__ CHUONG3
MO HINH MANG

Muc tiéu chwong

Sau khi hoan thanh chuong nay, sinh vién c6 thé:

1. Nam duoc nhitng khéi niém co ban cia mang;

2. Hiéu va van dung dugc bai toan duong di ngén nhét vao kinh té;

3. Hiéu va van dung dugc bai todn cay bao trum ti thiéu vao kinh té;
4. Hiéu va van dung dugc bai toan duong dong cuc dai vao kinh té.

Noi dung chwong

3.1. Cac khai niém co ban

3.2. Bai toan dudng ngan nhat

3.3. Bai toan ciy bao trum tdi thiéu
3.4. Bai toan dong cuc dai



88

3.1. Cac khai niém co’ ban

Do thi v huéng G 1a mot cip hai tap (N,A), trong d6 N 1a tap cac nat va A 1a
tap cac cung vo huéng. Cung vo hudng 1a mot cap khong ké dén thir ty hai
nut khac nhau 1 va j nao do, ieN va jeN ky hiéu 1a (i,)). Vay (1,j)=(,1) trong
dd thi vo hudng. Cung cing dugc goi la canh. Cung (i,j) n6i cac nut i va j.

Cap ctia mot nut 1a sd cung ndi t6i d6. Cap ciia d thi 1a cap cuc dai trong cac
cap cua cac nut cua no.

Mot duong di tr nat 1; dén nut i, 1a bo t nut khac nhau 1, iy, ..., i; sao cho
(ik,ik+1)€A voimoi k=1t—-1.

Chu trinh 1a b0 t nut 1, t,.. Lt sao cho 1y,..., i1 la mot duong di, 1t—11 va co it
nhit ba nit khic nhau. D6 thi v6 hudng duo’c g01 1a lién thong néu ung voi
mdi cip i,jeN déu c6 mot dudng di tir i dén j. S6 cac ndt cua d6 thi thuong ky
hiu 1a n, con s6 céc cung la m.

Do thi ¢6 hudéng G ciing 1a mot cap (N,A) nhung mdi cung la mot cap nit co
thtr tu. Vay (i,))#(,1). Trong do thi c6 hudng khong dugc chira cung “tu noi”
(1,1). Nguoi ta s€ noi cung (i,)) di tr nat 1 dén nt j.

D6 thi v6 huéng twong tmg voi mot dd thi co hudng 1a @6 thi nhan dugc khi
khong tinh dén hudng trén cac cung nira.

D6 thi ¢6 hudng 1a lién thong néu do thi vo hudng twong tng 14 lién thong.
Mobi duong di trong d6 thi v hudng tuong ung déu goi 1a mot dudng di trong
d6 thi c6 hudng. D6 thi c6 huong ¢6 thé chua ca hai cung (i,j) va (j,i) nén dé
xac dinh mot dudng di phai ndi 1o ca day nat iy,...,i; va ddy cung ay,...,a.;. Khi
d6 néu mot cung a, c6 dang a,=(ix,ix+1) thi ta ndi ax 1a cung tién trong duong di
nay. Nguoc lai néu ay=(ix+1, ix) thi ax 1a cung lui.

Chu trinh ciing dwoc dinh nghia nhu & d6 thi vé hudng, nhung & dy cho phép
chu trinh chi gom hai nut khac nhau.

Mot duong di hodc chu trinh dugc goi 1a ¢6 hudng néu nd chi chira cac cung
tien.

Cay 1a dd thi vo hudng lién thong va khong chira chu trinh.

Cay bao tram cua d6 thi G (N,A) 1a mot céy trong G c6 chua tat ca cac nuat
ciia G. Trong cdy bao trum, s6 niit bang s6 nit cua do thi nhung s6 cung c6
thé it hon. Nhu vay, cay bao trum Gg (N, Ag) c6 N&=Nva A;c A.

Mang 1a d6 thi, bao gdm cac nut va cung. Trong thyc té, mdi nit trén mang ¢
thé 1a thanh phd, nha may, kho hang, truong hoc, tram xang hay bat ky mot vi
tri ndo; moi cung bieéu dien mot duong di c6 thé xuat hién gilra cac dai diém.
Trong mo6 hinh mang, tat ca cac cung déu la cung c6 hudng trir phi né dugc
xac dinh 1a doi xing.
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3.2. Bai toan dwong ngan nhat
3.2.1. Pit van dé

Chung ta xem xét viéc ing dung mang voi muyc ti€u chinh 1a tim duong ngin
nhat gitra 2 nut bat ky trong mot so dd mang. Ching ta minh hoa bai toan
duong ngan nhat bang viéc khao sat tinh huong cta Cong ty xay dung ABC.
Cong ty c6 mdt vai du 4n xay dung nam khip noi trong dia ban tinh. Hang
ngdy, cong ty c6 nhidu chuyén xe dwa dén céng nhan, chuyén chd thiét bi va
vat tu cung ung di lai gitra try s¢ cong ty va cac cong truong xdy dung thi
khoan chi phi lién quan dén hoat dong van tai rat ddng quan tim. Ddi véi bat
ky mot cong trinh xay dung nao thi cac tuyén dudng 6 t6 hay duong cao toc
giita cac cong truong c6 thé biéu dién bang so d6 mang.

