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Tom tit

Bai bdo nay dé cdp dén mé hinh vdn tdi cé trung
chuyén (mé réng cua bai toan vdn tdi cé dién) véi
NGi dung va y nghia ciia mé hinh, diéu kién ton tgi
nghiém ciia mé hinh, cich dwa mé hinh vé bai
toan vdn tdi dang bang va cach xay dung bang
vdn tai twong g cung thudt toan gigi. Cudi bai
bao, tc gia néu mét izng dung minh hpa cia mo
hinh trong th; triong xuat khdu gao cia Viét Nam
hién nay.

Tw khoa: Bai toan vdn tdi, md hinh vdn tdi c6
trung chuyén, chi phi vdn chuyén, chi phi gui
hang vao kho, thugt toan thé v, phuwong dn t6i wu.
Abstract

This article studies the transshipment model (the
expansion of classic transportation problems).
Specifically, the author presents the model, its
meaning, and its existing conditions. In addition,
the author introduces the way to turn the
transshipment model into a transportation model
and how to create a transportation table as well
as an algorithm for solving the problem. An
example of the model in the rice export market in
Vietnam is also discussed.
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1. Pat vén dé

Bai toan van tai (Transportation problem) da kha
quen thudc trong toén tng dung (Chang han, xem [1],
[2], [3], [5]). Trong bai todn van tai dang bang, cé
mot loai hang (vi du nhu gao, thuc phdm hay rau
qua,...) dwoc van chuyén tir cac diém giao hang (goi
la trgm phat) dén cac diém nhan hang (goi 1a tram
thu). Tuy nhién, thay cho viéc van chuyén hang truc
tiép dén cac tram thu, doi khi hang hoa co thé phai
duogc chuyén qua mot trong sd cac diém trung gian
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(intermediate or trans-shipment points), sau d6 hang
héa tiép tuc duoc chuyén tiép t6i cac tram thu. Cac
diém trung gian dé co thé I céc trung thm phan phdi
(véi hang béach héa), cac tram chiéu xa (v6i rau qua)
hay cac diém xay sat (v6i thoc, gao),... M6 hinh bai
toan voi nhitng mo ta bd sung nay dugc goi 14 md
hinh vdn tdi c6 trung chuyén (Transshipment model).

Diéu dang chu y 1a bat ky md hinh van tai c6
trung chuyén nao ciing c6 thé dé dang bién doi twong
duong v& mot bai toan van tai dang bang. Vi thé, dé
tim 1oi giai cho mod hinh van tai c6 trung chuyén,
trugc hét ta dua mo hinh d6 vé bai todn van tai twong
duong va sau d6 giai né bang cach cai bién phuong
phap da co (phuong phéap thé vi) s& thu duoc 10i giai
t6i wu. Nho dé gop phdn mé rong hon nita pham vi
rng dung cua bai toan van tai trong thuc tién.

Mb hinh van tai c6 trung chuyén duoc tap trung
nghién ctru rat nhidu trong thoi gian gan day vi
nhitng ng dung da dang ciia nd trong nhiéu linh vuc
(xem minh hoa [6], [7], [8]). Trong bai viét nay, tac
gia nghién cru md hinh van tai cé trung chuyén voi
mot s6 két qua maéi: Pua md hinh vé bai toan quy
hoach tuyén tinh, phat biéu va ching minh diéu kién
can va da dé md hinh c6 nghiém, dua ra thuit todn
thé vi cai bién dé tim nghiém ti vu cua mé hinh, ap
dung thuc té mo hinh vao thi truong xuit khau gao
cua Viét Nam hién nay.

