Ky yéu Héi nghi Quéc gia lan thit X vé Nghién citu co ban va img dung Céng nghé thong tin (FAIR), Pa Ndng, ngay 17-18/08/2017
DOI: 10.15625/vap.2017.00047

MANG DA HANG HOA DA CHI PHi TUYEN TINH MO RONG
VA BAI TOAN TIM LUONG CUC BAI

Trin Qu(")c Chiénl, Hb Vin Hl‘mg2
! Truong Pai hoc Sw pham, Pai hoc Pa Ncing
% Truwong Pai hoc Quang Nam

tgchien@dce.udn.vn, hovanhung@gnamuni.edu.vn

TOM TAT Do thi la céng cu todn hoc hitu ich vmg dung trong nhiéu linh viee nhie giao thong, truyén thong, cong nghé thong tin,
kinh té,.... Cho dén nay, phan lon cac img dung trong a6 thi méi chi xét dén trong s6 cia cdc canh, cdc dinh mot cach doc lap,
trong do do dai dwong di la tong trong s6 cdc canh va cdc dinh trén dwong di do. Tuy nhién, trong thuc té, trong s6 tai mét dinh
khéng giong nhau véi moi dwong di qua dinh d6, ma con phy thugc vao canh di dén va canh di khéi dinh d6. Cong trinh [2] dé xudt
chi phi chuyén lan (switch cost) cho d6 thi cé huéng. Cdc cong trinh [3-6] nghién ciru cdc bdi todn luong da hang héa don chi phi
tuyén tinh trén mang truyén thong. Céc cong trinh [7-11] nghién ciru cdc bdi todn luong da hang héa don chi phi tuyén tinh trén
mang mao rong, trong dé chi phi chuyén lan duwge dinh nghia cho d‘o thi hon hop. Bai viét xdy dung mé hinh mang da hang héa da
chi phi mo rong dé c6 thé dp dung mé hinh héa cac bai todn thuec té chinh xdc va hiéu qua hon. Bai toan luong da hang hda da chi
phi tuyen tinh cuc dai dwgc mé hinh héa bang badi todn quy hoach tuyen tinh dn. Trén co sé 1y thuyét doi ngau trong quy hoach
tuyén tinh, mét thudt todn xdp xi c¢6 d phirc tap da thire dwoc phat trién.

Tir khéa: do thi, mang, luong da hang héa da chi phi, t6i wu, quy hoach tuyén tinh.

I. PAT VAN PE

Mang va ludng trén mang la cong cu toan hoc hiru ich ing dung trong nhiéu linh vyc nhu giao thong, truyen
thong, cong nghé thong tin, kinh té,. .. Cho dén nay phan 16n cac tmg dung trong db thi méi chi xét dén trong mang co
dién mdi chi xét dén trong sb cua cac tuyen va cac nat mot cach dgc 1ap, trong do do dai dudng di chi don thuan 1a tong
trong s6 cac canh va cac nit trén duong di d6. Tuy nhién, trong nhiu bai toan thyc té, trong so tai mot ntit khong gidng
nhau v6i moi duong di qua nit d6, ma con phu thudc vao tuyén di dén va tuyén di khoi nat d6. Vi du thoi gian di qua
ngd tu trén mang giao thong phy thudc vao hudng di chuyén cua phuong tién giao thong: ré phai, di thing hay 1& trai,
tham chi c6 hudng bi cdm. Cong trinh [2] d& xuét chi phi chuyén lan (switch cost) cho db thi c6 huéng. Vi vay can xay
dung mdt mé hinh mang mé rong dé co thé ap dung mo6 hinh hoa céac bai toan thuc té chinh xéac va hiéu qua hon. Céc
bai toan ludng da hang hoa don chi phi tuyén tinh trén mang giao thong truyén théng di duoc nghién ciru trong cac
cong trinh [3-6]. C4c bai toan ludng da hang héa don chi phi tuyén tinh trén mang giao thong md rong dugc nghién ciru
trong cac cong trinh [7-11].

