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TOI UU CHI PHI VAN CHUYEN DUNG GIAI THUAT PON HINH

THAI PHUONG TRUC ‘
Khoa Ky thudt Xay dung, Truong Dai hoc Cong nghiép thanh pho Ho Chi Minh
thaiphuongtruc@iuh.edu.vn

Tém tit. Bai bao nay nghién ciru vé vin dé chi phi van chuyén trong quan 1y cac dw an va loi ich co dugc
tir viéc toi wu chi phi van chuyén khi thuc hién cac du an xay dung. Nghién ctru tap trung st dung giai thuat
1ap trinh tmyén tinh va 1ap cac bang tinh dé tao diéu kién thuén loi cho chu dau tu, mot cong ty thuong mai
Viét Nam trong viéc xac dinh ké hoach van chuyén t6i uu sao cho phi phi van chuyén thép nhét tir hai cira
hang vat lidu dén hai c6ng trudng ¢ nhu cau tiéu thy vat liéu. Giai thuat duoc de xuat trong trudng hop
nay la thuat toan tbi uru. bay la thuat toan cb dién dé giai quyét cac van d& tdi vu tuyen tinh. Két qua t6i uu
duoc kiém chimg bang phan mém excel solver. Bai bao 1a mot tai liéu tham khao tdt cho cac nha quan ly
xdy dung nham t6i wu hoa chi phi va ting lgi nhudn khi thyc hién dy an.

Tir khoa. Thuat toan don hinh, t6i wu chi phi van chuyén, quan Iy chi phi du an

OPTIMIZE TRANSPORTATION COSTS USING THE SIMPLEX ALGORITHM

Abstract. In this paper, the author studies the problems of the shipping cost of the project, and the benefits
of minimizing transportation costs in project implementation. This study highlights the application of linear
programming and spreadsheet that facility managers in a Viet Nam Trading Company in determining the
optimum transportation plan that leads to the lowest transportation cost of polymer from two plants to two
demand destinations. The optimization algorithm is the proposed simplex algorithm. The simplex algorithm
is the classical method to solve the optimization problem of linear programming. Optimal results are
verified by excel solver software. The article is a good reference for construction managers to optimize
costs and increase profits.

Keywords. the simplex algorithm, optimize transportation costs, project management costs.

1 GIOI THIEU

Vian dé t6i uu duge dé cap dén tir nhitng ndm 1930[1], bai cac nha kinh té trong viée giai quyét bai toan tdi
vu hoa phan bd tai nguyén. Viée giai cac bai toan bai toan t6i wu hoa con gip nhiéu khé khan, thuong chi
giai dwoc cac bai toan hai bién ding giai thuat dd thi voi cac rang budc don gian va s6 lugng it. Tuy nhién,
thuc tién doi séng doi hoi cac k¥ su can phai giai quyét cac van dé phire tap nhidu rang budc hon. Vao nam
1947 - George Bernard Dant21g[2] (8/11/1914-13/ 5/2005) mot ngu’(n My, thanh vién cua khong lyc Hoa
Ky. Trong sudt chién tranh the gio1 thir IT (1941-1947). Ong d3 dé xuat ra mot giai thuat tdi vu dwoc goi 1a
thuat toan don hinh, giai quyet duogc van dé téi uu nhleu bién va rang budc. Pay la mot phuong phap thuc
su ¢6 hiéu qua dé giai nhimg bai toan quy hoach tuyén tinh c6 ¥ nghla trong thyc tidn san xudt gop phan
dua giai thuat lap trinh tuyén tinh dugc st dung mot cach rong rai. it nhat bon giai thudng Nobel da dugc
trao cho nhimg dong gop c6 lién quan dén 1ap trinh tuyén tinh. Nhu giai thuong Nobel cua L. V.
Kantorovich[3] vé kinh t& dugc trao 1975 hay T. C. Koopmans ciia My vé vin dé t6i vu hé th()ng van
chuyen[4] Mic du c6 nhiéu giai thuat khac: nhu phuong phap hinh hoc déa dugc st dung dé giai quyét cac
van dé téi vu tuong ty. Tuy nhién, véi sb lugng rang budc 16n va blen muc tiéu nhiéu thi phuong phap nay
tré nén khong kha thi. Do d0, thuat toan don hinh di duoc phat trién trong nhiéu nam dé giai quyet vén dé
quy hoach tuyén tinh. Phuong phéap don hinh ctia Dantzig 1a phwong phap phd bién va hiéu qua. Tac gia da
nghién ctru ing dung giai thudt nay voi sy hd tro ciia cong cu Excel Solver [7] nham giai quyét van d& tdi
wu trong quan 1y san xudt xay dung, giam thiéu chi phi, ting hiéu qua dau tu.

