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An Optimal Bidding Strategy Solution using Dynamic Game Theory

£RE T E B

( Kang, Dong-Joo + Moon, Young-Hwan - Kim, Balho)

Abstract — In a dynamic game where the players move in a periodical sequence, each player observes the strategy of
the others. So the players who move later in a game get to know the moves of others having made before them. Those
who move earlier must take this into account in devising their optimal stratcgy. In the Poolco model, the bidding game
is executed periodically. The player participating in the bidding game accurnulates the information of its own and others’
strategies, and payoffs through the repeated bidding process. Thereby, the players in this game would be able to map

out how to get the maximum profit, and get closer to the optimal strategy. This paper presents a

mathematical modeling

for a player to determine his or her optimal strategy at period T, bascd on the information acquired from the previous
rounds for the periods, T-1, T-2, and so on. The proposed modeling 1s demonstrated with a dynamic game theory.
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bidding game, dynamic game, optimal strategy, payoff, repeated bidding process

o224 Fue Adel He A+ et
Az &
ge B oA AP
HE u g o2 g
BrAw o By, Ay
71 SEA HE L &
5H ALe B
oh2 Wyel e,
& 5 U7 B T{Poﬂ
GAel Herel R HEE AA ¥
S17] wgeltt, wekA FH 711.-J°1
HAe) AE R AFE o] &Y F slE A
2¢ w¥/Mdel Aastn =¥ FA #A
of itk £ =FolAe ol3d F8 AL
Rel] HE&AA JHASE FHetE AFE

st 298 sttt

ddate Ade=z

].
2429 AYAAR,
e

71

EJ:

a
Fig.

21 Ex
1

Aol ohgt, @ He =& o A

Fejo A A=A E

; *“!HD \V:) i

Agle g s
The dynamic game flow

Adolt sl o
A A A
A oheA AL
EEREE
EAL A1
= olTHE]. o # &
7]]?4—"1] B4 3=
:L°ﬂ uhE i}&]‘“o‘

mf{-_l, [ o

]‘:H 3 F7
E@’ﬁ]——t’
EH7

[s] -
o] &

_r,
‘r_l



a4 12 T ALFAMABIT €A 424 #B¥
Hel s =2 B state diagram o2 N9 Aoz A
FAAAM =HEIAL. t=09) AHAAN Ax F 7}7‘1 A Eet
£ 744 "o AAA B7E Ok A9E 3¢ AR Al
o] A#Hg MEPoEA t=1 AFAM AF 2 011—:.—% 4e
G glew, Tk Brb @¢ke HEEA HE Ax Ate 4
Ao ns AN olS(payoff or profit)E gt £ 9]
& vEhiE §inh t=2 AFAAE wEstA 2 B=[z][bl[c]
o A7 AhE F F glew, Ax a4 v Al ol F
< T3 ¢+ de AF Aa, Ab, AcE T HEsEkA

ofy e J

k. BY JFNHE sz A9 st O,04 ¢
A?F AlE A9gd A Dok Hdgo=y =g Hdol

& A2 £ gled, AVl A2E A9E A Be @S A9
}0% Ao o) 5HURE 2T + de otk o] 9 t=1
ANFoMe] FEAL F 7M7) EAsA =Ho o] w) F &
HAALDAZ@)E =1 NAEY A Local Optimalor

equilibric)®hir & 4 9tk a2z o] 271X #¥EE F 1B
ol & o= (payoff or profit)S A FEE= Fo] t=leA ¢
Global optimume] BT}, o8& /@S T HEo A=Y A

oz EHH 29 tjed 2o

Local Optima

o A | @

a (Cwo)) [ L)
A2 w20 [ a2 )

t=1

if PRALD) > PRA2,@) o4

A B @ @
Al A1 (AL®@)

A2 As ,'CS)§ (AZ.Q)

Global Optimum (or Equlibrium)
% o47)4 Pf= oS (orofit) B4
a3 2 Matuzeel PEEwhen t=1)
Fig. 2 The equlibnum point at t=1 n strategic-form game

t=2¢1 AL% PAAL ®)> PRAa, @) & PRAc, @) 2
e AAFge2ZA (AbE)7F t=2¢142] wHFer APR
21,2383l