So @6 mang ¢ Hinh 3-1 biéu dién céc tuyén dudng giita cic cong trudng xay
dung va tru s¢ cong ty. Trong mang nay, cac nut tuong tmg voi vi tri cac cong
truong va van phong cong ty va cac cung biéu dién con dudong ndi ching.
Khoang cach gilra cac cong truong hay gitra van phong cong ty vdi cong
truong dugc bleu thi bang con so trén cac cung tuong tmg. Cong ty mubn xac
dinh cac tuyén duag ngin nhit nham tbi thiéu hoa cac khoang cach di
chuyén tir vin phong cong ty dén cac cong truong.

Hinh 3-1: Mang tuyén dudng giira cac cong truong

3.2.2. Mo ta dang toan hoc ciia bai toan

Bai toan dudng ngan nhat 1a mot bai toan phat sinh tir nhidu bai toan thuc té
vé van tai, mang thong tin, diéu khién t6i wu...Co thé phat biéu dang toan hoc
cua bai toan nhu sau:

Cho mdt d6 thi c6 hudéng G (N,A), trong do: N 1a tap cac nut va A 1a tap céc
cung (i,j) (v6i i,je N). Mdi cung c6 do dai c;j> 0, chinh 1a khoang céch gifta
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hai nut. Bé tim dudng ngan nhat tir nat 1 dén nat k bét ky (v6i keN) chinh 1a
can tinh duodng ngan nhat tir nhiéu hoac tham chi moi nut khac 1 dén nut k. Vi
vay, bai toan duong ngan nhat 1a bai todn tim duong ngan nhat tor moi nut 1
(voi 1eN) dén mot nut k (keN) cho trude.

3.2.3. Thuit toan dat nhian
Nhén cua nut dugc xac dinh gdm 2 con s6 nam trong dau ngodc vudng twong
ung voi mdi nut. Ky hi¢u nhan cta nuat 1 1a [c¢);,T], trong do: cy; 1a gia tri
khoang cach tir nat 1 dén nut i va T 1a ky hiéu cua so thtr tu cua nit ding
ngay trude nut i theo dudng di tir nat 1 dén nat i.
Mot nut duge dat nhan 1a mot nat da xac dinh duge duong di tir nat 1 dén nat
d6. Nut chua dat nhan 1a nit chua x4c dinh duge duong di tir nat 1 dén nuat do.
Mot nat duge dat nhan ¢ dinh khi d xac dinh duoc dudng di ngan nhét tir
nit 1 dén nat nay. Tuy nhién, mdt nut c6 nhan nhung chua xac dinh dugc
duong di ngan nhat tr nit 1 dén nit d6 thi goi 1a nit c6 nhan tam thoi.
Y tuéng co ban cia thuat toan dat nhan do Dijkstra (1959) phat trién 1a lan
lugt tim duong di ngan nhét tir mdi nat dén nut goc, bat dau tir niit co dudng
di ngdn hon c4, rdi theo th tu nut ¢ dudng ngan hon lam trudc.

Thuit toan dit nhin gdm cac bude cu thé sau:

Buée 1: Pau tién, gia sir nit 1 c6 nhan cb dinh [0,S]. S6 0 biéu thi khoang
cach tir ntt 1 dén chinh n6 va S biéu thi nat 1 1a nat khoi dong (Start).

Buoc 2: DBat nhan tam thoi cho cac nit 1ién thong truc tiép tornut 1. Goi Ny la
tap cac nut lién thong véi nut 1. Gid st nit 1 € N; la nit lién thong truc tiép
voi nat 1 s€ co nhan tam thoi [cy;,1]. Trong do, gia tri khoang cach ¢y bang
gi tri khoang cach tir ntit 1 dén nut i va sb thr ty ciia nut ngay trudc bang 1.

Tién hanh dat nhan cb dinh cho nat keN; théa man diéu kién c;x = min {cyi},
iENl

Buoc 3: Xem xét cac nut lién thong véi nit k. Pat nhan tam thoi cho nhiing
nat chua dat nhan. Diéu chinh nhan tam thoi cho cac nit theo nguyén tac:

Gia str nut j dang xét, lién thong véi nit k bang cung (k,j) thi thay thé gia tri
khoang cach cua nhan nit j bang min {ci;, cix + cij}.

Goi Ny la tap hop cac nuat co nhan tam thoi, xét cic cij vo1 VjeNy gid su
Cim=min{cim }. Nhu viy, dit nhin cb dinh cho nat m.

Tiép tuc qui trinh nay cho dén khi tit ca cac nat co nhin cb dinh thi két thic
thuat toan.

Buéc 4: Xac dinh khoang cach ngan nhat tir nat 1 dén nat k bat ky. Puong
ngan nhat d&n mot nat nhat dinh k c6 thé tim bang cach xuat phat tr nut k va
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di chuyen nguoc vé nut ngay trudc. Tlep tuc di chuyen nguoc chidu qua mang
s& tim thay duong ngan nhat tir nat 1 dén nat dang dé cap.

Thuat toan nay s¢ xac dinh duong ngdn nhat tir nat 1 cho dén timg nut 1
1=2,3..n trong mang. Chu y rang can c6 N-1 budc lap dé tim ra duong ngan
nhat den tat ca cac nat khac. Néu khong quan tam dén khoang cach ngan nhat
dén tat ca cac nut, thuat toan cé thé dimg lai mot khi cic nut quan tim da
duoc dit nhdn cd dinh. Thuit toan ndy ciing dé dang diéu chinh dé tim ra
duong ngan nhét tir bat ky nut ndo, chang han tir nit i dén Vj (j# vaij € N).
Pé thue hién viéc thay d6i nay, ching ta chi bét dau dat nhin cho nut k véi
nhin cb dinh [0,S]. Do d6 bang cach ap dung cac budc cua thuat toan, ching
ta c6 thé tim duong ngan nhat tir niit k dén timg nit khac trong mang.