2 GIAI THUAT PON HIiNH
Bai toan quy hoach tuyén tinh thuong viét du6i hai dang phé bién [1]:
2.1 Dang chinh tiic

Ta ¢6 ham muc tiéu:
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Minimize f(x,x,,...,X,)=¢X +CX, +...+CxX, 1

voi cac dieu kién rang budc:
a, X, +a,x, +...+a,x, =b
Ay X, +ayx, +...+a,x, =b,

(@)

a, X, +a,x,+..+a, x =b,

mn~n
voi:
X5 Xye X, 20 ?3)
trongdo i, bjvaa; (i=1,2, ... m;j=1 2, .., n)lacac hing sd da biét va x; 1a cac bién co s¢ thoa man (3).
2.2 Dang ma tran
Ngoai ra, bai toan quy hoach tuyén tinh con thé hién dudi dang ma tran.
ham muc tiéu:
Minimize f(X)=c¢'X C))
cac diéu kién rang budc:
5
a-X=b )
voi
a — ma tran cac hang so cta ham rang budc;
X, b —lan luot 1a cac vetor tdp hop cac bién rang budc, gia tri rang budc;

X>0 (©6)
X ] ¢
X b2 G
X={. b=9., c¢=1. (7)
'x" . bm C"
I a,  ap a, 1
aZl a22 a2n
a=| . S 3
aml am2 N amn a

2.3 Phwong phap chuyén dbi vé dang chinh tic

Tir dang chinh tic, ta thdy ring: ham muc tiéu phai 1a dang cyc tiéu, tit ca cac ham rang budc phai la
dé‘ing thire, tat cé cac bién co ban déu khong am. Trong thuc tién, c6 thé ham muc tiéu 1a cuc dai, cac ham
rang budc co thé 1a bat dé'ing thic, cac bién co s6 ¢o thé Am. Do do, ta can c6 bude bién d6i vé dang chinh
tac cho phu hop.
2.3.1 Phwong phap chuyén ddi ham muc tiéu

Trong thuc té, ham muc tiéu khong phai lic nao ciling 1a cyuc tiéu. Poi khi ham muc tiéu 1a cuc dai.

Khi d6, chung ta c6 thé dung phép bién ddi dé c6 dugc ham myc tiéu nhu mong mudn.
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FN N\ lx)
X4 , Minimum of f(x)
0 ixA X
|
=&
7 ~
\
// \
// X, , Maximum of -f(»
/
£
/7 _flx)

Hinh 1: Cyec tri ham da thic
ttr hinh 1, ta co:

Maximize f(x,X,,...X,)=¢X +CX, +..+CX, ©)
chuyén d6i ham muc tiéu (9) vé dang chinh tic (10):

Minimize g(xpxza"'nxn):_f(xpxp'"axn) (10)

Minimize g(x,,x,,...,X,)=—C.% —C,X, —...—C,X (11)

