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Tém tit
Trong bai bao nay, téc gid nghién ctru mé hinh cdn bdng Nash-Cournot cho thj trwong sén
xuét dién phan biét (m& rong cta mé hinh can bang Nash-Cournot cé dién). Cu thé, téc gid
trinh bay mé hinh, néu bai toan can bang ctia mé hinh va dwa ra y nghia thuc té cia bai toan.
Déng thoi, tac gid gidi thiéu cach duwa bai toén cén bang ctiia mé hinh vé bai toan quy hoach
16i toan phuong va thuét toan giai tuong tng cung véi vi du sé minh hoa.
Ter khéa: M6 hinh can bang Nash-Cournot, thi trrong sén xuét dién phén biét, bai toan cén béng,
diém can bang cta mé hinh, bai todn quy hoach I16i toan phuong.
Abstract
This paper studies the differentiated Nash-Cournor equilibrium model for electricity production
market (the expansion of the classic Nash-Cournot equilibrium model). Specifically, the author
presents the model, the equilibrium problem of the model and its meaning. In addition, the
author proposes the way to convert the equilibrium problem of the model to a problem of
convex quadratic program. An algorithm for solving the latter problem and a numerical
example are also discussed.
Keywords: Nash-Cournor equilibrium model, diferrentiated eletricity production market, equilbrium
form of the model, convex quadratic program.
1. Dat van dé
Mb hinh can bang Nash-Cournot cé dién da kha quen thudc trong toan (rng dung (chéng han,
xem [1], [4], [5]). Ta xét m6 hinh trong thj triérng san xuét dién. O d6, gia st c6 n nha may cling san
xuét kinh doanh dién khac nhau, chang dién hat nhan, dién ndng lwong méat troi, dién gié, thuy dién,
nhiét dién,...
Ta gia thiét rang gia thanh san xuat mét don vi dién do nha may thir | cung cép la mét ham
affine dwoc cho béi:

pi(xli"'lxn)::a_zfikxk (1)
=]

vGi moi i =1,...,n;trong 36 « >0 la gia ban dau, 7, >0 & hé sb giam gia do san lwgng tang.
Ham gia thanh néy xuét hién trong céc loai dién khac nhau, trong d6 ngudi sg’r dung c6 thé thich loai
dién dwoc san xuat b&i mot nha may nay hon cac nha may con lai, vi du nhiéu ngudi §fP dung thich
loai dién gi6 va nang lwgong mat troi hon nhiét dién hodc nang lweng hat nhan. Cha yrang khi ¢, =7
voi moi | va k thi ham gia thanh tré thanh ham théng thuwéng (trong mé hinh can bang Nash-
Cournot cb dién). Loi nhuan dat dwoc béi cong ty i c6 dang:

. f, () = P (e X0) % _Ci(Xl)v ) (2)

trong d6 ¢, (x,) 1a chi phi (bao gdm ca phi cho viéc gay 6 nhiém mai trwdng khi san xuét) dé
san xuét x, san lwong. N6i chung, c,(x,) 1a mot ham 16i tdng dan chi phy thudc vao murc san xuét.
Tinh 16i c6 nghia Ia gia thanh san xuat mét don vi cang tang khi lwgng san xuat cang 16n (chang han
khi san xuat nhiéu thi bj danh thué cang cao do gay 6 nhiém mai trwéng nén trong thire té khi ngwoi
tiéu dung cang dung nhiéu dién thi cang phai mua véi gia cao). .

Goi K; e R, (i=1,...,n) la tap chién lwgc san pham cta nha may thtr I. Nhw vay, nha may
the | chi duoc lwa chon phwong an san xuét thudc tap K. M&i nha may déu c6 chung mét mong
muon la cwe dai ham loi nhudn clia minh bang cach chon san lwgng dé san xuat. Khi do, tap chién
lwgre cdla mo hinh can bang thj trwdng kinh té la tich Cartesian cac tap chién lwgc clia méi nha may:
K=K, x..xK,.

