>= number aircraft departed thus far;
OVNITE( L J) +
@SUM( FXCXC(NI1,J1,K1)| K1 #EQ# ] #AND#
ARVAT(NI, J1, K1) #LT# DEPAT(N, J, K):
X(LN1,J1,0))>=@SUM( FXCXC(NI1,J1,K1)| J1 #EQ# J #AND#
DEPAT( N1, J1, K1) #LE# DEPAT(N, J, K):
X(LNLJ, K1)
! This model does not allow deadheading, so at the end of the day,
arrivals must equal departures;
@FOR( ACRFT( I):
@FOR(CITY(J):
@SUM( AXF(I,N,J1,)): X(I,N,J1,0))) =
@SUM( AXF(L,N,J,K): X(I, N, J, K))));
! Each flight must be covered;
@FOR( FXCXC(N, J,K):
@SUM( AXF(I, N, J,K): X(I, N, J,K)) =1);
! Fleet size limits;
@FOR( ACRFT(I): @SUM( AXC(L,J):

OVNITE( 1, J)) <= FSIZE( ]));
! Fractional planes are not allowed;

@FOR( AXF: @GIN( X); );
END

Dai khi, dc biét la trong vén tai dudng b), da c6 mdt trong céac tuy chon cua
vige sir dung xe dugc thué chi dé thyc hién céac chuyen di da dugc lwa chon. Déi
voi mo hinh nay, v1¢c stra dbi chinh 1a cac xe dugc thué khong can phai ton trong
bao tdn cac han ché dong chay. Cac chi tiét khac, d6i khi c6 lién quan dén viéc
bao ul phuong ti€n van chuyén. Vi dy, vdi may bay, mot mdy bny cy thd phai
dugc thyce hién d|ch vu bao dudng sau khi da ha canh mét s6 thoi gian quy dinh,
hoic sau mot s gior bay quy dinh, hodc sau mot thoi gian nhét dinh da qua. P
khéng phai la qua kh6 khan dé két hop cac chi tiét d6, mic di mé hinh s& try nén
16n hon déng keé.

8.9.6. M6 hinh dong chay Leontief

Trong mGt m6 hinh dong chdy Leontief, mdi hoat dong san xuit mot dau ra.
Tuy nhién, n6 c6 thé khong sir dung hoic sir dung nhiéu dau vao. Vi du sau day
minh hoa.

Vi du: Mb hinh déu vao-dau ra Islandia.

Céc nude cua Islandia c6 bén nganh cong nghi¢p xuét khiu chinh: thép, may
moc tur dong, dién tir, va nhya. Bo truomg kinh té cua Islandia muén téi da hoa
xuét khiu, nhap khiu. Pon vj trao ddi trong Islandia la klutz. Gia tinh bing don vi
klutzes trén thi truong thé gigi ciia mot don vi thép, méy ty dong, dién tir, va
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nhya, tuong img la: 500, 1500, 300, va 1200. Sin xuét mot don vj thép doi hoi
0.02 don vj may tu dong; 0.01 don vj ctia nhya; 250 klutzes dé mua nguyén li¢u
trén thj truong thé gidi, cfng v6i mot nira ngay cdng lao dong cia mot ngudi
trong 1 nim lao ddng. San xudt mot don v1 tu dong doi hoi 0.8 don vi thép, 0.15
don vj dién tir, 0.11 don vi bing nhua, sé cong lao dong ciia mt ngudi lao dong
trong 1 nam, va 300 klutzes vat liéu nhﬁp khdu. San xuat mot don vij thiét bj dién
tir don hoi 0.01 don vj thép, 0,01 don vi may ty dong, 0,05 don vj bﬁng nhya, mot
nira sb ngay cong lao dong ciia mot ngudi trong 1 ndm, va 50 klutzes vét ligu nhap
khau. San xuét may ty dong dugc gidi han & 650000 don vi. San xuit mot don V|
cua nhya cén 0,03 don vj may tu dong, 0,2 don vj thép, 0,05 don vj dién tr, sb
ngay cong cua 2 nguoi lao dong trong 1 ndm, cng véi 300 klutzes nguyén vat
liéu nhap khéu. Céc gidi han trén nhya la 60000 don vj. Téng s6 nhan lyc c6 sin
trong Islandia 1a 830.000 ngudi mdi nim. Khong c6 thép, may ty dong, dién tur,
ho#c cac san ph?xm nhya dugc nhap khéu.