Ung dung thuit toan dit nhin

Pé - giai quyet bai toan cua cong ty ABC, chiing ta cin xac dinh tuyén duong
ngan nhat tir van phong cong ty (duoc xem 1a nat 1) dén timg nat khac trong
so do mang. By gio, ching ta cung xem xét cac nhan duoc tinh toan nhu the
nao va bang cach ndo qui trinh dit nhin c6 thé xac dinh duoc con dudng ngan
nhit dén timg nut trong mang so do.

Hinh 3-2: Cach biéu thij cac tham s6 trén mét nit

Khoang céach tur Nhén nat Nat dag ngay trude
nat 1 &n nitndy ——»[20,4 «—— theo duong di tir nit 1

Bude 1: Nat 1 ¢6 nhén ¢b dinh [0,S], xem minh hoa ¢ Hinh 3-3.
Hinh 3-3: Dang thirc dau tién ciia so' d0 mang
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Bude 2: Tap cac nut lién théng voi nat 1 1a Nyj={2,3}. Dat nhan tam thoi cho
cac nit 2, 3 lan lugt 1a [12,1], [11,1], xem minh hoa ¢ Hinh 3-4. Nut 3[11,1]
duoc dat nhan co dinh vi ¢i3 < ¢, Xem minh hoa ¢ Hinh 3-5.

Hinh 3-4: So' 46 mang véi niit 2, 3 ¢6 nhin tam thoi

[12,1]

Hinh 3-5: So' d0 mang v6i niit 3 ¢6 nhin cb dinh

[12,1]

Budc 3: Tap hop cac nit lién thong voi nat 3, N3={2,5}. Dat nhan tam thoi
cho nut 5 1a [19,3]. Nut 2 da c6 nhan tam thoi nén xem xét nit 2 dé dicu
chinh. Vi gid tri khoang cach ctia nit 2 = min{cjz, ¢;3 + cx3}= min{12,
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11+13}=12 nén khong diéu chinh. Dt nhin cb dinh cho nit 2 vi ¢;5 < ¢is.
Xem minh hoa Hinh 3-6.

Hinh 3-6: So' 46 mang véi nit 2 ¢6 nhin c6 dinh

[12,1]

[19,1]

Tiép tuc, chiing ta xem tap hop cic nut lién thong véi nat 2, N, ={4,7}. Piéu
chinh nhan tam thoi cho nat 4, 7 1an luot 14 4[21,2] va 7[29,2]. Lua chon nut
c6 gid tr1 khodng cach nho nhét trong tap hop N;UN3;UN,, cu thé 1a tap
{5,4,7}, dé dit nhan c6 dinh. Nat duge lua chon 1a nut 5. Xem minh hoa &
Hinh 3-7.

Hinh 3-7: So' 46 mang véi nit 5 ¢6 nhin c6 dinh

[29,2]

[12,1]

[19,1]
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Ké tiép, tap hop cac nut lién thong voi nut 5: N5 ={4,6}. Diéu chinh nhan tam
thoi cho Ill:lt 4 va 6 lan luot 1a 4[21,5] va 6[27,5]. Tuong tu, nat 4 dugc chon
dat nhan c6 dinh. Xem minh hoa ¢ Hinh 3-8.

Hinh 3-8: So' 46 mang véi niit 4 ¢6 nhéin c6 dinh

[12,1]

[19,1]

Tiép theo, tap hop cac nut lién thong voi nat 4: Ny ={7}. Nhan tam thoi cua
nat 7 khong diéu chinh nén van c6 nhin [29,2]. Va nit 6 duge chon dé dat
nhan c6 dinh [27,5]. Xem minh hoa ¢ Hinh 3-9.

Hinh 3-9: So' d0 mang v6i niit 6 ¢6 nhin cb dinh

[12,1]

[19,1]
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Cubi cung, chi co nat 7 lién thong véi nat 6. Gia tri khoang cach cua nit
7=min{c1‘7, Cie + C671={29,27+10}=29. Xem minh hoa &Hinh 3-10. Nén
khong di€u chinh gia tri khoang cach cua nhén tam thoi. Vinat 7 1a nat duy
nhat con lai nén bay gio dugc dat nhan co dinh.

Hinh 3-10: So' @ mang véi niit 7 ¢6 nhén ¢ dinh

[12,1]

[19,1]

Hinh 3-10 giéi thiéu so d6 mang vdi tat ca cic nat ¢6 nhin ¢d dinh.

Bude 4: Di chuyén nguoc chidu tir niit 7 dén nit ngay trude va tiép tuc nhu
vay.

Chung ta str dung thong tin trén cac nhan cb dinh dé tim duong di ngan nhat
tor nut 1 dén tung nut trong so d6 mang. Vi dy, nhan ¢6 dinh cia nit 7[29,2]
cho biét duong di ngan nhat tir nit 1 dén nat 7 1a 29 km. D€ tim duong di nhat
dinh ma cho phép lién thong dén nat 7 véi 29km, chung ta bat dau tr nat 7 va
di nguoc vé nut 1. Nhan ctia nat 7 cho biét nut lién thong ké tiép 1a nat 2 va
nhan nat 2 chi rd nut 1 1a nut lién thong ke tiép. Do vay, duong ngdn nhat dén
nat 7 1a 1-2-7.

