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TOM TAT

Db thi va mang mé& rong la cdng cu toan hoc hiru ich tng dung trong nhi&u linh vwe nhw giao théng, truyén
théng, cdng nghé théng tin, kinh té, .... [7]. Két qua chinh cla bai béo 1a nghién ciru thuat toan tim ludng cuc dai da
phwong tién tuyén tinh ddng thdi chi phi cuc tiéu trén mang giao thdng mé rong, str dung thuat toan tim dwong di
nhanh nhét trén mang giao théng mé réng [6]. Trén so' s& bai toan dbi ngau trong [7], tac gid xay dwng thuat toan
dwa ti 1& ham muc tiéu hai bai toan déi ngau nay tién dén 1, va tlr 6 suy ra ludng cuc dai ddng thdi chi phi cuc tiéu.
Day la thuat toan tinh gan dung véi ti 1& xap xi 1a (1+0) véi » dwong nhéd tiy y. Bai bao phan tich, chirtng minh cac
két qua va danh gia do phirc tap clia thuat toan. Chwong trinh thuat toan dwoc viét bang ngdn ngiv Java véi co s&
d¥ liéu mang mé rong cai d&t trong hé quan tri co s& di liéu MySQL cho két qua chinh xac.

T khéa: db thi; mang; ludng da phwong tién; ti wu; xap xi

ABSTRACT

Extended graph and network is a powerful mathematical tool applied in many fields such as transportation,
communication, informatics, economy, ... [7]. The main result of this paper is to design a Maximum Concurent
Multicommodity Flow with Minimal Cost algorithm on extended traffic networks using the algorithm to find shortest
paths on extended networks [6]. On the basis of the dual linear programming problem studied in [7], the author
designs the algorithm to reduce the ratio of objective values of the dual and the primal problems down to 1. Then,
it follows the concurent maximal flow with minimal cost of the origin problem. This algorithm is an approximate
algorithm with a (1+w)-approximation ratio, where o is an arbitrary positive. The paper analyses, proves obtained
results, as well as evaluates the running time. The algorithm is coded in the programming language Java with
extended network database in the database management system MySQL and gives exact result.

Key words: Graph; Network; Multicommodity Flow; Optimization; Approximation

1. Pit van dé

Bai toan tim ludng cyc dai da phuong tién
tuyén tinh ddng thoi chi phi cyc tiéu trén mang
giao thong mé rong la dang bai todn quy hoach
tuyén tinh duoc xay dung & cong trinh [7]. Tuy
nhién, st dung cac phuong phap truyén théng
trong quy hoach tuyén tinh s& gip nhiéu kho
khian néu bai toan c6 nhiéu loai phuong tién,
nhiéu rang budc vé chi phi, vé kha ning thong
hanh, ... Ly thuyét d6 thi mé hinh hoa bai toan
nay thanh bai toan tim ludng trén mang. Ung
dung nay lam cho viéc gidi bai toan trd nén don
gian va hiéu qua hon. Van dé dat ra 1a cin xay
dung mot thudt toan tong quat tim ludng cuc dai

da phuong tién dong thoi chi phi cuc tiéu trén
mang giao thong mé rong, dé co thé ap dung bai
toan nay cho cac bai toan thuc té phirc tap. Bai
viét nay st dung cac khai niém, ky hi¢u, mé hinh
va két qua trong cong trinh [7].
2. Thuat toéan

Ky hiéu fej(a) 1a ludng phwong tién j di
qua canh a, j = 1,....k, acE, fvj(u,a,a") 1a luéng
phuong tién j di trén canh a vao nit u ra canh a,
j=1,.,kueV, aa‘ekE,.

Thuat toan tim ludng
F ={fe;(a), fvj(u,e,e’)| VaecE, V(e,u,e)eBang by,
=1,...k}
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Ludng F ¢6 thé vi pham rang budc vé kha
ning théng qua ciing nhu rang budc vé chi phi.
Tuy nhién, theo muc 3, tu luéng F ta nhan duoc
ludng ti uu sau khi chia nd cho mot hang sb.

Khoi tao: fej(a)=0 VaeE, fvj(uee?)=0
V(e,u,e‘)eBang by, j=1,....k

Chon &> 0 va 6> 0 (gia tri & va o Xac
dinh ¢ phan phan tich sau).

