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Power TAC (Power Trading Agent Competition) is an agent-based simulation for competitions between electricity
brokering agents on the smart grid. To win the competition, agents obtain electricity from the electricity wholesale
market among the power plants. In this operation, a key to success is balancing the demand of the customer and the
supply from the plants because any imbalance results in a significant penalty to the brokering agent. Given the bidding
on the wholesale market requires the price and the quantity on the electricity, this paper proposes four different price
estimation strategies: exponentially moving average, linear regression, fuzzy logic, and support vector regression.
Our evaluations with the competition simulation show which strategy is better than which, and which strategy wins
in the free-for-all situations. This result is a crucial component in designing an electricity brokering agent in both

Power TAC and the real world.

Keywords: Economically-motivated agents, Application, Smart Grid, Trading Agent Competition, Power TAC

LA 2

AAHC R Be F7to A tiTtE A& A7} 2AYstar Q).
AAR, p5-E 2003 GAPE Hoto] diqt R Aol doi
U ol 870 9] 9 vt 279 S0l Qe oF 5T ol @
she Abgro] TlalE Ytk wEo] vl s FA--Yol 3
A5 5 o) e 987} @AY 5 thPourbeik et al., 2006).
Sk o 9] glo] 220119 9Y 1590 it A YA
A A7) R st 258 X2 A ZE AT 24 A
HAol T 227} o] F|A| A 1F B FA A|ZFlo vjH] 7}
QFE T AR B AF - A A £ o] AATHLee, 2011).
2 olggt AR AEE tivlshe o8 7HA] Wt 9
FUR o9 F9 78 EAld 23S wFuA 3 o]

[ex

o>

T4 9 A7 S E ofof & Aot} HERF olug} AntE
I8 =(Smart Grid)$} 22 A58 AES 7531 A
AeFe] A8-& 7 A sk Al2EIARI SHE 37 e H ol
of & Aot} A AF 3 2nlE Tg|=d A7) E AAksta
ket Avlshe A ARFAV|ES HEst Akt
o} Az} 719 AR wdky U] B8-S HFsete A
o A VIEIE YP =T 20E JeEd M

AH|Abe] A Y ARG S AAIZEO 2 Bhotstal s &
HA7FE 2AG F 7 i FL 5SS &

Wk oyel A5 24 A|2HY $9o2 1 89

HA st A 7eA S HAsE & e 2
3 THAmin and Wollenberg, 2005). ©]&{ g+ 2n}
X Hg Azl A A LS Asle A A Ao
A7 e ofof & otk spAIRt AR A A
A8t Agshe AL A 02 E7Hs3IEE ool ¢

tlo o o> T 2

& A7 01349E AR(AFRH Y AP dSATAE-TEE
+

E-mail : icmoon@kaist.ac.kr

AP S A Y& wrol e AT(20120006571).
D EYE W 305-701 HAFGA] AT HEEZ 291, KAIST 4k 2 A|28138t3), Tel @ 042-350-3118, Fax : 042-350-3110,

20134 49 129 A4 20139 7€ 49 AR A 20133 82 9 AA A,



EERELPETEEEEEER

= 2d g 2 AJEF o] X(Modeling and Simulation : M&S)2]

&4 71 -& EYste] 7SI el A A HEgES

s|H 1 1 AP AAE AAstaa} sk

e T 2 A 71524 29l 52 A 291
9 W7k A do] Y 18 E 7HA 9 Aol

0]

o 4] o] Fo} X thKim and Shin, 2013). Power TAC(Power Trading
Agent Competition)< ©] 213t A& Aeje] 744 947} 43
HhgEo] AAE oo]HE 7|9k AlEdo|d AF dolt
Power TAC A 7Mde] AvlE 2| E5 7|REC 2 sfof
g A7} o] FolA = Al g ol S8 1 34 el M A
g5 Alnte BEF oo]HER FAH B tdg B
27 o] HEE] Fofste] F57te] BA o] 7set7] Wi
of Aoz ol & A AT F Jlom kA
Sus AP A5l 7hesith £ =