Pudng di ngan nhat dén cac nat duoc xac dinh nhu Bang 3-1.

Bing 3-1: Pwong di ngin nhit giira cic nit

Niit | DPwag ngin nhat tir mit 1 Khoang cich bang km

2 1-2 12

3 1-3 11
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4 1-2-4 21
5 1-3-5 19
6 1-3-5-6 27
7 1-2-7 29

C6 thé mot bai toan nhé nhu bai toan cua cong ty xay dung ABC ban cé thé
tim ra duong di ngan nhat kha nhanh, néu khong nhanh hon bang viéc do
dAm. Tuy nhién, mot khi ching ta bit ddu nghién ctru bai toan voi 15 dén 20
nat hodc nhiéu hon, né kha mat thoi gian dé tim ra duong di ngan nhat bang
viéc do dim. That vdy, boi vi con 86 duong di tuy chon gia tang trong mot
mang 16n hon, né dé dang bo 16 mot hay nhiéu tuyen duong va dua dén
phuong an sai. Do vay, d6i v6i cac bai toan 16n hon can thiét phai c6 mot qui
trinh ¢6 tinh hé théng nhu qui trinh dat nhan néu trén. Ngay ca voi phuong
phap dat nhan, ching ta phat hién rang mot khi so d6 mang ting 1én vé kich
¢, no tré nén can thiét thuc hién thuit toan trén may tinh.

A Chu y va nhan xét:

Nhiéu Gng dung cta thuat toan dudng ngan nhét lién quan dén tiéu chuan nhu
thoti gian hodc chi phi thay vi khoang cach. Trong nhimg truong hop nay,
thuat toan duong ngin nhét dua ra giai phap thoi gian t6i thiéu hay chi phi t6i
thiéu. Tuy nhién, boi vi thuét toan duong ngin nhat luén xac dinh mot giai
phap gia tri tdi thiéu, n6 khong c6 y nghia khi ap dung thuét toan cho cac bai
toan lién quan dén tiéu chuan loi nhuan.

Trong mdt vai ung dung, gia tri gan lién v6i mot cung c6 thé am. Vi du, trong
tinh hudng chi phi 14 tiéu chuan, gia tri trén cung 4m biéu dién cudc phi am;
hay noi cach khac mot khoan lgi nhuén s€ dugc hinh thanh khi di qua cung
nay. Thuat toan dudng ngan nhat trinh bay ¢ day chi co thé ap dung cho cac
mang co gia tri trén cung khoéng am. Cac chuyén dé nang cao dé cap cac thuat
toan c6 thé giai quyét van dé véi gi tri cung khong am.

3.3. Bai toan cay bao trum t6i thiéu

3.3.1. it van dé
Mot cay bao trim 14 tip hop céc cung lién thong tit ca cac nit trong mang ma
khong hinh thanh mot chu trinh.
Trong thudt ngit mang, bai toan cay bao tram tdi thiéu lién quan viéc sir dung
cac cung cua mang dé lién thong vdi tat ca cadc nut cia mang sao cho tong
chiéu dai cua tat ca cac cung la nhé nhat.
Dé hiéu rd hon vé van dé nay, ching ta xem xét bai toan thiét ké hé thong
truyén thong cua mdt trung tam may tinh khu vue.
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Trung tdm may tinh khu vyc phai lap dat duong cap truyén thong may tinh dé
lién két 5 nguoi su dung cac may tinh v¢ tinh vo1 mot may tinh trung tam.
Cong ty s€ lap dat mang truyén thong méi. Viée lap dat 1a mot cong viée tén
kém nén nham giam chi phi, nhém quan tri mang trung tam mudn tong chiéu
dai du0’ng cap truyen thong cang ngan cang t6t. Trong khi may tinh trung tdm
co thé duoc két ndi truc tiép véi ting may v¢ tinh, 16 rang s€ co hiéu qua kinh
té hon néu lap dat mot dudng cap truc tiép dén mot vai nguol sir dung va cho
phép nhitng ngudi st dung khac tham gia vao hé théng bang cach lién két véi
nhitng ngudi sir dung da két nbi véi hé théng. Thiét ké hé thdng truyén thong
vé6i tong chiéu dai nho nhat 13 mot vi du cta bai todn cay bao trum tdi thiéu.
Mang truyén thong cua Trung tdm may tinh khu vuc duoc giéi thidu ¢ Hinh
3-11. Mang nay gidi thiéu cac tuyén duong lién thong c6 thé va khoang cach
giita chung tinh bang km.

Hinh 3-11: Mang truyén théng ciia Trung tim may tinh khu vue

Mdi cung (i,j) trong mang c6 mot chiéu dai di kem voi né va cung (i,)) thé
hién cach thire lién két gitra nat i va nat j. Vi du, mdi nat trong mang dai dién
cho mét may tinh, cung (i,j) co thé tuong trung cho mot duong day cap ngam
ndi may tinh i va méy tinh j. Chiing ta muén xéac dinh tap hop cic cung lién
thong tat ca cac nut trong mang sao cho tong chiéu dai cac cung 14 nho nhat.
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3.3.2. M6 ta dang toan hoc cua bai toan
Cho mét db thi v huéng G (N A), trong d6 N 1a tap cac nat, gdm cac nﬁt
1,2,3..n va A 1a tap cac cung, mdi cung duoc ky hiéu (1)), 1,j€ N. D¢ dai moi
cung co khoang cach c;; > 0. Pé tim cdy bao trum tdi thiéu cua d6 thi G 1a tim
mot cdy Gy (Ns,As) thoa man min } ¢;j (V(1,)) €As, As < A). Vi vy, bai toan
cay bao trum ti thiéu 1a bai toan tim tap hop cac cung lién thong tat ca cac
nut véi tong khoang cach trén cac cung nho nhat.

