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TOm tat

Muc dich cua bai bao nay la nghién ciu su ton tai nghiém cho bai toan can bdng
mang giao thong da muc tiéu véi nhu cau co gidn. Su dungphwo’ngphap lién quan dén
vé hwong hoa, ching tdi phan tich bai toan va thiét lap mgt két qud ton tai nghi¢m cho
dong can bang hiu hiéu va dong can bang hizu hiéu yéu cua bai toan nay. Két qud thu
duocC dya trén gia thiét vé tinh déng va tinh twa don diéu suy réng, khdng dung cac gid
thiét lién quan dén tinh 16i hodc tinh l6i suy rong. Hon nita, cac gid thiét trong két qud
nay kha don gian va dé kiém tra. Mgt vai vi du ciing dwroc cung cdp nham minh hoa va
chi ra sir thudn loi cia két qua nay khi &p dung vao cac tinh huéng cu thé.

Tar khoa: can bang mang giao théng da muc tiéu, dong can bang hiru hiéu,
dong can bang hizu hiéu yeu, su ton tai

Abstract

THE EXISTENCE OF EQUILIBRIUM FLOWTS IN MULTI-OBJECTIVE

TRAFFIC NETWORK PROBLEMS

The purpose of this paper is to study the existence of solutions for multi-objective
traffic network equilibrium problems with elastic demands. By using methods related to
scalarization techniques, we analyze the problem and give a existence result for weak
effective and effective equilibrium flows. The obtained result is established based on
assumptions of closedness and generalized quasimonotonicity, without using assumptions
related to convexity or generalized convexity. Furthermore, the assumptions in this result
are quite simple and easy to check. Some examples are also provided to illustrate and to
show the advantages of this result when applied to specific situations.

1. Gioi thiéu

Bai toan can bang mang cb dién 1a bai toan ma nguoi tham gia giao thong (trong
mot mang ludi giao thong tic nghén) tim mot dudmg di tir diém bat dau dén diém két thiic
sao cho chi phi (thoi gian, tién bac,...) bo ra nho nhat. Pigou (1920) 1a nguoi dau tién
nghién ciru bai toan can bang mang, ong da nghién cttu mang van tai gom 2 nat va 2
duong. Vé sau nguoi ta nhan thay bai toan can bang mang lién quan gan giii v6i nhiéu
bai toan quan trong trong Toan kinh té va tim thay nhiéu ung dung trong cac linh vuc cua
khoa hoc-ky thuat va khoa hoc xa hoi. Do do, bai toan can bang mang da duoc nghién
ctru va phat trién bai nhidu nha nghién ciu trén thé gidi (Aashtiani va cs., 1981; Dafermos,
1980; Hai va cs., 2009; Khanh va cs., 2005; Maugeri, 1995; Smith, 1979; Zhang va cs.,
1996; Wardrop, 1952). Ban dau cac bai toan mang dwoc nghién ciru véi cudce phi chi mot
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muc tiéu, tirc 1a ham cudc phi 1a ham vo huéng. Khi xét sy ton tai dong can bang nguoi
ta thuong chuyén doi bai toan mang vé bai toan bat dang thtc bién phan, va ding cac két
qua cua ly thuyét bat dang thirc bién phéan ciing nhu céc két qua lién quan dé khao sat
(Dafermos, 1980; Khanh va cs., 2005; Maugeri, 1995; Smith, 1979; Zhang va cs., 1996).
Trong thuc tién, cac bai todn mang giao thdng v huéng khdng mé ta hét cac tinh hudng
thuc té, vi du nhu cude phi khdng chi 1a tién bac ma con ca thoi gian va stc khoe, hay
nhu trudng hop nhu cau khdng cé dinh ma c6 thé thay d6i trong mot pham vi nhat dinh,...
Do d6, cac bai toan mang duoc phat trién dén truong hop da muc tiéu (¢ d6 cac cude phi
la nhitng ham vector) (Chen va cs., 1999; Chen, 2011; Khanh va cs., 2004; Konnov,
2013), hoac cac bai toan mang voi nhu cau co gidn (Konnov, 2013). Trong truong hop da
muc tiéu, nhiéu khai niém vé dong can bang duoc cac nha nghién ctu trén thé gidi de
Xuat va khao sat, chang han nhu dong can bang hitu hiéu, dong can bang hitu hiéu yéu,
dong can bang chinh thuong Henig, dong can bang chinh thuong Benson,...

