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Tém tit: Thi trudng dién Viét Nam da chuyén sang cdp d6 2 — Cap d6 thi truong dién ban budn canh tranh.
Cac nha may dién (Gencos) va cac cong ty kinh doanh phu tai dién (LSEs) tham gia thi truong ban buon
canh tranh v&i muc tiéu ddi da hoa loi nhuan. Chién thuat chao gia t6i wu duge cac don vi tham gia dugc
triét dé khai thac. Bai viét nay trinh bay thi trudng dién ban budn canh tranh dang mé hinh dong. Trong
moi trrong canh tranh thong tin khong hoan héo, cac thuét toan t6i uu duoc sir dung dé t&i wu hoa ban chao
gi4. Thuét toan mo phong luyén kim (SA - Simulated annealing algorithm) két hop véi thuat toan hoc Q
tang cuong ( Q — Learning reinforcement algorithm) thanh thuat toan SA — Q learning dugc nhoém tac gia
dé xuat ap dung cho chién lugc chao gia tdi wu cho cac don vi cung cip dién. So dd tiéu chuan IEEE — 30
nit dugc st dung dé mo phong mirc d6 dap tmg cia thut toan dé xuét.

T khéa: Thi truong dién, thuat toan Q-learning, thuat toan SA, thi truong dién ban budn.

COMBINED THE SIMULATED ANNEALING AND THE Q-LEARNING ALGORITHM
APPLICATION TO THE WHOLESALE ELCTRICITY MARKET

Abstract: Vietnam’s electricity market has moved to the level 2 — The competitive wholesale electricity
market level. The generation companies (GenCos) and the load service entities (LSES) paticipate in the
market with aim maximum profits. The optimal bidding strategy is a key for exploitation by the participants.
In this article, The dynamic competitive wholesale power market model is presented. The optimization
algorithms are used to solve the optimal bidding strategy problems. The SA-Q learning algorithm is a
combined of the simulated annealing algorithm and the Q — reinforcement learning algorithm, that is
proposed and used for GenCos to bidding strategy. The IEEE 30-nut test system with six Gencos and three
LSEs is used for simulations.

Keywords: Electricity market, Q-learning algorithm, SA algorithm, Wholesale electricity market

1 PAT VAN DE

Trong [1], Thi trudng dién Viét Nam duoc phé duyét 19 trinh phat trién theo 3 cap do: Cap do 1 1a thi truong
phat dién canh tranh (VCGM — Vietnam Competition Generation Market), cdp d6 2 13 thi truong ban budn
canh tranh (VWEM — Vietnam Wholesale Electricity Market), va cip do 3 1a thi truong ban 1¢ canh tranh
(VDEM - Vietnam Detail Electricity Market). VCGM chinh thirc di vao hoat dong tir ngay 01/7/2012 theo
md hinh thi truong chao gia tap trung theo chi phi bién doi. Pién ning ctia cac nha may dién duoc ban cho
don vi mua budn duy nhat d6 chinh 1a Cong ty Mua ban dién thudc Tap doan Pién luc Viét Nam. M6 hinh
VCGM dugc trinh bay nhu Hinh 1 sau:
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Hinh 1: CAu trac thi truong VCGM
Theo [2], thi truong dién Viét Nam da chuyén sang cép d6 thi truong cép do2- cép d0 ban buoén dién canh
tranh. VWEM sau giai doan tinh todn mé phong va van hanh thi diém da chinh thtrc chuyén sang thanh
toan that tir 1/2019. M6 hinh ban buon dién canh tranh duoc trinh bay nhu Hinh 2.