Bai viét xay dung md hinh mang da hang hoa da chi phi m¢ rong dé, ¢6 thé ap dung mo hinh héa céac bai toan
thyuc & chinh xdc va hiéu qua hon. Bai toan luéng da hang hoa da chi phi tuyén tinh cuc dai duge mo hinh hoa bang bai
toan quy hoach tuyen tinh an. Trén co s¢ ly thuy€t doi ngau trong quy hoach tuyén tinh, mét thudt toan xap xi c6 do
phurc tap da thirc dugc phat trién.

Il. MANG PA HANG HOA PA CHI PHI TUYEN TiNH MO RONG

Cho db thi hdn hop G=(V, E) véi tap nit V va tap canh E. Cac canh c6 thé c6 huéng hodc vo hudng. Ky hiéu E,
1a tap canh va cung lién thudc dinh veV. C6 nhiéu loai hang héa luu hanh trén mang. Céc loai hang hoa cung chia sé
kha ning thong hanh cta cac tuyén, nhung c6 chi phi khac nhau. Nhirmng canh v6 huéng biéu dién tuyén hai chiéu,
trong do6 cac loai hang hoa trén cing tuyén nhung nguoc hudng luu hanh chia sé kha nang thong hanh cua tuyén.

Ky hiéu r 12 s6 loai hang hoa, g; > 0 1a hé sb quy doi théng hanh cua loai hang hoéa i, i =1..r.
Cho cac ham sau.

Ham kha nang théng hanh canh ce: E-R’, voi ce(e) 1a kha ning thong hanh canh eeE.
Ham hé séphuc vu canh ze. E—)R*, véi ze(e) 1a ti 1€ thong hanh canh ecE.

Ham khd néng théng hanh niit cv: V—R”, vi cv(u) 1a kha nang thong hanh nat ueV.

Ham hé s6 phuc vu niit zv: V—R, véi zv(v) 1 ti 16 thong hanh nut veV.

Bo (V, E, ce, ze, cv, zv) goi 1a mang mo rong.

Ham chi phi canh hang hoa i, i=1..r, be;: E—>R v6i bej(e) 1a chi phi phai tra dé chuyen mot don vi hang hda
loai i quy ddi qua canh e. Luu ¥ rang véi nhing tuyén hal chiéu thi chi phi hai huéng c6 thé khac nhau.
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Véi mdi nat veV, ky hiéu E, 1a tap cac canh lién thudc nut v.
Ham chi phi chuyén nhanh hang héa i, i=1...r, bv;VxE,xE,—»R’", véi bvi(u,e,e’) 1a chi phi phai tra dé chuyén
mot don vi hang hoa loai i quy doi tir canh e qua nit u sang canh e’.
Bo (V, E, ce, ze, cv, zv,{be;, bv;, q; [i=1...r}) goi 1a mang da hang héa da chi phi tuyén tinh mé réng.
0 Luu y: Néu bej(€)=oo, thi hang hoa loai i bj cAm luu hanh trén tuyén e. Néu bvi(u,e,e’)=o0, thi hang héa loai i bj
cam luu hanh tr tuyén e qua nit u sang tuyén e’.
Cho p 1a dudng di tir nit u dén nat v qua cac canh g;, j=1...(h+1), va cac nit u;, j=1...h, nhu sau:
P = [u, ey, Uy, €2, Uy, ..., en, Un, Ensq, V]
Dinh nghia chi phi lwu hanh mdt don vi hang hoéa loai i, i=1...r, qua dudng di p, ky hiéu bj(p), theo cong thirc sau:

h+1

h
bi(p) = Zbei (ej) + ) by, (uj’ejyem) ()
=1 =1

I1l. LUONG PA HANG HOA TREN MANG PA HANG HOA PA CHI PHi TUYEN TiNH MO RONG

_ Cho mang da hang hoa da chi phi tuyén tinh m¢o rong G=(V,E, ce, ze, CV, zv, {be;, bv;, ;i [i=1...r}). Gia thiét voi
moi lpai hang h(’)a‘i, i=l...’r, €0 k; cap nut nguon-dich (s;, ti;), j=1...kj, moi cdp dugc gan mot luong hang hoa loai i, can
chuyén tir nlit nguon s;; dén nt dich t;;.

