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A study on an agent’s prediction and action to use resources effectively
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We investigate a mechanism for giving a right incentive to each agent to predict her future actions and to declare
her predictions truthfully. Obtaining an accurate prediction of customer actions is valuable for certain providers
who are required to meet customer demands. If an agent predicts an external event she cannot control, any proper
scoring rule can give a right incentive. In this paper, an agent needs to predict her action she can control. We
prove that a mechanism that utilizes any strictly proper scoring rule can satisfy our goal, assuming an agent can
find an optimal declaration that maximizes her expected utility. This declaration is self-fulfilling; if she acts to
maximize her utility, the probabilistic distribution of her action matches her declaration, assuming her prediction
about the external event is correct. Furthermore, we develop an approximation algorithm, which efficiently finds a

self-fulfilling semi-optimal declaration.
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TV bhOruZPHERT. flE LT, ==Y PR
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Z 5. ZOITEEIG IR O THHDLRWZD, (B
VFUA BT = b OITENRIG I TRk
Fls; eMTRYZLNBTES.

NIZEENDIZTARTOTYFIAFICRTHZ—V 2 b
TTENHENS 1%, 1TEIRRE Y PSR BES S LTS =
(S1y-+2,8n) EET. s; TUOERTHDHED, =—T =V
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EZE 1 (Strictly proper scoring rule) r(-) #» strictly
proper scoring rule THHEE, 1 £ 7 THHEED 7,7’
WZOWT er(m) > m-r(n’) KD LD,

372> % strictly proper scoring rule (2B C, HHDOT
WEEBEICHET S Z & TCo— = MIHREOMHEZ FoK
{£T& %. Z Z T spherical proper scoring rule (SPSR) & -
I¥N % strictly proper scoring rule O{REH %7~
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B H OPEIRE O M IR 2 P - #5 ST, w(S,T) =
8.8 +%0.8,0.2) - (4.85,1.21) = 12.92 &£ 72 5.
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EE 2 (EEHE (Truthfulness)) {TEIHENE S & HE 7 28
Sp=n&Wi-T&&, S & rnlIEERETHDETH.

E#&E 3 (BB K RZE (Self-fulfillingness)) 1TEhkI S & HI&
T REERETHY Vi, V', g;-s;+r(m)-55 > gj-n +r(n)-7’
MEVMDEE, SE T IZACKENTHD LT D.

U723 TITEENS S Lt NEC R THD L &, =—
Ty MITVFT U ADPRE LT RIATERIEEZE X 2R E B
felpniz, W@ Y OMRTITENIT .. $habbr—Y= b
DOEBEOITENESE Sp = 7 L 72%. B A OVEEHOE R %
T S XA HNCINT, TTEIRES S L HIt = %0.8,0.2)
FEERETHLN, BOEREHTIERY. RENEY DL X,
T—Y = bOHAIL Y5, 5) + (4.85,1.21) = (9.85,6.21) &
20, BRI L ORERTEES L0, B Tvo—y=
Y MIEWHHERONLD.

WG L TR REBEEZBRARD. =—Y x> MEIAH,
G,p,r(-) IZESNWT, 7* = argmaxen(maxses u(S, 7)) %
BT, BHEEICHET A2 HLENHD. £ LTHER, BAELL
YFUA GREID g, r(n7) 23S < 5] = argmax;;en(g; +
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(7)) - 85 W LMo TITBIT 20 ERH 5. HhEiTo—
TV MRHOREH RS m N B & 2R Dt 7l
MRS r() ZRETHLENRDHS. 20 () ITBVWT, =—
Vv MR R EE BT HRRVEATEH, T—Yx
R A HERGE T H EFRHIZR S 1 2B BB LEND D,

3. Proper scoring rule O 3# A g4 12 %t

ERYE

R SL T T O A D =X L5 B5T 5. i —y =
Y MCBHOTEHHERICET L THMEHRELTHELY, 0
%, MaE I —Y = FoORE L EROTEICS LT, =—
¥ = M strictly proper scoring rule (ZFE W72 #ifl 2 5- 2
5. RETIEIDOA D= RALOREB LT, =—Y = MM
W72 SATENRIG 215 2 T2 D ITRIR T N & B Z T 2.

2.HEY, KB E m* = argmaxyen(maxses u(S, 7))
EHOTHLIENT—V = FOARNTHD. m# ZEETD L
TV FOFAMNRE D20, WIFFIGE RIS 5178
RIS B AR ZIC A DT BND. L L m 3R EFIET 5720,
TRTERRD ZLITIAATRTHD.

I TV b B LATENRE ST & A0
FendLETSH. ZoEE, BT B L UITEIERIE S*
FEHORRNTH D Z L E2RT.

ETE 4 S, 7BV FOFRNGERKET D L E,
S*, T ITACHERNTH .