3.3.3. Thuit toan ciy bao trim tdi thiéu

Mot cay bao trum cho mét mang co6 N nut 1a mot tap hop N-1 cung lién théng
tat ca cac nit den tat ca cac nut khac. Cay bao tram t6i thiéu cho biét tap hop
céc cung Vi tong chi phi trén cung nho nhat hay tong khoang cach trén cung
nho nhat. Thuat toan mang don gian c6 thé dugc s dung dé€ giai quyét bai
toan cay bao trum to1 thiéu. Cac budc cua thuat todn nhu sau:

Tu tudng cua thuat todn 1a xem xét cac nat va dua tung nat vao tap cac nut
Ns. Thuat cay bao trum toi thi€u gom céc budce sau:

Goi N 1a tap cac nit lién thong (Connected nodes), dwoc chon dé dua vao
Ns va Ny 1a tp cac nit chua lién thong (Unconnected nodes).

Bude 1: Bat diu tai mot nat i bt ky. Nuti € Ne. Xét cac cung (i,k) véi k €
Nu.. Chon cung ¢6 khoang cach nhd nhat theo ti€éu chuan dang str dung (vi du
thot gian, chi phi hodc khoang cach). Gid st ¢;j = min{ci}, bé sung nut j vao
Nc. Cung (1,]) € As. Loai nat j khoi Ny.

Buée 2: Xét tat ca cac cung ndi tir tip Ne dén Ny. Gia sir cung (m,k) voi
meNc va keNy c6 gia tri khoang cadch nhd nhat. Do do, cung (m,k) s€ thudc
cay bao trum toi thi€u. Neu c6 hai hodc nhi€u cung c6 gia tri khoang cach nhd
bang nhau thi tuy y chon 1 cung.

biéu chinh lai tap hop N¢ va Ny béng cach bd sung nut k vao N¢ va loai nat k
khoi Ny. Lap lai Budc 2 cho dén khi Ne=N va Ny= Q.

Ung dung thuit toan

Budce 1: Mot cach tuy y, ching ta bét ddu tai nat 1, Ne={1}. Xét cac cung c6
nbi véi nat 1, cung (1,2) voi khoang cach bang 20 km 13 nhé nhét. Vay cung
(1,2) thudc cay bao trum tbi thiéu. Diéu chinh tap nut Ne={1,2} va tp nit
NU {3945596}

Budce 2: Xét tat ca cac cung ndi cac nut tir tip Ne dén Ny. Cung (1,4) voi
khoang cach bang 30 km 1a nho nhat so v6i cac cung dang xét khac. Vay,
cung (1,4) thudc cdy bao trum t6i thi€u. Diéu chinh tap nut Nc={1,2,4} va tap
nat Ny = {3,5,6}.

Lap lai Bude 2: Cung (4,3) v6i khoang cach bang 10km 13 nho nhat so véi cac
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cung dang xét khac. Vay, cung (4,3) thudc cy bao trum tdi thiéu. Piéu chinh
tap nit N¢ = {1,2,4,3}va tap nat Ny = {5,6}.
Hinh 3-12: Mang truyén théng cdy bao trim téi thiéu

Lap lai Buoc 2: Cung (4,6) voi khoang cach bang 20 km 1 nho nhat. Vay
cung (4,6) thudc cdy bao trum toi thiéu. Diéu chinh tap N¢ ={1,2,4,3,6}, tap
Nu={5}.

Lap lai Budc 2: Cung (3,5) Véj khqéng cgich béng 30km la nho nhat. Vay,
cung (3,5) thudc cay bao trum to6i thi€u. Diéu chinh tdp N¢ ={1,2,4,3,5,6}, tap
Nu={0}.

Cay bao trum t6i thiéu bao gdm céac cung (1,2), (1,4), (4.,3), (4,6) va (3,5) voi
téng khoang cach bang 110 km. Hinh 3-12 m6 ta cdy bao trum t6i thiéu ctia
bai toan thiét ké hé thong truyén thong cho Trung tim may tinh khu vuc.

3.4. Bai toan dong cwc dai

3.4.1. Pat van dé

Chung ta cung xem xét hé thong dudng cao tdc lién tinh Bic Nam di qua
Thanh phd A. Dong phuong tién di chuyén Biac Nam dat mirc 1500 phuong
tién/gio vao thoi gian cao diém. Dé thyc hién chuong trinh duy tu bao dudng
duong cao toc vao mua he, theo d6 can thiét phai tam thoi dong mot so lan xe
va gi6i han téc d6 thap hon, S giao thong da dé trinh mot mang tuyen duong
tiy chon qua Thanh phé. Cac tuyén duong thay thé tiy chon bao gém cac
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duong cao tdc khac va cac duong ndi thi. Do su khéc biét vé gidi han tde do
va mod hinh giao thong, tai nang trén dong s€ khac nhau va phu thudc vao cac
con dudng ndi thi va tuyén duong st dung. Mang giao thong dé xuét voi tai
ning trén dong cia moi cung duoc gidi thiéu & Hinh 3-13.