Ky hiéu P;j 1a tdp hop cac duong di tir nit s;; dén nit t;j trong G co thé luu hanh hang hoa loai i, i=1...r, j=1..k;
bat
ki
Pi = PI,J .
j=L
_ V6i mdi duong di pe Py, i=1...r, j=1...k;, ky hiéu bién x;;(p) 1 ludng hang hoa loai i quy doi luu hanh tir nut
nguon S;; dén nut dich t;j doc theo duong di p, i=1...r, j=1.. k.
Ky hiéu P;, 1a tap hop cac duong di trong P; di qua canh e, VeeE.
Ky hi¢u P;, la tap hop cac duong di trong P; di qua nutv, VveV.
Tap hop
F={xp) | pePi i=1l..r, j=1..k }

goi 12 luong da hang héa trén mang da hang hoa da chi phi tuyén tinh mé rong, néu thoa mén cac rang bugc vé kha
ndng thong hanh trén canh va nit sau:

ii 2. %;(p)

< ce(e).ze(e), Ve € E.
i=1 j=1 peP,
rook
ZZ in,j(p) < cv(v).zv(v), Vv e V.
i=1 j=1 peR,

Biéu thirc

vy = 2% (P),i=tor, =1k,
peP,
goi 14 gid tri luong hang héa loai i cia cdp nguon-dich (Sijpti ) cua F,

ki
fii= > fv;, i=Lr
=1

goi 14 gid tri luong ciia logi hang héa i ciia F,

_—
i=1

goi 1a gid tri luong ciia F.
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IV. BAI TOAN LUONG PA HANG HOA CUC PAI

Cho mang da hang hoa da chi phi m¢ rong G=(V.E, ce, ze, cv, zv, {be;, bv;, g; [i=1..r}). Gia thiét voi modi loai

hang hoa i, i=1...r, ¢ k; cap nut ngudn-dich (sij, tij), j=1...ki, mdi cap duoc gan mot lugng hang hoa loai i, can chuyén
tir nat ngudn s;; dén nat dich t;;.

Nhiém vu cuia bai toan 1a tim ludng da hang hoa sao cho gié tri ludng fv 1a 16n nhat.
Bai toan duoc biéu dién bang mé hinh qui hoach tuyén tinh an (P) nhu sau:
r ki
=33 S x,(p) - max A\
i=L j=L peP
thoa mén

k.

ZI Xi,j(p) ce(e).ze(e), VecE >

i=1 j=1 peP

e

IA

.‘
Ea)

x.;(p)

i=L j=1 peP,,

IN

cv(v).zv(v), YveV

Xi,j(p) >0, Vi=l..r, j:]...ki, vpe P; j

Bai toan quy hoach tuyén tinh ddi ngau véi (P), goi 1a (D), dugc xay dung nhu sau: mdi canh ecE duoc gan
mot bién d6i ngau le(e), mdi nat veV duoc gan mot bién dbi ngau Iv(v). Bai toan (D) phéat biéu nhu sau

D(le.lv) = > _ce(e).ze(e) le(e) + h

ecE

V%cv(v).zv(v).lv(v) ~> min >
> le(e) + > Iv(v) > 1, vpeP

eep vep

le(e) >0, VeeE, lv(v) >0, YveV J
Bay gio, cho p€ P, i=1...r, 1a duong di tir mat u dénnatv qua cac canh g, j=1..(h+1), va cac nat u;, j=1...h, nhu sau:
p= [U, €1, Ug, €, Uy, ..., €, Up, €h+1, V].

Ta dinh nghia d¢ dai duong di p, ky hiéu lengthi(p), phu thudc cac bién le(e), Iv(v) theo cong thirc sau:
h+1

lengthi(p) = ZIe(e )+ Zlv(u )
Ky hiéu dist;j(le,lv) 1a d6 dai duong di ngin nhét tir s;; dén t;; tinh theo ham d¢ dai lengthi(p), Vi=L1..r,
VJ:1|(|
bit ofle,Iv) = min{dist;;(le,lv) | i=1...r, j=1...k}
Xét bai toan (D,):

5= min{D(Ie,Iv)

a(le,lv)

Ie:E—>R*,Iv:V—>R*}

e B4 dé 4.1. Bai toan (D) tuong duong véi bai toan (D,,) theo nghia tri t6i wu cua ching bang nhau va tor nghiém
t6i rru cta bai toan nay suy ra nghiém tdi wu cuia bai toan kia va ngugc lai.