Trong bai bao nay chung toi nghién ctu bai toan can bang mang giao thong da myc
tiéu véi nhu cau co gian, bao ham ca truong hop da muc tiéu va truong hop nhu cau co
gidn néi trén. Ching tdi chi xét loai dong can bang hiru hiéu va loai dong can bang hitu
hiéu yéu, chitng minh mot két qua vé su ton tai cho hai loai dong can bang nay. Két qua
cua chiing t6i dugc phét biéu va chimg minh ma khong doi hoi cac diéu kién vé tinh 16i.
Noi dung chinh cta bai bao duoc trinh bay trong hai myc tiép theo. Trong muc 2 ching
t6i trinh bay bai toan can bang mang giao thong da muc tiéu véi nhu cau co gidn va phat
biéu hai khai niém vé dong can bang. O muc 3, ching t6i phat biéu va ching minh mot
dinh 1i ton tai cho hai loai dong can bang duoc néu & muyc 2. Vai trudng hop dic biét ciing
nhu cac vi du 4p dung dugc dua ra &é minh hoa va thé hién gia tri caa két qua mai nay.

2. Co sé ly thuyét

Trong toan bd bai bdo nay, chiing ta ding cic ky hiéu sau. R 1a tap cdc s6 thuc, R" := {z =
(21,29,...,7,) | 7; € R} 1a khong gian Euclide n chiéu, R} := {z = (21,2, ..., Tp) ER® | 3; >
0 v6imoii = 1,...,n} la nén orthant duong trong R", R” . = intR"} = {2 = (21,2, ...,2,) €
R™ |z; >0 véimoii=1,..,n}.

Chiing ta mo t4 bai toan mang giao da muc tiéu véi nhu ciu co gian. Xét bai todn mang giao
thong da muc tiéu G = (N, A, W, ¢, d) véi rang budc tai ning trén cung, trong do:

N 1a tap tat ca cdc niit;

A la tap tt ca cdc cung dinh hudng;

W 1a tap tat ca cdc cip O/D ngudn-dich ciia cdc nit ma biéu dién diém ngudn va diém dich
cua cac duong di;

¢ = (€4)aea la vector tai nang vdi tai nang cua cung a la ¢, > 0;

d = (d,,)wew 12 vector nhu cau véi nhu ciu clia dong giao thong trén cip O/D ngudn-dich w
1a d,, > 0 (d,, biéu dién luu ludng vao va ra khéi mang tai diém ngudn va diém dich cla w).

Goi P, 1a tap tit ca cic dudng ndi cip w € W, P = |, oy Pu, vam = |P| Ta ki hiéu cho
dong giao thong trén dudng di p va vector dong dudng la z, (p € P)vax = (2, ..., xz,) € RT.

V6i mdi cung a € A, dong cung v, dugc cho bdi

Vg = Z Z Oapy;

weW pePy,

1 néu cung a dudc chifa trong dudng p,

0day dap = { 0 néu khac.
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Viy, rang budc nhu cau (ctia dong mang) trén cip O/D ngudn-dich w € W 1a
Z Tp = tay
pEP,

Trong bai bdo nay chiing ta xét trudng hop nhu cdu co gidn va cude phi da muc tiéu. V6i moi
cip O/D ngudn-dich w, nhu cau khong cb dinh, ma c6 thé 1dy trong mot tap con D,, ctia R, nghia
14, rang budc nhu ciu c6 dang

