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Tom tit

Bai bdo dwa ra hai mé hinh kinh té c6 lién quan
dén bai toan téi wu. M6 hinh thiz nhat thé hién nén
kinh té c¢6 san xudt va c¢6 tinh dén thoi gian vdn
chuyén hang héa. Piéu kién Karush-Kuhn-Tucker
va hé sé Lagrange 1a cong cu chinh dé chirng minh
bai toan c6 nghiém duy nhat va md ta cac két qua
tinh todn cu thé. Md hinh thi hai dé cdp dén van
dé toi thiéu héa chi phi khi van chuyén container
dwong bién. Phwong phdp gidi quyét ¢ phan nay
l4 dung phan mém mé phéng R cho bai toan toi
wu tuyén tinh.

Tir khoa: Toi wu, thoi gian, vdn chuyén container.
Abstract

This article considers two economic optimization
models for maritime tranport. Section 2 illustrates
an economic with production and transportation
which takes time. The Karush-Kuhn-Tucker
approach and Lagrange multipliers are the key
methods to demonstrate that model has unique
solution and to derive some comparative static
results. Section 3 gives an optimization model of
container transport. The problems are solving by
R simulation software for linear programming.
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1. Mé dau

Ly thuyét toi wu 1a mot cong cu rat manh dé giai
céc bai toan vé kinh té ndi chung va kinh té van tai
bién nai riéng, khi ma van dé luon dit ra Ia t6i da hoa
lgi nhuan, téi thiéu héa chi phi.

Céc mo hinh kinh té c6 dién thuong dugc thé hién
v6i gia thiét 1a viéc tiéu dung xay ra "ngay lap tuc",
nghia 1a khong tinh dén yéu tb thoi gian can thiét dé
chuyén héa cac loai hang thanh mot san pham c6 thé
sir dung dugc. Diéu nay néi chung khdng hoan toan
dung trong thyc té. Pac biét trong linh vuc kinh té van
tai, thoi gian 1a mot yéu té quan trong anh huong dén
quyét dinh lya chon phuong 4n dau tu va lgi nhuan
caa doanh nghiép.

Do d6 trong bai bao nay, tac gia xay dung md hinh
nén kinh té c6 san xuat va c6 tinh dén thoi gian van
chuyén hang hoa. Loi giai bai toan dugc thyc hién bai
toan hoc ly thuyét, sir dung diéu kién Karush-Kuhn-
Tucker va hé s Lagrange 1am cong cu chinh. Pay l1a
két qua mai so véi cac mo hinh ¢b dién thuong 1a
khong c6 tinh dén yéu té thoi gian.

Mat khéc, nhin trén khia canh (ng dung cua bai
toan tdi wu trong Kinh té van tai bién, phan tiép theo
cuia bai bao d& cap dén md hinh van chuyén container
duong bién, lién quan dén bai toan tdi wu tuyén tinh.
Vi nhan xét rang bai toan t6i wu tuyén tinh dang nay
da dugc giai quyét khé tron ven trong ly thuyét toan
hoc véi dy du cac két qua vé su ton tai va duy nhat
nghiém, do d6 noi dung trong bai bao nay 1a mot tiép
can vai sb liéu cu thé. Sau khi xay dung mé hinh, loi
giai cu thé duoc tim bang cach st dung phan mém R
- mot cdng cu rat hiru hiéu dé phan tich md phong bai
toan kinh té.

2. Bai toan tdi wu lgi nhuan caa doanh nghigp
c6 tinh dén yéu t6 thoi gian

Trong phan sau day, tac gia xay dung mot mé hinh
kinh té véi ham san xuit dang Cobb-Douglas va ham
loi ich dang logarit. Diém méi cia mé hinh 1a dua
thém cac bién thoi gian, dic trung cho viéc van
chuyén hang hda tir san xuat dén nguoi tiéu dung.