Chirng minh

Ky hiéu min(D) va min(D,) twong tng la tri tdi wu cia bai toan (D) va bai toan (D,). Cho ham le: E-R’,
Iv:V—>R". Dt

le’(e) = le(e) /fle,lv) VeeE, IV’ (v) = Iv(v) /(le,lv) YveV.
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Tacd
Zle' ZIV V)>1,vi=l..r, Vj=1..k,Vpe P;;
eep vep
- , D(le, Iv)
Vay (le’,Iv’) 1a phuong an chap nhén cua (D) va D(le’,Iv’) = ————.
a(le, Iv)
Twr d6 suy ra
min(D) < min(D,). (2).
Nguoc lai, cho (le,lv) 1a phuwong 4n chip nhan ciia (D). Khi do, ta c6
. . . , D(le, Iv)
1 <dist;j(le,lv), Vi=1...r,vj=1...ki = ofle,lv) > 1, kéo theo (|—| < D(le,lv), tir d6 suy ra
a\lg,
min(D) > min(D,). 3.

Tur (2) va (3) suy ra min(D) = min(D,).
Tiép theo, néu (le,lv) 1a nghiém t&i wu ctia bai toan (D), thi (le’,Iv’), trong d6
le’(e) = le(e) /afle,lv) VeeE, Iv’(v) = Iv(v) /of(le,lv) YveV,
1a nghiém t6i wu ciia bai toan (D).

Nguoc lai, néu (le,Iv) 1a nghiém t&i wru ctia bai toan (D), thi (le,Iv) 1a nghiém t6i wru ciia bai toan (D).

V. THUAT TOAN
o Y twéng thugt todn

Thuat todn gdm mot s bude 1ap, thong qua ham do dai lengthi(p), p€ Pj, i=1...r. Tai moi bude lap, tim ra mot
dudng p ngdn nhét (tinh theo length; (p)) gilra cdc cdp ngudn-dich va chuyén ¢ don vi hang héa quy d6i qua dudng nay,
v6i ¢ kha nang thong hanh canh, dinh téi thiéu trén duong nay.

Sau d6 thay ddi gia tri cac ham le, Iv va . Thuat toan dimg lai mot khi o >1. Gia tri ban dau cua le, Iv va o phu
thudc vao gia tri xap xi can dat dugc.

® Thudt todn

0 Pédu vao: Mang da hang hoa da chi phi mo rong G=(V,E, ce, ze, cv, zv, {be;, bv;, q; [i=1...r}). Gia thiét voi m51
loai hang hoéa i, i=1...r, c6 ki cap nut ngudn-dich (s; i ), =1k, mdi cip dwoc gan mot lwong hang hoa loai i, cdn
chuyén tir ntit ngudn s;; dén nat dich t;;.

Ky hiéu n=|V|, m=|E| va |4 ti 1& xap xi can dat dugc.
0 Pau ra: Ludng cuc dai F biéu dién dang tap hop ludng quy doi tai cac canh
F={xje)|e€E, i=l..r,j=1..k }
O Cdc budc:
Budre 1: Tinh £va & theo hé s6 xap xi @ (gia tri £ va Sxac dinh & phan chirng minh sau):
1
1-1/(1+ @) vas=(1+e) [(1+ e n)]“‘q :

Buoc 2: Khoi gan: le(e)=4; x;;(e)=0, Ve € E, Iv(v)=0, YveV, fv=0;

Buée 3: Tim cip nat ngudn-dich (Sij, t;;), 1<i<r va 1 <j<k;, c6 duong di ngan nhat tir s;; dén t;; tinh theo ham d¢
dai length;(.).Cha y dudng di p phai hgp 1€ v4i hang hoa loai i, tirc khong chira canh c6 chi phi oo hodc niit c6 chi phi
chuyén nhanh oo. Gia sir

ofle,Iv) = min{dist;;(le,Iv) | i=1..r, j=1..k} = diStinin jmin(l€, V)