Thuét toan dugc thuc hién bai mot sb giai
doan, mdi giai doan gébm k vong lap (K 1a sb
phuong tién). O vong lap tha j, j = 1,..., k, cia
giai doan thwr i ta chuyén d(j) don vi phuong tién
thtr j qua ludng. Viéc nay dugc thuc hién trong
mot sd bude.

Xét bude thir s. Ky hiéu length;" 1a ham
d6 dai & dau bude ther s (dinh nghia theo biéu
thire (2)) va Py j 12 duong di ngén nhét tir s; dén
i theo ham nay. Nghia 1a P;; c6 do dai la

_ . S . s-1 S
Iengthfjl(pﬁj).f)at fi,j = min{c, di,j } By
= b( pfj ). fi’Sj , trong d6 c 1a kha nang thong
qua nhd nhit cia cdc canh va nuat trén p,s i

-1 . . .
dis’ j 1a luong phuong tién th j con lai can
chuyén qua (trong s6 d(j) don vi can chuyén qua
trong vong lap nay). Néu Bis' j > B, thi ta gan lai
f|’SJ = f.: .B/ Bls’J va BIS'] = B. Chuyén f|’SJ
don vi phuong tién thir j doc theo pf i

Ludng ctia phuong tién j s& duoc thay d6i
nhu sau:

fei(a) = fe(a) + i’} vae P7; &
fvi(u,e,e?) = fvj(u,e,e’) + fi’sj V(eue‘)e pf,j

Sau d6 ta hi€u chinh lai cac dai lugng
khac nhu sau:

di=dy - 15, 0 = 97} 1+ B /B),
lef ; (€) = 16771 (e) (1+¢. fi¥j/ce(e)), Ve e Py j,
v, (V) = V5 (v) (1+e. £ levw)),wv e Py 5,
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D(Ieifj,lvﬁj,gofj) = Dl +

ecE
S0 B0 =D e e)ce(e) +e.
veV ecE
YISO + D v ), (v) +e.
eep; veV
S
vep; |

-1 _
+B-§0is,j +e. €0is,j1-b( pis,j )- fi,sj =
Dlle vt o8t e 5 DlelT @)+, £

eepﬁ,—
Zlvﬁ]l(V) +g, fi,sj b(p?)). (Disjl
VEpiS,j
. . B s
= D(leﬁleVis,jl,(Dis,Jl)J’S' fii-

dist J.(Ies‘1 Ivﬁ}l,gof}l) (1)

ij o

Vong lip thi j cia giai doan i két thuc
sau q(i,j) buse, khi ma 0"V = 0. Téng ludng
gii qua mang & mdi vong liap khong vuot qua
d(j) va chi phi & mdi budc khong vuot qua B.
Giai doan i két thuc, khi vong lap tha k cua giai
doan i két thic.

Ham dbi ngau le va lv duoc tinh nhu sau:

- Ham d6i ngiu ban dau:
0 0
Iel,O = dlce(e),Ve €E, |V1'0 = olcy(v), Vv e V.
- Ham d6i ngiu & dau vong lap dau tién
ciia mdi giai doan i bang ham d6i ngiu ¢ cudi
giai doan trude (i-1) :
0 q(i-1,k) 0 q(i-1,k)
le;, = lefs " i = v -7
- Ham d6i nglu ¢ dau mdi vong lap tiép
theo j ciia giai doan i co gia tri bang ham d6i

ngau & cudi vong lip trudce (j—1) cua giai doan i

0 q(i, j-1) 0 q(i, j-1)
IelyJ = IeI’J_l y IV',J = IVI,J—l .

Tuong tu,
0 0 q(i-1k) 0 q(i,j-1)
Pro =dB, Qo = Pk ., Pij = Pija
Suy ra
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D(Iefo, Ivfo,(pfo) > lelo(e)ce®)  +

ecE

> ooy (V) +B. ¢,

veV

_ o
et E() %@ * D )

vev Vv

¢y (v) +B.8/B

=m.s+n.do+ 6= (m+n+l)s

véim 1a s6 canh, n 13 sd nut cua mang.