Trong md hinh ¢b dién, cac yéu té diu vao cua
ham Cobb-Douglas thudng 12 hai yéu t: vén va lao
dong voi cac hé s6 co gidn lan luot 13 a va 1 —«
(trudng hop loi tire khong doi theo quy mé). Trong md
hinh dudi déy, lao dong duoc nhin duéi khia canh
"thoi gian lao dong" va dugc tinh theo don vi thoi gian.
Tuc 1a dé dong gop vao san luong thi can 6 von (Véi
ty 1€ dong gop la «a) va thoi gian lao déng (ty 1€ dong
gop la 1 —a).

Hon nira trong md hinh cling dua thém mét rang
budc vé thoi gian bén canh rang budc quen thudc vé
ngan sach. Diéu nay c6 nghia 1a doanh nghiép chi c6
mot khoang thoi gian ¢ dinh dé san xuat va van
chuyén hang héa theo hop dong.

Ung dung trong kinh té van tai, 1oi giai cua bai toan
s& gilp doanh nghiép xay dung phuong 4n san Xuat va
thoi gian van chuyén phi hop dé dat loi nhuan tét nhat.
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2.1. Xay dung mé hinh
Xét hai loai hang héa (j = 1,2) véi ham san xuat
dang Cobb-Douglas:
Fi(K;, T;) = A;KT; =
Trong do: K; la von va T; la thoi gian danh cho
san xuat, 4; 1a h¢ s6 san xuat, bao gom cac yéu tb
con lai danh cho san xuét.
Hiéu qua san xuat cua doanh nghiép Ia:
pjAKIT ™ — rK; — wT;
Trong d6: p; la gia cua loai hang j; r la lai suat
va w latién luong (tinh trén mot don vi thoi gian).
Khi dua hang héa dén véi nguoi tieu dung, mdi
don vi hang j s& mat mét thoi gian 1a ;. Gia sir s
luong hang j duoc chuyéndila x; vaham loiich la
u(xy,x,) =Inx; + Blnx,,
Trong d6: hé sb B thé hién ty 1é anh huong cua
hai loai hang hoa trén d6i v6i ham loi ich.
Diéu kién vé ngan sach:
D1Xy + D% < 7K + wT @
Trong d6: K 4 tai san vén ban dau cua doanh
nghiép.
Tong thoi gian ca san xuét va van chuyén 1a T.
Khi d6 didu kién vé thoi gian la:
ax; +ax, +T< T. )
Dé toan bo hang hoa da san xuat déu dwoc st dung
thi:
x = F(K,T); j = 1,2. ®)
Pé toan bo von va thoi gian déu dugc huy dong
hét thi:

K.+ K, =K, 4)
T, +T, = T. (5)
Bai toan dit ra la doanh nghiép ti uu hoa san xuat:
max{p;A;KT;"~* — rK; — wT;} (6)

ddng thoi dat loi ich I6n nhét;
max{u(xy, x2)} (7

thoa man cac didu kién vé ngan sach va diéu kién
vé thoi gian voi cac bién x; > 0,x, > 0,K; >
0,K, > 0,T, > 0,T, > 0.
2.2. Cac két qud cé dwoc tir md hinh
1. Piéu kién (1) twong dwong voi:
—+-- < KoTt@ 8
2, ' (8)
tirc 1a rang budc vé ngan sach khong lién quan dén
gi& ciia hang hda ma chi phu thugc vao céc yéu to
c4u thanh nén san xuét.
2. Tai trang théi t6i wu, cac bat ding thuc (1) va (2)
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déu xay ra ddu bang, tirc 1a doanh nghiép tan dung
t6i da diéu kién vé ngan séch va thoi gian.

3. Bai toan trén c6 duy nhat nghiém. Bé téi wu hoa
san xuat va loi ich thi doanh nghiép xac dinh tong
thoi gian danh cho san xuat T* theo phuong trinh
sau day:

B1 + B. T
T*+B;, T*“+B, of+(1—-o)T
o do:

9

B] = (1 - Oc)ajA]-I?“; ] = 1,2
1 B
= ;o Bp=—-
1+ 1+p
Nhan xét thdy két qua tinh T* khong phu thudc
vao gia p;, rvaw.