Hoi c6 bao nhiéu s6 lugng cac loai san phim phai dugc san xuit va xudt khiu?

Xay dyng md hinh bai toan va tim giai phap t5i wu vé vén dé cua Islandia.

Viéc xdy dyng mot md hinh ddu vao - diu ra nén 1am theo quy trinh hai budc
tuong ty cho xdy dyng bt ky mé hinh QHTT nao. Cu thé, (1) x4c dinh cac bién
quyét dinh va (2) x4c dinh cac rang budc (han ché hay khé khan). Chia khoa dé
xac dinh céc bién quyét dinh cho vin dé nay 1a 1am cho sy phan biét gitra sé lugng
hz‘agg héa’ san xuét Vé' sb luqng xuét khdu. Mot khi diéu nay dugc thyc hién, céac
bién quyét dinh c6 thé dugc biéu nhu:

PROD(STEEL) 14 sb lugng don vj thép dugc san xuit,

PROD(AUTO) la sé lugng don vi may tu déng dugc san xudt,

PROD(PLASTIC) 12 s6 lugng don vj nhya dugc san xuét,

PROD(ELECT) 1a s6 lugng don vj thiét bj dién tir dugc san xuit,

EXP(STEEL) la ) lugng don vj thép dugc xuit khau,

EXP(AUTO) la s6 lugng don vi may ty dong dugc xuét khéu,

EXP(PLASTIC) 1a s6 lugng don vj nhya dugc xuét khiu,

EXP(ELECT) la sb lugng don vj thiét bj dién tir dugc xuét khéu,

Céc mit hang c6 thé dugc xac dinh thing nhu thép, may ty dong, dién tu,
nhya, nhén lyc, cong sudt may ty dong, va nang lyc nhya. Nhu vy, s€ c6 bay han
ché. Viéc xdy dyng toan by mo hinh ciia bai toan nay la:

MODEL: ! Islandia Input/output model;
SETS:
COMMO: PROD, EXP, REV, COST, MANLAB, CAP;
CXC(COMMO, COMMO): USERATE,;
ENDSETS
DATA:
COMMO = STEEL, AUTO, PLASTIC, ELECT,;
COST =250 300 300 50
REV = 500 1500 1200 300;
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MANLAB = .5

! Amount used of the column commodity per unit of the row

commodity;

1 2

USERATE= -1 .02

8 -1
2 .03
.01 .01 .05

MANPOWER = 830000;
CAP = 999999 650000 60000 999999;

ENDDATA

[PROFIT] MAX=@SUM(COMMO: REV * EXP - PROD * COST);

@FOR( COMMO( I):

[ NETUSE] ! Net use must equal = 0;
EXP(I) + @SUM(COMMO(J):
USERATE(J,I)* PROD(J)) = 0;

[CAPLIM] PROD( I) <= CAP( D),

[MANLIM] @SUM(COMMO:PROD*MANLAB)<MANPOWER,

END

Chu y 1a, m6 hinh nay cé céc tinh nan

5;

.01
A1
-1

-l’

0
15
.05

bién quyét dinh c6 it nhit mot hé s han ché mang déu am.
Giai phap cua md hinh nay la:

Variable
PROD(STEEL)
PROD( AUTO)
PROD( PLASTIC)
PROD( ELECT)
EXP( STEEL)
EXP( AUTO)
EXP( PLASTIC)
EXP( ELECT)
Row
PROFIT
NETUSE( STEEL)
CAPLIM( STEEL)
NETUSE( AUTO)
CAPLIM( AUTO)
NETUSE(PLASTIC)
CAPLIM( PLASTIC)
NETUSE( ELECT)
CAPLIM( ELECT)
MANLIM

Value
393958.3
475833.3
60000.0
74375.0
547.9167
465410.4
0.0
0.0
Slack or Surplus
0.4354312E+09
0.0000000
606040.7
0.0000000
174166.7
0.0000000
0.0000000
0.0000000
925624.0
0.0000000

Reduced Cost
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
2096.875
121.8750
Dual Price
1.000000
500.0000
0.0000000
1500.000
0.0000000
3296.875
2082.656
421.8750
0.0000000
374.0625

g cla dong chay Leontief. Cy thé, mdi
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Giai phap nay chi ra cach tét nhit dé ban thép, may ty dong, dién tir, nhya, tai
nguyén cua Islandia va ngudn lyc la & dang ctiia may ty dong.

Bai toén nay s& phi hop vi dinh dang dAu vao - ddu ra cia m6 hinh Leontief
cd dién néu, thay vi tdi da hoa lgi nhuén, mirc myc tiéu da dat ra cho xudt khiu
(hoic tiéu thu) cua thép, méy tr dong, va nhu'a Vién dé sau d6 s& d& x4ac dinh muc
dd san xuét cin thiét dé hd tro cdc mirc xudt khéu / tiéu thu nhét dinh. Trong
truomg hop nay, ham muyc tiéu 1a khong thich hgp.

Mot khéi quat ty nhién 1a dé cho phép thay thé cong nghé san xuit hang héa
khéc. Nhimng cong nghé nay c6 thé khac nhau twong tmg v&i mic d§ co gidi hoa
hoéc hinh thirc tiéu thy ning lugng (vi dy, khi dét, than d4, hojc thuy di¢n).

8.9.7. Biéu db hoat dyng (Biéu dd ngudn lyc hay tai nguyén)

Phuong phép dd hoa d& m6 ta mot mo hinh cé thé dugc mé rong cho md hinh
QHTT tiy y. Gia ca clia mdt trong nhimg ngudn lyc phai tra tién dé dai dién cho
mot d6 hoa QHTT chung 12 mét trong nhimg thanh phén phai gi¢i thigu bé sung
vao so dd mang. Cé hai loai thanh phﬁn trong so dd nhu vay [@)) hoat dong, tuong
{mg véi céc bién va dugc biéu thj bdi mot hinh vudng, va (2) ngudn tai nguyén,
tuong {mg v&i cac han ché va dugc biéu hlcn b%ing mot vong tron. M3i rang budc
c6 thé dugc xem nhu tuong img véi mot sé hang héa, va trong 15i n6i, nhu noi
ring "(sir dung hang héa) <= (nguon cla hang héa)". Pudng mili tén dén mot hinh
vuong tuong (mg véi cac ngudn tai nguyén, hang hda, hogc rang buc ma cac bién
c6 mot sy tuong tac. Dub'ng miii tén dén mot vong tron tuong ing vdi cac hoat
dong hay cac bién quyet dinh ma rang budc c6é mét sy twong tac.

Vi dy: Tinh toén tdng ho'p cua ngudi ndng dan

Mot nong dén c6 120 mau Anh c6 thé dugc sir dung dé trdng lua mi ’hodc ngd.
Ning sut 1a 55 gia laa mi hoic 95 gia ngd m&i miu Anh m3i nam. Bét ky phan
nho trong s6 120 miu Anh cé thé duorc danh cho viéc tr6ng lha mx hodc ngd. Yéu
ciu lao dong la 4 gi> m&i mau Anh mdi nim, cong v6i 0.15 gid méi gia Iua mi, va
0.70 gid mdi gxa ngob. Chi phi phén bon, hat gidng, vv, 1a 20 cent cho mdi gia lua
mi san xuét va 12 cent cho mdi gia ngd san xuét Lua mi c6 thé dugc béan véi gia
1.75 USD médi gla va ngd véi gid 0.95 USD mdi gla Lia mi c6 thé duge mua voi
gia 2.50 USD médi gia va ngd voi gia 1.50 USD mdi gia.