Ky hiéu le;, I}/i, @, D(i), ofi) 1a ham gia tri
cac dai lvong & cudi moi giai doan i. Thudt toan
ding sau giai doan t, khi ma D(t) > 1.

3. Phén tich thuit toan

Dé don gian, ky higu lei; thay cho |e.q(i' D

, @ij thay cho (D,qf D o

cac bién le, Iv va ¢ ludn ting sau mdi bude cua
mdi vong ldp nén tai budc thi s (s > 0) cua vong
lap ta c6 (st dung (1))

D(Iefj ) IViS,j ) (Dis,j )
e f;

, lvij thay cho |Vﬁ§"”

(Ielsll’lv ] ’¢|J )
dist, (Ie5 1, v o) <

Ij’

s-1 S .
(Ie| J IIV| J l¢| J )+8 fl,] dIStJ(|e|,J,|V|,J, @’J)

Mit khac, do tong ludng trong q(i,j) budc
thuc hién & vong lip j 1a d(j), bang truy hdi suy
ra

D(Iei,j’lvi,J'gDi,j) S
e.d(j).dist,—(lei,,-, |Vi,j, gﬁ,j) =
Dlle ; 1, ;1.0 .2 )+e.dG).dist(leis s, 1)

D('eio,r'vi?j’%?j) +

< D(Iei'j_ll IVi'j_ly@i’j_1)+8.d(j).di5tj(|ei,k,|Vi,k,Cﬂ,k)

Xét téng truy hdi k vong lip trong giai
doan thtt i, ta co

D(|ei'k,|Vi,k'¢i,k)

Zk:d(j).distj (e, . Iv; . 90)

=1

< D(Iei,O' |Vi,01(/’i,o) te

= D(lei—l,k’|Vi—1,k’§0i—1,k)+ €.

k
D d(j)dist; (le; . Vi . 014)

j=1

=  D(i) < D(i-1) + e.a(i) 2)
Tiép theo, ta co
D(i) .
o) 2B =)< b
Thé vao (2) ta nhan duoc
D(i) < D(i-1)+¢& D(i)/ = D(i) < (5/2
D(i-2) _ D(0)
(-ci1pf ~ (-clp)

Thé D(0) = (m+n+1).5 va gia thiét §> 1,
voimoii>1taco

D(i)g(m+n+1).5:(m+n+1).5 [1+ € Jil

-eip)  (W-ei1p) " B-¢
£(i-1) £(i-1)
< Mm+n+1)s S pe _(m+n+1)s o Fe

T (1-¢lp) 1-¢)
Két hop diéu kién dimg cua thuat toan 1a
D(t)>1,taco
£(t-1)

1sD(t)gWeﬂg

Suy ra

i < d (3)
t-1 l1-¢

A-g)n, 7%

(m+n+1)5

O Nhdn xeét: Trong (t—1) giai doan thuc
hién thudt toan trén, Vj = 1,.., k, ta da chuyén
(t-1).d(j) don vi phuong tién qua ludng. Tuy
nhién, ludng da chuyén c6 thé vuot qua kha ning
thong qua cua cic canh va nut. B6 dé sau day
giai quyét van dé trén.
eBiail> 1
log,,, (L/ 5)

Chirng minh. Ban dau, leo = dlce(e), Ve e
E, IV, = dcv(v), wv e V. Sau (t-1) giai doan
dugc thyc hién, ta co D(t-1) < 1, tic 1a

D ey (€)Ce(€)+ Y Wy ()6 (V) + B < 1.

ecE veV

Suy ra leia(e) < 1/ce(e) Ve € E va lva(v)
< 1l/cy(v) YveV.

87



TAP CHi KHOA HOC VA CONG NGHE, DAl HOC BA NANG - SO 10(71).2013

Goi fe(e) 1a tong phuong tién qua canh
ecE va fv(v) 1a tong phuong tién qua niit veV
trong (t—1) giai doan thyc hién.

Xét canh e€E. Gia su trong qué trinh xay
dung ludng fe(e) c6 ce(e) don vi clia ludng dugce
chuyén qua e qua r budc, mdi budc chuyén gs
phuong tién, Z g, = Ce(e). Qua mdi bude le(e)

S

tang lén thira s6 (1+£.095/Ce(e)). Vay qua r bude
le(e) tang Ién thira s6 H(1+ £.9s/ce (@) > (1+e.
S

>0,/ ce(e)) = (1+2).