=2 Local, Optima
A~38] @ ®

Aa (Aa,@___D ) \(Aa,@)

a | @ €an® ) G

Ac (Ac,®@) o€ @c,@

/
Global Optirmum (or Equlibrium)

O 3 MrgA el 7EHE(when t=2)
Fig. 3 The equilibnum point at t=2 in strategic~form game

Ex7glol2g o/ g8 AMUBHALY

Trans. KIEE. Vol. 51A, No. 4, APR. 2002

olg} & oz wWATE -Fn’-tgzuio] Tag 2 g
Z ARdEe HAZFRL ATEE 2
]

Local Optima7} =3 A]7ke] &l Uq‘% BEE Ad #
Bg F& AA AdolHde FFHA Global Opimum
(equilibrium: T8 @) o2 +J7HA Pt oy # Ade &
AggsEd I¥ 39 Zh ¥ 18 Add THeR U=

B agelstn @ o 19 3& 19 19 29we Yo
ASE oM % AUt

A . FAAYY ved

t=

OH 4 sEAoMe ==s B DF
Fig. 4 The search process for optimal solution

2.2 9% A «(bidding game)

YaHAL 4oz G2 I BBHA FYL B
s 2AVNEL oF FhAE H@ AN HY AL &
2E 4 2A AHTL o= Adel2olA FH Ade A&
71719 S HUE Sl T 4 A B4 ALl
Fe dsEo A0 ¢ ¥ AFe 4FPozH Bl o
£ Asd gevk 2e Agol ohzh, & 4 Ex ofF A

7h A AEE LI A AFE A9 AYesd o
AN FHE dvEn. o FAA AYE $HH
ARAE FAQ AYS TARE B PYol Bast 9
SR, oln] ANF W@e ¢ 4 Qo) WEd] Bud A
& Heshe Yol M olnd BAY Aol AT AuE
A S, olg $8U Wask W wEdlt T wasle
—2, =174 AU FH A0S AZo| Y BYE D
A 9e, 1 ARE Sgez w9 A%e £YT + Ak
F AL ARE IR B me Aol A%
oucr™ AATE 1 ghe oS Fpol thysle] AEH D
3o 2/ $4ET ¥ lz:E—aﬂ £ olE @ YA 8
AE RARA G40 PARE A5 Ged Be AEe
A48=S foh

D 92 Fedals LA7IE 2UE ARszn, AFER7E

(ouc)© AT ¥Y=e F 227 ABS YEAEH
A@ALLIA) 04,05 F B Go2 BHAG

2) de YEAENE(p)& AE® WA AF FY
saug AT,

203



BRALEH SIAS 458 2002F 47

3 F AlhAE Mz Agwe ddg sled AFsd F
ARE 7A@ AARA D). AT, FAHR oF &
A OAFS A9 X4 dsiAe 2R 2394, =, AN
AHe BAFERLZE S oSL, .., SEE A9 rleE AStsE
HAT 9L ¢ 4 AT, 2 wlg AF F o= A
e MAE Ao qHAME Q4 5 glohd7]A, §ie sE

AT &m) st strategy ) intial).

4) Aol RHATHFTH oot F A= A
ALl gl Hapale] o2 IFhslE ) FHHo M
(best response strategy)% B3t @A G GAhe] 5
A (self-fulfilling property)el] €13} ddise] Aege 3

sled Apale] AR FA A FAHE

5 £A4 #]Me) @ass s HaATRIElR Hady
FESFE Q,Q, QY BHNLLZTE AQE YW g
& Ron AH(F, =QF Qi =0q7 -, Qi=@QF ol
T - = Qf=0— Q= Q- QF =40

6) B =FoAr DATFARN AFsHd uig @=HyL
&N Feoh g AESe DE 499 nAY F

oz 47 ﬁt}(*}fﬂ‘ﬁ-ﬁ)
Re 2Rsge AP FAZ wsl] A8 MA
D FEFEH(QM+ Q< DR A%olxE A 39 ArgArt
NABANE oycpd FEOR UHA RIS

7)