2. M6 hinh toan hoc va diéu kién c6 nghiém cuaa
mo hinh van tai c6 trung chuyén

Ta s& dung mot sé thuat ngir nhu sau:

e Diém cung cép hang hay tram phat (supply
point). D6 1a diém c6 thé giri hang tdi cac diém khéc,
nhung khong dugc nhan hang tir bat cir diém nao khéc.

e Diém thu nhdn hang hay tram thu (demand
point). D6 1a diém c6 thé nhan hang tir cac diém khac,
nhung khong duogc giri hang t6i bat cir diém nao khac.

e Diém trung gian hay trung chuyén (intermediate or
trans-shipment point). D6 1a diém c6 thé vira nhan hang
tir cac diém khac, vira giri hang t&i cac diém khac.
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M6 hinh van tai c¢é trung chuyén dat ra la 1am thé
nao dé van chuyén hang tir cac tram phat toi céac
diém trung chuyén (giai doan 1) va tir cac diém trung
chuyén t6i cac tram thu (giai doan 11) sao cho tong
chi phi van chuyén ¢ ca hai giai doan, cong véi chi
phi giri hang & diém trung chuyén 1a nho nhat?

Ta xét cac ky hiéu: m 1a s6 tram phat, n 1a s6 tram
thu va p 1a s6 diém trung chuyén.

= Tram phat A; (i = 1,..., m) c¢6 kha ning cung cp
ai don vi hang;

= Tram thu Bj (j = L,...
hang;

= Diém trung chuyén Dy (k= 1,..., p) ¢6 thé nhan,

, N) can nhan bj don vi

phat t6i da dk don vi hang.

= Cho biét: chi phi van chuyén (transportation
cost) mot don vi hang tir tram phat A; t6i diém trung
chuyén Dx I c3,, chi phi van chuyén mot don vi hang
tir diém trung chuyén Dy t6i tram thu Bj 1a cij vachi
phi lvu gitt hay xtr Iy (warehousing) mot don vi hang
tai diém trung chuyén Dy 14 ck.

= Bién sb: x;, 1a s6 don vi hang can véan chuyén
tir tram phat A toi diém trung chuyén Dk, yj jla )
don vi hang can van chuyén tir diém trung chuyén Dy
tdi tram thu B;.

M6 hinh van tai c6 trung chuyén duoc mo ta dudi
dang bai toan van tai cua quy hoach tuyén tinh, ky

hieu bai todn (P), c¢6 dang nhu sau:

f= Z?ilziﬂ CiiXie + Z£=12?=1 Cl%j)’kj +
Tie=1(ck X1 7))

= X Yoy ClicXae + Zz=1z;‘l:1(ck +CI€j)ij @

vé6i didu kién:

Zzzlxik =al-;i = 1, W, m (2)
Y Vi =bi;j=1..,n ?)
Yt X = Xi=a Vi < dsk=1,..,p 4
Xik >0, Ykj >0;i=1,.. m
j=1.m k=1, .,p. (5)

e Ham muc tiéu (1) gdm chi phi van chuyén (ca
hai giai doan) cong chi phi giri hang & diém trung
chuyén.

e Rang budc (2) biéu thi diéu kién: cac tram phat
A giao hét hang.

¢ Rang budc (3) biéu thi diéu kién: cac tram thu Bj
nhén du hang.
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e Rang budc (4) biéu thi diéu kién: sé don vi hang
nhan va giao tai diém trung chuyén D 14 bang nhau
va khong vuot qua kha ning toi da dx.

e Rang budc (5) 1a diéu kién cac bién khong am.

Dinh 1y sau day cho phép ta dé dang nhan biét

khi ndo mé hinh van tai c6 trung chuyén c6 phuong
an toi wu:

Pinh Iy 1: Bai toan van tai (P) c6 phuong an toi

uu khi va chi khi:

Xt a; = Z?:l bj va ¥ia; < Zz=1 d;

vi=1,..mj=1.,nk=1,.,p. (6)
Ching minh: (=) Gia st bai toan (P) c6

phu’ofng an té)l uu {xik,yk}-}. Khi dé, {xik,yk]'} phéJ
théa man cac rang buoc (2), (3), (4), (5) tuc la:
Zi:l Xik = 4y, ZZ:l Vij =

bj, YitiXpx = 2Xi=1Vkj < dg, Xk 20, yi; =0
vi=1..mj=1..nk=1,..,p.