EC ' neE 2%

£ 027 oolHES] AY Ad Age] 3}y 93
744 A e T AN BHER AA ST, A E
¥ AN AR B Bk 978

2. 348 A
B g 24e A Al A 714 AAL 19 s Al
A W ES AAE L, AAE S AlEE o)X Fuk 71
AYS B3] Brlake Aot} o] BRE 245 93, &
A A A Aol ts) olr, 48 AEg o)A
3l A7)t

213 A9 Ad 24}

oy =) We Az BEAE dRAGAY 2o
oFolA T AT, FLALAYAE H7)2 LukanlAol )
B DAY 707 Q1A 2
So] AASHE Agolth o] AN A BAAIA)
AL o3 o] o 7] H18-L T2 2 2 A

AIZEe] gHA RG] o3 7HA o] AR HE A LR FYH o]
$ThHMoon, 2007). H] 2 oll= LAAAAL] W18} 7} 11 =315
HA DAY AE ] AL HIE 02 A 71 ES Agshe W
ol opd, HAA ALY o] S5t E gt WEFoE At
# 47go] Hlo] A Z1 02 Rl ofn] 714 Ay Al ge
e oz A 7]%(Mechanism)& 2] Az} L
73l ¥-2](Double-Sided Auction)©] 8531 It}

o} F) A0l A AAAA of
5o BAo] o]§ F77} ohd AL o}4) A
W87} o] ol e Ao 7|A1%
102 42l Vsl A77189 e TR

ol
—r

p

T
>
N

Do Lo s
fo
2
_?L

(o
frtl
p=h

o &

—_

al

e
L3

= 563
@3} "Wkl tial =ojstarat gom ofo tig vyt 2t
B =L B2 A7AEY] IS B 9o Kim(2009)
o] et ulo] w2 W, g3l Y EA= A4S 53 &
&4 SR Ar1a79 s}, 719 gl iE At
Ao T2 4 299 58 P 58 =AZ FAI N,
S A A7 B4 4 FaS A4 EYL d4A o
2 ojga RIgstel] ogk 7] a7 st &¥e W Ao]
o FFo] Botys|d Aolghs =AE At g 1l
@3t ZAo] AARZ AP A G o) 7193} kel thgt
9 AT AYE AHEE S flS Aol a3y o7 B
g3 9 AlEY ol 7S A&t =AY B A5 S
gt E40] 7hEallA L A S B3l A MgdstE SR
Ak} ol lF st 1 A 714 AR 9 AY 8] ANE 4
8 Atk

2.2 S]] Trading Agent Competition &7

fo

Az} A A Electronic Market)o|A9] AAHE AFAF
& AAGAY A A W e2E FdAtelth Qe o] W
stal Aap A1ge] g ol gl et A ZYHEY
AL A W A FA = BEA Hig 9
o] SUHIL itk TACE o] g A A4S 2dlstet 2o
2N, AFste 4L Mo do|HEE T4 M
ofel] wju] 55 M TE do|HES} BA Tl ¥
oAl th. o]FA TACE FFA I A% S730lA, F23td
mju) S st dl 5715 Tt AHE =429
FHolgta & 4= Ath(Wellman ef al., 2001). 53] AM314 2
AAH R Fasty AFAER stodm FHE FEst]d
FE3 =H|QlS vl 7B o2 StkBichler ef al., 2010). YA O]
TAC2 20003 %= 5 A 20 2 TAC Classic(Wellman et al., 2003),
TAC SCM(Trading Agent Competition for Supply Chain Management)
(Collins et al., 2010), CAT(Market Design Competition)(Cai et al.,
2009), TAC AA(Trading Agent Competition for Ad Auctions) (Jordan
and Wellman, 2009) 52 HI5&3te] 3 Power TACZHA] Al Al
Zog ghs) | HHaL et o) TACS] HAl= <Figure 1>
o] @oFslo] itk Al W B2 7] oo]HE S J&-& TAC A
A Alge Lo i} g2 o & £0] TAC Classicol A= o
g 7|25 719 g A st Aol A v sk, TAC SCM
dMe FE AAAI717) el LA A8k PC 2ol
o]&d FES Flsthe AANA e do|HEER FAS
34| ®thPark, 2010). Bichler ef al.(2010)2 2~PLE v}l A7
of g FAE =atEA dF TACY FLAS AT
a5 oot 2vE vpAle A H AJ2E Fopiint ol e} 7]
FE Fe}, 8 FH8H(Operation Research) 18] 7 A| 8} Fof
oA 2 Aol axH I glrkar o}, 3 TE2 TACH
&l o]2} gk 2rtE mpFlo] AT AFH o7 Hds] AAlE A
ZZ(computational platform)©| A} A| &g 0] gF o] A+