Cdng ty phat Cdng ty phdat Céng ty phat Cong ty phat

Lwéri truyén tai & Thi treerng ban budn

Coéng ty phan

Cong ty phan Codng ty phan Coéng ty phan

phai phdi phéi phdi

A m m SR

Hinh 2: M6 hinh thi trutong VWEM

Trong VWEM khéng ¢ cong ty mua budn duy nhat nhu mé hinh VCGM ma c6 nhiéu don vi mua budn
tham gia canh tranh v&i nhau. Pon vi van hanh thi truong (Market operator - MO) va don vi van hanh hé
thong doc lap (Independent system operator - ISO) 1a hai don vi déng vai tro trong tai ciia cudc choi giita
mdt bén la cac cong ty phat dién (Generation companies - GenCos) va mdt bén la cac don vi mua budén phu
tai dién (Load service entities - LSEs). MO va ISO khong tham gia kinh doanh hay ban budn dién, chi dam
nhiém minh bach thi truong va van hanh hé théng dién dé dam bao an toan, an ninh nang lugng cho hé
thong dién. Nhitng don vi tham gia thi truong (gom GenCos va LSEs) s& c6 diéu kién canh tranh gia ban
budn v6i nhau, va tim kiém co hoi gia tang lgi nhuan. Hai bén dai dién cho hai dbi trong cua can can kinh
té d6 1a cung va cau, gia dién dugc hinh thanh dya trén can bang cung cu nay.

Trong mdi truong thi truong dién canh tranh, cac nha may dién mudn nang cao lgi nhuan cia minh can
phai c6 chién lugc chao gia tdi wu. Vi thi truong gia dién duoc quyét dinh dua trén co s chao gia ban cia
cac nha may dién va chao gia mua ctia cac don vi mua budn. Do d6 hanh vi chao gia ciia cac don vi khong
chi anh huong truc tiép dén kha nang dugc huy dong phat ctia nha may ma con c6 thé tac dong dén gia ciia
toan h¢ thong. Y thic duoc viéc anh huong nay, nén théng tin ctia cac dbi thi trong hé thong hoan toan
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khong duoc biét. Viéc thiéu thong tin 1a mot tré ngai cho viée quyét dinh phwong an chao gia. Nhiéu thuat
toan duoc dé xuit cho bai toan t6i wu trong moi truong thong tin khong hoan hao.

Nang cao kha ning canh tranh trong chién luoc chao gia tdi wu cho cac don vi tham gia thi truong duoc
nghién ciru nhiéu trong nhitng nam gén day. Ly thuyét trd choi ap dung trong chién luoc chao gia t6i uu
cung da dugc nghién ctru. Trong [3] va [4], ly thuyét tiép can tro choi Nash duoc ap dung cho chién thuat
chao gia toi wu trong thi truong dién diéu tiét, noi ma cac don vi tham gia thi truong thiéu thong tin ddi thi.

Tuy nhién, két qua mo phong cho thdy chién lugc chao gia tdi uu thay d6i theo cap do thong tin ma don vi
tham gia c6 duoc vé dbi thu canh tranh. Ly thuyét trd choi bat hop tac ctia Cournot ciing da duge dua ra ap
dung dé xac dinh luong cong suét phat toi wru cho cac nha may dién tham gia trong thi truong dién doc
quyén duogc néu ra trong [5]. Két qua cho thdy udc tinh do chinh xac ham chi phi san xuét cta d6i thi dong
vai tro quyét dinh trong thi truong nay. Qua trinh quyét dinh Markov cho chién luoc chao gia tdi wu trong
thi trudong dién giao ngay duoc dé xuét trong [6]. Thuat toan di truyén dugc phat trién trong chién lugc chao
gi4 thau cho nhitng don vi tham gia trong thi truong déu gid hai chiéu cling duoc trinh bay trong [7] va [8].

Thuét toan mo va mang no ron nhan tao ap dung cho chién luoc chao gia ti wu trong thi trudng dién canh
tranh cing dugc phat trién trong [9]. Thuat toan hoc Q- learnlng cling duogc stir dung dé giai quyét chién
lwoc chao gia t6i wu cho nhitg don vi tham gia thi truong [10] va [11]. Thuat toan hoc Q — learning ciing
da dugc ap dung cho cac may dién thuc hién chién lugc chao gia tdi wu khi tham gia canh tranh trong thi
truong canh tranh thong tin khéng hoan chinh duge dé xuat trong [12],[13], va [14]. Két qua vé mirc do hoi
tu, phu hop cua thudt toan trong thi truong dién canh tranh cling dd dugc phéan tich va chirng minh.