2.3.2 Phuwong phap chuyén dbi cic ham rang budc
o Trwong hop 1: bat dang thirc “bé hon hodc bang”
Ta c6 rang budc nhu (10) bieén doi thanh (11) véi x,,, 1a phan bién du khong am.
a, X, +a,x, +..+a,x, <b, (12)
A Xy + Xy + ot A, X, +X,, = b (13)
o Truwong hop 2: cic rang budc cé dang bat ding thirc “1én hon hodc bang”
a,x, +a,%, +..+a,x, b, (14)
Trong trudng hop nay dugc goi 1a don hinh kép (dual problem) [2]. Ta can bién d6i ma tran a tir bang don
hinh thict 1ap ban dau thanh ma tran chuyén a’. Khi d6 ham muc tiéu va céac ham rang budc s€ dugc bién
do1 nghich ddo so voi ban dau. Nhu vy cac ham rang budce (14) duge bién doi thanh (15) dam bao thoa
man dang chinh tac.
a"-Y<b' (15)
2.3.3  Bién co sé c6 thé mang gia tri Am )
Trong thyc tién, khong phai luc nao bién co so cling 1a s6 luén duong. Doi khi, yéu cau bai toan bién co s6
¢6 thé nhan gia tri am. Khi do, ta c6 thé s dung thu thudt sau:
o
X, =X, —X; (16)
trong do:
x; 20 va x 20; X va x] la cac bién thit cAp thoa man diéu kién (3).
Nhu vay, voi nhitng phép bién ddi don gian thi bai toan vai cac diéu kién phirc tap c6 thé bién d6i vé dang
chinh tic.
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2.4 Gidi thut don hinh
bé gidi quyét van dé toi uu, ta thuong lap bang don hinh. Gid su can toi vu héa ham muc tiéu c6 k

bién co s& voi n rang budc:

Buwérc 1: Chuyén doi vé dang chinh tac néu can (xem muc 2.3)

Buwéc 2: Thiét 1ap bang don hinh

- Thiét 1ap hé gdm n cac rang budc. Trong d6 co k bién co s& duge xdy dyung trén n phuong trinh va

(n+k) bién.

- (n +k ) bién bao gdm bién co s va bién khong phai co so.

Luu y: Ham muc tiéu ludn duoc xép ¢ dong cubi cing.

Budére 3: Thyc hién quy trinh t6i uu.
Viéc thyc hién toi wu co6 thé dugce st dung bang cac cong cu 1ap trinh nhu Visual basic, Matlab, Mathcad.
Quy trinh thé hién nhu so d6 khoi hinh 2.

Chuan hoéa cac van dé toi
uu dudi dang ma trén
chinh tac

|

I Dung lai
Xac dinh hé sé am ¢ [N khong thoa | Giai phap toi
dong cudi cung = uru da duogc tim
thay
I
L
I Y. o
Chon ¢t tdi uu
- Dung lai
Xacdinh dongcd thoa Khong tim
nhan to to1 uvu dong uoc giai phap
toi uu

khong thoa

Thuc hién tinh toan toi
uu theo cot

Hinh 2: So dd khdi

Tir so d6 khéi thiét 1ap o budc 3. Ta c6 thé xay dung luu dd cu thé cho giai thuat don hinh dé tién cho qua
trinh tinh toan nhu sau:
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Xac dinh gia tri co ban kha thi

A\ 4

Y

Tim ¢’ = min (¢;)

P khéng thoa | Két qua nhan dugc la t6i
< ¢ <07 r > uu, két thac
thoa
[
n 4 4 “A \
- 4 =07 ~ thoa Két qua khong co bién rang
i=1,2,..m bude, két thuc
—

khong thoa

Xéc dinh i 16 (2
a;

véial >0

Y.