Ngoai ra, ndng dan cé thé nudi lon va / hoic gia cAm. Ngudi néng dan ban lon,
gia cAm khi nudi chung duqc mot nam. Mot con lon ban véi gia 40 USD. Ong
nhét gia cdm vao trong cac 16ng. Mot 1dng gia cdm dng ban dugc véi gia 40 USD.
Nu6i-mdt con lon doi hoi chi phi 25 gia lia mi hogc 20 gia ngd, cong vdi 25 gio
cong lao dong va 25 feet vuéng khong glan san. Mot chudng gia cdm doi hoi 25
gia ngd hodc 10 gia lta mi, cong vai 40 gio cong lao dong va 15 feet vudng khong
gian san.

Ngudi néng dén nay c6 10000 feet vudng khong gian san. Ong di c6 sin mdi
nam 2000 gid cong lao ddng cuia minh va 2000 gid céng cua gia dinh minh. Ong
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c6 thé thué lao dong & mirc 1.50 USD mdi gid. Tuy nhién, cho mdi gio cong lao
dong thué, ngudi ndng dan phai tén 0.15 gid cong dé giam sat. Bao nhiéu dat dai
nén dugc danh cho ngo va lta mi, va bao nhiéu con lgn va / hoac gia cam phai
duoc san xuét dé tdi da hoa lgi nhuan cua ngudi nong dan? Vién dé nay dugc dya
trén mét vi du trong Hadley (1962).
Ban c6 thé tim théy n6 thuan tién dé sir dung céc bién sau day cho vén dé nay:
Bding 8.10

WH Lua mi thu hoach (s6 gia)

Wheat harvested (in bushels)

CH Ngé thu hoach (sb gia)

Comn harvested (in bushels)

PH Lon dugc nudi va ban (sd con)

Pigs raised and sold

HS Ga mai nudi va ban (s 16ng)

Hens raised and sold (number of coops)
LB Lao dong thué (s gio)

Labor hired (in hours)

A Lua mi dugc ban ra thj truong (s6 gia)
Wheat marketed or sold (in bushels)
CS Ngé dugc ban ra th trudng (sb gia)
Corn marketed or sold (in bushels)
CH Ngb dung dé nudi ga mai (s6 gia)
Comn used to feed hens (in bushels)
WH Lua mi dung dé nudi ga mai (sb gia)
Wheat used to feed hens (in bushels)
CP Ngé dung dé nudi lon (sb gia)

Corn used to feed pigs (in bushels)
WP Lia mi dung dé nu6i ga mai (s6 gia)
Wheat used to feed pigs (in bushels)
CB Ng6 mua (s0 gia) .
Corn bought (in bushels)

Liia mi mua (s gia)

Wheat bought (in bushels)

WB

Biéu db hoat dong — ngudn lyc cua vén dé trén dugc chi ra trong hinh 8.9.
M4{t vai ghi cha vé bidu db hoat dong — nguén lyc la:

M3i hinh chir nhét trong biéu d6 tuong tmg véi mot bién quyét dinh trong mé
hinh.

Mai vong tron trong biéu dé tuong ung vdi mot han ché holic myc tiéu.

M3i mili tén trong biéu d6 tuong (mg véi mot hé sé trong mo hinh.

205



Két hop véi mdi vong tron hodc hinh chir nhét 1a mét don vi do ludmg (vi dy,
gid hodc gia).

Céc don vi hoic kich thuéc ciia mdi miii tén la:

"S6 don vj clia vong tron" trén mdt "don vi cia hinh chir nhat."