- Kyhi€up, Va ¢ tuong tmg 1a dudong di ngan nhat, d6 dai ngan nhat va kha ning thong hanh canh, dinh tdi
thiéu cua p, tac l1a
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c=min{min{ce(e).ze(e)leep},min{ cv(v).zv(v)lvep}}
Buée 4: Pidu chinh ludng:
Ve € P, Ximinjmin(€)= Ximinjmin(€)*+C; fv=fv+c ; le(e)= le(e).(1+&.c/(ce(e).ze(e)));
vvep, Iv(v)= v(v).(1+&.c/(cv(v).zv(v)));
Buée 5: Néu a>1 qua budc 6, nguoc lai quay vé bude 3.
Buée 6: Xr 1i gid tri két qua dat dugc cua ludng F va gia tri ludng fv. Két thiic.
e Chirng minh thudt todn

Ky hiéu D(0) 14 gia tri ban dau ctia ham D

D) = Y ce(e)ze(e).s+ Y cv(v)zv(v).s = & Y ce(e)ze(e) + Y cv(v)zv(v))

ecE veV ecE veV
D(i) 1a gia tri ham D sau vong lap thir i, i=1, 2,...
fv(0) = 0 14 gia trj ban dau cta ludng F.
fv(i) 1a gid tri ciia ludng F sau vong lap i, i=1, 2,...
lej, lvi 1a ham le, Iv ¢ vong 1ap thu i. i=1, 2,...
p; 1a duong di ngén nhat p & vong lap the i. i=1, 2,...
a(i) = ofle;,lvy), i=1, 2,...
c(i) 1a gia tri ¢ & vong lap thir i. i=1, 2,...
Taco
fv(j) = fv(-1) + (i),
DG) = > ce(e)ze(e) le;(e)+ " cv(v).zv(v).lv;(v)

ecE veV

= ce(e)ze(e) le; y(e)+ D cv(v)zv(v) v, (v)+ > ec(i)le, () + D ec(iIv,,(v)

ecE veV eep; Vep;

=D(-1) + &) D le;,(e)+ DIV, L (V)

€ep;j vep;

=D(j-1) + &c(j).aj-1).
Suy ra
D(i) = D(O)+gZ;(fv( - N(i-D)a(j-1), vizL.
i=
Xét ham lei—ley va lvi—lv,. Ta cé
D(lei—leg,lvi—Ivp)=D(i) — D(0) va aflei—leg,Ivi—Ivp) > (i) — 5.(m+n).
Ky hiéu i 1a chi s6 nho nhat thoa man
ofig) > o.(m+n) va afip—1) < 5.(m+n).
Mt khac, ta co
lei(e) < lej_1(e).(1+&.c(j) /(ce(e).ze(e))) < lei_1(e).(1+¢&), VeeE, Vi> 1
Ivi(v) < Ivj3(v).(1+&.c(f) /(cv(v).zv(V))) < lvi_g(Vv).(L+¢), VveV, Vi> 1
= a(i) < (1+).afi-1), Vi=> 1.
Suy ra
o(ip) < (1+8).alig—1) < (1+&).6.(m+n).
Khi @6, ta co

(4)
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D(le, —le,, Iv, —Iv,) __D(i)-D(0)
a(le, —ley, v, —Iv,) ~ a(i)—S(m+n)

Thay gia tri D(i)-D(0) tir (4) vao (5), ta dugc:

Vi > g +1. )

ofi) < 5(m+n) +% S (i)~ V(G -Da( 1) . viz o +1

j=1
Ta dinh nghia truy hoi day x(0), X(1), ..., X(i), ... nhur sau:
X(io) = o) va ()= 5.(m+n)+% S (v() = V(G —~DX( ~1) . vizio+L
j=1
Quy nap suy ra (i) < x(i), Vi>ip +1.

Taco
) = amem) +2 3 ()~ W -DIK( =D+ (o) M- DpG-)
B = B
= x(i-1) (L+&( fv(i) -(i-1))/) < x(i-1) e MD-NVIDVE oy o) el MD-M-2)/ 5
< x(ig) €5 MD-MOIIE - iy @ VDI < (14g).5(mn) €5 VD i o ip) < (L+¢).5(m+n).
Suy ra afi) < (1+&).5.(m+n) e VB i 41,
Gia sir thut toan két thiic & vong lap t, tirc 1 oft) > 1. Khi do