Trong bai viét ndy, mé hinh thj truong VWEM trude ngay duge trinh bay, xac dinh chirc ning cac don vi
tham gia va trinh bay co ché van hanh thj truong. Gid dién ban budn dugc xac dinh dya trén quy luét can
bang cung cau thi truong, khi giao dich da xac 1ap thi gia bién dugc cong bd dé lam minh bach thong tin,
tao co ché “cudc choi” canh tranh lanh manh. Don vi ISO khong tham gia canh tranh, chi dam trach vai tro
dam bao k¥ thuat van hanh t6i uu hoa cong sut trén hé thong bang phuong phap t6i wu trao luu cong suat
DC — OPF (Direct current — Optimal power flow) dé xac dinh cong suat giao dich tai cac ndt. Trong bai
viét nay, dé tbi wu hoa loi nhuan cua cac don vi tham gia canh tranh, nhom tac gia dé xuét sir dung thuat
toan md phong luyén kim (SA - Simulated annealing algorithm) két hop vai thuat toan hoc Q ting cudng
( Q — Learning reinforcement algorithm) thanh thuat toan SA — Q learning ap dung tim chién lugc chao gia
t6i wu. So dd tidu chuan IEEE — 30 nit dugc st dung dé mo phong mirc do dap umg ciia thuat toan.

2 MO HINH THI TRUONG PONG

Gi4 dién ban budn dugc hinh thanh tir két qua thay doi lién tuc cta cap do cung va ciu trén thi trudng, mo
hinh thi truong dong dugc xay dung chi tiét trén co s& ctia mod hinh ban budn canh tranh VWEM, khong
gian thi truong thay d6i khong ngimg. M hinh thi truong VWEM duoc trién khai chi tiét nhu Hinh 3.
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Hinh 3: CAu trac hoat dong cuia VWEM

Trong hinh 3, ISO va MO doéng vai tro dam bao giao dich, giao dich dugc thyuc hién trong tirng gio trudc 1
ngay, thong tin giao dich thanh cong dugc cong bd cong khai. Trén co s¢ thong tin da giao dich trude do,
Gencos va LSEs tién hanh lira chon chién lugc tot nhat dé chao gia tham gia thi truong. ISO tinh toan lugng
cong sudt va gia tuong tng tai cac nut trén hé théng sau khi d3 nhan dugc ban chao gia mua va gia chao
ban ctia cac bén tham gia. Gia giao dich va cong suat giao dich trong tirng gir cia nhitng don vi giao dich
thanh cong dugc cong bd. Toan bo giao dich ciia ngay trude duge thuc hién trong ngay hém nay nén mo
hinh nay duogc goi tén 1a mé hinh thi truong ban budn trude ngay. Chi tiét dugc mé ta trong Hinh 4.
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Hinh 4: M6 hinh thi truong ban budn truée ngay

Trong ngay D, tai gi¢ t(h), ISO s& nhén gia thau va gia cung cép cua tat ca thanh vién tham gia cho 24h
giao dich ctia ngay D+1, sau d6 ISO s& tién hanh tinh toan s6 luong cong suat va gia tuong Ung tai cac nat
giao dich trén hé théng. ISO ¢6 nhiém vu dam bao cho h¢ thong hoat dong tin cdy, 6n dinh va cong bang.
C6 nhiéu giai thuat trong phan b cong suét, tuy nhién trong mé hinh nay tac gia chon giai phap DC-OPF
dé tinh toan bai toan phan bd cong suit can bang trén hé thong. Két qua giao dich trong ngay D+1 dugc

cong bd dau ngay D+1. Bit dau cia ngay D+1, cac giao dich thanh cong cua ngay D+1 phai cam két thuc
hién dé dam bao On dinh hé théng. Bén canh do6 bd phan tham gia thi trudng cling chuan bi giao dich cho
ngay ké tiép D+2. Pé dong nhét gia bién trén thi truong, md hinh thi truong giao dich hai bén dugc dé xuét
nhu hinh 5.