1

.
TH3IL,

FEFRY(QI+ Q0> DY ASdE ANLTE AYgAE
28T A= F uA) ALRAY FE I9E T 4P
g FEL AT

B =RdA Z gHrE t-2, t-17]9) d@Adoez HE

% Higrez 719 & AFL YA
2 @AY ARAR Bag olfE= 1974
A AL R o) @A ER|E PRI
g 87 YA olT, APFII=pPFTl- PRI FHodE
geje) @A 7b o HEF |58 oS Zo] Y&}
A ofs/MWIs 4248 QIMWIe) ¥4 P gt

PFi= plycp@i— CH QD (1)
7|4 Qi A7 7F A FE YZel S YT F
(FHHE el Aold, CQHE @ 9+Ee Hge

Asled Eol7te v, & 234 B (generation cost)E
m) #th, A|AA A7 E (Market Clearing Price) olepe t7]9]
AMede Z LA 4E7E F M 5L geR A
o

JzERR

oice=MAX[ 1, 0%, ..., O4] @)
a9 ka2 g8 BHdve £ 2 FHHY

Ohcr—= MAX[ 04, 053] (3)

204

24 AB F 2dVe 47 /M T w2
o] 239 314 & (
o) g Ak,

#go2 AF 714
DA digdatz AL el

PRy = MAX[ph, 05 Q41— Ca(QL)  (4)

2 ERE ¢ 93, @ANA oh, oh QhE t-17] o}

g, QF'71el FE7t Ak

t7]12] RIEHY

E B YT NEBNH o2 UH
v

Ouce = MAX (pa, o3, Ox )

v
tlel olS(PF) WY H3H £y

[ t+1712] YUEAY ]
ag 5 SEHYEA A
Fig. 5 Dynamic bidding game process
deje] t7]ofl A Al zﬁ*& 2gged 9L uH= 9

NARRFE ph, o QLY Q4 PRI PR &4 7}

Aol o} Wie) 2ol wE Bew e F &7k v £
& 42 £ o
EO 17 YEH AR AR £
Table 1 Possible cases of t-1 period bidding game
PRI, APFSHO
oot QT QL P e QT QL
o eht QUKL ot et QN QL?
ook, Qi QP P oa s QT QL?
o ol QT QY TNk Q@i
Ttk o 7|4 Wk7)e) B Aol 7}73?} = o3t g4 HFH=
RBeldtig 9Bt oYy ,pﬁ“ Q4 Q1% w4z FEE

% gith A B T 2Ad7Y t-2, t-17] v)-& J’T‘TL_’"



AT =alT i OTIQ I+ T QTS ()
czﬁ(Q )—a3~+b59*Q R Q5P 9)
CHM QT =al + ol '@+ e @) (10)
CoNQEY=a5 + 05 Q5 v e5 Q) (1D

IA G
PrUQET)=ai 2+ 8@+ /P QTR (12
PEUQED=a5 + A5 Q5+ 5t Q5P (13)
Pl Qi =alt + 85 Q Lt (1
PEUQE Y =a + 55 Q5 5 Q5 (15)
z 3¥E & Az, 79 o 9@t gen 2o
(—2
ol = ng.z = Bl 2+ 275 QN P/ MW) (16)
t—Z dP (—2 =2 =2
O LT =B “+2v5 “Q5 “ [$/MW) (17
=1 _ dPA — pit—1 t=1 =1
Oa a,Qt-l —ﬁA +27’A QA [$/MW] (18)
o= ZZ, L= gl MW (19)

B =RoAe TR 98 SgHEaE s 5] 9

RE ALl AARRE FUe AP olE AAgsE
EYslAl Fo AEE (of), QD) ofi=PH/QH & H8el
o] Aoled stz IS 4 gl7] WRor) Jsjmz

= PAQa) = PTNQa) = Phl(Qa) =P Qu) = (20)

= P Qp) = P Q) = Ps(Qs) = P X Qe =" (21)

7k 59, 0k @Dl 243 (12)~(19)4] o4 ¢ 'H]%?H-ﬂ- 742

o] A A Y ATgs 2HAA =, ~(19)
9] AlFes A drle A4S thgd Zo] 2EE F ;,114'
=gt =g =gl =l = (22)
o= plt=pi = ph= = (23)
=cii=i === (24)
---=af4‘2=aif1=a't =aif= (25)
= t—2__Bt =g == 26)
=y t= i = —rfq“ - (27)

b (8)~(15)AL Ajzk to] Fukilx) o= A B T 24V
o RS ¥ & - 7HE s deslsle] 4P & Yo

CANQY = aa+b1Q8"+ caQS™* (28)
CE(QE") = ap+ bsQ8" + c5Q5"° (29)
PAQAN = aat BaQA"+ 74Q4"" (30)