Tim dong r théa mén diéu kién kha thi

n 14
ay al'>o\a;

Thuc hién lai chu trinh t6i wu

Hinh 3: Luu d6 cua giai thuat don hinh

2.5 Thuit toan giai thudt don hinh thiét 1ip trén nén Mathcad Prime
Dua trén so do khoi (hinh 3), tac gia da nghién ctru xay dung thuat giai don hinh dya trén nén tang phan
mém toan hoc Mathcad Prime. Giai thuat thé hién nhu hinh 4.
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SimplezMethod (M) =1 [r ¢ maz, ]« |rows(M) cols(M) 0]
while mén (M~) <0

M'O-“'.'
fori e 1..(c-2)

MO—M'.‘

if test <OAtest <maz, l
I[MI c-].-lh"’t ‘11
ming — max (M*)

fori, € 1..(r—1)
' “s.c-*o

Hinh 4 — Giai thuat don hinh trén nén tang Mathcad Prime

3 AP DUNG TRONG CONG TRINH THU'C TE

Cong ty xdy dung van chuyén dé tir 2 kho bii, kho bii A va kho bii B dén 2 cong trinh I va IT dang thi
cong. Kho A va B ¢6 thé cung cdp 1an lugt 40m?® va 20m® da cho cong trinh mdi ngay. Cong trinh I, 1T lan
luot co nhu cau tdi thidu 25m? va 30m® ¢a mdi ngay. Dung xe tai nhe van chuyén dugc 2.5m?/chuyén, don
gi4 van chuyén 50,000d/m*/km.

Dé thiét lap lich trinh van chuyén da cho cac cong trinh dang thi cong tiry theo nhu cau dinh mirc ciia chung
sao cho chi phi van chuyén 1a thip nhat. Bén canh do6, ban quan 1y phai diéu phdi sao cho kha ning cung
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g vat liéu xay dung khong vuot qua kha ning cung cép cua kho bii. Vi cac s6 liéu duoc cung cip nhu
trén. Ta tién hanh thiét 1ap cac bién nhu sau:
x;— thé tich da tir kho bai A dén cong trinh I (m?);
x2— thé tich da tir kho bai A dén cong trinh IT (m);
x3— thé tich da tir kho bai B dén cong trinh I (m®);
x,4— thé tich d4 tir kho bai B dén cong trinh II (m?);
Tiép theo, dua trén s liéu da cho ta tién hanh 1ap bang thé hién kha nang cung Ung va nhu cau vét lidu tai
cong truong:
Xay dung ham muc tiéu: dya vao bang 1, ta c6 ham chi phi téi thiéu dya trén khoang cach véan chuyén, don
gia va khoi lugng véan chuyén:
C =400x, +250x, +200x, + 350x, 17)
Céc diéu kién rang budc theo yéu cau cia dé bai:
e Rang budc vé kha ning cung tmg ctia cac kho
Téng khéi luong d4 duge van chuyén tir kho A 13 (x,+x2). Do kha ning cung tmg cta kho A khong thé vuot
qua 40m?:
X, +X,<40 (18)
tuong tu, dbi véi kho B la:
X, +x,<20 (19)
e Rang budc vé nhu cau sir dung tai cong trinh
Téng khéi lugng van chuyén phai dap ing nhu cau sir dung tdi thiéu tai cac cong trinh:
X, +X, 225 (20)
X, +x,230 (21)
Tuy nhién, cic rang budc ciia bai toan chua vé ding véi dang chinh tic (xem muc 2.1), ta cin dua ching
dung dang chinh tic (xem 2.3). Dong thoi, ta 1ap bang don hinh dé tién hanh thuat toan t6i wu dudi dang
ma tran. Nhan dinh, bai toan c6 cac rang budc “>” nén thugc dang don hinh kép:

[ 0 0 -40]
0 0 -1 -1 =20
A=l 1 0 1 0 25 (22)

0 1 0 1 30
| 400 250 200 350 1

-1 0 1 0 400]

-1 0 0 1 250
AT=| 0 -1 1 0 200 (23)
O -1 0 1 350

-40 -20 25 30 1
Vién dé toi ru ban dau (22) dugc chuyén ddi sang dang (23) véi ham muyc tidu va cac rang budc nghich dao
ham muc tiéu:

Maximize P=-40y, — 20y, + 25y, + 30y, 24)

cac diéu kién rang budc:

-y, +y,<400

-y, +y,<250

~Yy,+Y,<200 (25)