Tur do ta co:

m _Zm Zp _ mzp Xik $p Zn —
i=1 & = Lij=12ig=1%Xik = i=12lig=1 — lig=12j=1Ykj =
n

X1 b

va Yo, X X = Yia; < Yoy dy. .

(&) Gia su diéu kién (6) thoa man, ta can ching
minh bai toan (P) c¢6 nghiém t6i uu.

- Truéc hét, ta can ching minh luén ton tai mot

phuong 4n chép nhan dwoc {Xy, ¥} cua bai toan

(P) thoa mén cac rang budc (2) - (5).

That vdy, ta phan phéi lwong hang a, cua tram
phat A, vao diém trung chuyén D;. Khi d6 xay ra
mot trong cac trudng hop sau:

+ Néu A, phéat hét va D, thu du thi tiép theo ta
phan phéi luong hang a, cua tram phat A, vao diém
trung chuyén D,.

+ Néu A, phat hét va D; thu thiéu thi tiép theo ta
phan phéi lwong hang a, cua tram phét A, vao D;.

+ Néu A, phat chua hét va D, thu du thi tiép
theo ta phan phdi lwong hang con lai cua A,vao
diém trung chuyén D,.

Tiép tuc qua trinh trén, sau hiru han 1an phan phéi
va tir didu kién Y7, a; < ¥P_, d, toan bo luong
hang ciia m tram phat da dugc chuyén dén p diém
trung chuyén, tic 1a ton tai phuong an chap nhan
cua giai doan van chuyén thir nht.

Trong giai doan van chuyén thir hai, ta ciing tién
hanh phan phéi hang nhu trong giai doan van chuyén
thir nhat. Tir diéu kién (6) dam bao toan bo lugng hang
tir p diém trung chuyén dwoc van chuyén hét dén n
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tram thu hay ton tai phuong an chap nhan dugc j

- Nhu vay, tap chip nhan duoc cua bai toén (P)
khac rdng. Do cac rang budc (2), (3) va (5) nén
phuong an chip nhan duoc bit ki {xik,ykj} lubn
phai co:
0<xy <a, 0< y; < bVi=1,..,mj=
1L,..n k=1,..,p.

Suy ra tap chap nhan duoc bi chan. Theo diéu kién
ton tai nghiém cua bai toan quy hoach tuyén tinh (xem
[1], tr. 68-71) thi bai toan (P) c6 phuong an ti wu.

3. Bai toan vén tai dang bang twong dwong (dang
bai toan van tai c6 6 cam) va thuit toan giai

Theo [6], nha toan hoc Nga V. A. Mas da dé xuat
dua (P) v& bai toan van tai c6 dién dang bang, tuy
nhién trude do it lau mot y tudng twong tu cling da
dugc nha todn hoc My A. Orden néu ra. Phuong
phép Orden - Mas thiét ké mot bang van tai thich
hop (Bang 1), gdm (m+p) tram phat va (n+p) tram
thu (do p diém trung chuyén vira 1a diém nhan vira la
diém gui hang).

KHOA HOC - CONG NGHE

Trong bang trén, hang 0 (trén cung) va co6t 0 (bén
trai) 1a cac hang, cot tiéu dé; mdi hang (tir 1 téi m+
p) dai dién cho mot tram phat, mdi cot (tir 1 t6i p+n)
dai dién cho mot tram thu va mdi 6 (giao cia hang va
cot) cua bang tuong ung véi mot cap “phat - thu",
chang han 6 & hang 1 ¢cot 1 twong tng vai cap "phét -
thu" A;-Ds; 6 & hang m+1 cot p+ 1 tuwong (tng Vi
cap "phat-thu" Ds- B1. Trong mdi 6, goc trén bén trai
ghi cude phi va goc dudi bén phai ghi sb don vi hang
can van chuyén, vi du Xmp chi s6 don vi hang s& van
chuyén tir tram phat Ay t6i diém trung chuyén Dy,
Xm+1p+2 Chi 86 don vi hang s& van chuyén tir diém
trung chuyén Dj t6i tram thu Bo.