(4
|

[ a3 o

:

3t

Hinh 8.9. Bidu dd hoat ddng — ngudn lyc

8.9.8. Biéu db hinh cdy bao trium (Spanning Trees)

Mot mang lu6i lién quan dén vén dé don gian khéc nhung quan trong la vén dé
céy bao trum. N6 phat sinh, vi dy, trong viéc thiét 1ap céc tién ich nhu duong cap
dién, dudng giao thong, va hé théng cong ranh dé cung cép dich Vi cho cac ngoi
nha trong khu vyc méi xay dyng. Cho mét tap c4c ngdi nha dugc két ndi, chung ta
mubn tim mdt mang ludi véi chi phi téi thiéu, sao cho, le gia dinh duoc két ndi
vao mang. MOt xdp xi vai chi phi hgp ly cua mang 1a téng cac chi phi cia cac
vong cung trong mang. Néu vong cung co chi phl tich cyc, thi mt sy phan anh it
nén thuyet phuc ban mang luéi chi phi tdi thiéu khong chira cac vong lip (v1 du,
d6i voi bét ky hai nut (hoic nha) trén mang, c6 chinh xac mgt con dudng két ndi
ching). M6t mang nhu vy dugc goi 1a mft cdy bao trum.

Mot thudt toan don gian dé tim kiém mot chi phi tbi thidu cua cdy bao trum,
xem Kruskal (1956):

1) Thiét 1p Y = {2, 3,4 ... n} (tirc la thiét Iap céc nit vén chua duge két ndi).
A= {1} (tac la thiét' lap cac nit da dugc két ndi). Chung ta tyr y c6 thé dinh
nghia nut 1 nhu 1a goc cua cay.

2) Néu Y la tréng rdng, thi ching ta dang thyc hién,
3) Néu Y khéng rdng, thi ta tim thdy vong cung ngin nhét (i, j) nhu vay 12 i c6
trong A vajlatrong Y.
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4) B sung vong cung (i, j) viomang vadit A=A +j, Y=Y -j.

5) Lai quay lai budc (2).

Bai vi cac thuét toan & trén 1a don’gién va hiéu qua, kh'éng cén thiét phai sur
dung bai ton QHTT dé giai quyét vén dé chi phi tdi thiéu cia cdy bao trum.
Trong thyc té, mo hinh bai toan ciy bao trim v6i chi phi t6i thiéu néu xem nhu
mot bai toan QHTT thi rat té nhat.

Sau day minh hga mgt mé hinh bai toan cho mét cy bao trum trong LINGO.
M6 hinh nay khong giai quyét n6 mot cach rd rang nhu trén, nhung chi giai quyét
nd nhu 1a mét chuong trinh sé nguyén don gian:

MODEL: ! (MNSPTREE),

! Cho mot tép cac nut va khoang cach giita m01 cip, tim téng cac khoang
cach ngén nhét lién két trén mang dé két ndi tit ca cac nut. Pay la bai
toan cay cb dién kéo dai tdi thiéu (MST — Minimal Spanning Tree);

SETS:

CITY: LVL,;
' LVL(I) =level of city I in tree. LVL( 1) =0;
LINK( CITY, CITY):
DIST, ! The distance matrix;
X; ' X(LY)=11ifweuse link I, J;
ENDSETS
! This model finds the minimum cost network connecting Atlanta,
Chicago, Cincinnati, Houston, LA, and Montreal so that messages can
be sent from Atlanta (base) to all other cities;

DATA:

CITY=ATL CHI CIN HOU LAX MON;

! Distance matrix need not be symmetric. City 1 is base;

DIST=0 702 454 842 2396 1196 ! from Atlanta;
702 0 324 1093 2136 764 ! from Chicago;
454 324 0 1137 2180 798 ! from Cinci,
84210931137 0 1616 1857 ! from Houston;
2396 2136 2180 1616 0 2900 ! from LA;
1196 764 798 1857 2900 0; ! from Montreal,

ENDDATA
!