Mét (;éch tiép can thwdng dwoc sir dung cho mé hinh nay dwoc dwa trén khai niém can bang
Nash ndi tiéng. Ta cé dinh nghia sau:
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Dinh nghia 1: M6t diém X =(X.,....X,) € K duoc goi la diém cén béng Nash cia mé hinh
can bang Nash-Cournot néu voi moi 1 =1,...,n va véimoi y, e K, ta déu co:

fi(xf’ " |—1’y|' i+11m n)<f(X1' "X;)' ()
Dat F,0 e X1, Vi Xgen %) = F.OCTY; ) thi (3) dwoc viét lai duoi dang:
fi (<) = max £, ([, ). 4)

V& y nghta kinh t&, tai diédm can béng Nash thi loi nhuan cla cac nha may la cao nhéat, bat ky
nha may nao chon phwong an san xuét ra khdi diém can béng trong khi cac nha may con lai van gilr
phwong an san xuét tai diém can bang thi lgi nhuan cla nha may thay ddi chi cé thé thiét di chi
khong thé téng lén. Do do, tat ca cac nha may déu mudn minh san lwong ctia minh & vj tri can bang.

V&i mbi x=(x,,....x,) e K V& y =(y,,...,y,) € K ta st dung ham Nikaido-Isoda:

f(X y) Z[f (Xli X f (Xl' 1 |—1’y|! i+171" X )] Z X)_ f (X[y ])) (5)

Khi do, bai toan tim diém can bang ctia mé hinh can bang Nash Cournot twong dwong véi bai
toan can bang EP(f,K) sau:

Tim X €K saocho f(X,y)>0VyeK. (6)
Binh ly 1: Cho tap chién luoc K la mot tap con, 16i, déng, khéc réng trong R" va ham f x,y)
xé&c dinh béi (5). Khi d6, diém X €K 1a diém can bang Nash khi va chi khi né la mét nghiém cta bai
toén can bang EP(f,K).
Chirng minh: Gia st x” 1a phwong an tbi wu ctia md hinh can bang Nash-Cournot thi theo (4)
taco f(x")= max f, (X[y;) vi=1,...,n. Suy ra:

zn:[fi (X oo X ) = Fi (X e Xo 1, Vi xiil,...,x:)]ZOVye K.

i1
Két hop didu nay véi (5), ta co T (X, ) >0VyeK,

Vay x* la nghiém cla bai toan can bang EP(f,K).

Nguwoc lai, néu XeK 1a nghiém cla bai toan EP(f,K),ta co f(X*, y)>0VyekK.
Theo (5)taco Z[f (Xli X ) f, (X1, " |—11y|’ i+l X )]>Ovy€K

i=1

Chon Y= (Y1, X Xg) sty ra: fy (Y1, %0, %) < B (X Xg).
Mt khac, voi Y = (X veer X1, Vi Xoogrens X0 ) ta €O

606 v g Y Koo ) S 06 10 X) Vi = 23,00 L
Thay y=(xf,....,x:_1,yn), ta duwoc fn(XI,...,X:_l,yn)S fl(XI,...,XD.

Vay x"la mot diém can bang Nash.
Trong thwc té, mirc dd san xuét & moéi nha may thwdng thod man mot ty 1& nhat dinh:

i

<u; O<I J.;j=],...,n
th
hj
Twe la san lwong dién ctia mot loai dién so véi tdng sén lwong con lai cla thj trudng dién phai
théa man mat gi¢i han cho phép, vi du dién hat nhan hay nhiét dién & nhiéu nwéc bi han ché san
xuéat do gay 6 nhiém mai trwdng, chat pha ring.
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bat:

)(J Xj . N <
D i={(XyseiX) 1@ (X X)) = —U; SO (X X)) =1 — <0,V j=1..n} thi D Ia

n

S, S,

h=j h=j

mot tap 16i da dién.
Nhuw vay, bai toan can béng EP(f,K) v&irang bugc D duwoc phat biéu lai thanh bai toan
can bang EP(f,K,D):

Tim X€KND saocho f(X',y)20VyeK, 7)
2. Chuyén bai toan can bing EP(f,K,D) vé bai toan quy hoach 16i toan phwong
n
Thay (1) vao (2) tacod f,(x) = p; (Xg,....X, )% —C; (%) = (a—zfikxk)xi =C; ()
k=1

VOi o >0, 7, >0.
n

Khi d6, theo (5): f(x,¥) = D (f;(x) = f; (x[y:]))

i=1

:Zn:{xia_xizn:fikxk -G (x)-yia+ yizn:Tika — X T Y; + T Vi +Ci(yi)}
i1 k=L k=L
= Z{(Xi —Yi)a+(y; _Xi)zfikxk +73Yi (Vi = %) + ¢ (Vi) — ¢ (Xi)}

i1 k=

= Zn:{(Yi _Xi)(iTika +73Y; —a) + G (¥i) — G (X )}
=(Px+Qy =2,y —x)+¢;(¥;) ¢ (x) =((P+Qx-a,y =X} +{Q(y — ), y = X)) + h(y) ~h(x)
voi P = (7)) pens Q= diag (zyy,....700). @ = (,...,@) ", h(X) ::Zn:ci (x.).
i=1

Vi (Q(y=%Y-X))20VX,y€ Rn nan nghiém ciia bai toan can bing EP(g,K) ciing la
nghiém clia bai toan can bang EP(f,K) véi: 9(X, y)= <(P +Q)x-a,y- x) +h(y) = h(x).
Gia st h(x) 1a mét ham kha vi trén K.