(1) Gia don vi phat dién diu

@) tién bi tir chéi.

--------------------- (2) (2) Gia don vi mua dién cudi
®) cing dwoc chp nhét.

............................. @) (3) Gié don vi mua dién dau
tién bi tir choi.

(4) Gia don vi phat dién cudi
cung dugc chip nhan.

Khoang chénh gia
cung cau

Cbéng sudt [MW]

Hinh 5: Gia bién trén thi truong giao dich hai bén
Gia chao cua cac Gencos va gia thau cua cac LSEs la gia khong co gian, gia chao dugc sap xép theo thir tyr
tang dan va gia thau dugc sip xep theo thir tw giam dan. Vi mot s6 thi tmo‘ng ap dung, don vi van hanh
thi truong co thé chon mot trong bén cin cir nhu Hinh 5 lam gia giao dich cudi cung d6 la: Gia don vi phat
dién dau tién bi tir chdi; gia don vi mua di¢n cudi cung duoc chap nhan; gid don vi mua dién dau tién bi tur
chéi; va gia don vi phat dién cudi ciing dugc chip nhan. Trong bai viét nay, gia bién giao dich s& do MO
quyét dinh va niam trong khoang chénh léch gia cung cau.
2.1 Giachao
Muc ti€u ctia cac Gencos trong thi truong canh tranh la tdi da hoa loi nhuan, diéu kién trudc chao gia la
mdi trudng thiéu thong tin vé dbi thi. Gia chao cua cac Gencos dugc xac dinh:

C/(P;)=aP;+bP, +c, 1)
5C.
C.,=—-=2aP, +b 2
mi a:)gi i’ gi i ( )
Pgl min — Pgl — ' gi_max (3)

Trong d6 ai, bi, ¢i 1a cac hé sb ciia ham gia thuc C, (Pgi) clia may phat tht i, phat ra luong cong sut tac

dung Pgi. Pgi_min V& Pgi_max 1a gidi han trén va gidi han dudi cia may phat thir i, cong thirc (2) 1a dao ham gia
theo cong suat ctia may phat dugc goi la chi phi can bién thuc ctia may phat thir i.
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Vai mdi giao dich, Gencos cung cip dén ISO va MO bang chao chira dung hai thanh phan d6 1a luong cong
sudt phat va gia tuong tmg. Céac bang chao nay duoc tinh toan tir gia phat theo cong thirc (1) dén gidi han
cong suat phat theo cong thirc (3). Ham gia chao dugc xac dinh nhu sau:

R ={ah A @ P (@ A @ ) @
Aik_min < Aik < Ailir’rax (5)
Aik = Aik_min +%(Aik_max - Aik_min) (6)

Trong d6 ¢, , P, la cong suat va gia ciia may phat thir i. A 1a hanh dong tht k trong tap hanh dong cta
may phat thtr i. Dya trén hanh dong A ma méy phat thir i c6 thé thay ddi gia trong ham chao gia f°™
(4), va h 1a s6 hanh dong c6 thé duoc Iya chon (k=1, 2, ....A).

ISO va MO tinh toan va céng b gia dién tai nit giao dich N trong thoi diém t dugc xac dinh 1a /1':1 . Gia

tri 191 nhuén thu dugc clia may phat thir i trong 24h giao dich dugc xac dinh:

Z(ﬂpt «—Ci(Pi) @

Trong d6 r;, la ham s6 loi nhuén ctia may phat | trong gio t.
2.2 Gia Thiu
Tuong ty nhu Gencos, ham lgi nhuén cua cac LSEs dugc xac dinh nhu sau:
2
B, (Py) =¢,P; —f,PR; (8)
éBJ'
ij:_&D- =ej—2ijdj 9)

j
2Py =2.Py (10)
Trong d6 ej, fi 1a cic hé s& ctia ham loi nhuan B ;(P;) cta LSEs tht j va Pq; 1a cong suét tac dung mua

dugc tur thi truong cua LSEs tht j.