PE(QE) = ap+ 858 + 7505 (31)

}.1 K=l

ocm»ﬂ (e Yolsl N2 18 Yehie Zoim, (B)~EUAL
$ - AATFE ASEe] ol A7 o] FRYE YT 3
u}. OJET Y AGES 1B 2 o|4 EASHRD, B wEo

SHHY0IBE 018 HHQEH AL

=l =]

Trans. KIEE. Vol. 51A, No. 4, APR. 2002

Ae 5 LA SALHIAE d Q,, QzE A
23 g el éliﬂ%@ﬁ]%%’«l(d@)% 0.05 Qa, 005 Qz= A4
#9714 0058}E £ EHE AFH gug A= A
o oobyn, o2 HA E’wl% A wAEF /204 =
2 99 HAAF YL UHEG Hed g, Bt Ade
@ole 23g dnA se 9= 006 A2 goz 4

fl

A £% 9L Aoz, s ak&a ol mat & FS
0,05HT & 45 é?éa}al ANE ¢&FqT S5 Ug FH ol

o A$E FANS w9 5D
A %] asted A9
YA, Bz ZALFE 49

& A T F8 I3 567
LA @F D FHA
F gGA gofAA Hel o
T AE Eoith

7o) =@My e FPHYgTE ¢
Money
A i . i i P
SERERRRRRRNRER RNy
EEEEREEEEERE /i
Pl R N .
SRREEDoL cant iRy 4N
RN SRR RN BN
VHE 5 ALIPL(Q M
i [,
_w‘:'_‘,.._wrﬂ-“?"—'}—.‘ ﬂﬂ'
y - !
_,i__..-r-"'""- U
VLA GaC@)) : P
Pl ERERERE P
Q2057 GenIMWI
A3 6 A WHI|2| H|S - AL Hatms)

Fig. 6 The cost - prce functions & strategy change

(16)~(19)] ] A%H plE QB9 B¢z 5¥Y o
1S gee] ¥ 22 249 & gtk
kL 2 ZbasiE olEAD H2o| &)
Table 2 The reduced cases of bidding game(l)
_ PRGL PR P (PR
Qia ey Qb @i
Q<@ Qs
APF'= PR - PRYE 4Q7 = Qi — Q22 Hosd

F 2% o] ¥ 39 gEHE o AEd <4 9ok

ZtasiE QEAY P

T 3 2] ()

Table 3 The reduced cases of bidding gamelll)
APES <0 i
O
4Q <0

APFS 0
(O BN ¢)) @
405150 AQ57<0 49750

205



WALWEH LI 5IAE 455 2002F 47

= 4904 ©2] A% -2 oh] 171004 wARe %—7%1@&—@
o o5E Zlagonz pldat BRFS 27K +4QA

k. @9 2%, t-17194 BAFE SHTY 5L —"7}61-9510“
2 tZeME 2RAFE Fole A —JQ)E =k @9 BF
TABS BNRSG olFo] pastuz plddE BAFE FY
O @9 A% $NFE UGS o5o] Pasn2 rldld 2R
g F7HA 7k AeEE 171649 ]7‘401]*1 OBd FtEt
714 LAFE FIMAITIL, @Y HSE tlelA LHEs 7
AT, 2 ERAE A9 DasE 99 9139 Hed &
F(feedback gzin or multiphien) & 12 543t} ¢85 43S =
Ashake 09 39 2k
A% S5AQEH HY 'E
i PR 4% ;
A STQEY W N
PF, APFST % |
: Y L4
! APFYS 0 APF<0
Dl a0ty o | deitco| 450 | 40|
\,“" . . j ---------- -
| Qh=Qi 4k W= Qi -4 | |
y y :
i APFY, 4Qly 4% 9 Az ¥4 !
tr171¢) A2+
:,_EI 7 A l:ll-X-]lel olxl-x-lge:AEI—q.x-i
Fig. 7 The building process of bidding strategy
= olgi® FAL Y99l AA to]Me] Aol w2 oS PFY
2 2asa :L;ig AEZ AQL el BAME) tajA TA] t+17]
o A Qflel AL F= AojNswe] TRER A2