Chu y 1: C4c 6 td sAm miu 1a cac 6 khong duoc
phép van chuyén hang truc tiép tir cac tram phat dén
cac tram thu, ciing nhu gitra cac diém trung chuyén
v6i nhau, vi thé cude phi dat bang s6 M kha 16n (so
VGi bat cir cude phi thyc té nao trong bai toan).

Céc bién s6 Xm+x k (k= 1,...,p) trong bang ding dé
chi kha ning (dung luong) cuia diém trung chuyén D
khong sir dung hét (con du), cac 6 twong tng cb cude
phi dit bang 0.

Bdng 1. Bdng vdn tdi cia bai toan van tdi twong dwong

Thu — D1 D2 Dp Bi1 B2 cee Bn
Phat | ds d2 dp b1 b2 cee bn
1 1 1 “ee
4 cl, cky M M M
AL a1
X11 X12 X1p| X1,p+1] X1,p+2]
X1,p+n
1 1 1 “ee
C21 €22 C2p M M M
A2 az
X21 X22 X2p| X2,p+1] X2,p+2]
X2,p+n
1 1 1 e
Cm1 Cm2 Cmp M M M
Am am
Xm1 Xm2 Xmp Xm,p+1 Xm,p+2
Xm,p+n
0 M M ¢ +c ct, +c c +c
11 1 12 1 in 1
D1 di
Xm+1,1 Xm+1,2 Xm+1,p|
Xm+1,p+1 Xm+1,p+2 Xm+1,p+n
M 0 M cZi+c, |3+, 2+,
D: d2
Xm+2,1 Xm+2,2 Xm+2,p|
Xm+2,p+1 Xm+2,p+2 Xm+2,p+n
M M 0 cti+c, |3 +c . +c
p1 p p2 p pn p
Dp dp
Xm-+p,1 Xm-+p,2 Xm-+p,p| Xm-+p,p+1 Xm-+p,p+2
Xm+p,p+n
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Cai bién mét trong nhitng thuét toan (hay chuong
trinh may tinh) da co, chang han thuat toan thé vi,
giai bai todn van tai tuong duong ta s& nhan duoc loi
giai ti wu cua bai toan.

T d6, tap hop cac gia tri {xy, yi; =

Xmikpsjpi=1.omj=1..mk=1.,p. s&
cho ta loi giai t6i wu cua bai toan van tai cé trung
chuyén (P).

Céc thuat toan giai bai toan van tai cd dién dang
bang da duoc trinh bay kha day du trong nhiéu gido
trinh, sach tham khao vé t6i wu hoa bang tiéng Viét ([1]
va [2]), nén ¢ day khong can nhac lai.

Chuy 2:

- Trong thuat toan thé vi da biét giai bai toan van
tai tvong duong, phuong an cuc bién xuat phat duoc
tim bang phuong phép cuc tiéu chi phi cai bién véi
trinh ty nhu sau:

a) Phan phdi hang & giai doan van chuyén thir nhat
(tir céc tram phét téi cac diém trung chuyén).

b) Phan phdi hang ¢ giai doan van chuyén thir hai
(tir cac diém trung chuyén t6i cac diém thu) tuy vao
luong hang thyuc té nhan tai cac diém trung chuyén sau
giai doan van chuyén thir nhét.

- Cac 6 ghi dung lugng cua diém trung chuyén D
khong st dung hét c6 thé trg thanh 6 chon cua
phuong an cuc bién.

4. Vi du minh hgea mé hinh van tai cd trung
chuyén trong thi trwong xuit khau gao cia Viét
Nam hién nay

Theo [4], Viét Nam hién nay nam trong nhoém ba
qudc gia xuat khau gao I6n nhat thé giéi, trong d6
céc tinh tai khu vyc ddng biang séng Cuu Long

chiém 95,17% téng san lwong xuit khau cua ca nuéc.