Ta thiy, voi moi canh ecE, cit mdi ce(e)
don vi cua luong dugc chuyén qua e, thi le(e)
tang 1én it nhat mot thira sb (1+).

Tuong tu, véi moi niit veV, cir mdi Cy(Vv)
don vi cta ludong dugc chuyén qua v, thi Iv(v)
tang Ién it nhat mot thira sé (1+¢&).

Mit khac, s6 1an dé giri ce(e) don vi cua
ludng qua mdi canh ecE it nhat 1a fe(e)/ce(e) va
so lan dé giri cy(v) don vi cua luong qua mdi nut
veV it nhat 1a fv(v)/cv(v).

Lac nay, ham canh le va ham nat Iv sé
thoa bat déng thirc sau:

leca(e) > leo(e). (1+£) ™= ve e E va v,
1(v) = Vo(v). 1+ &)V M wy e v,
Suy ra

le4(8) _
le, (e)

1/c.(e)
olcg(e)

fe(e) < ce(e). log,,,

ce(e). log,,, = ce(e). Ioghg% Ve e E

va
(V) _

vy (V)

fv(v) < cv(v).log,,,

1, )
slc, (v)

Chia fe(e) cho lugng log,,.(1/5) Ve €
E, va chia fv(v) cho luong log,,. (1/5) Vv eV

ta nhan dugc ludng chap nhan.

cv(v). log,, . = cy(v). IogH% Vv eV.
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O trén ta phan tich thay sau (t-1) giai doan
thyc hién, Vj = 1,.., k, ta da chuyén (t-1).d(j) don
vi phuong tién qua luéng. Tuy nhién dé ludng
chdp nhan, ta phai chia luéng chuyén qua mang

1 _ .
cho lugng log,,, rk Viy, Vj = 1,.., k, ta chuyén

t-1
log,,, (1/9)
khong 16n hon ce(e) va ludng qua mdi niit ve V s&
khong 16n hon cy(v). Vay,theo bai toan dat ra ban

t-1
logy,., (1/5)

e Bé dé 2. Cho o > 0. Khi dé ton tai € va

4 sao cho luéng tim duoc cua thuat toan, sau khi
chia cho log,,,(1/5), 1a ludng cuc dai dong

d(j), thi ludng qua mdi canh ecE s&

dau, ta co A>

thoi chi phi cuc tiéu véi ti 18 xap xi 1a (1+o).

p 1
——log,,. —.
t—l gl+s 5

Theo b6 dé 1 ta co y > p/A. Thay % tir (3) vao

Chung minh: bat y =

biéu thuc y ta duoc

e.log !
. Tte o
Y< o =
l-¢
@-&)ln, %
(m+n+1)8
InE
¢ 5
A-&)In(l+¢) o 1=¢
m+n+1).8
Chon o = [m+n+1js, thi ti sé
l-¢
In%
0 @ =(1-€)! vi
- Tz (1-e)™*, vasuyra
(m+n+1)5
v < 28 = 2(9 2
@—&)In(l+e) @A-e)(e-£712)
<(1-¢)®

Mit khac theo dinh 1y d6i ngdu yéu, ta c6
y> 1. Dé B/A <(1+w) ta chon & pht hop sao cho
7 < (1+o). Nhu vay, chi can chon & thoa
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1) <l+to <1 -3 . Khi do, gia
1+ w
. t-1 oA s
tri A = ——  1a tri xap xi cyc dai voi ti 1&
log,,, (1/9)
(1+w).

e Bé dé 3. Tong chi phi ludng trong (t-1)
vong 1ap khong vuot qua B.log,, . (1/5). Nghia
14, tong chi phi cua ludng sau khi chia cho
log,,, (1/ ) khong vuot qua B.