Tai nang trén dong duoc hinh thanh dua vao hudng di ctia dong. Vi du, phan
duong cao toc theo cung (1,2) biéu thi mirc tai ning 500 phwong tién van
tai/gio theo huéng di 1-2; tuy nhién, theo hudng di 2-1 thi tai ning chi bang
khong. Tai nang bang khong ching té rang cac nha lap ké hoach mang dudng
cao toc khong mudn cac phuong tién di chuyén theo hudng 2-1. Noi mot cach
logic, boi vi nit 1 1a nat cung hay nat ngudn va mot vi tri co nguy co Un tic
giao thong, chinh vi vay cho phep viée di chuyén tir ntt 2 di vao nut giao
thong 1 1a diéu khong mong mudn. Tai ‘nang theo hudng cua cung (1,2) dong
thoi co thé giai thich la duong mot chiéu tir ntt giao thong 1. Vi du nay cho
thay tai ning trén moi cung co thé phu thudc vao chiéu di ciia dong. Ban c6
thé tin tuong 13 mang hé thong dudng cao téc c6 thé dap tmg dugce dong luu
chuyén phuong tién vén tai theo mure 1500 phuong tién/gio- hay khong? Sb
lugng phuong tién van tai t6i da di chuyén/gio cho mang la bao nhiéu? Va
trén mobi cung s6 lugng phuong tién van tai nén di qua mdi cung 1a bao nhiéu?

Hinh 3-13: Mang hé thong dudng cao tdc lién tinh

3.4.2. Mo ta dang toan hoc cua bai toan

Xem xét mot mang c6 mot nit nguon hay nat cung va mét nat hat hay nat nhu
cau. Bai toan dong cuc dai dit ra van dé: Luong dong cuc dai nhu phuong
tién van tai, dir liéu, chét long... co thé di vao va di ra hé thong mang nay
trong mot thoi gian nhat dinh. Trong nhitng bai toan dang nay, ching ta tim
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cach xac dinh lugng dong qua tat ca cac cung trén mang cang 16n cang tot.
Trong nhiéu tinh hudng, ching ta c6 thé gia thiét cac cung c6 mot tai ning
nhat dinh nham han ché s6 luong o thé di chuyén qua cung. Luong dong phu
thudc vao rang budc tai nng trén tit ca cac cung ctia mang (day chinh 1a gisi
han t6i da hay gi6i han tai ning trén dong cua mdi cung). Vi du, loai duong
cao toc gi61 han dong phuong tién vén tai trong hé thong van tai trong khi ¢
ong dan dau gidi han luong dau luu chuyén trong mot hé thong phan phoi
dau. Trong khi chung ta khong xac dinh rd nang luc cua moi nut, chiing ta gia
thiét rang dong di vao ctia mot nut ngang bang véi dong di ra clia nit nay.

Cho mot d6 thi c6 huéng G(N,A) co tai ning toi da trén cic cung la Ujj,
(ij)€A, c6 thé bang +oo. Dong thuc té trén cac cung la Xijs O<XIJ§ uji, (1,j)€A.
Gia su s, va s; 1a hai nat dac biét, goi twong tng 1a nit nguon va nat hut. Tim
dong cuc dai la tim x;; thoa man max ) x; si vé1 1eN. Chinh vi Vay bai toan
dong cuc dai 12 bai toan di tim dong thyc té trén cung sao cho tong dong di
vao nut hut 1a cuc dai.

3.4.3. Thuit toan dong cuc dai
Nhu chiing ta s& trinh bay, thuat toan dong t6i da dwoc gidi thiéu trong phan
nay st dung phuong phép ti€p can chung nhu sau:
= Tim bat ky dudng di nao tir nat ngudn dén nit hat ma c6 tai nang trén dong
theo hudng di cia dong 16n hon 0 cho tat c4 cac cung trén duong di.
= Gia ting dong theo duong di cang nhiéu cang tot.
= Tiép tuc tim cac duong di tir nut ngudn - nut hat, ma c6 tai ning trén dong
theo hudng di cua dong 16n hon 0 cho tat ca cac cung, va gia tang dong theo
cac duong di cang nhiéu cang tot.
= Cham dirt thuat toan khi khong thé tim thém mot duong di tir nat ngudn dén
nat hat co tai nang trén dong 16n hon 0 trén tat ca cac cung theo duong di.
Trude khi trinh bay chi tiét vé thuat toan dong cuc dai, chung ta mo6 ta qui
trinh nham dam bdo rang moi budce theo truc giac s€ dan dén giai phap toi uu
cho bai toan dong cuc dai.
Qui trinh nay st dung lugng dong bod nhiém dé chon tuyén dudng tiy chon
bang cac dong gia theo hudng di nguoc lai. Vi dy, xem cung (3,6 )

O day, ching ta thiy rang tai ning ban dau theo dong theo chiéu 3-6 1a 700
phuong tién/gio, trong khi dong di chuyén theo chiéu 6-3 thi khong duoc.
Néu chung ta chon dong di chuyén 600 phuong tién/gio theo chiéu 3-6 thi
chung ta di€éu chinh tai nang theo dong nhu sau:
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Chu y rang ching ta da giam tai ning trén dong theo hudng di 3-6 bang mot
mirc 600 phuong tién mdi gid va ddong thoi ting tii ning trén dong theo
huéng di 6-3 bang mdt mirc bang nhau. Tai ning trén dong diéu chinh véi
mirc 100 phuong tién mdi gio theo hudng di 3-6 co thé giai thich 1a tai nang
con lai trén dong cta cung. Tuy nhién, chi ¥ rang hudng di 6-3 co tai nang
ban dau theo dong bang 0, bay gio dé co tai nang da diéu chinh theo dong voi
murc 600 phuong tién moi gio. Tai nang da diéu chinh theo dong 6-3 thyc su
chimg minh ring mot dong gia toi da 600 phuong tién mdi gio thi duoc phép
theo hudng di nay. Dong gia nay s€ khong thuc su cho phép cac phuong tién
di chuyén theo hudng 6-3 nhung thyc ra 1a giam lwong dong theo cam két ban
dau di theo hudng 3-6. Qua that, dong gia theo hudng 6-3 s& dan dén viéc
chuyén d6i dong theo cam két ban dau theo hudng 3-6 thanh cic cung khac
trong mang.