Y x, €D, dbi véi mdi w € W.
pEPy
Mot vector dong = goi 1 chip nhan dudc néu nd thoa cic rang budc nhu ciu va tai ning sau.
(i) 0< v, <c,v6imbia € A;
() Xpep, @ € Dy v6i moi w € W.
Goi A la tap cdc vector dong chip nhin dugc. Vi méi vector dong x, goi
3l ®) = (bigl@) s Pial@)) € R¥

1a vector cudc phi cuia vector dong z trén cung a. Khi do,

Tp(@) = Y dupta(®) = (Y dupt1a(@), -, Y Guptial)) € R¥

acA acA acA

dudgc 1a vector cudc phi cua dong z trén duong di p.
Ta dat

Z(IEA 6(thla(il7)) ZQEA 6(121'1(1(17)) T ZUEA 6{11)1“(1(17))
T(.’I,') — ZaeA 6alt2a(-r)) ZUEA 5(12t2a(-r)) e EaEA (Samt‘Za(I))
ZﬂeA 6(11tka (1)) ZaEA 5(1‘2tk(1 (I)) e ZaEA 6am tku(-'lr))
T dudc goi 1a ma tran cudc phi cia mang G.

Dinh nghia 2.1. Mot cung a € A dugc goi la mot cung béo hoa ciia vector dong x néu v, = c,.
Mot dwong p € P duge goi la mét dwong bdo hoa ciia vector dong x néu ton tai mét cung bdo hoa
a cua vector dong x sao cho a thugc duong p.

Sau déy 1a cac khdi niém vé dong can bing ctia mang G.
Dinh nghia 2.2. Cho x € A la m¢t vector dong.
(a) z duge goi la DONG CAN BANG HUU HIEU néu vdi moi w € W va moi p,p' € P,, ta co:
Ty(x) — T,(z) € =R \ {0} = 2, =0, hodc p’ la dwong bdo hoa ciia dong .
(b) = duoc goi la DONG CAN BANG HUU HIEU YEU néu vdi moi w € W va moi p,p' € P,, ta
c¢o: Ty(x) = T,(x) € =R}, = x, =0, hodc p' la duong bdo hoa ciia dong x.

Ta ki hiéu tip cdc dong cin bang hitu hiu (twong ting, tap cic dong cin bang hitu hiéu yéu)
ctia mang G la Sol°(G) (tuong ting, Sol”(G))). Trong muc tiép theo ching ta sé dua ra céc diéu
kién dé mang G ¢6 cdc dong can bang.
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3. Két qua

Trong muc niy chiing ta thiét 1ap mot dinh li ton tai cho cic dong cin bang. Két qua khéc véi
cac ket qua da biet, gia thiet chinh dugc dung ¢ déy 1a mot loai cua tinh don diéu suy rong, khong
dung céu tric tinh 16i.

Dinh li 3.1. Xét mang giao thong da muc tiéu G = (N, A, W, ¢,d) vdi rang bugc tdai nang trén
cung. Voi X = (\y,..., \i) € RF ta dat

k
g,\(r, y) = Z Z (yp - Ip) Zdapz Ajtja($)' (31)
weW pePy acA Jj=1

Gid sit rang vdi moi w € W, D, la mét tdp con compact ciia R, va ton tai A = (\y, ..., \) € RF
sao cho cdc diéu kién sau ddy duoc thoa:

(i) vdi bdtki z',...,a™ € Avdi z™ ;= 2!, ton tai j € {1,...,m} sao cho gy(2’, 27*') > 0;
(i) vdiméiy € A, tap {x € A| gx(x,y) > 0} la dong.
Khi do,
(@) néu (\,v) > 0chomoi v € RX \ {0}, thi tén tai dong cdn bang hitu hi¢u ciia G;
(b) néu (\,v) > 0 cho moi v € RE _, thi ton tai dong cdn béng hitu hi¢u yéu ciia G.
Chiing minh. Pinh nghia f : A x A — R*, dudc xdc dinh béi, véi moi .y € A,
f(z,y) = (T(2))(y —z)"