1< (1+¢).5(m+n)esVOF (6)
kéo theo
P < £ (7)
fv(t) In 1
@+e&).0.(m+n)
R A A . A A A e e . f\/(t)
Bé dé 5.1. Ton tai luong chap nhan véi gia tri 112"
&
log,,,———
gl+g 5

Chirng minh. Xét mot canh e bét ki. Ta c6:

Ctr mdi lan chuyén ce(e)ze(e) don vi hang héa quy ddi qua canh e thi do dai Ie(e) cla e ting 1én mot thira s >
(1+&). That vy, & mdi lan 1ap ta chi chuyen c<ce(e)ze(e) don vi hang hoa qua e, dé chuyén qua e mdt luong hang la
ce(e)ze(e) thi phai chuyén it nhat mot 1an. Gia st luc bat dau xét 1a bude lap thir i. Goi q 1a sb 1an lap dé chuyen qua e
dugc ce(e)ze(e) don vi hang héa. Ky hiéucjlagiatricé lan chuyén tht j, j=1...q. Ky hiéu | 1a budc 1ap cubi chuyén Cq
don vi hang hoa qua e. Ta co

le(@) = lee).| 1re—2 | [14e—t | =g 1(c, 4ot )b+
' o “ce(e)ze(e) ) ‘ce)ze(e)) YT T ce)ze(e)

Ldc nay ta cé

g
Z C= ce(e)ze(e).

j=1
Vay
lei(e) > (1+¢).lei(e).

Goi x(e) 1a tong ludng chuyén qua e. Dt
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x(e) = h.ce(e)ze(e), heR".
Vay ¢6 h 1an chuyén ce(e)ze(e) don vi hang héa qua e, luc nay do dai cia e 13 le(e) > (1+£)".leg(e) (8)

Ki hi¢u j, j<t, 1a 1an 13p cudi le(e) ting. Khi d6 lej(e) < 1, (vi néu leje) > 1, thi af(j) >1 va thuat todn da dimg lai
& budc j<t). Suy ra

lee) < (1+2).le(e) < (1+4). 9)
T (8), (9) va leg(e) =osuy ra
(149 leo(e) < lee) < (1+8) = h<log, *£
Nhu vay,
l+¢
x(e) < ce(e)ze(e). log,, , 5 ,VeeE.
Tuong tu, ta cling c6
l+¢
X(v) < cv(v).zv(v). log,,, 5 ,vveV
v6i x(v) 1a tong ludng qua dinh veV.

. . l+¢
Nhu vay, & budc 6, Chia tat ca cac luong x;j(e) cho Iogw R

1+
Xi’j(E):Xi'j(e)/ |Ogl+g Tg ,Vi:1..r,j:l..ki,Ve eE,

ta nhan duoc ludng chip nhan, thoa man cac didu kién vé kha ning thong hanh canh va dinh, véi gia tri ludng 1a

fv(t)
1+¢°
Iogl+5 5
R A A SRR . f\/(t) . e A A »
Bé dé 5.2. Luong véi gia tri —1is dat cuc dai voi ti s6 xap xi 1+o (0<w<l).

&

log,,.—/——
1+¢ 5

Chirng minh.
Ky hiéu y1a ti sb trj tdi wu bai toan di ngdu chia cho gi4 trj ludng

{xij(e) |e€E, i=1l...r,j=1..k }

Tacd
p 1+¢
= ——.lo —
Y fV(t) gl+s 5
Str dung (7) ta cd
In 1+7€
Y < ¢ ) Iogl+g 1+_8 = d : g
In o In(l+¢) In 1
(1+¢&).0.(m+n) @+&)o.(m+n)
1 .
Chon 6= (1+¢) .Tacé

[a+e)?m+n)]”
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l+¢

In=——
5 =l-9t= gy & < i L

—o)nlre) Q-ole—c2/2) (-2)

nh—77  ——
Q+&).0.(m+n)

Vay 1 <y< 5 . Dé co ti s6 xép xi (1+w), ta chon & sao cho

_1

1-¢)

0<e<1-41/(1l+w),
fu(t)

l1+¢

log,., 5

e Ghi chd. Tir ludng quy d6i
{xije) |e€E, i=l..r,j=1..ki }

5 <(1+@). Nhu vy, véi

N
1-¢)

ludng voéi gia tri dat cuc dai vdi ti so xap xi 1+ .

ta c6 thé suy ra ludng thyc té bang cach chia ludng quy dbi Xij(€) cho hé sd quy ddi g5, Vi=1...r,j=1...k, Ve E.

