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Automated Negotiation Using a Mediator Agent
That Determines Incentives for Providing Data in Data Trading
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Abstract: With the development of IoT technology, various sensors are installed in people’s living space and
various data are collected on a daily basis. In Japan, “Information Banks” are proposed as a mechanism for
safe and effective distribution of data between individuals (data providers) and companies (data collectors)
that collect and use the data. However, in the current information distribution, the value (benefit) of data to
data providers is determined unilaterally by information banks and data collectors, and it cannot be said that
the intention of data providers is fully reflected in the determination of the benefit. In this study, we propose
an automated negotiation that uses a mediator agent to monitor the negotiation between data providers and
data collectors, and determines the benefits of the negotiation so that the data providers are not disadvan-
taged. Simulation experiments using a prototype system were conducted to confirm the effectiveness of this
method. The results confirm the feasibility of automated negotiation with high social utility through the
intervention of the mediator agent.
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Fig. 1 Illustration of conventional transaction (left) and trans-

action with negotiation (right).
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Fig. 2 An example of utility space. In this example, Agent A

obtains a utility of 0.64 and Agent B obtains a utility

of 0.56. A red circle is the nash bargaining solution.
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Fig. 3 An example of constraint by the mediator agent.

Agents in this example can propose only the blue points

and the red point.
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Fig. 4 An example of applying constraint. When an agent pro-
posed the blue point, the mediator agent uses the red

point as proposal instead of blue one.

arg min dist(w, ') AT A, 72 z2iE, B4 I1R7 &
gf?iﬁﬁml—ylybﬁﬂ%%m%%%wﬁéiﬁ
FELTRELEZBIL, fIHNICHEET S RKBEETRE
WELIZIEY, RWEERBEE LTHRAT A, 22 THE=
B — T 2 MHHIKE O SCHR T B E RO HEE
a2 T, EFEROHEERHE B TS TIIK
WICHRZRT B 2 LAREL 2 b, ZOFEEHIR-D &
T 5.

3.3.2 RECLZIBHTHEADNA

RECLLZHBRENONATIIE=F LT = v bAF
BASURBIIARE ICBAEHEE L TV D ) v ¥ 2 R KBS
M=o =y ML TRET S, TP WMEZ—Y =2 b
IZZT AN N8, FOREMREZHBERE LT
LREBERTTH., EHoh—HTLZORELHE L
BER T RtE -V s e TSR -V
Y METHBEIRS T, FEEL - sy MWL —
Uz v b OEIERE BEHEET 5.

C OFFEDRBGIGIH SR A OB LS EEI T 5 2
CEAMEETH LD, KYBMBEFE-HL—-T O
REXEETEZ720, FEZHL -V 2 O 72ELf
HWEXBIET A E PN ES TH S,

4. FEE

4.1 EEREM

WL TO YA TV AT L EHWTT — ¥t -
F—yIES - EEHT -V v ML EBIS RS
L7zv3alb—3va vERPERL, RETHEOFMED
BaREB L BN AFEO B 2175 72,

4.2 FERIRE

TN AT VAT LARIBRFORBLHE Y I LY
GENIUS [16] #2%1Z Kotlin & IV CEH L7z, 1 HDOK

© 2021 Information Processing Society of Japan

Algorithm 1 70 b ¥ 4 T2 AT AICBIT 5 1 BOXRH

Require:
FTRTOLBEES Q
Ty RiFI -T2 A,
T EZFL -T2 A,
EEFHT -V A,
WRZEHT Y~ Flim e N
Ensure:

7= PR A G B AR

1: if A (32%) then > REICLBNADES
2 w— A, 12X BIRE

3 if Ay 7w %% and A, 7w %% then

4: return w

5: end if

6: end if

7 t—0

8: while t < lim do

9: Q —Q

10: if A (#l#-b) then > fillf-b 12 X B M ADHA
11: Q — Ay 12X B

12: end if

130w A, ICLBIRE

14: Ap Fw BT A, OIEEET VA EH
15: W= w3 TT D Q NORIEERCEHE
16: if A, %W’ %% then

17: return w’

18: end if

19: w— A \ZEDIRE

20: Am F w 210 A OHEEE TV % W
21: W — w IS Q NORITEZZ R
22: if Ay 7w %527 then

23: return w’

24: end if

25: t—t+1

26: end while

27: return ¢ > SRR DY ARG | & ik

Wa47 9 Hl 2 — F % Algorithm 1 12789, Algorithm 1
DFEAUZHE, ZEWATE. L 7235 A3 g L 72 s % 7 —
FIRAMFE IR L, ZEPRR LA T 0l &
HIEd sz e L7z, F7, RERIIBITL Ty ¥ okl
ffOEH 7V 1) A L % Algorithm 2 (27”7,