-y, +y, <350

Yi¥pr¥s¥s 20
Bai toan di dan quay tré vé voi dang don hinh chinh tic quen thudc. Ta bd sung thém cac phan bién du x,,
X2, X3 va X4 khong am. Khi nay cac rang bugc (25) tro thanh (26):
~Y,+Y,+ X, =400 (26)
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Thiét 1ap bang don hinh:

~Y,+y,+x,=250

~Y,+Y,+Xx,=200

~Y,+y,+x,=350

y7’y2’y3’y4rx1:X2;X3,X4 >0

Vi V2 V3 V4 X1 X2 X3 X4 P

2

3

A 0 0 0

4
R5
Dung cac phép bién dbi ma tra

-1

-1
0
0

40

n:

0 1
0 0
11
1 0
20 -25

0
1
0

1

-30

1

o O O -~ O

0
0
0
0

o o -~ O O

(-1)-R,+R, > R,
30-R,+R, > R,
Dung céc phép bién doi (28), ma tran (27) — (29):

yi Y2 Y3 Y4 X1 X2 X3 X4
R|/-10 1 0100
R,[-1 0 0 10 10
R,/O -1 1 00 0 1
R,/1 -1 0 0000
R, 10 20 25 0 0 30 0
tiép tuc, cac phép bién ddi ma tran:
-R,+R, >R,

ta co: (29) — (30):

L

2

3

A 0 0 X

4

0

5

Vi Y2 V3 V4 X1 X2 X3 X4 P

tiép tuc, cac phép bién d6i ma tran:

taco: (31) — (33):

X0 0 0 0 A0

[$)]
T

Yi Y2 Y3 Y4 XI X2 X3 X4 P

1

o O O O

0

o O =~ O

25.R,+R, >R,

410
410 0
0 -1 1
110
10 5 0

0

o O O =~

0
1
0
0
0

O O O O -

—1

B oo -0
o -~ o

R +R,—>R,
R,+R, =R,
5 R +R, >R,

1

0
1
1
5

0o -1
1 0
0 O
0o -1
30 20
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0
0
0
1
0

o ~ O O O

- O O O O

-~ O O O o

400
250
200
350

- O O O O

250
200
100
7500

250

100
12500

200 |
250
400
300
13500 |

(27)

(28)

(29)

(30)
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(32)
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Bang don hinh (33) cho ta giai phap t6i wu: gia tri cuc dai cta P cling chinh 1a gi4 tri cyc tiéu cua C (17)
ban dau. Viy chi ph1 van chuyen t6i thiéu 1a 13,500,000d. Vi phwong 4n 1a:

- Chuyén 5 m? tir kho A dén cong trinh I;

- Chuyén 30 m® tir kho A dén cong trinh II;

- Chuyén 20 m® tir kho B dén cong trinh I;

4 KIEM CHUNG KET QUA )
4.1 Kiém chirng ket qua sir dung gidi thuat trén nen ting Mathcad Prime
Khai bao bang don hinh (hinh 5):

-1 0 1 0 10000 400
-1 0 0 1 01000 250
M=l0-11 0 00100 200
0 -1 0 1 0001035
40 20 -25-3000001 O

Hinh 5 — Bang don hinh trong Mathcad Prime

Duya trén giai thuat don hinh ma tac gia dé xuét §2.5, két qua bai toan thé hién nhu hinh 6:
-1.00 1.00 0.00 0.00 1.00 0.00 —1.00 0.00 0.00 200.00
-1.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 250.00
Simple:cMethod(M): -1.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 400.00
0.00 0.00 0.00 0.00 1.00 —1.00 —1.00 1.00 0.00 300.00
5.00 0.00 0.00 0.00 5.00 30.00 20.00 0.00 1.00 13500.00

Hinh 6 — Bang két qua t6i wu ding Mathcad Prime

Gia tri chi phi van chuyén t5i thiéu 1a 13,500,0004.
4.2 Sir dung cong cong cu Excel Slover dé kiém ching két qua