Qua trinh theo ddi tai nang trén dong 1a mdt phan quan trong ctia thuit toan
dong cuc dai. Ch:fmg han, trong mot budc di trude cia thudt toan, ching ta
phai ching thira nhin luong dong theo mdt cung nhat dinh. Sau nay, tuy thudc
vao lugng dong xac dinh ¢ cac cung khac, viéc giam luong dong theo mét
cung ban dau co thé s& hop 1y. Qui trinh nay s& xac dinh murc do cho phep
quyét dinh ban dau cua chung ta chip nhan luong dong can thiét phai diéu
chinh nhidm gia ting tong luong dong qua mang.

Céac buéc cia thuat toan dong cuc dai

Buée 1: Tim bat ky mot dudng di tir ntit ngudén dén nat hit co cac tai ning
trén dong theo hudng di 16n hon 0 doi vaéi tat ca cac cung theo dudng di. Néu
khong c6 duong di nao nhu vy, phuong an t6i uvu da dat dugc va chuyén
sang budc 4.

Buée 2: Tim tai nang nho nhat cta cung theo duong di lwa chon ¢ budce 1: Py,
Buée 3: Béi voi duong di lya chon ¢ budce 1, giam tat ca tai nang dong trén

cung theo hudng di bang mot lugng Py va ting tit ca tai ning dong trén cung
theo hudng di nguoc bang mot lugng Pr.

Quay lai buoc 1.

Buéce 4: So sanh tai nang ban dau va cudi cing trén dong cua cung cho tat ca
cac cung trong mang cho phép xac dinh mo hinh dong cudi cung.

Ung dung thuit toin:

Buoc I: Chon duong di 1-4-6-7 vi tai nang céac cung theo hudng di 16n hon
khong. Xem Hinh 3-14.
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Hinh 3-14: Dwong di 1-4-6-7

Bude 2: Tim tai nang nho nhat trén duong di.
Hinh 3-15: Tai ndng nhé nhat Py trén dwong di 1-4-6-7

Buée 3: Piéu chinh dong trén duong 1-4-6-7 theo cach nhu trén Hinh 3-16.
Hinh 3-16: Cach thirc diéu chinh tii ndng trén duong di
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ng?c lap lan I: Quay tr¢ lai budce 1, chon duong di 1-2-5-7 véi tdi nang nho
nhat P=3. Xem Hinh 3-17.

Hinh 3-17: Dwong di 1-2-5-7 v6i P=3

A 4

ng’c lap lan 2: Quay tr¢ lai budce 1, chon duong di 1-3-5-7 véi tdi ndng nho
nhat P=3. Xem Hinh 3-18.

Hinh 3-18: Puwong di 1-3-5-7 véi P=3
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Bu”gic lap lan 3: Quay tr¢ lai budce 1, chon duong di 1-3-6-7 voi tai nang nho
nhat P=2. Xem Hinh 3-19.
Hinh 3-19: Dwong di 1-3-6-7 véi P=2

Buoc lap lan 4 : Quay trd lai bude 1, chon duong di 1-3-6-5-7 véi Pe=1
Hinh 3-20: Pwong di 1-3-6-5-7 voi P=1

Sau budc lap lan 4, két qua nhu trén Hinh 3-21. Nhu vdy, mang khong ton tai
bat ky mot dudng di tir nt 1 dén nat 7 co tai ning trén dong cua cac cung
theo hudng di 16n hon 0. Phuong an tdi uu da dat dugce. Chung ta chuyén sang
budc 4 cua thuat toan.

Buoc 4: Xéac dinh dong tai nang cuoi cung trén tat ca cac cung.
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So sanh tinh trang tai ning trén cac cung & trang thai dau tién (Xem Hinh
3-13) va trang thai cudi cung (Xem Hinh 3-21), dong cuc dai cudi cung trén
tat ca cac cung dugc xac dinh.

Hinh 3-21: T4i nang trén dong ctia cac cung sau bwdc lap thir 4

Dong trén cung cho phuong an dong cuc dai co thé tim dugc bang cach so
sanh tai nang cudi cung trén dong cua cung voi tai nang ban dau trén dong cia
cung. Néu tai nang cudi cung trén dong nho hon tai ning ban dau, dong di
chuyén xay ra trén cung voi mot lugng twong duong voi sy khac biét gitra tai
nang ban dau va tai ning cu01 cung trén dong. Vi dy, xem xét cung 3-6 vai tai
ning ban dau va tai ning cudi cung nhu sau.