D acafart1a(T)) Yeeadeotin(®@)) v+ Ysenemtrn(z)) (11 — 1)
ZaE.A dartaa()) Z(IEA daataa(T)) - ZaGA damtaa()) (y2 — x2)

ZaeA (Saltka('r)) ZaEA 5a2tka(1")) e ZaEA 6amtka(l')) (ym - ‘rm)

wEW IEP,, acA weW lePy, acA

Vi A = (A, ..., ) € RF, tadit By = {v € R¥ | (\,v) > 0. Thé thi, diéu kién (i) tuong
duong v6i diéu kién sau:

(') vdibdtki z',...,.x™ € Avdi 2™ ;= 1, ton tai j € {1,...,m} sao cho f(z’,29*') ¢ —E,.
Trong khi do, diéu kién (ii) a tuong duong véi diéu kién sau:

(ii") vdimoiy € A, tap {x € A| f(x,y) ¢ —E\} la dong.
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Céc diéu kién (i) va (ii’) cho ta két luan sau:

{z €Al f(z.y) ¢ —Ea} #0.

yeA

That vdy, gia st trdi lai ring,
NeA fo) ¢ -Bi) =0
yeA

hodc tuong duong,
A=|J{zeA| fwy) e-E}.

yeA

Khi D,, 12 mt tap con compact cho mdi w € W, A 1a compact. Do d6, béi (ii’), ton tai mot tap
con hitu han M := {y',...,y™} clia A sao cho

McA= U {ze A| f(z,y') € —E\}.

yeM
Bdi (i°), ta thiy ring
y ¢ U7 :={z €Al f(x,y’) € —E)} chomoi j =1,...,m.
Khi y' ¢ U', khong mét tinh tng quét ta c6 thé gid st ring y' € U, tiic la
fly',y") € —E».

Thé thi, bdi (i),
f@*y') ¢ —Ey,

tic la y® ¢ UL, Vay, y» ¢ U' U U2 Khong mét tinh tdng quat, ta c6 thé gid st ring y, € U®. Thé
thi,
f(ylva) S _E)\ va f(y2:y3) < _E)\'

Diéu nay va (i’) kéo theo ring
f(*,9%) € —Exva f(2%,2") ¢ —Ej,
tic 1, 4> ¢ U vay® ¢ U'. Do d6, y* ¢ Ut U U? U U?. Tiép tuc qué trinh ndy ta c6
y ¢ \J_, Ul chomgij = 1,...,m.

bic biét, y™ ¢ 2, U' = A, mau thuan. Viy, ", ,{z € A | f(z,y) ¢ —Ex} # 0.
Bay gio lay 7 € (,c,{v € A| f(z,y) ¢ —Ex}. Thé thi f(Z ¢ —E) chomoi y € A. Do do,

f(@,A) CR*\ (=Ey). (32)
Hon nifa, v6i batky w € W, vap,p’ € P, dit ¢ = min{min,e 4,(Ca—a), Zp}, 8 dy Ay = {a €

A | dudng p/' di qua a}. Goi diéu kién sau:
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(%) “x, > 0vap' la duong khong bao hoa ciia dong z"
Dé dang kiém tra rang, néu diéu kién () dugc thoa thi e > 0, y* = (y;), 6 day

7 néu | #papls
Ip—¢ neul=p,
Iy+€ neul=p

Il

Y

thudc A, vavéimoi j = 1,2, ..., k,

Z Z(yf —jl)z(saltja(‘ y ‘—J Z ap ]a yp ——Tp Zéap’tja

wEW lEP,, acA acA acA

=6()_ Suptia(Z) = Y duptia(®))

aEA acA
Do do,

Z Z yl - I Z(Sa[fla Z Z _ii'l)zéaltka(i‘))

wEW LEP,, acA weW lEP,, acA
Z 6ap’fla Z (5apf la i‘ Z 6ap’tka Y Z éaptka 7‘
acA acA acA acA

