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fro m Po o l fo r b i
一

la te ra l(m u ltil
一

la te ra l e o n tr a e t)
.

S Cs

e o u ld e o o rd in a te e o m p lie a te d tra n s a e tio n s , o
ffe

r fu tu re s

a n d o p tio n s e o n tr a e ts a n d p ro v id e a ttr a e tiv e Pr ie e

d e a ls
.

T he s e a r e g e n e rie e o n s titu e n ts o f a n y s im u la to r

m o d el o f w hieh s p e e ifi e o p e ra tio n e a n be e o n s i
-

d ere d by in te rfa
e in g a m o n g the g e n e r ie u n its

d e e m e d a PPro Pri a te to s u it the m a r k e t m o d e l u n d e r

s tu dy [3
,

7
一

8 1
.

4
.

2 T he str u c tu r e o f th e sim ul a to r

It 15 e o m m o n ly fo u n d tha t s im u la to r in the

m a r k e t 15 b u ilt by u s in g JA V A / MA S
一

b a s e d e o m
-

p o n e n ts
,

CO R B A (Co m m o n Obj
e e t R e q u e st Bro ke r

A r ehite e tu re ) te eh n o lo gy a n d e v e n in te g ra ted s o ftw are

p la tfo rm
s

.

A ls o , o
bj

e e t o ri e n te d s tru e tu re 15 p o p u la r

w hieh ha s its a d v a n ta g e s in d is tri b u te d d e sig n fo r

a sPe e t s o n s

afe
ty

, ro b u s tn e s s , s e ala bility a n d fl e x ibility
.

B u t this to o l e a n s u p p o rt lim ite d e lie n ts a n d ha s

v e叮 lo n g d e v e lo p m e n t s p a n
.

T he COBR A te e h
-

n o lo群 e a n b e r e g a rd e d a s a n o
bj

e e t o ri e n te d to o l

w hie h e a n p ro v id e a s u pPo rt pla tfo rm to in te g r a te

va rio u s s o ft w a r e a n d ha r d w a r e m a te ria ls
.

O w in g to

tha t the COBR A te e hn o lo g y ha s s e ri o u s sho rt
-

e o m in g s in e ro s s 一 pla tfo rm
a n d In te rn e t p ro g r am m in g

aPPlie a tio n ,
the Po w e r m a r k e t sim u la to r in this

PaPe r a d vo e a te s o n u sin g
.

N E T Fr a m ew o rk ba se d o n

the B / S(B ro w s e r / Se rv e r ) S tru e tu r e fo r its e x e e lle n t

fle x ibility in In te rn e t a p p lie a tio n [4 〕
.

In In te rn e t a PPlie a tio n s ,
th e B / 5 s tru e tu re 15

w id e ly u s e d to Pu blish hu g e v o lu m e o f illfo rm
a tio n

o n the W e b o r to p ro vid e dyn a m ie in fo rm
a tio n

se a re hin g fu n e t io n s to e lie n t
.

Th is s tru e tu re 15

e o m p a tible w ith tr a d itio n al bro w s e r s u e h a s IE o r

Ne ts e a p
.

In th e elie n t sid e ,
the ir re q u e sts e a n b e

su bm itte d a s d a tab a s e by u s in g the CG I (Co m m o n

G a tew a y In terfa
e e ) d ri v e r s o n th e W e b s e rv e r

.

In

e o m p a ri so n w ith tha t d e v e lo p e d b a s e d o n th e C / S

(Clie n t / Serv e r ) p rin e ip le
,
th e B / 5 s tru e tu r e ha s

g r e a te r fl e x ibility a n d e a n su PPo rt m o re n u m b e r o f

elie n ts
.

M o re o v e r , all it n e e d s 15 lin kin g u p the

e lie n t thr o u g h the W e b a n d s u bs e q u e n t m a in te n a n e e

o r u p d a te o f the sys te m a re v e叮 e a sy a n d fl e x ib le
.

Fig u re 2 sho w s a typ ie al la yo u t o f th e B / S

s tru c tu re [9
一

11〕
.

Fig
.

2 B r o w s e r / S erv e r struc tU r e
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4
.

3 T hr e e
一

lay e r so ft w a r e a r ch ite e tu r e o f th e

Po w e r m a r k e t si m ul a to r

T he s im u la to r 15 d e sig n e d w ith fl e x ibility fo r

e s tab lish in g a n e le e tri e ity m a r k e tp la e e fo r o n e o r

m o re o f the a b o v e th re e s tru e tu r e s w ith fi v e

Pa rt ie iPa n ts
.