o O ult J



564 Su-Jin Shin - SeHoon Lee -

Al AZE 534 ofoltjole] thaf Hrsta ASE
FEE 7135 ATt Bkt ook

L TAC SCM
; TAC AA
. i i Power TAC
2000 2003 2006 2007 2009 2011 2012 2013
TAC Classic g o CAT g

Figure 1. History of TAC

Ee=gdXe /M A8 A B o2 5t

T-¢1 Power TACS &7l 3}aLz} 3t} o] &

ko] 714 stol] o] FoAE TF A1 s #5 Y

F 5= ATHBlock et al., 2009). &1714 TACE o] HE 7]

AlEdold B3-S AFsta 1 37 stell A v E5S
]

ox Hi

ok

hshe O] HE 2t BA AAE 19k A oW Stal Power
TACS TACS] A &ejo]th <Figure 1>0l14] 218t 4= gl%0]
Power TAC- 20120 %-H EA 402 A|ZE o] T4 TAC 7]
ol Hg) APd A= vF Aotk AA7HA Bad
Power TAC A2 A7 #¥ =& S Z & Diamantopoulos et al.
(2012)9] 19} Babic et al.(2012)2] 377} 1tk Diamantopoulos
et al.(2012)& MertacorZh= o] AEE T8} Y&71= 9]
RIS T3l 271 YAVFE A F AA H o2 e
SAA 7S F7IE A-8355Th g Babic er al.(2012)
CrocodileAgenteh= oo|HEE st Ak 7149 7%
A QE7}, AA W=7L A Lo 21 FEEFS D
atod o S35t

a2l Bl ol M= deh A o2 TAC] B35k A7} v]
2 ek ofy et Aol ke % Sagolth I Fol
Park(2010)2 A A| 2008 A=) 7§13 ¥ TAC SCMl| F7}114
I AY ARE vgo R =S F8 Baush b otk 1=
DAUTACO|ZtE o] HEE /Wdsti=t Wi 725 44
Forecast, Control, Bidding, Delivery, Procurement, Production2}
B o7he] REE skt o] el = AA TAC ol 3
7FetAlE FRAIR TACS FAE & A77F AT Eom et
al.(2008)2 TAC SCMoll thafl ZAkakaL scMoll S3He 284
A olHEE /Wdstr] fg 2 WHES AEHTE E
g =gl A F FAAE GFAE A TAC el &
B AF3 =70 9Tk Ma(2007)E 1= S0l 2
#HE A 22 BE2AY 7N A9 A ZEE AR
£, o]m} TAC SCM 9] ol o] HE % 3112l MinneTAC(Ketter
et al., 2004)] Full M2 ‘MaxEProfit’ ¥} ‘DemandDriven’ &L