= £(T, (@) - T,(3).
(a) Khi (A, v) > 0 chomoi v € R¥ \ {0}, R* \ {0} C E). Tt (3.2) tasuy ra

f(@,y) ¢ —RE\ {0} vdimoiy € A. (3.3)

Gia st rang Z khong phéi la dong cin bang hitu hiéu. Thé thi, T/ (%) — T,p(Z) € —RE \ {0} va (x)
théa. Khi d6, f(z,y*) = e(T,(z) — T,(z)) € —R% \ {0}, dleu nay mau thudn véi (3.3). Vay, &
phéi la dong cin bing hitu hiéu.

(b) Khi (\,v) > 0 cho mgi v € R¥

+4

Rt, CE\ Tu(3.2)tasuyra
f(z,y) ¢ —R:, véimeiy € A. (3.4)
Gid sit rang 2 khong phii 1a dong can bing hitu hiéu yéu. Thé thi, T/ (z) — T,(z) € Rk, va (x)
thoa. Khi do, f(z,y*) = (T, (z) — T,(z)) € —R¥,, diéu nay mau thuan véi (3.4). Vay, z phai 1a
dong cin bang hitu hiéu yéu. 0
Dudi day 1a vai trudng hop dic biét ma cic diéu kién ciia Pinh Ii 3.1 dugc thoa.
(I) Cudc phi t,(x) trén cung a c6 dang t,(x) = 7o (1 (2), ..., v(2)), & ddy 71, ..., % : R™ —

R (P UwEW P“” m= |P|)
Véi A = (Ay,..., \r) € R¥ tatinh

k
=Y Y -2 Y00 Y Atiale)

weW pe P, acA Jj=1
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k
D IDNEEADI M PP

weW pePy acA j=1
k
=2 2 W= m)Q dra) Y Ai(a)
weW pePy, acA g=1
=12 2 Q dwralto= 3 D (D dure MZMJ
weW pePy, acA weW peP,, acA

= (o(y) — e(z))n (),

ddy p(z) = ) ew Z])EP“ (2oaea dapTa)Tp Va1 (T) = E] 1 A ().
Néu “%( ') < 0cho moi z € A" hodic “yy(x) > 0 cho moi 2 € A", thé thi dé dang théy ring

gia thiét (i) ctia Pinh Ii 3.1 dudc thoa. Vi ¢ 12 ham lién tuc, gia thiét (i) ctia Pinh Ii 3.1 ciing dugc
thoa.

(IT) Xét trudng hop t,(z) c6 dang t,(z) = (aly(z),...,ary(z)) véia € A, 6 diy o) € Rva
7:R™ SR,

Vi A = (Mg, ..., \) € RF va (2,y) € A x A, tacod

- Z Z (Y, — @) 25“‘” Z Aitia(T)

weW peP,, acA j=1
k

=2 D =) Y dw ) Aegr(a)

weW pePy, acA j=1
=2 > ZZW o}

weW pePy, j=1 aeA
=1}, ). ZZW AEDIDY Zijaf,)mph(w)

weW pePy j=1 a€A weW peP,, j=1 acA

= (¢(y) = p(2)h(2),
6 day p(z) =3, cw Zpepu (Zj 1 Laca dapiad)Tp.

Néu “y(x) < 0 cho moi z € A" hoic “y(x) > 0 cho moi z € A", thé thi dé dang thy rang
gia thiét (i) cua Pinh i 3.1 dudc théa. gia thiét (ii) cia Pinh 1i 3.1 ciing dudc thda vi ¢ 1a ham lién
tuc.