Chirng minh. Ta c6 ¢i0 = d/B. Sau (t-1) giai
doan dugc thuc hién, ta c6 D(t-1) < 1, tirc 1a

D le (@) e () + D NV, (V)6 (V) +B.as <1

ecE veV
'Suy ra @4 < 1/B. Hon nira, moi khi
chuyén luong qua mang ma tong chi phi tang 1én
B, thi ¢ ting 1én mot thira sé khéng nho hon
(1+g). Vi vay, goi x 1a s6 1an thudt toan 1am ting
chi phi 1én B don vi, ta c6 ¢10.(1+€)* < -1 < 1/B
=x< log,,,(1/9).
Viy téng chi phi ctia qua trinh thyuc hién 1a
B. log,,,(1/5). Khi chia ludng dat dugc cho
log,,, (1/5), ta dong thdi co tong chi phi giam
di thira s6 log,,, (1/5), thoa min yéu cau dit ra
cua bai toan.
Do phuc tap thuat tpén dugc trinh bay
va chirng minh trong ménh d¢ sau.
e Pinh li. Thuat toan tinh duoc ludng xap
xi cuc dai vdi ti 1€ (1+w) c¢6 d6 phue tap la
O(w2.(2k.logzk+m).log.m.n).
Trong d6 k 1a s phuong tién, m 1a s6
canh, n 1a sO nat cia mang.
Chirng minh. Trudc ti€n, ching ta tirr3 sé
giai doan ma thudt toan da thyc hién. Theo bo dé

p

1
lvadoB=A,tac6l<y=——log,,, = =>t<
p Y t-1 0. S5

1+ ﬂ Ioglﬁﬂ:% =>t= lrﬂ |0g1+g %—‘ !

trong do, £ va 8 phu thudc vao ®. Ngoai
ra, t con phu thudc vao S.

c(e).l(e)
D() _ ZE:
K

d(j).dist; (1)

j=1

Nhin lai, £ =min,

a(l)

. Ta c6 thé ting hodc giam B boi mot thira sb r
bang cach nhan cic c(e) hodc cac d(j) 1én mot
thira s r twong g (ma viéc nhan nay sé khong
anh hudng dén két qua ciia bai toan, vi sau do ta
c6 thé giam hodc ting A boi thira s r).

Goi zi 1a ludng cuc dai cia phuong tién i, i
=1, ..., k. Bat z = minzi/d(i). Khi d6 z chinh Ia
phan sd cta cic yéu cdu can van chuyén cac
phuong tién mot cach doc lap. Tur B = A, suy ra z/k
< B <17 Ta cb thé chia cac c(e) hodc cac d(j) cho
mdt s sao cho z/k = 1, dé thoa man gia thuyét dua
ra ban du 1a B > 1. Liic nay ta ciing ¢6 p <k.

bat T = 2.(Iogl+g%—‘ twong Ung Vvai

B > 2. Néu thuat toan khong dimg lai & T giai
doan thyc hién, thi chung ta nhan d6i tAt ca cac
d(j), (twong dwong véi chia déi B, nhung van
thoa B > 1), roi thuc hién thuat toan tiép T giai
doan nira. Néu thuat toan van chua dimg, ta tiép
tuc giai phéap trén dén khi thuat toan dimg va luu
¥y lic ndy van théa S >1.

Ta thidy mdi khi thuc hién T giai doan thi
B giam di mot nira. Néu x 1a s6 lan thuc hién T
giai doan, thi B giam di mot thira s6 2% Ta c6

1<B/2"= 2<B <k = x<logzk

Vay t = T.x = 2.logk. {Ioghg %—‘ :

Thay 6 = (ij " vio ta duogc
l-¢

t = 2.logk. [l log,., i—‘
£ l-¢

Mit khac, mdi giai doan ta thuc hién k
vong lap, nén sd vong lap 1a k.t. Hon thé, & mdi
vong lap, ta thyc hién mdt s6 budc. Tiép theo, ta
di tim téng s6 bude thue hién cua thudt toan. O
mdi bude, trir bude sau cliing cia mdi vong lip, ta
tang do dai cua it nhét mot canh 1én (1+¢) 1an. Xét
canh e bat ki, ta ¢ lo(e)=d/c(e) va l(e)<l/c(e) (do
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D(t-1)<1). Goi t1 1a s6 budc thyc hién ma trong

do e 1a canh c¢6 kha nang thong qua cyc tiéu trén
duong duge chon tuong Ung, suy ra o 9
lo(e).(1+ & )* < I(e)< L/c(e) = tL < log,,, (1/5) ;) 0