5 A& o]9} Zo] I AFAEY 1A TAC
AT Ade AR F AJARE U AFAE F Power TAC
& 285t v 1Y A S A7 A e oA
e 207 votd)

Yun-Jung Kwon - Jae-Gang Cha -

[1-Chul Moon

3. 4 79 74 % A

Power TACOIA A& A7} o] Fo|A & A2 Zulf A%
(Wholesale Market) ¥} 2~ml] A] & (Tariff Market)©] =, ¥ %
oA Al 2 Ak Tl Aol 282 degko|t). Tuf| Aol
A dE YA FeAEs ez T2 A8S 7Yt
= Jej ] 7] wfjul A7} st o] Ae F714 thF
731 W2 (Periodic Double Sided Auction) .2 8P &=, F
174 o A 77134 0.2 Av) Z7kAtE o] Sl &7}
S8 Tz} 1ol S A S Al sk F4 74
(Clearing Price, 7} =2 {42718} 71 v Tuj7te] Ht
el HF Ad7irt Ho Azt o] Foj A& WA olth tF
7wl 2o X9 Au 7Rk Tl o] FA o] Fuf o] =2
o} agle] 7HA T B ARSI YA okst=d|, A
Aol A= 5] Lvf A FoE o S8t A o
AeFFo|B, Al 714 o] HAZQ 24 M7}
ole gk Zul W2l A ZAuf FrkAtEo] FHafokd H A ek
o] A 7HA 0 24 YATFE AA Sk Aot 71EY]
AT A7} 9ItKGraham, 2002). 1HEE HZ Znj o= A
g2 HA 71 oS A FAR E 4 Q. ol wpef,
AeMe G M o 5s HA o2 g At 74 g
o 228 0|27 S e /1% T AN
Aeke] 7§ 2= <Table 1>3 2} o] AFEL2 1) FA F4F 7}
A AALD FESL2) BA LA AFGAY Al Y& 7S
oJ9A &8 ANAE &S SHo A Hg AgEo|th
o] A 7HA S A& HAAAA FaA(TW Y] B
A7 HEH o2 AYY B ee v A oE A

N

Table 1. Overview of our strategies

Strategy Description
The strategy estimates the price by utilizing an
Imbalance . . L
. p exponential moving average method which is adapted
incentive -
to add a related term of imbalance between demand
strategy

and supply.

The revised version of Imbalance incentive strategy
using fuzzy theory. Imbalance incentive strategy has
Fuzzy logic |a limit on reflecting a little information of bid

strategy quantity, so this strategy implements the weighting
mechanism with the fuzzy logic considering both
price and quantity.
Linear This strategy is a auto-linear regression model for
regression | acquired amount of electricity and total demand based
strategy on the law of demand and supply.
This strategy is an improved version of the auto-linear
Support regression strategy considering the bid price and
vector the non-linearity. This strategy uses support vector
strategy regression instead of linear regression for solving

nonlinear relationship between variables.
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Table 4. Experiment design, Each experiment cell is replicated 15 times because of stochastic aspects in Power TAC

Types of . .
. Experiment Design
competition

Purpose of the experiment

-to-
maty-to-mary broker, Reg broker, and SVReg broker(1 case)

Free for all between PseudoM broker, Imbalance broker, Fuzzy

This competition is for determining each strategy’s
performance under the circumstances that the
competition is mixed with other strategies.

one-on-one

Reg broker vs SVReg broker(10 cases)

PseudoM_broker vs Imbalance broker, PseudoM_broker vs Fuzzy
broker, PseudoM broker vs Reg broker, PseudoM broker vs
SVReg broker, Imbalance broker vs Fuzzy broker, Imbalance
broker vs Reg broker, Imbalance broker vs SVReg broker,
Fuzzy broker vs Reg broker, Fuzzy broker vs SVReg broker,

The result of this competition shows which strategy
is superior than other strategies. Also, it is for
emphasizing its difference and efficiency by
competing only two brokers.

of #&Adk AFEFS <Table 4>l 2.F5| 0] 9t} <Table 4>0 A
71%¥ B 27 PseudoM_broker, Imbalance_broker, Fuzzy brok-
er, Reg_broker, SVReg broker. 2 Z}Z} Mertacor2] successful
price 378 HZHA 3.14 71%), B JAEH HHA 314
71%), B A o] 2 HEHA 3.28 V1), AE 3] A=K 334 7]
&), NXE W 3|7 MeHA 347 7]%)S A4 na o),