Sau ddy 12 vai vi du minh hoa cho cdc két qua trén.

Vidu 3.1. Xét mang giao thong da myc tiéu G véi N = {1,2,3,4,5}, A = {ay2, ary, a3, agy, ays,
azs }, W = {(1,5),(3,4)} (khi d6 m = 4), clatay y va D,, C R 1a tip compact tily y cho mdi
w € W. Thé thi, A dudc xdc dinh va compact. Cho t,,(z) = (Ya,, (%), 7(z) — 7a,(z)) € R? véi
aij € A, 8 diy 7., : R 5 Rvay : R* - (0,+00).
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Ly A = (1,1). Thé thi, vi moi (z,y) € A x Atacé

B IEEA) 30 SN

weW pEPu ayp€A
= Z Z (yp = 51:))) Z 5(1m~1)(7ai,,‘(l'> +7(z) - 701,('7“'))
weW pEPy, €A
= Z Z (yp = Ip) Z 5(lttv])7($)
weW pePy auy€A

= [Z Z( Z Oauop (U — p))1(2)

weW pePy aun€A
= [B(yr — 1) + (y2 — x2) + 2(y3 — @3) + (Y4 — 24)(2)

= (p(y) = o(x))v(2),

§ day p(z) = 31 + 29 + 223 + 74. VAy, ta d€ dang kiém tra cdc gia thiét ctia Dinh 1i 3.1. Vi
(A\,v) > 0 cho moi v € RY, Bai toan can bang mang trong trudng hgp nay co cic dong can bing
httu hiéu.

Vidu 3.2. Xét mang giao thong da myc tiéu G véi N = {1,2,3,4,5}, A = {a12, ara, a1, aga, aus,
aza, azs }, W ={(1,5), (3,5)} (khi d6 m = 5), clatuy y va D,, C R la tap compact ty y cho mdi
w € W. Thé thi, A dude xdc dinh va compact. Cho t,,,(z) = (Ya,,(2),7(z)) € R* véi a;; € A, 8
day 7,,; : R > Rvay : R® — (0, +00).

Lay A = (0,1). Thé thi, véi moi (z,y) € A x Ataco

gz, y) Z Z Yp — Tp) Z Oa, ,,ZMN,,

weW pePy ayp€A

= Z Z (yl) - m”) Z (5“(“'1)t2”tuv(1")
weW pePy, aup€A

= Z Z(yp ) Z 0a,p¥(2)
wEW pe Py aup€A

=13 Y 0> Gurp — 2)(a)

wEW pEPy ayv€A
= [3(y1 — 1) + 2(y2 — x2) + (y3 — @3) + 2(ya — 24) + (y5 — 25)]7(2)

= (p(y) — p(z))y(z),

& ddy p(x) = 31 + 222 + 23 + 224 + 75. Vdy, ta dé dang kiém tra cdc gia thiét ctia Pinh 1i 3.1. Vi
(A v) > cho moi v € ]Rﬁr . Bai todn can bdng mang trong trudng hgp niy c6 cdc dong cin bing
hitu hiéu yéu.
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4. Két luan

Bai bao nay gidi thieu mot bai toan can béng mang giao thong da myc tiéu véi nhu
cau co gian. Mot két qua ton tai nghiém duoc thiét 1ap cho bai toan nay da trén tinh don
diéu suy rong va diéu kién lién quan dén vo hudng hoa, nhung khong dung cac gia thiét
vé tinh 16i hoac tinh 15i suy rong. Két qua nay chura cac gia thiét don gian va dé kiém tra,
va do d6 d& dang ap dung cho nhiéu tinh huéng cu thé. Hon nira, ky thuat ching minh
twong dbi don gian, chi ding cac cdng cu todn hoc co ban va c6 thé ap dung k§ thuat nay
dé nghién ctru nhiéu bai toan khac nhau trong Ly thuyét t5i wu.
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