T r ad in g ru le s e a n be sp e e ifi ed to s u it

v ari o u s m a r ke t a r e hite e tu re d e sign s to e o v e r a

n u m be r o f e ru e ia l is s u e s s u eh a s :

a
.

A e e u r a te ly e v alu a te the im Pa e t o f d iffe
re n t

m ar ke t s tru e tu r e s a n d ru le s o n th e p e

rfo rm
a n e e o f

the m a rk e t a n d o n the o p e r a tio n o f the p o w e r

sys te m
.

b
.

A n a lyz e th e m a rk e t the oPera tio n b a s e d o n

a d o u ble
一 sid e a u e tio n s ehe m e

.

e
.

D e term in e the MCP a n d e o rr e s p o n d in g ly the

to tal CP(Cle a r e d Po w e r ) fo r e a e h g e n e ra tio n e o m p a n y
.

d
.

Sim u la te the s e t tle m e n t
.

Pro e e s s
.

e
.

R e a liz e a n d m itig a t e m a rk e t Po w e r if a n y a n d

im Po s e p e n a ltie s a s r e q u ir ed
.

f. Sp e e ify lo n g
一
te rm

,

d a y
一 a he a d

, o r r e a l
一
tim e

o Pe r a tio n a l fr a m e s
.

9
.

C e n tr a l e x e ha n g e o r tig htly e o n tro lled d is p a teh
,

a n d 5 0 o n
.

W ith s u p p o rt o f the In tern e t a d v a n e e m e n t
,

the

W e b s e rv ie e sys te m ba s e d o n the laye r a r ehite e tu r e s

h a s Pro v e n a d v a n ta g e s o f hig h a pPlie a tio n e o m Pa ti
-

b ility a n d r e ad in e s s o f d e v e lo p m e n t to o ls
.

Fi即
r e 3

sh o w s the thre e 一

laye r fr a m ew o r k fo r d e v e lo p in g th e

b a sie arc hite e tu re o f the s im u la to r
.

A c
qU ire

尸
一

一- 一〕R
eq u e s t e o

而 g u r a io n d a ta

fu n e tio n m o d u le s pro v id e d in th e e o n tr o lle r la ye r
.

b
.

C o n tro lle r la ye r 15 th e e o re 0 1
.

the d ist ribu ted

a p p lie a tio n sys te m
.

It 15 r e s p o n s ible to p ro e e s s all

the elie n t re q u e s ts fro m th e v ie w la ye r b y a p plyin g

the in te rfa
e e s in the m o d e l la ye r a n d r e tu r n the

r e s u lts to the vie w la ye r
aft

e
川

a rd
.

T he e o n tro lle r

la ye r a lso ha s to pro vid e th e ru le s fo r h a n (llin g the

s e rv ie e s a n d fu n e tio n a
dj

u s tm e n ts a e e o r d in g t() the

e lie n ts
’ re q u ir e m e n t

.

e
.

M o d el laye r fu ifi lls the (Ie fi n iti()n s ,

m a in te
-

n a n e e s , a e e e s s a n d u p d a te o f
(
la ta

.

T he m ()d el la ye r

a e e e s s e s the d a taba s e in the M i〔r ()s o ft
.

N e t Fra m e -

w o r k w ith A D O
.

N E T t e e hn o lo gy to m a n a g e a n d

r e s p o n s e the d a ta r e q u e s t fr o m the e o n tr o lle r la ye r
.

T he d e s ig n 15 p a rt i(: u la r ly s u ita ble fo r

d e v elo p in g the g r a phie u s e r in te rfa
c e s re q u ire d to

s e p a r a te the la ye rs b e tw e e n ({a ta b a s e a n (1 d is p lay

fu n e tio n s
.

H e n e e ,
the d e v e lo p e r e a n m o d ify

e a e h

la ye r se Pa ra tely a n d re d u e e a m big u ity
.

T he s rru e tu re

o f the Po w e r m a r k e t s im u la to r b a s e 〔1 o n the
.

N E T

Fra m e w o r k e a n s u PPo rt m u lti
一

laye r d is tr ib u te d

pro c e s s a n d m a ke the d a ta p a s s
in g m o re r e a d ily

g
一

13
.

A SP月e t

D oc u m e n t
W e bFo

rm 卜州 W eb￡ o n fi g

曰熏
豆

e s po n s。

日}B
o x

A e tio n Fo

rm

5 Im p le m e n ta tio n a n d a n a lys is

5
.