42499 23 9 B2
A A2 ook A9 g 2oke Tl <Figure 3>
2t} <Figure 3> ()9 (0)E £ AW w2 ol
o

o
R A7 AR 50 Ao 9oL BAY 5

1800

HA| o] & Mg A XE WE 37 g 7P Fusk de
oy 92 A3 oS BAT <Table 5> A&
ol FTE AIAY L HlolH & ue o R o] &4 7MY
o] 3 5% 3ol AAJS @ T #A AF}o]t}, <Table 5>
oSt o4 5% 3ol Bt AAE| B A o] A 3] H
ARt 58k, FY5E 1% ol HA] o] Ay A
E 39 deo] e} A= vlas)A 11 5o AR Ao
2 byt g 314 o] & Ak MEE 3)H] HdEF el

]
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(a) Average cash balance of strategies

14000

12000 4——— I I
@
9
£ 10000 {———
E 8000 +——— 1
E
@ 6000 +—
&
:.;, 4000 {——— I 5
< 2000 -——
0 T T T T 1
Fuzzy broker Imbalance broker  PseudoM broker Reg_broker SVReg_broker

broker

(b) Average imbalance of strategies

Figure 3. Average cash balance and imbalance of strategies
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Table 5. One tailed T-test with Unequal Variances for cash balance in many-to-many competition

(": P<0.05,":P<0.01)

(C:l-\ialgf)w) PseudoM _broker Imbalance broker Fuzzy broker Reg broker SVReg_broker
PseudoM_broker - 0.53 -10.49" -1.30 -11.23"
Imbalance_broker - -10.26" 177 -10.94"

Fuzzy broker - 9.75" -0.84

Reg_broker - -10.54"

SVReg broker -

Table 6. One tailed T-test with Unequal Variances for imbalance in many-to-many competition

(":P<0.05, ":P<0.01)

(C()Tl-\ialll:Zw) PseudoM _broker Imbalance broker Fuzzy broker Reg_broker SVReg_broker
PseudoM_broker - -1.12 31.78° 22.98° 27.54°
Imbalance_broker - 29.94° 20.32° 26.45°

Fuzzy broker - -15.15" 0.10

Reg broker - 13.32°

SVReg broker -

$4S 71E)7) FEvhs 220 EHA PRAIA R <Ta-
ble 6>= =T FE A7l thell o4t 7MY, FATE 5%
atell egt @5 T 44 AfE A} <Table 5>¢f 27}
&} Zpol 7k Ak A 3] 7 ko] Mertacor®] successful price
YA A} B4 AAE B o) vls] 50| Ax3the
Ao o5 1% stoll Frolstttal =5 Atk 3 olth
Ttk A 3ol 15 JAEE M o] Edirt He
A 2FQ] Mertacor2] successful price 274 Heko] 7P =31 2
HE BTk spARE o G ggk v W 25 9fs Y A
AS F7IE AL FA FLE AT sfoll A H st
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370l o] kg Hke Ao 7 Holug A AA 9] HuE
gk AL dojAga daEh AAZ vHE A (53]
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(a) Average cash balance of imbalance incentive strategy and baseline
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(b) Average imbalance of imbalance incentive strategy and baseline

Figure 4. Average cash balance and imbalance of imbalance incentive strategy and baseline

Table 7. One tailed T-test with Unequal Variances for cash balance in one-on-one competition

T:P <0.05, :P<0.01)
T-Value
(Col > Row) PseudoM _broker Imbalance broker Fuzzy broker Reg_broker SVReg_broker
PseudoM_broker - 1.32 312" -8.42" -1.69
Imbalance broker - - -7.95" -1.58 2717
Fuzzy broker - - - 0.43 -0.55
Reg broker - - - - -0.76
SVReg broker - - - - -
Table 8. One tailed T-test with Unequal Variances for imbalance in one-on-one competition
T P<0.05,": P<0.01)
T-Value
(Col > Row) PseudoM_broker Imbalance broker Fuzzy broker Reg broker SVReg_broker
PseudoM_broker - -10.83" 9.81° 66.42° 830"
Imbalance_broker - - 4787 8.09° 12.75"
Fuzzy broker - - - -6.85" 1.14
Reg broker - - - - 497"
SVReg_broker - - - - -
5.2 8 T Aol AR WA AS] W13} o] 5, A Aol 7
sk A} EAREh S2) 229 ol 2 Aelsh 42
A BF AR AAH AL AARL 5L ASE e A7 5L AnY, A A4 UgsE 58 587
Yo Fashth T AY Age BIAE FH9 1Y Bl iRel @ = olek ek oldl W8 4R A