Qx
B g 9k & }\_'?'\':Oﬂ)ﬂ‘_ AL oL E
Qn Bt =t

@49 gez Ao

206

P4

O G+ Q4 @ ,

t—~1

A fEH PF4(Q%)
QY dQ“l '_"AQZ—I
7 8 A WHTI HMESE TSw Alad

Fig. 8 The feedback process for bulding stragegy

3. A A

9F BT A B T U718 AT, T 2l A
ohele] & 45t o] WAk AF4at ALl FBglel D60
oz QAsita AU @ FIFel $EL 3L A 39 T

A7)} N7t A ez FEFevhaL 7 g

= 4 AB F 2H7|e| mzinE
Table 4 The parameters for generator A,B
INDRER B 2A7)
A H S$] | 225484 Q4+0.0025 Q% | 400+7.5 Qz+0.0022 Q%
2FAAS] | 350+89 Q4+00032 @4 | 455+8.1 Q+0.0025 Q4
A= 7HE/MW] 8.9+0.0064 Qa 8.1+0.0080 Q5
SALFHMW] | 50<Q,<350MW] | 50< Qp=450MW]
2 e [MW] 15[MW] 20[MW]
27)AMW] | @4=200, @4=215| Qz=250, Q=270

oJefg 24 sl WS AE ZIe T 504 melAn
I,

E:3 5 AB 5 gfv|el SEAA
Table 5 The dynamic game results
AgEI YR WREI T
H @ik fery | apriiag,| @i os | ery | aPFL| 40
0| 200 { 1017 | 310 250 | 9.35 | 1325
1] 2151027, 615 | +30.5] +15|| 270 | 945 | 1875 | +550} +20
2| 230 . 1037 959 [ +34.4, +15| 290 ; 9.55 | 247.3 | +59.81 +20
3| 245 {1047 {1321 | +36.2] +15| 310 | 965 | 309.3 | H62.0" +20
4| 260 {1057 {1702 | +38.11 +15| 330 | 975 | 373.5 | +64.2{ +20
5| 275 | 1067 {1863 | +16.11 <15 350 i 985 | 410.0 | +66.5] +20
6290 {1077 {1879 | +16; +15| 370 i 9.95 | 508.7 | +68.7} +20
7| 305 1087 {1835 | 44 | +15| 390 § 10.05 | 579.7 | +71.0 +20
8| 290 (107711351 | 484} -15 || 410 | 10.15 | 570.9 | -8.8 | +20
9| 276 110.671141.5| +6.4 § -15 || 290 | 10.05 | 501.7 | -69.2 | -20
10| 290 110.77§187.9 | +46.4} +156|| 370 | 9.95 { 508.7 | +7.0 | -20
11] 305 {10.87{183.5| -4.4 i +15| 390 | 10.05 | 579.7 | +71.0} +20
12| 200 110,77} 185.1 | -18.4 | -15 || 410 | 10.15{ 570.9 | 88 | +20
13| 275 110.67{141.5| +6.4 | -15 || 390 | 10.05 i 501.7 | -69.2 | -20
14| 290 {10.77!187.9 | +46.4} +15|| 370 ; 9.95 { 508.7 | +7.0 { -20
15| 205 {10,871 183.5| 4.4 | +15| 390 | 10.05 | 579.7 | +71.0} +20
16| 200 110.77{135.1| 484 | -15 || 410 { 10.15 | 570.9 | 8.8 | +20




A TR7|S B W
el 1 wlge] SAn F
s 7ol o8 o|% ZR9) WS WY
W3 T BYS Adshy A0 2o SAIW T bwle

= Sb5e ol59) 4UHS HUAE FAT S A B9 2% 9
4 A BT S T A oS g AUz T 4 gie 92
Adel 57 PAEHH) W2 S 7 Bk