B

4. Tir d6 ciing xac dinh duoc s6 lwong hang hda can
san xuat va chuyén di: (j=1,2)

X = _ B4

B, + (T")¢

5. Thoi gian danh cho san xuét tuong tng: (j=1,2)

[aT* 4+ (1 — )T]K"

T = % [aT* + (1 — )T](T*)™

6. Néuthamsd B cua ham loi ich thay di 1am cho
téng thoi gian danh cho san xuat T* giam thi luong
w ting va i suét r giam.

7. Khi hé s thoi gian van chuyén ting, néu doanh

nghiép mudn dat loi ich 16n nhat thi téng thoi
gian danh cho san xuat phai giam di.
Hon nita néu hé s6 a; tang, ttc la thoi gian van
chuyén mdi don vi hang hoa loai j ting 1én. Khi
d6 doanh nghiép can diéu chinh giam thoi gian
T; la thoi gian san xuét loai hang do dé dam bao
giao hang dung han (T khong doi) va van dat lgi
ich téi da.

2.3. Tém tit quéa trinh chiing minh cac két qud trén

1. Xét ham Lagrange cho bai toan (6). Cac dao ham
riéng cap 1 cho két qua:
ijjaKja—ly}l—a =r,
pjA;i(1 — K T = w.

Chia hai phuong trinh trén cho nhau ta dugc:

1-0)K; w
!z_' vj =12
aT; r
Suy ra:
K, K, K +K, K a w
St _ 2 _ Mtz 7 e (10)
T1 Tz T1+T2 T 1—0(1‘
Totwl—a
P14 = A, = 1y

a%(1 — )t
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Do do:
rK + wT = p, A, KT + p A, KST) @
=p, A KT ¢,

Thay vao diéu kién (1) va chia ca hai vé cho

p14; = p,A, tanhan duoc didu kién (8).
2. Gia sir tai trang théi toi wu (2) khong xay ra diu
bang. Ta c6 thé ting T va x; sao cho ca hai diéu
kién (1) va (2) déu thoa man. Khi d6 gia tri ham lgi
ich ting, mau thudn véi gia thiét vé tinh téi uu.

Néu T =0 thi K*T'"®=0,suyra x; =x, =
0, mau thuan vi T > 0.

Con néu tai trang théi tdi uru (1) khong xay ra dau
bang. Vi T > 0 ta c6 thé giam T mot chut va ting
X, Mot chit sao cho ca hai diéu kién (1) va (2) déu
thoa man: mau thuan.

3. Xét bai toan ti wu ham loi ich. Cac dao ham riéng
cAp mot cua ham Lagrange cho thay: (A, > 0,45 > 0)

1 1
Zz)\zA—1+7\3a1 (12)
B 1
x—2=A2A—2+7\3a2 (13)
A3 = (1 — KT« (14)
Suy ra:
1+B=2 (fl—ll + fl—zz)

+2,(1 — KT~ *(a,x; + ayx,).
Thay cac diéu kién (8) va (2) vao dang thuc trén
dérutra A,:
1o Rer<ar+(-wfl  (5)
A, 148
Mat khac, thay A; tu (14) vao (12) va (13) ta
duoc:

_ ! 41 ; 16

S W (1-a)KaT-2q,A,’ (16)
1 A

X, b, (17)

"X 1+ (1— KT a4,

Thay x;,x, vao (8) ta nhan dugc phuong trinh
(9). Xét ham s6 (T, By, B,):

f= B1 + B T

T*+B;, T*+B, oaT+({1—-a)T

C6 £(0,B,,B,) >0 va f(T,B,,B,) <0. Hon
nitaham f dondiéu véi T nén phuong trinh ¢6 duy
nhat nghiém T* = T'(B,,B,) € (0,T).
4. Tu (15), (16), (17) suy ra x; va x;.
5. Vi tit ca hang san xuét ra déu duoc sir dung nén:

SO 67 (8-2021)

o
— 1-a _
X = AKFT = 4 (‘) T
xj
= 7}-* = ——
AReT—<

Tu d6 tinh duge Ty va Ty.
6. Tir cac dang thac (10) va (11) c6 thé biéu dién w

va r theo T va K nhu sau:

1? [04
w = (1 - (X)pJA] (F) ;
x, 1—a
- )
T O(p] j 74
Suy ra néu T" giam thi w ting va r giam.
7. Xétbiéu thuc f(T(By,B,), By, B,) = 0 tir phuong
trinh (9). Pao ham riéng theo B; cho thay:
f, Q-T2 0T BT
(aT + (1 —a)T)%|0B,  (T*+ B;)?
Tir (9) va st dung bat ding thiic Cauchy-Schwarz:

ar 2_( aBy oy )
of + 1 —o)T) \T*+B, Te+B,

=« ((T“Olel)Z * (T“szBz)z)

< apBy n ap;
(T*+ By)?  (T*+ B,)?

aT .
Suy ra: A> 0. Do d6 TN < 0. Ching minh
1

tuong ty ta cling co: or < 0.
9B,

Vaykhi a; ting, B; ting,va T* giam. Hon nita
tir biéu thac cua Ty dé thdy: néu a, tang thi T~
giamva T* “a; ting,suyra T; giam.

3. T6i wu trong bai toan van chuyén container
dwong bién

Trong van dé van chuyén duong bién, bai toan ti
wu c6 thé lién quan dén nhitng van dé sau day:

e Tdiuu hoa viéc sap xép cac khoang trong qué trinh
dong tau;
e T4i uu hoa qué trinh van chuyén container giita

Ccac cang;

e  T&iuuhoa qué trinh van chuyén tir cang dén nguoi
nhan;

e Xac dinh 1§ trinh ti wu ctia tau giira cac cang, sao
cho dam bao mirc d¢ tiéu thy nhién liéu thap nhat;

e Téi wu hoéa tai tau, sao cho mirc d6 6n dinh cua tau
cao nhat.
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Sau ddy 1a mot vi du vé viéc t6i uu hoa van chuyén
container giira cac cang.

Doanh nghiép van tai c6 4 tau container S1, S2, S3
va S4 véi tai trong lan luot 13 2600, 4200, 2100,
1100TEU. Can phai lén ké hoach d& van chuyén
10000 container tir Singapore ti 5 cang cua chau Au
P1, P2, P3, P4, P5 véi s6 luong twong ung 13 1800;
2100, 3100, 1800, 1100 TEU.

Bang sau ddy mo ta chi phi van chuyén 1TEU
container:

Bdng 1. Sé ligu cho bai toan vi@n chuyén container

. Sb
Tau
lwong
S1 S2 S3 S4 .
canvan
Cang .
chuyén
P1 500 | 450 @ 640 | 620 1800
Lisbon USD USD | USD | USD | TEU
P2 600 | 540 @ 660 | 690 2100
Le Havre USD USD | USD | USD | TEU
P3 700 | 610 @ 710 | 730 3100
Bremerhaven £ USD  USD | USD USD | TEU
P4 740 | 735 @ 870 | 810 1800
Gdansk Usb USD USD USD | TEU
P5 900 | 890 @ 960 | 930 1200
St Petesburg | USD  USD | USD USD | TEU
Taitrong cia | 2600 @ 4200 2100 @ 1100
tau TEU | TEU TEU TEU

Goi sb lugng container ma tau Sj (j=1, 2, 3, 4)
van chuyén toi cang Pi (i=1,2,3,4,5) 1a x;; (TEU).
Khi d6 tong chi phi van chuyén Ia:

F(x) = 500x;; + 450x,, + 640x;5 + 620x,,
+ 600x,; + 540x,, + 660x,; + 690x,,
+700x3; + 610x3, + 710x55 + 7303,

+ 740x4, + 735x4, + 870x435 + 810x,,
+900x5; + 890x5, + 960x53 + 930xs,.