Estimating Optimized Bidding Price in Virtual Electricity Wholesale Market 573

al

3UsE BEE S 71 AL AY A9 598 3
o

39

WA A 712 714 Tz el A% (Periodic Double
Sided Auction)o| A, LAAG A7} o] T3S = A F
A5 o, dxHE o B 4 e A X7 oJBA F
A7VAS AT A A2 71A] AEFE AlQbskal AlE# o]

S 3 U go] B =7 a4 Yot

<
=4

AE B 7PEAER A =
A7 9] B(Cash Balance)?t A8 8 BFF &
(Imbalance) & Z783ke] H7stgth & =& o} d7hA] =)
9 5719 F= Y Al itZ Hgs}7) ofef L HES '
I glon, &% A A1 193t oS 1 =8} Hohy, o

= o] 4 7
7.

=

o) 30 9 5

B35S

Amin, S. M. and Wollenberg, B. F. (2005), Toward a smart grid :
power delivery for the 21st century, [EEE Power and Energy
Magazine, 3(5), 34-41.

Babic, J., Matetic, S., Matijas, M., Buljevic, L., Pranjic, L., Mijic, M.,
and Augustinovic, M. (2012), The CrocodileAgent 2012: Research
for Efficient Agent-based Electricity Trading Mechanisms, In
Proceedings of the Special Session on Trading Agent Competi-tion
@ KES-AMSTA 2012, Dubrovnik, Croatia, 1-13.

Bichler, M., Gupta, A., and Ketter, W. (2010), Designing Smart
Markets, Information Systems Research, 21(4), 688-699.

Block, C., Collins, J., Ketter, W., and Weinhardt, C. (2009), A
Multi-Agent Energy Trading Competition, Technical Report
ERS-2009-054-LIS, RSM Erasmus University, Rotterdam, The
Netherlands.

Cai, K., Gerding, E., Mcburney, P., Niu, J., Parsons, S., and
Phelps, S. (2009), Overview of CAT : A Market Design
Competition, Technical Report ULCS-09-005, Department of
Computer Science, University of Liverpool, Liverpool, UK,
2009. Version 2.0.

Collins, J., Ketter, W., and Sadeh, N. (2010), Pushing the Limits
of Rational Agents : The Trading Agent Competition for
Supply Chain Management, 4] Magazine, 31(2), 63-80.

Diamantopoulos, T. G., Symeonidis, A. L., and Chrysopoulos, A. C.
(2012), Designing Robust Strategies for Continuous Trading in
Contemporary Power Markets, Trading Agent Design and

Analysis(TADA) and Agent-Mediated Electronic Commerce
(AMEC), Valencia, Spain, June 4-8, 203-216.

Eom, J. Y., Yun, M. Y., Lim, S. H., and Um, W.-S. (2008), A
study on the design of adaptive trading agent for SCM, 2008
Korean Institute of Industrial Engineers Autumn Conference.

Graham, S. (2002), Hot Topics in European Electricity : what is
relevant and what isn’t?, The Electricity Journal, 15(8), 25-39.

Gunn, S. R. (1998), Support vector machines for classification and
regression Tech. Rep., Image Speech and Intelligent Systems
Research Group, University of Southampton, Southampton,
UK.

Hunter, J. S. (1986), The Exponentially Weighted Moving Average,
Journal of Quality Technology, 18(4), 203-210.

Jordan, P. R. and Wellman, M. P. (2009), Designing an Ad
Auctions Game for the Trading Agent Competition, IJCAI-09
Workshop on Trading Agent Design and Analysis, 147-162.

Ketter, W., Collins, J., Reddy, P., and Weerdt, M. de. (2012), The
2012 Power Trading Agent Competition, Technical Report
ERS-2012-010-LIS, RSM Erasmus University, Rotterdam, The
Netherlands.