2% 5 6 72 A B F 278 EAL g Aod
Q', o', PF'e] 0% 2% 247t =484 Zold

A Ay
B %37

3
i
—1-
i
¥
'
)
b=
T
L
v

AlZbtHe Qiel # &t
The vanation of Qf on time domain

At ptel HHE
The variation of et on time domain

Trans. KIEE. Vol 51A, No. 4, APR. 2002

g 10 11 12

T8

a2 11 A PRte #st
Fig. 11 The variation of PFt on time domain

2 5 6 704 B 5 gFe]l F 2y A @ o' I
w2 23 PR Azke]l 3E4RE A o] MY WE H

&8 & % ok AW dge g ARy zi—oﬂ‘—‘- T
R BB AY] o8 FHY e o5 FH A
¥ ¢ Qe #YA Wele wES S Aok, |

4.8 E
2 =EodAe dAANRG F3eR sEeHe 43S
54 Admamic game)e) SR AR A A
Tz d2)e) npArA 2 Y3 #Adhe dAvE 1719 AFF

A Y 24 s, vls) e A o, 28 019
S¢ 21EaA B9 o7 BAE WS 1, 42 - o AYE
Sson waat 2 97 BN TR S u% %

Fg £ glon, 22 d) FHFP JEVEL YL & Uk £
ERAAME Mg 7t4EE s IFNEEE P(‘Q‘)_—E A7t
=@ I dAFPT, o2 s 42N plel oF PR

£ B9 ¥ Qo deieE T Sk FEx AT

g A7l e WE KQlE ARl SR aeste] # T

GG Foln, Fa8) YL PUs, Hrh Fgo| wgEn

AR AY AAE Aol ATE AAA U Aol
#aed

[1] PF. Penner, Electric Utility restructuring : A Guide to the
Competitve Era, Public Utilities Reports, Inc, Vienna, Virginia,
1997

[2] Agte, 2bd, “HdHAE F2H "
T4, August 1999

[3] Sally Hunt and Graham Shuttleworth, Competition and Choice
in Electricity, John Wiley & Sons, 1996.

NzAgsedTd

207



BRBHFRNEE SIAS 458 2002 458

(4] RW. Ferrero, SM  Shahidehpour, and V.C. Ramesh,
Transaction Anaysis I Deregulated Power Systems Using
Game Theory, TEEE Trans. on Power Systems, Vol 12, No.
3, pp. 1340-1347, August 1997

[6] RW. Ferrero, JF. Rivera, and SM Shahidehpour, Application
of Games with Incomplete Information for Pricing Electricity
in Deregulated Power Pools, JEEE Transactions on Power
Systems, Vol, 13, No. 1, pp.184-189, Feb. 1998

[6] Avinash Dixit, Susan Skeath, "GAMES OF STRATEGY”,
pp.337~41, NORTON

[7) Singh, H, "Introduction to game theory and its application in
glectric power markets”, IEEE Corputer Applications in
Power, Vol. 12 Issue 4, Oct. 1999, pp 18-20, 22

{8l =4, “Ade)EY °s", =AEH #d, pp. 50-58,

1998

ZEsF(EF A

1975 99 9¢A). 1999¢ EJd) FU

AAAZV AT £, 20018 2 o

g9 ANARAATEIN EY(dAah). ¥

A FAVATY A2dFY BYEok
Adeles HEd AHFANAAGHA

9 dyAgdAte) AFASFFHAY, £

Aol 4= 2F7YE, OR, SCM, ERP

Tel : 055-280-1319, Fax @ 055-280-1390

E-mail : djkang@Xkeri.re.kr

=9 g (X & &)

1956+ 59 1394, 1979d A& Fo)
H71FEs 249, 19813 F g A
7188 2Y(AAh. 1990E Univ. of
Texas (Arlington) A7) F&37h EU(F
i), €A @FArdTd A"dTs
AN2FAAATIEE, HAILTY.
Aot AFAA R LG, TAV/A
oAl R€¥, HDVC &0, A =7 |4 g o
Tel @ 055-280-1311, Fax : 055-280-1390

E-mail . yhmoon@kerirekr

208

22U 5 (& BH

1962 79 11¢€ 4. 19849 M) Fdf
A7 F 7 = 1992+ u =
University of Texas at Austin &8
D718 YA, 199%6d "= F
gy Wwr)Fsta E4(Fe). 1997d ~
@A g AT 2us

Tel : 02-320-1462, Fax : 02-320-1110
E-mail @ bhkim@wow.hongik.ac.kr