Excel Slover la cong cu phin mém thwong mai dwoc phat trién béi cong ty cong ngh¢ phan mém
Mtcrosoft nham téi wu cdc bai toan tuyen tinh va phi tuyen Ta dc gid sit dung cong cu nay dé kiém chirng
lai két quad da dé xudt bén trén. Trinh tw cdc buwoc thuc hién 16i wu trong Excel Slover nhw sau:

Buwéc 1: Khai bdo cdc sé liéu trong Excel

Khai bao khoang cach van chuyén giita cac kho va cong trinh:

A F . 6 | H
KHOANG CACH VAN CHUYEN
1 (dom vj: km)
Cong trinh
2 | Kho - n
- A 8 5
A B 4 7

Hinh 7: Khoang céach giita cac kho va cong trinh

Khai bao ham muc tiéu va cac rang budc:
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A A B cC | D
Ham myc . .
. by |"SCS8°SCST*(GI*K3+HI'LI+G4*K4+H4'LY)(  int (s6 nguyén)
- =$C$8*(K3+L3) s 40
*

3| Cicring =$C$8*(K4+L4) s 20

A bibe =$C$8*(K3+K4) 2 25

5 =$C$8*(L3+L4) 2 30

6 | Ghi chu:

7 |Don gid vin chuyén (*1000 VND): 50 m*km
8 |Kha ning chuyén ché 25  m'chuyén

Hinh 8: Khai bdo cong thitc ham muc tiéu va cac rang budc véi s6 lidu gia dinh ban dau

Buwéc 2: Thiét lap cdc thong sé trong Excel Solver

Solver Parameters L8
Set Obyecte: ses1 (2]
T Omm  @Mg O ysweor o ] |
$KS3, 5183, 5K84,S154 [z]
Sybject to the Constraints:

| [ses2 <= 3082 2
5853 <= $083 L e |
5854 >= S84
g
SKS3:SUS4 = integer

*
°| Losd/Seve I

(¥, Mage Unconstrained Vanabiles Non-Negative

o (o B o)

Hinh 9: Thiét 1ap cac thong sb trong Excel Solver

Buwéc 3: Xudt két qua tiv Excel Solver

4 A B c | o
. Hmﬁ:"c 13500 int (s nguyén)
2 35 p 40
3 | i ring 20 P 20
4| bude 25 2 25
5 30 2 30

Hinh 10: Bang két qua t6i vu cta gid tri ham muc tiéu va cac rang budc twong tng
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4y Kk e
SO LUQT CHUYEN CHO
1 (don vi: chuyén)
Cong trinh
2 | Kho : n
q A 2 12
/ B 8 0

Hinh 11: S luot chuyén ché tbi vu

I o | p
THE TICH VAN CHUYEN
1 (dom vi: m 2 )
Cong trinh
2 | Kho . ll
3 A [} 30
A B 20 0

Hinh 12: Thé tich van chuyén ti uu

5 KET LUAN

Két qua cho thiy giai thuat don hinh ma tac gia da dé xuét trén nén tang Mathcad Prime cho két qua thuc
s ti wu trong viéc giai cac van dé tuyen tinh, gidi thudt don gian. Poan code ndy ¢6 thé tich hop code cho
cac bai toan toi uwu 16n hon. Két qua kiém ching cho thay nghiém t&i wu thu dugc 14 chinh xac khi giai kiém
chung bang phan mém thuong mai Excel Solver. Qua bai bai bao, tac gia hy vong nghién ctru s€ 1a tai liéu
tham khao cho cac sinh vién, hoc vién cao hoc, nha quan 1y... quan tim dén véan dé t01 uu. Tuy nhién, code
do tac gia dé xuét con han ché nhu chua tich hgp cong cu chuyén ddi vé dang chinh tic, tich hop viéc nhép
lidu hd trg dinh dang phd bién nhu text (.txt) hay Microsoft Excel (.xs).
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