1

Thay 6 = ( m j * Viota duogc Hinh 1.
1-¢
Canh WEe
1 m
t1< [—Iogm ——‘ 12 10
£ 1-¢ (1,3) 9
Hon nita, vi mang c6 m canh, ta c6 tong sd (2,3) 10
budc thuc hién, (trir s budc sau cung ciia mdi (2,5) 10
vong lap, con sd ndy bang s vong lap), 1a m.tl. (3.4) 15
Viy, téng s6 budc thuc hién 1a (3,5) 11
(4,6) 10
m. F log,,, il +2k.logok. F log,.., iw (4.5) 10
€ 1-¢ & 1-e (5.6) 10
1 m
= (2k.logzk+m). IVE log,., E—‘ = Bing 1.
log, m NGt |Canh 1| Canh2 | wy
(2k.log2k+m). lrm—‘ 2 (1,2) (2,3) 1
2 1,2) (2,5) 1
. [ 1 . X 2 (3,2 (2,5) 1
voig<1l-— 3 . = O(w), trong d6 moi 3 13) 3.4) 1
bude thuc hién chinh 1a tim dudng ngin nhét 3 1.3) 3,5) 1
gilta cdc cdp nat tuong Umg. Viéc tim duong 3 (13) | B2 | 2
ngin nhit dwoc thuyc hién qua k lan thuc 3 (5,3) (3,2) 1
hién thuat toan tim duong di ngin nhit trén 3 (63 | BG4 |1
mang m& rong c6 do phuc tap la O(n®) [6], suy 3 2,3 (3.4) 1
ra do0 phic tap «cua thuit toan Ia 3 (2,3) (3,5) 1
O(m2.(2k.logzk+m).logom.n). 4 (34) | (46) 1
4. Vi du 4 34 | @5 |1
N o 4 (5,4) (4,6) 1
Cho so d0 mang mo rong ¢ Hinh 1. c 25) 53) 1
Mang c6 6 nit, 6 canh c¢6 hudng va 3 canh 5 (2,5) (5.4) 2
vO hudng. Chi phi canh we cho ¢ Bang 1 va chi 5 (2.5) (5.6) 3
phi nat wy cho ¢ Bang 2. 5 3.5) 5.4) 1
Khé nang thong hémh~ ctia mdi canh 1a 10, 5 (3,5) (5.,6) 1
kha ne'mg?y thong hanh cua moi nt la 20. C6 3 cap 5 (4,5) (5,3) 1
nut nguén dich (1,5), (2,4) va (3,6) voi lugng 5 (4.5) (5.6) 1
phuong tién tuong g
Bing 2.

d(1) =10, d(2) = 10 vad(3) = 10.
Cho chi phi gi¢i han B = 600.
Chon hé $6 xép xi ®=0.1.

Chuong trinh thuat toan duogc viét b::ing
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ngoén nglr Java voi co s¢ dir li€u mang mo rong
cai dat trong hé quan tri co s¢ dit liéu MySQL.
Chuong trinh cho két qua phan ludng cuc dai
nhu sau:

cip ngudn dich 1a 8.72.

dén dich 5, nguén 2 dén dich 4 va nguén 3 dén
dich 6 cho tuong tmg ¢ hinh 2, hinh 3 va hinh 4.

[1]
[2]
(3]
[4]
5]

(6]
[7]

Hé sb cuc dai A = 0.8723167523
Chi phi thuce té 13: 594.3263411978

S6 phuong tién dugc phan ludng cho mdi

5. Két ludn

Thuét toan tim ludng cuc dai da phuong
tién déng thoi chi phi cuc tiéu trén mang md
rong trinh bay & trén c6 thé ap dung giai quyét
nhiéu van dé thuc té co thé dua vé dang bai toan
tdi vu trén mang da phuong tién mé rong, vi du
nhu bai toan phan ludng giao thong, van tai hang
hoa, phan ludng trén mang internet, lvu hanh
phuong ti€n, ... Chuong trinh thuat toan dugc
viét bang ngon ngit Java voi co s¢ dir liéu mang
md rong cai dat trong hé quan tri co s¢ dir li€u
MySQL cho két qua chinh xéc.

Phan ludng cho phwong tién di tir nguén 1
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