FEER £ S* &t REERETHLZLETT. St £t
EIRET D &, u(S*,S*p) IXTHIHREE S AL A —Tx
VIR b0z S*p G LSS OMRERG L 2
% . Strictly proper scoring rule ®#E LV u(S*,8*p) —
u(S*, ) = (S*p) - r(S*p) — (S*p) - r(w) > 0 L72DH7=D
w(S*,S°p) > u(S*,®) MY T, ZAUE SF, 70 ARG T
BHDHEVHIREILKT .

WIZS*, 7* BHCKREHTHLZ L&Y, gj-n'+r(r")-
' >gi-si+r(r) s BT jEN, n B RETSH. 22
TITEIRES S* O j & B OFIN n' (2 & Hido - 7Tk S
EEZD. DL E (S, 1) > u(S 1) WY Lo, Zh
T S*, 7 BDERETHDLEWVIHIREILKTD. O

T, LT X ic—mibTE 5.

FE 5 VS €S,Vr 0BT, Sp# T, ThoHEE u(S,Sp) >
w(S, ) DY SO,

SEBH (Z234) — () £V wu(S,Sp) — u(S,7) = (Sp) -
r(Sp) — (Sp) - r(w) &72%. Z#UZ strictly proper scoring
rule DHENH 0 L KE0. O

EH S LV, =—T =y FBMTEIRES S Z VW27 51F, B
EHRENLETHDHT-D, T—T = MIUg#ERREE2 Lo
LD, LER-T, ==Yy MIac* 23 »boic, #
RIS % e AL T 2 ATEINE S* = arg maxses u(S, Sp) & #E
FTETHRERPEELOTOND. LML |S| bERTHD
720, BTCEPRDZLIIAARETHD. ZOMBEE RIS
729D, HRMEDEIRD D22 HTEHIE DM EEEE R D,

EFE 6 (REMLZITEIEEE (Deterministic strategy)) 17
BIE N7 ML s; BNHEFEELLTHD 1HEHET 1IDEEZ LD,
MOBERTIZ ODEE LD L E, s ITREHTHDLEL, S
WCEENDTXTOITHKIE N7 FARRERTHL L&, S
IFRERRITHEIE TH D & 5.

=Yy b E D D BT RTORER R TENIRIEOEA %
Sa &1 5. PEHIZATEREISIC OWT, ROEFAAL Y 2o,

EE 7 VS € S,Vr lZBWT, u(S,m) > u(S,m) &7
S’ € Sqa WFET 5.

SEBA 7 ZEELI-REERZE XD, ZOLETEDOYT I A
jENIZDONWT g; +r(m) BIKERDITEE @ LT HITENE
W S #52%5. 2F0 S #HKT HEEOITEEIE~<
Nsi i BHOEKZTL ALY, MOEFEN 0 LARDIIEN
RATEERIE R FLThHD. ZDEEEED SITHLT, W
LT u(S,m) 1E, ==Yz MZEoTu(S,m) &7kl
CHRBEICIVEDOTHS. O
B B A TR RGO BARG &, 2. I THW=E A OBHE
KD Z TRl - BESEIHIcBNTELD. =
£0.8,0.2) & L, WEMZRITEHG S 2L T &4 5.

| Wn | &y | W |
=Y 1.0 1.0 0
w 0 01 1.0

ZDEE (S, ) =88+%9.9,0.1)-%(4.85,1.21) = 13.29 &
720 u(S,m) =1292 LY b R&EL 25D,

EE T LD, =2—Txr NIV T U ABRE LERITIER
TERIRATENENG 2 I\ D BT 22, Ly LITERIS IR S o
R EE G2, PETRMORTEICEEEY 52 5. 207
HT—Y = ML, HRERZRITEIRIEIC XY HIRFIAG A
TELAMEMRH L. ROFHICBNTC, =— V= MIHR
28 A& P E R A TEIRIE IS BRE L C LWV 2 & &2Rd

EHE 8 1TEIHkNS S
VS € S,Vn, u(S’,S‘p)

= argmaxges, u(S,Sp) ThH 5 & =,
> u(S,7) MALY L.

SEEA w(S, Sp) < (S, m) L7 DITEMEN S, H m AMEET D
EIRET D, ZOEEEHRT XY, u(S,m) > u(S,n) il d
S’ € Sa WHIET D, IBIZEHS LV, (S, 9p) > u(S, )
MRV S0, Lo T, w(S’, S'p) > u(S,Sp) Lebhs, =
LS DROFITKT 5. O

EM LS =S B = S p MY THZ LA EL
TWb. LR T Sq IFARTH L7 S = S* #HD1T %
ZEMNTE D, B THW=E B OPEERE O R 2 T3l -
S X A61TE 2D EIRENITERE S' 2L 0, S'p&H
LSS (S, S'p) = 8.8+%0.9,0.1)-%4.97,0.55) = 13.33
s,

ITENRISEE A Sq ICE ENHEHIL [Sa|= m™ THDH. %
D= m,n OEANS LIZR, § 2B 5 2 & B3R 7
5. LMo T, AR/ BRI & =R Ao 2Tl 7
NIV RLERET D, ZOEPT VT Y XA, 0K LK
DEINCFE, fRESET D 2 2T 5

FHE 9 Tl7 Y XATAREIOMYIKLTKRT L, &5
N D HERGEIATENIRG S' L B S'p IFHCTK RN TH S.

