZHIRS 2 72O RFFT 252 855,

/—F_0 /J—F_1 /J—F_p
/—=F0 - J— ¥ 015 ) — F_I~OBHE )= F_ 085 / — ¥ _p~oRBBiE
/J—F_1 J— ¥ 135 7 — F_O~OREIER

J—Fop J =¥ _ph 5 /) — F_0~DOB@H

4.3 %/ — FHEIOBEIREZREET % p x p 1751

42 RBREHRAE

B REB XU B ETRANLHEME, D EO 7 — 2z AV 2 i TEE 21 &
LTHEETEINTES.

R TIX, HRSEAEZ PuLPR2R] WS 54 77V e HOWTEB L. fEHEEOREE 7
NIV RXL%A—T 4 V7T BEE, @ IZENBEBRHREEORED 51752 T LD REIY
R T 2 TRANEL 255, PuLP 320602 Mmte s, HNBEESHEEE a—
FICE#GELR T 57210 T &,

PuLP 12k 2a—74 271, KL<

o B EFNEIE (LpProblem XY v )
o ZHEE (LpVariable XY v K)

o HAYBEEGEE

o filfISMRRE

o VILN—5ET (solve XV v F)

Wi,
BT LVOREX, HEUBEBERARLT22R/METE202RETZHIDOTHS. UTD

V= 23— F D122 O BRI % R
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Listing 4.1 #FE 7L

problem = LpProblem (sense=LpMaximize)

ZROFEX LpVariable XY v FEHWS., UFOY —2a—F o2, X2 0L %
RS AEFTOa— RHITH 5.
Listing 4.2 ZEGEE
# ary_a : T— x> hOREF
# ary_p : BEYDRCY|

x = [[[ \
LpVariable (" x%s _%s,%s”%(i,j k), \
cat="Binary”) if i != j \

else None for k in range(ary_a)| \
for j in range(ary_p)] \

for i in range(ary_p)]

HAEYBE%Z, LpProblem THER LA Y 2 X Y RIZH L l+=) HEFICL > THREETS 2
PICKDEETES. LFOY—2a— FE31E, HIERCHZR () £a— ke LCibL
72BITTH 3. IpSum XV v FiX, LpVariable I2 X 2Z8 A > AR > ADEANZE AT L, Z DA
ZRDBEXYVw RTH 5.

Listing 4.3 HMWEEGERE
# ary_a : T— =z hOREF
# ary_p : BYIOE|

problem += \
IpSum (df.exp_item [i] * x[i][j][k] \
ifoil= o\

else 0 for k in range(ary.a) \
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for j in range(ary_p) \

for i in range(ary_p))

flfIsetx, BB Rk T+=) HEF TR 2EET 22T DRETEZS. T
DY —Ra—FoaiZ, §WEEO—>THZN (B2) Za— e LTl L7fITH 5.
Listing 4.4 I#IZHFEEE

# ary_p : BEYORCY
H#i o BYZrohvrR—
#k : -z PTDHITIR—

problem 4= \
IpSum (x[i][j][k] for i in range(ary_-p)) — \

IpSum (x[j][i][k] for i in range(ary.p)) = 0

HFISRIFZAEE L 6, BRIRIC solve XY v FENUHS Z & THRENLMHE 25279 5. T

DY —Ra— KEAFFETUHDa— RFITH 5.

Listing 4.5 YA N—=5T

problem . solve ()

723, PuLP TI3AYEETHEE 7 L2V X 4 2 LT COIN-OR Branch and Cut (CBC) Y boN—

[29] BFEMENTED, AFEATH D CBC ZHA L.
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N~y T7OINE, FIRFMOFEZZEZ T, #REFEL VRP, DCVRP TR o515 241
ZHORK MR HIRT 2 FEBZITo 7. MEAHCHEHLZa Y2 —%d OS 1F Windows10,
CPU Z Intel Core i7-7820X, XE VX 32GB, v/ J A 558X Python, 74 72 VX PULP

TH5.

5.1 EBR1

PR AL YL — AZHEEL,

o EYDOMEL: 15
o N%: 4

o VEZURFRE: 120(F))

OBBE TR CHIEL 5 > & 2 ER LUEBRICHW. AR LR Z K 6D IR,
Kbl DERELIX/  —FThhEYWEERST. LD 2 008FIZ
Ty (Vi)

EWVWIHIRLICKR-TWS., FlIZIET7 7FHRD 14(1) D/ — RE 14 B2PFTT7A 70831 DL»
ROo» SR WIERIRNLEY THE LR 5.

BFEOEBMEREZR D MO B, 63, 54 IR, A3 IR EBAZTI—Y 2> PO
B CH 5.

M BEAIX 3 HCTOEBRERDA X—ITH 3. O3 INHRAEP - 2> b, KaDE
FIRHHHS, 7B RPEGHS, ZOMOEHTKRRT 4 7 2% 70T 5N 3EYT
»H3. WHERA»SESHACBEIT 2 T, FIRFEOHRTT 4 7408850 2EBYEHEL
TWAKEFDSIaL—2aryThsd. T—Vx2Y PDRELEERL TORVEYNIIKAET, HR
LBz —Y 2 POBIED>TWA. 60 XX BE6R % LErS RbDT, Thr
RILDZZ7 727 my bL72bDHAXED b3, b4 Th5.
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