'The model size: Warning, may be slow for N > 8;
N = @SIZE( CITY);

!The objective is to minimize total dist. of links;
MIN = @SUM( LINK: DIST * X);

'For city K, except the base, ... ;

@FOR( CITY(K)| K #GT# 1: ! It must be entered,
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@SUM(CITY(I)| I#NE#K: X(LK))=1;
!If there is a link from J-K, then
LVL(K)=LVL(J)+1.
Note:These are not very powerful for
large problems;
@FOR( CITY(J)| J #NE# K:
LVL(K)>=LVL(J)+X(J,K)
(N-2)*(1-X(J,K)
+(N-3)*X(K, 1)),
LVL(1)=0;! City 1 has level 0,
There must be an arc out of city 1;
@SUM( CITY ()| J#GT# 1: X( 1,)))>=1;
'Make the X's 0/1;
@FOR( LINK: @BIN( X)),
IThe level of a city except the base is at least 1 but no more than N-1,
and is 1 if link to the base;
@FOR( CITY(K)| K #GT# 1:
@BND( 1, LVL(K), 999999);
LVL(K)<=N-1-(N-2)*X(1,

K));
END
Loi giai tdi wu cia md hinh bai toan nay la:

Optimal solution found at step: 16
Objective value: 4000.000
Variable Value Reduced Cost
N 6.000000 0.0000000
LVL(.CHI) 2.000000 0.0000000
LVL( CIN) 1.000000 0.0000000
LVL( HOU) 1.000000 0.0000000
LVL( LAX) 2.000000 0.0000000
LVL(MON) 3.000000 0.0000000
X( ATL, CIN) 1.000000 454.0000
X( ATL, HOU) 1.000000 842.0000
X( CHI, MON) 1.000000 764.0000
X( CIN, CHI) 1.000000 324.0000
X(HOU, LAX) 1.000000 1616.000

Giai phap nay cho thdy Atlanta nén két non voi Cincinnati va Houston,
Houston, 14n lugt két ndi v6i LA. Cincinnati két nbi véi Chicago, va Chicago Kkét
ndi véi Montreal.
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SETS:
ALLNODE : U;
1 U(I) =level of node I in the tree;
1U(1)=0;
MUSTNOD( ALLNODE); ! The subset of nodes that must be
connected;
LINK( ALLNODE, ALLNODE):
DIST, ! The distance matrix;
; X; 'X(L))=1ifweuselink], J;
ENDSETS
DATA:
ALLNODE-= ! Distance matrix need not be symmetric;
A B C D E F G H I J K
DIST=0 14 999 999 999 4 999 999 999 999 999
14 0 999 999 999 999 999 3 999 999 999
999 999 0 9 999 999 999 999 2 99 999
999 999 9 0 999 999 999 999 999 3 6
999 999 999 999 0999 999 5999 999 3
4 999 999 999 999 0 999 999 3 999 999
999 999 999 999 999 999 0 2 999 3 999
999 3 999 999 5999 2 0 999 999 999
999 999 2999 999 3 999999 0 8 999
999 999 999 3 999 999 3999 8 0 999
999 999 999 6 3999 999 999 999 999 0
! The subset of nodes that must be connected. The first node must be a
must-do node;
MUSTNOD=A B C D E;
ENDDATA
| .
! The model size: Warning, may be slow for N > 8;
N = @SIZE( ALLNODE);
! Objective is minimize total distance of links;
MIN = @SUM( LINK: DIST * X);
! For each must-do node K, except the base, ... ;
@FOR( MUSTNOD( K)| K #GT# 1:
! It must be entered;
@SUM( ALLNODE(I)| I#NE#K: X(I,K)) =1,
! Force U(J)=number arcs between node J and node 1. Note: This is not
very strong for large problems;
@FOR( ALLNODE(J)| J #GT# 1 #AND# J #NE# K:
U(D)>=U(K)+X (K, J)-
(N-2)*(1-X(K, D)+
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