FEBA LT LAY AANBELID T DRINE T, 70, ..., S
DFRHN%E S1,S5,... £ T DL Sip=mpp1 ROTu(Sy,m) <
u(S1,m2) < u(Sy, m2) < u(Ss,ms) < u(Sz,m3) < ... LD,
51,55, ... [THRES Sq DERTHLD, ZOFHEITH
ROMVIRLTHRTTS.
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1: feil & b U7 Bl v 2 ) X A O HIFEFIS

Algorithm 1 ¥EfE 7RI TENEIE 2 2251 F 53 EL 7 LT Y X

1 UIEMEE LT r 2 IC®R A,

2 EEDOVFUA € NIZOWT g +r(m) BERKERD
T8 Z@SHERZ 1 L L, MoTEZR5HEEZ 0 &
DRFERIATEIIE 7 MV s; 2> BIERR S DR EM 7R
ITEERIE A S LT 5

3 S'p=n7eb S KT, £H>TRITNET+ S'p LT
2ITR%.

EFRLD, S'p & SHEERETHD. £, gj-m+r(S'p)-
T>gi-s;+r(Sp)-s; BT jEN & WFEETDHRD
I, ZoEBPTATY XAE S THRT L. O

Lo To—v =y M, RERHEZRD HIRWEAEIT
BWTH, 7T XACLY BORENRREETITS Z
LINTE S, FAOUREHKROMSE AR 2 FH - S8 506 To
W72 XAOFIEEZ R, PIHE = 10.8,0.2) £ 5.
ERLT TV XL, ORGSR U2 TEkS A2 S L
T5. LIERoTSp#An &Y, Hircizer=8p="140.9,0.1)
ZRAL, FME2ICED. 2O 7 Tk 2 Fem 21 TEhERRS 1%
S THY, n=8p &b, §ERELTKRTTS.

4. ETEREEER

AETIE, FEHES I a2 L—Ya ko TERITAIY X
LFHBAAT . REBRTIE, n,m e {4,---,84(n =m), &
Bopj=1LL, fEED g, % [0,100] TT7 & AIHEL
7-. SREHRI%0E SPSR &AW, o = 25,50,100 & L7=. ##]
8 7, BN 72 WA A & oAb D BN 72T Bk
BEIZ S g & Lz, KEBREEICKT L 100 A A A
Rk L7z,

X 112, HERMRRE & TRl 7 L2 ) XA THE LIV IR
RS & Oz E R, BV A AOKRE IOBIZHT D, i
7 =Y XATH LN EHFFSEOMEOZE LA R"T. X 2
i, TR VT R ADOKEEE O R, 22T,
YA AORE SO T D, BT VT Y X ADKRIEIR
Bo&lrErd. M1 Lo, w7 v XA 3EGE SO
IR 92% L EOWIFFRIGN G OND Z Lm0 b, £
BTN ZADRAERFUZSOWTK 2 X0, 2B TFORE
THEROE R TENRIE Z 5RO ONTND Z NG NnD. Lizhio
T, ERIT AT Y X LARIEFITNER K < R 721 TEIHRRG 45Kk
BDTNBEZENNZD. FT, aBNREL<RBIZONT, il
& e & CHIFFRIS O ZENR K E 2 Y, KEEF)S 2 BN
SNTWBEDRGD. T a BRELRBICOHNT, &K

Required iterations

04 5 6 7 8

Problem size (n=m)

2: LT T Y X LD RE R

- WEROE R ENYIHIE 7 ORI N THD EEZXD
ns.

5. #Eim

KL TET—T =2 b OITE FNCET 2 A T = X LF%E
D EIT o1z, ==Y = bOA XY MIHT 5 THIAEL
WS, {EE O strictly proper scoring rule Oz X Y =—
Vxy MWORHEREEZELND I EEMH L. S5, %
it 72 B 2 RIS SRAE ATRE 2 AT v Y X A4 RE L,
BoNsHENRACERENTHLZ EE/RLT.

LSHOFEE LT, Sz B %R 2 i LEEIL NP [J
HCTho L THEINDD, MmN E 5250 BRH 5.
Fiz, ==V MNEIZHBIBGRR S 25A 7 L, Bk
BEEBTDHE MRS,

2% Xk
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