Ménh dé 1: Biém x™ e K la nghiém cda bai toan can bang EP(g,K) khi va chi khi x” 1a
nghiém cuaa bai toan:

min{p..(y) = ((P+Qx &,y —x") +h(y)=h(x"), y e K}. (8
Chirng minh: Gid st x” la& nghiém cla bai toan can bang EP(g,K), khi do
o (y)=0vyek. Talaice ¢ (X')=0. Vayham ,,_(y)dat cuc tidu tai x".
Gia siv x* 1a mot nghiém cta (8), do d6 0 € V. (X') + Ny (x),
trong d6 N, (x") ={weR": <W, y— x*> <0Vy e K} la nén phap tuyén ngoai tai x"cua tap
K, hay <V¢X* (x),y- x*> >0VyekK.
Theo tinh chat cia ham 1i: <V¢X* (x),y— x*> <g.(y) -9, (X) Yy eK.

Két hop voi (DX*(X*) =0 taduoc o (y) >0 vy e K. Vay x” langhiém clia bai toan can bang
EP(g, K).
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Pinh Iy 2: Diém x™ e K la nghiém cla baitoéan can bang EP(g, K) khiva chikhi x" la nghiém
cua bai toén bét déng thire bién phén (VIP):
Tim x" e K :<F(x) =(P+Q)X —& +Vh(x"),y - x*> >0 vy eK. (9)
Chirng minh: Gia s x~ 1a nghiém cla bai toan EP(g, K),theo Ménh dé 1tacoé x™ clng

la nghiém ctia bai toan min{e . (y) = <(P+Q)x* —a,y— x*>+ h(y)—h(x"),y € K}.

Dod60e Ve . (X )+ Ny (X )hay 0c[(P+Q)x" —@ + Vh(x") + Ny (x")]
= <(P +Q)X —a +Vh(x"),y— x*> >0VyeK. Vay x" langhiém cta (9).
Dé chirng minh diéu nguoc lai, ta viét <(P +Q)X —a +Vh(x'),y— X*> >0Vy e K dwoidang:
<(P+Q)x* -a, y—x*>+<Vh(x*),y—x*> >0VyeK.
St dung tinh chét cia ham 16i ta co <Vh(x*), y— X*> <h(y)-h(x") Vy e K. Do d6, néu x" 1a
nghiém cua (9) thi x* cling la nghiém cua bai toan EP(g, K). Pinh ly dwoc chirng minh hoan toan.
Dinh Iy 3: Giast f : K —> R /& ham khé vi 16i trén tap 16 K € R". Khi d6 diém x* < K. I& nghiém
clia bai toan bat déng thire bién phén (9) khiva chikhi x™ la nghiém cia bai toan quy hoach 16i CP(f,K):
min{ f (x): xe K} (20)
voi F(X):=Vf(X).
Chiing minh: Gia st x” 1a nghiém cia bai toan (9), ttrc 1a <Vf (x),y - x*> >0VyeK. Do
f 1a ham 18i, kha vi nén <Vf (x*),y—x*> <f(y)-f(xX)vyeK. Suyra f(y)= f(x*)vye K hay
x" la nghiém cta (10).
Gia st x” la nghiém cta (10). Ta co f(y) = f (x") Vy e K. D& chirng minh diéu ngwoc lai,

ta diing phan ching: <Vf (x),y - x*> <0y e K. Khi do, lay & >0danhé, do K 1a tap 1i nén:

2, =gy+(1-e)X =X +&(y-x)eK vyeK

va st dung khai trién Taylor ta co:

F(z2,)= () +&(VE(x),y = X)) +ole(y—x"))< F(x") vy e K, tirc x"khong la nghiém
cdia bai toan (10). Diéu nay trai voi gia thiét.