Madi giao dich LSEs cung cap cho ISO va MO mét ban chao gia thau, trong d6 c6 chira hai thanh phan d6
1a lugng cong suit va gia tuong tmg c6 nhu cAu mua. Bang chao gia thiu duoc tinh toan tir ham loi nhuan
(8) va lugng cong suit tai can tiéu thy. Ham gia thau dwoc xac dinh nhu sau:

£ = {(gt; ph), .o, (07 7)) (11)

3 THUAT TOAN HQC Q - LEARNING

Thuét toan hoc tang cuong Q-learning duoc dé xuat boi Watkins dé giai quyét qua trinh quyét dinh Markov
trong moi truorng thong tin khong day du. Y tudng chu dao cua thudt todn hoc 13 hoc cach sinh ton cua loai
vat trong moi trudng tu nhién. Cac ddi tugng trong tu nhién phai tuong tac theo moi truong dang ton tai.
béi tugng s€ nhin dugc mot két qua sau moi hanh ddng, va rit ra kinh nghiém dé ton tai. Uu diém 16n nhét
clia y tuong thuat toan nay 1a tinh don gian, dé ap dung va truc tiép 1én dbi twong. Nhing don vi tham gia
st dung thuat toan hoc Q — learning dé thyc hién chién luoc chao gia tbi uu trong thi truong dién ban budn
canh tranh truéc ngay trong mdi trudng thiéu thong tin déi thi.

Déi tuong |«

Y

Sn I'n ,
Trang thai an Két qua
Hanh dong

\4

Moi trudong

Hinh 6: M6 hinh thudt toan hoc ting cuong
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Nhu trinh bay ¢ Hinh 6, cic ddi tugng nhan dugc mot Kkét qua Iy trong ng voi mot cdp hanh dong — trang
théi (an , sn) 0 hanh dong thir n. Ham gia tri cua cdp hanh dong — trang thai dugc luu lai trong bang gia tri
kinh nghiém Q va ludn dugc cap nhat trong ting hanh dong.

Goi S = {s1, S, ..., sm} la mot tap chira m gia tri trang thai moi truong va A = {ay, a, ..., ax} 1a mot tap k
hanh dong ma ddi tuong co thé thuc hién. Gia sir & bude thir n, twong tng voi trang thai moi truong sneS,
d6i tuong chon cho minh mot hanh dong tot nhat ayeA, thi ngay lap tirc nhan dwoc mot két qua rn. Doi
tuong tiép tuc xem xét trang thai moi truong tiép theo Snv1€S va cap nhat lai gia tri kinh nghiém Q twong
ung:

(t-@)Q,(5,2) + alr, +7.maxQ (5,.,,)]

Qn+l(s1 a) = If S= Sn and a= a'n (12)
Q.(s,a) otherwise

Trong (12), a<(0,1] 1a hé sb hoc va y<[1,0) 1a hé sé suy giam. Y nghia ctia hé s6 suy giam 1a gia tri nhan
dugc ¢ twong lai gan 16n hon gia tri nhan duoc trong twong lai xa. Thuat toan SA-Q sir dung phuong phéap
¢ — greedy duogc dé xuit theo cac budc:
Begin:
1. Nhdn dién tdt ca cdc cap gia tri Q(S, ) .
2. Vong ldp (cho méi cdp gid tri):
a. Lua chon ngcfu nhién hanh dong a, € A.
b. Lua chon hanh dong theo quy ludt (e — greedy) ap, € A:
a, =argmaxQ, (s, a) (13)

¢. Tao gid tri ngau nhién ¢ < (0, 1).
d. Lua chon va thuc hién hanh dong an € A theo quy ludt gan diing ngdu nhién:

A Q_l(sia)_Q_l(sla)
a _%ap if gZeX{ " nT n np (14)