1 T h e d ev e lo Pm e n t to o l o f the sim u la to r

Th
e p o w e r m a rk e t s im u la to r m a k e s u s e o f the

a d v a n e e d fe a tu r e s o f the B / 5 s tr一le ru r e e m b e d d ed

in sid e the
.

N E T Fra m ew o rk
,

w h i(
,

h Ila s be e n a e e e p te d

a s a n e w te e hn o lo g y fo r re a liz irlg the d is trib u te d

W eb s erv ie e s b a s e d o n o p e n s ta n d a r d s a n d he t e r o -

g e n e o u s Pla tfo r m s
.

T h e s tru e tu re o f the
.

N E T Fra m e -

w o rk 15 sho w n in fi g u r e 4 w ith d ise 一l ss io n p ro v id ed

in the fo llo w in g e o n te x t :

R e t u tn }}Cal l

Pa r am e t e r

tra n sfe r

C all

SQL S e o e r

20 (卫〕

回 巨三]回口 IJ
a ·a

一11〕t

⋯

糕
11

A e tio n
C a le u lat io n

C las s

R e tu rn R e t u rn
‘es es es es es es es es es es 曰

卜一 v ie w
.

一卜一
~

一
e o n tro lle r

一州卡一一一一
一

M o d el

一
}

Fi g
·

3 T hre e 一

la ye r s
oft w a r e arc hi te e tU r e

o f Po w e r m a rke t sim ul a to r

Th
e sPe e ia l fe a tu re o f this d istri b u te d m o d u le

s tru e tu r e 15 th a t th e e o

nfi , ra tio n e a n e a s ily b e

e x p a n d e d
,

re
一

d e s ig n e d
,

m a in ta in e d o r o p e r a te d in

d iffe re n t p la tfo rm
s in e a s e tha t the ele e tr ie ity m a rk e t

s tru e tu r e s a n d ru le s are re q u ire d to b e e ha n g e d
.

Th
e fu n e tio n s o f e a eh laye r ar e sho w n a s fo llo w s :

a
.

V iew lay e r in e lu d e s v a ri o u s so fi e o m Po n e n ts
,

Pro gr am s a n d bro w s e r in th e e lie n t sid e ,

w hieh e a n

Pro v id e Ple n tifu l a n d fl e x ible in te r a e tiv e u s e r

in terfa
e e s to d is pla y a n d e o lle e t dat a , a n d fu lfi ll th e

r e q u e s ts r a is e d by th e elie n t a e e o rd in g t o th e

AAA D ()
.

NE T o r X M ttt

BBB a s i(三 Cla s s Lib r a r,,

F ig
.

4 Stru c tU r e o f
.

N E T F ra m e w o r k

a
.

T he Pro g r a m e o d e s a re se p a r a te d fr o m the

elie n t U l (U s e r In te rfa
e in g ) e 〔,

d e s
.

T he d e v elo p e r

e a n e a s ily m o d ify the o
bj

e e t
一 o r ie n te (1 a n d m o d u la r

b a se d e o m p o n e n t s
.

A ft e r s e ttin g th e p a r a m e te rs a n d

the ru le s ,

the s e e o m p o n e n ts e a n b e u tiliz e d a n d

e a lle d u p o n r e p e a t e d ly
.

A s a re s u lt
,

it s a v e s a lo t o f

Pro gr a m m in g tim e a n d e n h a n e e s its effi e ie n e y
.

b
. ,

N E T p la tfo rm 15 e a s ie r to u s e In te rn e t

ba s e d d e ve lo p m e n t syst e m w h ieh o u t
一

p e

rfo
rm s a n y



第 1 1 期 CH EN H a o yo n g
,
e t a l: E le e tri e ity m a rk e t sim u lato r : a d ap tiv e fo r stu die s o n d iffe re n t m ark

e t be ha v io r 曲

o the r s im ila r to o ls s u e h a s DC O M a n d CO R BA
.

It

p r o v id e s d is tr ibu te d fu n e tio n e o m p o n e n t s o n d iffe
r e n t

e o m Pu te r Pla tfo rm
s a n d lo o s ely in te g r a te t阮

syste m

a n d th e In tern e t
.

e
.

It w o rk s w ith a n effi e ie n t d a ta b a s e tha t

e n s u re s in te g rity o f the sys te m fo r e a sy m a in te n a n e e
.

d
.