Ketter, W., Kryzhnyaya, E., Damer, S., McMillen, C., Agovic, A.,
Collins, J., and Gini, M. (2004), Analysis and design of sup-
ply-driven strategies in TAC-SCM, In AAMAS-04 Workshop
on Trading Agent Design and Analysis, 44-51.

Kim, J. S.(2009), A Study on the Policy Changes of Restructuring
of Electric Power Industry in Korea, Master’s Thesis, The
Graduate School of Seoul National University.

Kim, H. S. and Shin, H. J. (2013), Electricity Price Prediction Based
on Semi-Supervised Learning and Neural Network Algorithms,
Journal of the Korean Institute of Industrial Engineers, 39(1),
30-45.

Lee, G. J. (2011), Considerations for Electric Power Industry de-
velopment regarding Blackout Case Analysis, KIEE Power
Engineering Society Annual Meeting, 26-27.

Ma, Y. B. (2007), Local Brokering-based Resource Management
Model for Reliable Resource Management in Grid Environment,
Master’s Thesis, The Graduate School of Inha University.

Mamdani, E. H. and Assilian, S. (1975), An Experiment in Linguistic
Synthesis with a Fuzzy Logic Controller, International Journal
of Man-Machine Studies, 7(1), 1-13.

Montgomery, D. C. and Peck, E. A. (1992), Introduction to Linear
Regression Analysis, 2nd edition, John Wiley and Sons, Inc..
Moon, K. (2007), Trading Trend in Electricity Wholesale Market
- Focusing on Trading Rules and Trading Trend, Journal of

electrical world, (362), 8-10.

Park, Y. J. (2010), Development of Automated Trading Agent in

Real-Time Supply Chain Environment, Journal of the Korea



574 AZA . oNZE . AE

Academia-Industrial cooperation Society, 11(11), 4282-4290.

Pourbeik, P., Kundur, P. S., and Taylor, C. W. (2006), The
Anatomy of a Power Grid Blackout, [EEE Power and Energy
Magazine, 4(5), 22-29.

Sugeno, M. and Kang, G. T. (1988), Structure Identification of
Fuzzy Model, Fuzzy Sets and Systems, 28(1), 15-33.

Vapnik, V. (1995), The Nature of Statistical Learning Theory,
Springer-Verlag.

Vapnik, V., Golowich, S., and Smola, A. (1997), Support vector
method for function approximation, regression estimation, and
signal processing, Advances in Neural Information Processing
Systems, 9, 281-287.

HE > Power TAC &7

1. Power TACY /1 &

Power TAC2 TACY ¥F 02 g AY S w|7H o=
she 71 F 2ol AAlE Ald o]tk <Figure 5>3} 20| Power
TACS =1l A|&(Wholesale Market), 4~tl] A](Tariff Market),
1} A 3 A Distribution Utility, ©]&} DU) 5] A1 &-# 0] 374
I HE27 IO|HEER FAE] Utk 7 WSS o)F
FTE BH0 R T oo|HEES T AY AlF Ao
A9 ofo]HE 2910] gk oo} ek Al whet
TRHE A AR AeAH 5 A M B
& ol9s A= 0110124‘57} selstA dok 7 ARl A=
HE7] o o]HES M-S Alarvte 59 vl 397} o] 7o
A i 53] A A= FE Tarlff(/\] ARG 2 2
=, 'Y, 7‘47] T4 52 }i%}% BEAZ} AAG
A& a7A)E ATt 2317 Hd "“ﬁ o] 63
Rt} gk B2 7] do| A
< dloll Asiatd wj 5]’\}

715 a0l He| #5531

tholesale Market w
Brokers &

~‘\‘\‘ build portfolios, buy & sell power

Large Energy Suppliers
large customers

rx_&L

(m hlo>4
fu A m1°

H.IO

Loy

_l

I]I’ —.—4 _I::.‘
N o o
oy 2 —Q
4 ot
A=A
AN o to
= jr oy
o2 OBL
Q‘L
&

4
il
ol¢
=
il
lo >

i

¥
o

Power TAC

Tariff Market

Mt

Retail Customers
producers, consumers

Distribution Utility
owns / operates local grid
(regulated monopoly)

Simulation Environment Participay

N

Figure 5. Major elements of the Power TAC scenario
(Ketter et al., 2012)

AL - 2L

Wellman, M. P., Greenwald, A., Stone, P., and Wurman, P. R.
(2003), The 2001 Trading Agent Competition, Electronic
Markets, 13(1), 4-12.