FEERTIET— 7 Oxfflie LCTE&EkE S —EADFIH SN
B ERGEL, ZKEwmEEXIL ) B AD 2D L
7z, EFIXIXE[0,1] ICBWTHEEELY &), - AL
PF—VAA H—EZAB, ¥—E 2 CD3IODHEHIEE &
5. 2F0, WERE, 2w ={“GHE =05F—
CA"=H%—VCACIDOExE L. T2, KBOBIMET
HHT—IRME L T — Y IEEOREIf~ Z N1 18 18
DARE L7z, B 5 &I 2 @GO &R, 72
& X, ) A7 DGR T — 4 A L o s inT
SHMHO LSRR E <, BIRES TISCEO ) & HER
ThH. ZRTRLTY A7 BIf% 7 — 5 fefitE TR E <
SHEMMS LRSI E LA, KRS 5
WEEEL D O EEORESEEERT . SHEOT -
2N BRI ISR b IFE LWy — ¥R 1.0, kIS

512



BEIEF =R G Vol.62 No.2 508-517 (Feb. 2021)

£1 lim=5, a=0.7, r=021

B B FRHIFREOFI M

Table 1 Average of each evaluation indices (lim =5, a = 0.7, r = 0.2).

AL L A (HF9-a) A (Fl#9-b) A RBE)

F Y 2R 0.351 0.263 0.258 0.268

& DFREETY ’ (25% DY) (26% DY) (24% DY 3%)

2.92 3.01 2.42

T T R 3.21

w7 (9% ) (6% ) )
Algorithm 2 F v :ylfz(%@g@gtﬂ vhMEIZIRNS 18D 0)13_%&%7 A 7°7b§ﬁETZ) W) IRE
Require: DFTRA ZWHNZ L 2 EAFEROWEE X 1T . REFHD

FTRTORHRES Q
FoSRHEI -V b A,
F=yEHT—-T b Ae
EEHIT -V A,
Ensure:
F v T 2 THEE wnash
D Umaz <— 0
Wnash < null
: foreach w € 2 do
up — Am BHEET B Ay D w 12T B
Ue — Ap DHEET D A D w 12T 25
if Umaz < up X uc then
Umaz < Up X Uc
Wnash < W
end if
: end for

— =
=R e B N A

> FHERIE O(9))

: return w,.sh

THRME i i

3 |
=R RS E =R
& | =am | a8
T—RREE
E & L E
R 'R CR
&% | =8 @ | o
URZHRIE | URSER | URIES

B5 @FICHT2EI—Vxy FOREIF. %277 7 OO
REL, BEHEILAHTHLIIEREVEFHEET.

Fig. 5 Preferences of agents against the monetary incentive.

A vertical axis shows the amount of the utility and a

horizontal axis shows the amount of the monetary in-

centive.
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£ 2 lim=60, a=0.7, r=0.2IIB1F5&FMIBIEDOFLEE
Table 2 Average of each evaluation indices (lim = 60, a = 0.7, r = 0.2).

AL L A (#HF9-a) A (##-b) A RBE)
F Y 2R 0.300 0.237 0.202 0.214
& OB ’ (21% D) (33% D) (29% Dt #)
4.04 4.44 3.78

TEHT T 2N 5.42
wEm (26% D) (18% D) (30% D)

&3 lim=60, a=0.9, r=0.05 Z51F 5 &l FHHE
Table 3 Average of each evaluation indices (lim = 60, « = 0.9, r = 0.05).

AL L A (HF9-a) A (#l#9-b) A (BE)
F v T 2R 0.300 0.217 0.173 0.231
L OEEETY ’ (28% D) (42% D) (23% Dtk )
4.40 4.12 411

LTI K 5.42
e (19%0 %) (24% D 3) (23% D i%)

®4 lim=60, a =09, r=02IIBJ2KIHEDTIHE
Table 4 Average of each evaluation indices (lim = 60, a = 0.9, r = 0.2).

NALL A (#HF9-a) A (H#-b) A RE)
F Y TR 0.300 0.240 0.226 0.231
& DFREETY ’ (20% D) (24% D) (23% D)
4.60 4.61 4.11

RHHT IR 5.42
RERTT Y (15% D) (15% D) (24% D)
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Fig. 6 A result of 32,400 times of negotiations (« = 0.7, » = 0.05, limn = 60). Each

point shows the utility of data provider and data collector against the negoti-

ation result. Orange points show negotiation results decided by the mediator

agent.
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Fig. 7 All available proposal in the utility space.
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collectors’ preferences (each on the right).
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