Gidasr p= () men la ma tran doi xtrng, nra xac dinh dwong. Khi dé P +Q ciling la ma tran
dbi xeng, nra xac dinh dwong. Ap dung Dinh ly 3 va cho h(x)1a ham tuyén tinh ho&c 16i toan
phwong thi bai toan can bang (7) dwec dwa vé bai toan quy hoach 16i toan phwong CQP(f,K,D):

min{%xT (P+Q)x—a ' x+h(x):xe KD} (11)
3. Thuat toan giai bai toan quy hoach 16i toan phwong dang (11)

a) Bai toan: Cho ham bac hai 16i f:R"— R va hai tap 16i da diénK,De R" véi gia thiét
K N D #@. Xét bai toan téi wu sau:

(Q) Tim XeK saocho f(X)=y, =min{f(x):xeK}

VoI S={xeK: f(x) =y} atap nghiém (S la tap 16i do ham f 15iva K Ia tap 16i).

Khi d6, (11) dwoc viét lai thanh bai toan: (P) Tim X €SN D, tec la tim nghiém cia téi wu
cla bai toan (Q) thda man thém céc rang budc phu duoc cho béi tap 16i da dién D.

b) Thuat toan giai: Dé cho tién, ta s& goi Thuét toan A 1a mét thuat toan hiru han da biét nao
doé ma cé thé gidi dwoc bai toan quy hoach 16i toan phwong (chdng han, thuat toan don hinh Beale,
thuat toan Hildreth-D'Esopo,...).

Ta sé& giai (P) bang thuat toan sau day, goi tat la thuat toan hai pha:
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Pha 1: DUng Thuét toan A gidi bai todn (Q) nhan duoc X € K va f (X) = .. Hai kha ndng xay ra:
+Kha nang 1: Xe D thi x" =x 14 |&i gidi can tim cla bai toan (P). Dirng qué trinh giai.
+ Kha nang 2: X ¢ D thi chuyén sang Pha Il.
Pha 2: Dung Thuét toan A gidi bai toan quy hoach min{ f (x) : x e K m D}, nhan duoc I&i giai
Xe KN D. Rdrang f(R) >y, (do K 2K D). Hai kha nang xay ra:
+Khanang 1: f(R) =y, thi x" =% laloi giai can tim cla bai toan (P). Dirng qua trinh giai.
+Kha nang 2: f(X) >y thi baitoan (P) v nghiém. Dirng qua trinh giai.
4.Vidu sé minhhoa ] )
Xét mé hinh can bang Nash-Cournot trong thj triedng san xuat dién véi cac so liéu:

2 11 2 00
n=3, K =[0,400)x[0,40)x [0,+0),@" =(10 10 10),P=|1 3 1|Q=|0 3 0|
112 0 0 2
(%) = (10 = 2X, — X, — Xg)%;, — X2, ,(X) = (10 — X, — 3X, — X3)X, — 2%,
fo(x)=(10-x, — X, —2x3)x3—3x§;
D ={(X,,X,,X3): — . <1,is X2 si,is o si}
10 X +% 10 x +x, 210 x+x, 2

={(X;, X, X3) 1 =10X%; + X, + X3 <0, X, —10%, + X3 <0, X; + X, —10x; <0,
Khi d6 bai toan quy hoach 16i toan phwong (11) c6 dang:
min{ f (X, X, Xg) = 3X +5X2 +5%; + XX, + X, Xy + X X3 —10%, 10X, —10X; : x e K " D}

Dung thuéat toan Hildreth-D' Esopo (hoac cac phan mém Maple, Matlab) cé thé giadi dwoc bai
toan (Q) twong rng, & day tac gia gidi bang phan mém Maple 17 va thu dwoc nghiém:

X = (1,40625;0,78125;0,78125)
Dé& dang kiém tra dwoc X € D. Vay diém can bang ctia md hinh va mirc lgi nhuan téi wu twong
&ng clia cac nha may can tim la:
= (1,40625;0,78125;0,78125),f,(X;) =5,93262,f,(x,) = 3,05176,f,(x;) = 3,05176

5. Két luan

Trong bai bao nay, tac gia gidi thiéu cach dwa bai toan can béng ctia mé hinh Nash-Cournot
cho thj truong san xuat dién phan biét vé bai toan quy hoach 16i toan phwong va dé xuét mot thuat
toan giai twong ng dé tim diém can bang ctia mé hinh. Két qua ctia bai bao 1a mot cong cu rat hiéu
qua dé nghién ctvu va gidi mé hinh Nash-Cournot trong céac linh v kinh té, tai chinh, van tai, can
bang mang,...
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