Its o
hj

e e t o ri e n te d fe a tu r e s , su eh a s s e al a -

bility a n d ela s s in he ri ta n e e ,

m a k e it a d a Ptiv e fo r

su PPo rt in g 10 tim e s m o re u s e r s tha n JZE E a n d

in te r 一 o p e r a tio n o f m u ltiple p ro g r a m m in g la n g u a g e s
.

e
.

It e a n re e o m p ile the p r o g r a m in to a D LL

do e u m e n t w h ile m o d ifyin g th e p r o

脚m
,

w hie h e a n

r e a liz e the se e re e y of the Pro sra m i*s elf a n d s e e u re

the s a fe ty o f the m a r k e t d a ta
.

5
.

2 K ey tec hn o lo gl e s

5
.

2
.

1 CLR (Co m m o n La n g u a g e R u n tim e )

T he s o u re e p r o gra m s d e v elo ve d by Co m m o n

La n g u a g e S p e e ifi e a tio n e a n be e o m p ile d in to the

s a m e M SIL (M iero so ft In te rm
e d ia te La

n 孕a g e ) a n d

b e e a lle d b y e a e h o the rs o n the
.

N E T pla tfo rm
.

W ha te v e r p r o g r a m s the sys te m a d o p ts
,
the y w ill b e

d e e o d e d in to MSIL fo rm
a t e o d e s a n d tr a n sp la n te d

o n the
.

N E T p la rfo rm
.

In o p e r a tio n ,
the M SIL fo r m a t

e o d e s w o u ld be Io a d e d a n d tr a n sla te d in to bin a ry

e o d e s in the lo e al e o m p u te r by its C LR e o m p ile r
.

5
.

2
.

2 D a ta b a s e a e e e s sin g te ehn o lo gy
:
A D O

.

N E T

A D O
.

N E T 15 the b e s t d a ta b a s e a e e e s s in g

te〔:hn o lo gy ba s e d o n In tern e t a p p lie a tio n Pr o群a m
,

w hie h e a n s u pPo rt v ari o u s d a ta b a s e s w ith OLE D B

d a ta so u r e e , s u eh a s SQL Se rv e rZO0 0
,

O ra e le a n d

Syb a se e te 二 It b o x e s m o s t o f the d a tab a s e

o p e r a tio n s in to a s e t o f o
bj

e e ts
,

w hieh a r e re a dy to

b e e a
lle d by o the r Pr o g ra m fo

r e x e e u tio n
.

M o r e o v e r ,

it 15 a n e x e e lle n t d a ta ba s e a e e e s s in g

te e hn o lo gy in the s erv e r s id e

for it n e e d s to ha n dle

le s s n u rn b e r o f laye rs b e tw e e n the fr o n t e n d

a p p lie a tio n p ro 脚m a n d th e d a ta s o u re e fo r n o rm al

o p e r a tio n
.

A ls o ,

it n e e d s le s s m e m o叮 a n d d is e

sto r a g e to m a n iPu la te the d a ta
, e v e n w itho u t k n o w in g

its s o u re e
.

B y e o m Pa r in g w ith o th e r d a ta b a s e

te eh n o lo gy s u eh a s CG I
,

A D O
.

N E T 15 w e ll e s ta b
-

lish e d fo r its fl e x ible o p e r a tio n s a n d m u ltithr e a d in g
.

5
.

3 D e sig n o f th e syste m

Th
e A SP

.

N E T 2
.

0 15 e m p lo ye d fo r d e v elo p in g

the in terfa
e e o f the d is p la y laye r w ith C# a s the

p r o

脚m la n
即

a g e a n d SQL Se二 e r ZO0 0 a s the

d a ta b a se
.

T h e fl o w e ha rt o f the s im u la to r 15 sho w n

in FigU re 5
.

In its o p e r a tio n the s e rv e r 一 sid e te e hn o lo群 15

fu lly u tiliz e d to e re a te the W e b p a g e s by e o n v e rt in g

the a lg o ri thm in to a Ppro Pri a te ela s s e s a n d th e n

e o m p lie d it in to D LL file s
.

H e n e e ,
the d a ta b a s e

Cre a te the sim ulat o r m o d e l

S u b m it th e in fo r m at io n of

the g e n e r a to rs a n d d e m a n d s

Su pp lie s a n d d e m an ds o
ffe

r

rhe p ri e e a n d e a pac ity b id s

E s tim a te th e in t e g ri ty o f al l th e d a ta a n d

w he the r the d a ta m e e t th e n e e ds o f ru le s ?