. Temper:
n a, otherwise emperatue

e. Nhdn gid tri phdan hoi r va cdp nhdt lai trang thdi méi s
J. Cap nhat lai bang gid tri Q theo cong thirc (12)
Tinh toan lgi gia tri temperature bang hé $6 suy giam Temperature
3. Cho dén khi dat dwoc gid tri muc tiéu.
End.
Goi T, 12 hé s6 Temperature tai budc thir n, Th=0XT, 12 hé s6 Temperature tai budc ké tiép n+1. Hé
s6 suy giam 0e(0.5, 1) quyét dinh toc do hoi tu nhanh hay cham ciia thuét toan.
4 AP DUNG SA-Q LEARNING CHO THI TRUONG PIEN
Gia dinh c4c don vi tham gia thi trudng v6i muc tiéu t6i da hoa loi nhuan va giam thiéu rui ro. Dé dwa
thuat toan SA-Q learning 4p dung vao cac don vi tham gia , can dinh nghia cac tap trang thai, hanh dong va
két qua.
Trang thai (S): Trang thai dugc xac dinh la cac gia dién trong thi truong.
Hanh ddng (a): Mbi don vi tham gia c6 mot tip hanh dong, chi tiét cia hanh dong theo cong thirc (6) dugc
x4c dinh chi tiét:
Aik min =1; Aik max=2; =10
Ket qua (r): Sau khi ISO va MO tinh toan v cong bd cong suat va gia tuong Ung tai cac nut trén hé thdng,
modi don vi tham gia tinh toan loi ich thu dugc dya trén ham gia va lugng cong sudt cam két - phat dugc dua
1én hé théng theo cong thirc (7). Theo [15], cac thong s6 thuat toan anh huong khong nho dén toc do6 hoi tu
cua thuat toan, do Vay trong bai viét nay, nhom tac gia chon khong thay d6i thong s thuat toan d6 1a: Hé
s6 hoc &= 0.5; hé s suy giam y=0.1; hé sb Temperature T = 100,000; 6 = 0.99; gia tri ban dau cua bang
hoc Qo(So,ao) =0.
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5 MO PHONG w ,
Str dung h¢ thong dién tiéu chuan IEEE 30 nat v4i 6 nha may dién thyc hién mé phong phan bo cong
suat va van hanh thi truong dong. So do6 mang dién nhu Hinh 7

___________________ Area 2
o™ / \

15 18

14 19

12

/| 16

~ ’

Hinh 7: So d& don tuyén cua lu6i truyén tai [EEE 30 nit [16]
Thong tin co ban ctia hé thong dugc trinh bay nhu trong Bang 1
Bang 1: Thong tin co ban ctia h¢ thong

Téng cong suat may phat 352MW
Tai ¢b dinh 151.64MW
Tai c6 thé didu chinh 90MW

Phan b cong suit dugc tinh toan theo thuit toan phan bd cong suét t6i wu DC-OPF trong mdi trudng
Matlab. 6 nha may dién trong hé thong dugc phan bo trong 3 ving, trén cac ndt s6 01, 02, 13, 23, 22 va 27
dugc dé xuat str dung thuat toan SA-Q learning voi cling b thong s6. Bang 2 va bang 3 1a cac bang gia
chao va gia thau cta 6 nha may dién va 3 don vi mua budn tai.

Bang 2: Thong tin bang gia chao cua 6 GenCos

) P P Block 1 Block 2 Block 3
Gen | Nat d g . . .

Min | max [MW; $/MWh(MW; $/MWh(MW; $/MWh
1| 1 | 10 | 60 |12,Af ®20 | 24; Af ®50 | 24; Af ®60
2 | 2 | 10 | 60 |12;AK ®20|24; Ak ®40|24; A5 ®70
3 | 22 | 10 | 60 |12;AK ®20 |24; AX ®42 | 24, Af ®80
4 | 27 | 10 | 60 |12;AX ®20 |24;Af ®44|24; AL ®90
5 | 23 | 10 | 60 |12;AK®20 |24;AK ®46 | 24;AK ®75
6 | 13 | 10 | 60 |12AE ®20|24; AL ®48 | 24; AS ®60

Bang 3: Thong tin bang gia thau ciia 3 LSEs
. Block 1 Block 2 Block 3

LSE 1 NOU vy $iMwh | MW: $IMWH | MW: $/Mwh
1 7 10, 100 10, 70 10, 60
2 15 10 ; 100 10, 50 10, 20
3 30 10, 100 10 ; 60 10 50

Tai mdi nat cua hé théng, cong suit didu tiét tdi da 30MW

Tién hanh thyc nghiém hai truong hop mé phong:

Truong hop 01: Sau Gencos thay ddi ngau nhién bang gia chao trong 200 1an giao dich, khong c6 Gencos
nao str dung thudt toan ( Aik =1). Ba LSESs c6 nhu cau tai toi thicu 90MW.