Can giai bai toan chi phi téi thiéu, tuc Ia:

minF(x) thoa man diéu kién:

X11 + X1z + X413 + x14 = 1800

Xp1 + Xpp + X3 + X4 = 2100

X31 + X35 + X33 + X34 = 3100

X41 T X4o + X453 + x4 = 1800

X51 + X5p + X553 + X54 = 1200

X171 + Xoq + X31 + X419 + %51 = 2600

X1p + Xop + X35 + X4y + x5, = 4200

X13 + Xo3 + X33 + X43 + X535 = 2100

Xig + Xogq + X34 + X44 +x54 = 1100

. KHOA HOC CONG NGHE HANG HAI
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- o - - Addins -

©  Optimization_container_transport.R —

Sourceonsave X /- “Run 5% Source

1

2

3

4 ## Set the coefficients of the decision variables ->

5 F < matrix(c(500,450,640,620,600,540,660,699,700,610,710,730,

6 740,735,870,810,900,390,960,930), nrow=1, byrow=TRUE);
7

8

1 0,0,0,0,0,0,0,0,1,1,1,1,0,0
12 9,0,0,0,0,0,0,0,0,0,0,0,1,1

1,0,0,0,1,0,0,0,1,0,0,0

19 # Right hand side for the constraints
20 B < c(1800,2100,3100,1800,1200,2600,4200,2100,1100);

23 constranints_direction <- c("=", "=", "a", "a","a", "a", "a", "a®, "a");
optimal solutio

1p(direction-"min",

27 objective.in = F,

28 const.mat ~ A,

29 const.dir - constranints_direction,

30 const.rhs « B,
31 all.int =« T)

1:15 | (Top Level) = R Script =

Console  Terminal

> # Display the optimum values for x
> best_sol <- optimumSsolution;
> print(best_sol)

[1) 7001100 © @ ©02100 © © ©10002100 ©1300 © ©
(6] © 100 © 01100

> # Check the value of objective function at optimal point
> print(paste(*Total cost: ", optimumSobjval, sep=""))
[1] "Total cost: 6525000"

Hinh 1. Code R cho bai toan téi wu tuyén tinh
Phuong 4n ti wu cho bai toan nay la:
x1; =700; x{, =1100;x;5; =0;x7, =0;
x31 =0; x5, =2100;x353 =0;x5, =0;
x3; =0; x3, =1000;x3; = 2100;x3, = 0;
X3 =1800; x3, =0;x33 = 0;x34 = 0;
xi; =100; xi, = 0;x53 = 0;x5, = 1100.
Chi phi van chuyén khi d6 bang:
F*(x) = 6525000USD.

Bdng 2. Phuong dn v@n chuyén container

Tau S6 lrgng
S1 S2 S3 S4 | container
Cang dén cang
P1 1800
. 700 | 1100
Lisbon TEU
P2 2100
2100
Le Havre TEU
P3 3100
1000 | 2100
Bremerhaven TEU
P4 1800
1800
Gdansk TEU
P5 1200
100 1100
St Petesburg TEU
Taitrongcia | 2600 @ 4200 | 2100 | 1100
tau TEU | TEU | TEU | TEU

Can luyu y rang, mac du thu thap di liéu tir tai lidu
[4], tuy nhién véi cach xay dung va giai quyét bai toan

114
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t6i wu nhu trén, két qua nhan dwoc tir md hinh nay to
ra wu viét hon han so véi bai bao géc.

4. Két luan

Bing cach str dung cac cong cu toan hoc ly thuyét
va cdng cu phan mém md phong, bai bao da xay dung
va giai quyét hai bai toan t6i wu trong kinh té. Cac két
qua trén con c6 thé dugc mo rong theo nhicu hudng
nghién ciru kha thi. Chiang han mé hinh thir nhat c6
thé ma rong cho bai toan can bang tong quét vai nhiéu
doanh nghiép tham gia, hoac bai toan kinh té nhiéu
thoi diém. M6 hinh thtr hai c6 thé duoc xem xét cing
véi bai toan logistic, két hop giita van chuyén duong
bién va van chuyén tir cang dén ngudi tiéu dung.
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