VI. THOI GIAN THU'C HIEN
Dinh li 6.1. Thuét toan c¢6 dd phuc tap la
O( @ ~2k.n*.(m+n).In(m+n)),
trong d6 k=ky+...+k;, m 13 s6 canh db thi, n 12 s dinh d thi.

Chirng minh. Xét budc lap thir i. Gia st e 1a canh ¢6 kha ning thong qua ce(e)ze(e)=c(i) nho nhit doc theo
duong ngan nhat p;. Ta ting d6 dai le;(e) cua e mdt thira s6 (1+&). Xét canh e bat ki, goi te 1a s6 budc 1ap ma trong do e
1a canh c6 kha nang thong qua cyc tiéu trén dudong dugc chon tuong ing. Do leg(e)=0 va le(e)<l+g, suy ra

leo(e).(1+8)° = 5.(1+6)° < le(e)<1+s, kéo theo te < log,,, HTg

Mit khac
-le 1 1
0= (1+&)((1+e)(m+n)~* = te < — (1+logrs(m+n)) < ——  (In(L+g)+In(m+n)).
£ en(l+¢)
Pt
1
t* = —— (In(1+&)+In(m+n)).

en(l+¢)
Khi d6, mdi canh ecE twong tng véi nhiéu nhit t* 1an tim duong ngén nhét.
Twong ty, mdi dinh veV tuong tmg véi nhidu nhat t* 1an tim dudng ngén nhét.

Vay sb 1an tim duong ngin nhat < (m+n).t*. Mat khac, thudt toan tim duong di ngin nhét giita hai dinh ngudn
dich ¢6 do phirc tap O(n®) [7, 8], suy ra thuat toan tim dudng di ngén nhét giita k cap dinh ngudn dich c6 do phirc tap
O(k.n®). Suy ra do phtc tap cta thudt toan la

In(m + n)

O(k.n%.0 .
() O((men) e.In(l+¢)

Mit khac, vi < 1-4/1/(1+ w) , taco

eln(l+e) =~ & < (1-1/(1+ w) )* = 1-(1-0.5w+0( ®)))* = O() (11)
Cubi cung, tr (9) va (10) suy ra 6 phurc tap cua thuat toan la

O( @ ~2k.n*.(m+n).In(m+n)),

(10)
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* Nhan xét. Dy la bai toan quy hoach tuyén tinh an, trong do s6 bién x(p), peP, bang lyc luong cua P,
[P[=O(k.n!). Vi the, néu giai bang cac phuong phap gidi quy hoach tuyen tinh nhu thut toan don hinh hay thuat toan
diém trong, thi d6 phtic tap it nhat 1a O(k.n!).

VII. Vi DU
Cho so d6 mang mé réng ¢ Hinh 1. Bing 4. Kha ning thong hanh va chi phi canh

Canh Loai ce be; be, bes

1,2) 1 50 | 4 5 6

(1,3) 1 50 | 4 5 6

(2,3 0 70 4 5 6

(3,2) 0 70 | 3 4 5

(2,5) 1 50 © 5 6

(3,4) 1 50 4 5 6

(3,5) 0 70 4 5 ©

R . A (5,3) 0 70 3 © 5
Hinh 1. So d6 mang mé rong (4.6) 1 50 2 5 6
Mang c6 6 nit, 6 canh c6 huéng va 3 canh vo (4,5) 0 70 4 w0 6
huéng. (5,4) 0 70 3 5 0
Dit liéu cho trong céac bang sau: (.6) 1 50 4 5 6

Bang 1. Kha nang thong hanh nit Ghi chu. Loai 1 1a canh ¢6 hudng, Loai 0 1a canh v6 hudng.