Wellman, M. P., Wurman, P. R., Malley, K. O., Lin, S. De,
Reeves, D., and Walsh, W. E. (2001), Designing the Market
Game for a Trading, I[EEE Internet Computing, 5(2), 43-51.

Zadeh, L. A. (1965), Fuzzy Sets, Information and Control, 8(3),
338-353.

Zhang, L., Luh, P. B., and Kasiviswanathan, K. (2003), Energy
clearing price prediction and confidence interval estimation
with cascaded neural networks, IEEE Transactions on Power
Systems, 18(1), 99-105.

A71E AFsHA o) o]ejd =

7h] = o FAAE Tislar 9l
B 27 o o]AEE Al A|AA TariffS A A 6t 12

A Fufe 4= 9o A-s a7 S T4 o]

[ele] =

T= 3=

& 5% ok ¥ o) ARl HE Bk H7) Fol £
7

dHs} 2o J15H eaT

2 o)Fox|=d AdE BEAY 3FA T F714 vgF
tf|(Periodic Double Auction; PDA) ¥4]-& 538 4@ A} o]
%A 2 NordPool, FERC B EEX0lA ZEH 02 oyA] 1
3 Ao g AeE o] & A W4 o|ti(Collins et al., 2010).
5w SjAtel] o AT F8 T TF 2 AR i
g <1 #go] AP 7] Wil o]5o] Faate Hadl
&S Haslely] aie T Al ts) Ao w
< © Ago] Basity 1Y a0 A3 ¥hg
171 SleiMe Aol 423 AE - A st=d],
ol HEANA wf¢- 83 Aotk o]& Hsixe HAt
7} (Clearing Price)= 93] o S3tal oS8 714 B3]
Oa 2 799 7H S AAShe Zlo] Fa3ith o< o|A
9] Zhang et al.(2003)2] Aol M= & = )= W&ot}
B} ZAg AL Ay L9 Al B A2 Ketter e
al(2012)9) =52 23 2= 9T,

r
B
=

2= 0)
T T

l' = o

N o[o

O

2. PowerTACY 7% & £3+

<Figure 6>°] AA| 5 o] = vpe} o], Power TACS ZA|
Bootstrap Mode$} Simulation ModeZ W] o] Fo| Xt}
Bootstrap Mode©l A= 718 ol o] A E RS- o]-8-8l] 360 timeslot
ot 218 H e} Bootstrap Mode7} U F7pAEo] 2191
S A = oF 1440 timeslot(F 2417 £Q) E¢F 1=
Simulation Mode”7} A| 2 T). & 7] 4 timesloto] & A &d| 0] A
2F AZEO.Z A time tick S WS 1 timeslot 1 A]7Hol] 3
FETh Al o] AZTEH MHZEH oo]HEe] JR Ao
AN AEHE JHEE T80 <Table 9>3} 2t} 7}
o] thgk AR AL Ketter ef al.(2012)9] =% 7))



RELRT PEEEREEPERE 575

Table 9. Information available to brokers

Time

Information

At the beginning of a
simulation

Game parameters, Bootstrap Market data, Broker identities, Bootstrap Weather data, Default tariffs,
Weather report, Bootstrap Customer data, Weather forecast

Per tariff period

Tariff updates, Portfolio changes, Tariff transactions

Per timeslot

Game parameters, Broker identities, Default tariffs, Bootstrap Customer data, Bootstrap Market data,
Bootstrap Weather data, Weather report, Weather forecast, Tariff updates, Portfolio changes, Tariff
transactions, Wholesale market clearing data, Wholesale market orderbooks, Weather report and weather
forecast, Tariff transactions, Balancing and distribution transactions, Portfolio supply and demand,
Wholesale market transactions, Market positions, Cash position
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