Tir céc cang noi thuy tai dong bang sdng Curu Long
(Mg Thoi, My Tho, Vinh Long, Sa Péc, Ham
Ludng), gao xuat khau dugc van chuyén dén cac
cang tap két (cang trung chuyén) Sai Gon va Can
Tho. Sau do, tir hai cang ndy gao dwoc van tai chu
yéu dén céc cac qubc gia nhap khau lon nhét cia Viét
Nam: Philippines (cang Manila), Indonesia (cang
Jakarta), Nigeria (cang Lagos) theo duong bién.

Ta xét mo hinh van tai c6 trung chuyén gao xuat
khau néu trén véi cac dir liéu dau vao:

- Khéi lugng gao xuat khau (don vi: nghin tan)
tai cac cang phéat theo thu tu: My Thégi, My Tho,
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Vinh Long, Sa Péc, Him Ludng dugc cho dudi dang
véc to lugng phéat: a = (20, 10,10,15,10)7.

- Khéi luong gao can nhap (don vi: nghin tan) tai
cac cang thu Manila, Jakarta, Lagos theo thur tu dudi
dang véc to lugng thu: b = (30,20, 15)7.

- Khéi lugng gao tbi da (don vi: nghin tin) chua
dugc va chi phi luu trir hang (don vi: USD/tin) cua
céc cang trung chuyén Sai Gon va Can Tho theo thir
ty dugc cho trong véc to dung luong: d =
(40,30)T vamatranchiphiluutrt C = (1 2).

- Chi phi van chuyén 1 tin gao (don vi: USD/tan)
gitra cac cang noi dia (cang phét - cang trung chuyén),
cac cang qudc té (cang trung chuyén - cang thu) dugc
cho lan Iuot qua hai ma tran chi phi van chuyén:

12 11
1212 25 26 42
- |11 13 -
G 1z 11| (24 26 42)
12 13

Bai toan dit ra 1a tim phuong an van chuyén sao
cho tong chi phi (van chuyén + Iuu kho) 12 nho nhat?

T cac dit liéu dau vao ctia mo hinh, ta dua vé bai
todn van tai dang bang tuwong dwong véi (m+p) =7
tram phat va (p+n) = 5 tram thu. Ta c6 bang van tai
tuong Gmg nhu sau (Bang 2.).

Bdng 2. Bdng vén tdi cia Vi du minh hga

hu — |S. Gon|C. Tho| Manila | Jakarta | Lagos
Phat |
40 30 30 20 15
. 12 11 M M M
My Thai| 20
X1 X12) X13 X14 X15
12 12 M M M
My Tho | 10
X21 X22 X23 X24 X25,
Vinh 10 11 13 M M M
Long X31 X32 X33 X34 X35
12 11 M M M
Sabéc |15
X41 X42) X43 X44 X45,
Ham 12 | 13 | M M M
. 10
Luong Xsi|  Xs2 Xs3 Xs4 X85
. 0 M 26 27 43
Sai Gon | 40
Xe61 X62) X63 Xe4 Xe5,
R M 0 26 28 44
Can Tho| 30
X71 X72 X73 X74 X75,

Nguon: Téc gia tw lgp
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D& dang kiém tra bai toan (P) twong ng thoa
min diéu kién c¢6 nghiém (6), do d6 mo hinh dit ra
c6 1oi giai t6i wu.

Dung thuat toan thé vi cai bién giai bai toan van
tai véi dit liéu & Bang 2, cac s6 liéu tinh toan tai cac
vong lap dugc ghi tom tit theo thir tw ¢ céc Bang 3,
4,5 dudi day:

Bdng 3. Bdng vin tdi ciia Vi du minh hoa tai vong

KHOA HOC - CONG NGHE

Bdng 5. Bdng vin tdi ciia Vi dy minh hoa tai vong

lap thir ba
Thu —| Sai | Can )
R Manila | Jakarta | Lagos
Gon | Tho u;
Phat | 40 30 30 20 15
My 12 |11 M M M
. 20 0
Thai 0 20 0 0 0
12 12 | M M M
My Tho | 10 0
10 0 0 0 0
Vinh 11 13 | M M M
10 -1
Long 10 0 0 0 0
12 11 | M M M
Sabéc |15 0
5 10 0 0 0
Ham 12 13 | M M M
R 10 0
Ludng 10 0 0 0 0
o 0 M 26 27 43
Sai Gon |40 -12
5 0 0 20 15
Can M |0 26 28 44
30 -11
Tho 0 0 30 0 0
v 12 11 37 39 55

lip thie nhit
Thu —| Sai | Can _
A Manila | Jakarta | Lagos
Gon | Tho u;
Phat | 40 30 30 20 15
My 12 |11 M M M
. 20 0
Thai 0 20 0 0 0
12 |12 M M M
My Tho |10 0
10 0 0 0 0
Vinh 11 13 M M M
10 -1
Long 10 0 0 0 0
12 11 M M M
Sabéc |15 0
5 10 0 0 0
Ham 12 13 M M M
R 10 0
Luéng 10 0 0 0 0
. 0 M 26 27 43
Sai Gon |40 -12
5 0 30 5 0
Can M |0 26 28 44
30 -11
Tho 0 0 0 15 15
v 12 11 38 39 55

Nguén: TAc gid tur ldp
Bdng 4. Bing vin tdi ciia Vi du minh hoa

tai vong lap thwr hai

Thu —| Sai | Céan .
. Manila | Jakarta | Lagos
Gon | Tho u;
Phat | 40 30 30 20 15
My 12 |11 M M M
. 20 0
Théi 0 20 0 0 0
12 12 | M M M
My Tho | 10 0
10 0 0 0 0
Vinh 11 13 | M M M
10 -1
Long 10 0 0 0 0
12 11 | M M M
Sabéc |15 0
5 10 0 0 0
Ham 12 13 | M M M
R 10 0
Lubng 10 0 0 0 0
o 0 M 26 27 43
Sai Gon |40 -12
5 0 15 20 0
Can M |0 26 28 44
30 -12
Tho 0 0 15 0 15
v 12 11 38 39 56

Nguon: Téc gid tu ldp

Nguén: Téc gid tu ldp
Vay phuong an téi uu can tim cuia md hinh van
tai c6 trung chuyén gao xuit khau la:
(%12, X21, X31, X41, X42, X51, X649 X5, X73) = )
(20,10,10,5,10,10,20,15,30) vaéi chi phi téi wu
fimin = 2705000 USD.

Chu y 3: Trong céc bang tai cac vong lap, 6 in
dam 1a 6 diéu chinh, chu trinh di qua 6 in ddm va céc
0 in nghiéng.

5. Két luan

Bai toan van tai thong thuong chi cho phép
chuyén hang truc tiép tir c4c tram phat (diém cung
cip hang) dén cac tram thu (diém thu nhan hang).
Bai todn van tai thong thuong dugc md rong thanh
mo hinh van tai c6 trung chuyén, trong d6 hang héa
c6 thé can phai chuyén qua cac diém trung gian dé
luu gitt hay xir 1y, sau d6 duoc chuyén tiép toi cac
tram thu. Ta c6 thé xem cac diém trung gian vua la
diém nhan hang (tram thu), vira 1a diém giao hang
(tram phat). Dé tim 1oi giai t6i wu cho bai toan van
tai co trung chuyén ta giai mot bai toan van tai thong
thuong véi (m + p) diém phat va (n + p) diém thu,
trong d6 m 1a s6 diém cung cap hang, n 1a s6 diém
thu nhan hang va p 1 sé diém trung chuyén.

M0 hinh van tai c6 trung chuyén cho phép mo
rong rat nhiéu pham vi ang dung cua bai toan van tai
trong thuc tién.
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trong thi trwong xudt khau gao cua Viét Nam”,
dugc hd trg kinh phi bai Truong Pai hoc Hang hai
Viét Nam.
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