杏 Y

N

D ra w in g rh e g raft o nlin e

C ale u la te the m a rk e t ele胡
n g Pri e e

a n d e叩a e ity o f th e d a y一
h e a d m ark

e t

{S
e h ed u lin g a n d p r e d i印a , eh ,h e g e n e ra ‘ors !

F ig
.

5 Sim u la to r n o w c h a rt

o Pe r a tio n s w hie h a r e e

lnb
e d d ed in to the e la s se s a re

m a n ip u la te d to g e n era te the l/ 0 a s re q u ire d
.

By 5 0

d o in g
,
rhe s tru e tu ra l p la t五〕11 n e a n e a sily be u s e d to

e a ll the in s ta n e e o f the e la s s e s to ru n the m ar k e t

c le a r in g alg o r ithm “12
一
14 :

.

5
.

4 A Po o l
·

m o d el m a
rk e t s

而ul a ti o n r e sul ts

T o te s t the fe a tu r e s a n d p e

rfo rm
a n e e o f the

sim u la to r ,
th e e x a m p le in re fe r e n e e

[7 」15 e m plo ye d
.

In this e x a m ple
,
the re a re fi v e g e n e ra to r s a n d sin g le

d e m a n d bid d in g o v e r fo u r tim e in te rv a ls
.

Th
e

a lg o ri thm fo r d e te rm in in g m a rk e t e le a rin g p ri e e 15

e m b e d d e d in to the ela s s ,

wh ieh 15 e a ll e d by gra Ph

fo rm in g m o d u le
.

T he g ra Ph fu n e tio n m o d u le e o u ld

e a s ily g e t th e re s u lts by eal e u la tin g th e s u m o f the

s u p p ly a n d d e m a n d in e re m e n tal e u rv e s ’ a re a s
.

In

T a b
.

l
,
the d is p a tehe d p o w e r o f e a eh g e n e r a to r 15

lis te d
.

A e a s e re fe rr in g to the Zn d tim e in te rv a l o f

the e x a m p le in r efe r e n e e
L7 ] 15 sho w n in fi g u re 6

.

B o th the G e n e o s a n d D is e o s e a n s u bm it the ir

o
ffe

rs thro u g h the bid d in g in te血
e e a n d 罗t th e

tra d in g r e s u lts thr o u g h th e in fo rm
a tio n p u blish in g

m o d u le
.

Th
e a d m in is tra to r ru n s the e a le u la tin g

e n g in e a n d d is p a te he s the ro le s a n d ri g hts o f all

p a rt ie ip a n ts
,
thro u gh w hieh d iffe re n t p a rt ie ip a n ts e a n

a e t o n the ir o w n s tra te g ie bid s a n d g e t

e o

rre
sPo n d in g Pri v a te a n d Pu blie in fo rm

a tio n b a s e d

o n the ir ri g hts
.

6 Fin d in g s a n d e o m m e n ts

It h a s b e e n sho w n th a t the W e b
一

b a s e d Po w e r

m a r k e t s im u la to r 15 o Pe r at io n g in m o d u la r fo rm
a t

a n d a d ap tiv e fo r u s e by d iffe re n t m a r k e t Pa rt i
-

e ip a n ts
,

15 0 5 ,

m ar k e t a d m in is tra to rs (e
.

g
. ,

PX s ) a n d

in te re s te d p a rt ie s w ithin th e m ar k e t e o v eri n g a w id e

g e o g r a phie a l a re a
.

It s erv e s v

ari
o u s p u甲o s e s

in e lu d in g d e v elo p in g m a r k e t ru le s a n d tra d in g
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能够模拟电力运行方式的 电力市场仿真器
,

并在
.

NE T Fr a m e -

w or k 上开发 了此电 力 市场仿真 系统 该仿真器采用 了 A SP
.

N E T 2. 0 开发用 户界 面
,

C# 作为编 程
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N ET Fra m e w ‘)l k 的 浏 览器 / 服务器结构 的卓越特性
,

这种结构 可以 实现基于开放标准和异构

平台的 分布式 网络服务请求
一

并且
,

这种基于
.

N E T 平台构 架的结 构很适合用 于地理位置相 隔甚远

的 市场 参与者 (诸如 市场运 营商
、

发电商
、

用户等 )进行信息传递
二

仿真 实例 显示
,

该 仿真器具有很

好的可扩展性和维护性
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