NUt cv Béng 5. Chi phi 1€ nhanh

1 100 Nut Canh 1 Canh 2 bv, | bv, bvs

2 100 2 (1,2) (2,3) 1 2 3
3 50 2 1,2) (2,5) 1] 2 3
. 100 2 (3.,2) (2,5) 1] 2 3
5 w0 3 (1,3) (3.4) 1] 2 3
3 1,3) (3,5) 1] w w

6 100 3 1,3) (3.2) 1] w ©
Bang 2. Hé s6 quy dbi hang hoa 3 (5,3) (3,2) 1 2 3
—— 3 (5,3) (3,4) 1] 2 3
Hangl’ hoa 2 3 | (23) (3.4) 1] 2 3
3 2,3) (3,5) 1] 2 3

2 2 4 (3.4) (4.6) 1] 2 3

3 3 4 (3,4) (4,5) 1] 2 3
Bang 3. Cap nut ngudn dich 4 (5.4) (4.6) 1 2 3

5 (2,5) (5,3) 1 © o0

Hang hoa Sij ti) 5 (25) (G.4) 1] o
5 (2,5) (5,6) 1 2 3

1 1 5 5 (3,5) (.4) 1] 2 3

2 2 4 5 (3,5) (5,6) 1 2 3
5 (4,5) (5,3) 1 2 3

3 3 6 5 (4,5) (5,6) 1] 2 3

Thudt toan dugc cai dat trong C++.
Sau day la két qua chay chuong trinh giai bai toan ludng cuc dai cho & trén:
He so xap xi: 0.070000,
Tong luong : 148.908624,
Tong chi phi: 1877.662162
8.396823
41.500042
8.396823
49.896862

Phan ludng cho hang hoa loai 1 di tir ngudn 1 dén dich 5:

0.093091
0.093091

Phan ludng cho hang hoa loai 2 di tir ngudn 2 dén dich 4:

=sw o w w N

1
1
2
3
2
3
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Phan ludng cho hang héa loai 3 di tir ngudn 3 dén dich 6: 3 2 49.375553
2 5 49.375553
3 4 49.543118
4 6 49.543118
5 6 49.375553

VIII. KET LUAN

Bai viét xdy dyng mé hinh mang da hang héa, da chi phi mé rong & muc 2 va 3 dé c¢6 thé ap dung md hinh

hoéa cac bai toan thuc t& chinh xac va hiéu qua hon. Tiép theo, & muc 4, bai toan ludng da hang hoa cuc dai dugc dinh
nghia bang mo hinh bai toan quy hoach tuyén tinh (khéng tudng minh). Bai toan ddi ngéu (D) ciia bai toan ludng da
hang hoa cuc dai va bai toan tuong dwong (D,) dugc xdy dung phuc vu cho thuat toan tiép theo. Trén co s¢ 1y thuyét
dbi ngu trong quy hoach tuyén tinh, mét thudt toan xap xi c6 do phirc tap da thirc dugc phat trién ¢ muc 5. Day ciing
1a két qua chinh ctia bai viét. Tinh diing dén va d6 phtc tap thuat toan dugc ching minh chinh x&c. Thuat toan dwoc cai
dit trong C++ va cho két qua thir nghiém chinh xac. Két qua cua bai viét 1a co s¢ dé nghién ciru cac bai toan ludng da
hang hoa, da chi phi téi wu.
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EXTENDED LINEAR MULTICOMMODITY MULTICOST NETWORK AND MAXIMAL
FLOW PROBLEMS

Tran Quoc Chien, Ho Van Hung

ABSTRACT: Graph is a powerful mathematical tool applied in many fields as transportation, communication, informatics,
economy,... In ordinary graph the weights of edges and vertexes are considered indepently where the length of a path is the sum of
weights of the edges and the vertexes on this path. However, in many practical problems, weights at a vertex are not the same for all
paths passing this vertex, but depend on coming and leaving edges. In the article [2], a kind of weights, called switch cost, is
defined. The papers [3-6] study multicomodity flow problems in ordinary networks. The papers [7-11] study multicomodity flow
problems in extended networks, where switch costs are defined for mixed graphs.The presented paper develops a model of extended
linear multicommodity multicost network that can be applied to modelize many practical problems more exactly and effectively.
Then, maximal linear multicomodity multicost flow problems are modelized as implicit linear programming problems. On the base
of dual theory in linear programming an effective aproximate algorithms is developed.

Keywords: Graph, Network, Multicommodity Multicost Flow, Optimization, Linear Programming.