Trudng hop 02: Sau Gencos sit dung SA-Q learning dé ti wu hoa bang gia chao trong 200 1an giao dich,
khong c¢6 Gencos nao st dung thuat toan ( Ak duoc lua chon trong tap hanh dong cua thuat toan). Ba LSEs
¢6 nhu cau tai toi thiéu 9OMW.

Trong ca hai trudng hop mo phong, hai thong sd quan trong dugc can nhic do 1a gia trung binh thi truong
va loi nhuén cua cac GenCos. Két qua mo phong trong trudng hop 1 va trudng hop 2 dugc trinh bay twong
ung ¢ Hinh 8, 9 va Hinh 10,11
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Két qua Hinh 8 va Hinh 9 chi ra khi cic bang gia chao va bang gia thiu duoc thay d6i dan dén gia trung
binh trén thi truong thay doi. Cong suat va loi nhuan cta cac GenCos ludn bién dong. Két qua chi ra trong
md hinh thi truong dong, gia thi truong bién dong lién tuc va khong 6n dinh, gia thi truong duoc dan dat
boi cac bang gia chao va bang gia thau. Khuyét diém 16n ctia dang md hinh nay can nhiéu co ché hon dé
kiém soat.

Két qua tich cyc hon trong truong hop mé phong thir 2 dwoc trinh bay trong hinh 10 va hinh 11. Khi cac
GenCos str dung thuat toan SA-Q learning thi thdng qua 200 lan giao dich thi gia trung binh trén thi truong
va loi nhuan ciia cac GenCos hoi tu nhanh sau hon 100 1an giao dich dau tién. Thi trudng bat dau hoat dong
on dinh va yéu diém cua thi truong dong dugc khéc phuc.
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Hinh 8: Trung binh gié di¢n trong trudng hop 1
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Hinh 9: Loi nhuén dat dugc cua 06 GenCos trong trudng hop 1
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Hinh 10: Trung binh gia di¢n trong truong hop 2
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Hinh 11: Loi nhuén dat dugc ciia 6 GenCos trong trudng hop 2

6 KET LUAN

Mo hinh thi truong dong trén co sé can bang cung cau ctia cac don vi tham gia 12 nhu cau doi hoi tir thuc
té trong nén kinh té thi truong. Tuy nhién, moé hinh xuét hién khuyét diém 16n d6 1a sy khong 6n dinh, gia
trung binh trén thi truong ludn co bién dong. Két qua mé phong cho thdy khi cac GenCos sir dung thuat
toan SA-Q learning dé t6i uu chién lugc chao gia s& 1am cho thi trudng 6n dinh va cac gia tri hoi tu sau hon
100 14an bién dong giao dich ban dau. M6 phong thuc hién trén hé thdng tiéu chuan IEEE 30 nit ciing dugc
xem 1a du 16n dé kiém chirng cac gidi han va cac diéu kién so véi hé théng thuec.

Két qua khich 1¢ trong nghién ciru nay 13 co sé cho cic nghién ciru sau hon trong linh vuc thi trudng dién
thong minh. Mot loai thi truong phic hop va phire tap hon khi ¢6 su két hop ctia nhiéu loai hinh nhu: Dy
trir nang luong, nang luong tai tao, cong suét phan khang va thi truong hop ddng song phuong. Trong cac
dang mé hinh thi truong can phai thiét 1ap nhiéu hon cac rang budc nhu gia carbon thap, gia chi phi du
phong va céc dich vu phu tro ... Pay la cac chu dé nghién ctru cho thi truong dién twong lai./.

DANH MUC TAI LIEU THAM KHAO
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