Tai nang ban dau

Tai nang cudi cung

O
Boi vi tai nang cudi ciing trén dong ciia cung c6 hudng 3-6 nho hon tai ning

ban dau trén dong, cung ndy c6 mot lugng dong 7-2=5 theo hudng 3-6. Dong
cua cung dugc tom tat nhu sau:
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So sanh tai ning ban dau va cudi cung trén dong ciia mdi cung cho tat ca cac
cung trong mang, chiing ta xac dinh mo hinh dong cudi cting nhu Hinh 3-22.
Két qua cua phan tich dong cuc dai cho thdy hé thong mang dudng cao tdc
theo ké hoach khong dap ung dugc dong 1500 phuong tién véan tai/gio vao
thoi gian cao diém. Cac nha hoach dinh vé giao thong phai mo rong mang
duong cao toc, tang tai nang hién tai trén dong cua cung hay san sang d6i pho
v6i cac van dé Un tic giao thong nghiém trong. Néu mang nay dugc mé rong
hodc diéu chinh, viéc phan tich dong cuc dai s€ xac dinh muc do diéu chinh
cho bét ky dong nao.

Hinh 3-22: M6 hinh dong cwc dai ciia mang hé thng dwong cao toc

Két qua cua phan tich dong cuc dai cho thiy hé thong mang dudng cao tdc
theo ké hoach khong dap ing dugc dong 1500 phuong tién van tai/gio vao
thot gian cao diém. Cac nha hoach dinh vé giao thong phai ‘mod rong mang
duong cao toc, tang tai nang hién tai trén dong ctia cung hay sin sang dbi pho
v6i cac van d& Un tic giao thong nghiém trong. Néu mang niy dugc md rong
hodc diéu chinh, viéc phan tich dong cuc dai s€ xac dinh muc do diéu chinh
cho bat ky dong nao.

Cau hoi on tap

1. Thé nao 1a d thi vo hudng, co hudng? Trinh bay su khac biét cua hai loai
do thi nay.

2. Thé nao 1a duong di, chu trinh? Trinh bay su khac biét giita ching.

3. Thé nao 1a cdy, ciy bao trum? Phan biét giita chung.
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4. Thé nao 1a bai toan duong ngan nhz‘t’t? Néu thuét toan giai bai toan va tim
nhitng g dung cua bai toan dudng ngan nhat trong thuc te.

5. Thé nao 1a bai toan cy bao trum tdi thiéu? Néu thuat toan giai bai toan va
tim nhitng mg dung ctia bai toan cady bao trum to1 thiéu trong thuc té.

6. Thé nao 1a bai toan dong cuc dai? Néu thuat toan giai bai toan va tim nhirng
ung dung cua bai toan dong cuc dai trong thuc té.

7. Bu6c dau tién trong thudt toan cy bao trum tbi thiéu 1a:

a. lra chon nut c6 khoang cach dai nhat giira né véi bat ky nat khac

b. Ira chon nut ¢ khoang cach ngan nhat giita n véi bat ky nat khac

c. Ira chon bét ky cung nao lién thong giira hai nut

d. Iyra chon nat gan nhét véi nat xuét phat

8. Bude dau tién trong thudt toan dong cuc dai la:

a. chon bat ky duong di ¢o tai nang 16n hon khong gitra hai niit

b. chon duong di ¢6 tai ndng cuc dai

c. chon dudng di ¢o tai nang cuc tiéu

d. chon nut bat ky

9. Trong thuat toan nao dudi day, tu tuong chinh 1a di tim tap hop cac cung co
téng khoang cach trén cung nho nhat

a. duong ngan nhat

b. cdy bao trum tdi thiéu

c. dong cuc dai

10. Thuat toan nao dudi ddy lién quan dén viéc tim nat gan nhat véi nat xuat
phat:

a. dong cuc dai

b. dudng ngin nhét

c. ciy bao trum t6i thiéu

Bai tap

3.1. Trong mdt nha may san xuét xa phong, cac giam dinh vién kiém tra chat
luong 1ay mau cac san pham khac nhau tir cac khu vuc san xuit va dem vé
phong thi nghiém dé phan tich. Cac giam dinh vién da mét thoi gian dang ké
dé van chuyén cac mau hang tir khu vuc san xuat vé phong thi nghiém. Cong
ty dang nghién ctru lap dat h¢ théng van chuyén cic miu hang bang dng hut
dé co thé chuyén cho cac mau hang gilta cac khu vuc san xuat va phong thi
nghiém. So d6 mang minh hoa vi tri phong thi nghiém va cac khu vuc san
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nghiémhu so d6 sau. Chiéu dai cac cung tinh bang don vi 100 m. Hiy xac
dinh tong chiéu dai ngan nhat va so d6 hé thong chuyén chd.

3.2. Cong ty xay dung ABC c6 cac du 4n xdy dung nam khap noi trong dia
ban tinh. Mang d6 thi mo ta try s¢ cong ty va cac cong truong xay dung dugc
mo ta nhu so do6 sau. Biét rang con so trén moi cung biéu thi khodng cach tinh
bang km gitra hai nut.

a. Tim dudng ngan nhat tir try s& cong ty dén cac cong trudng xay dung.

b. Néi cac nat lai sao cho tong khoang cach nbi nho nhét.

3.3. Cho mang van tai dugc mo ta nhu trén hinh sau. Tim duong ngén nhét tir
nut 1 dén tirng nut khéac trong mang van tai dugc mo ta.
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4

3.4. Trong bai toan cua cong ty xdy dung ABC, gia thiét nut 7 13 trung tim
kho hang va cung mg cua cong ty. Thong thuong hang ngay c6 cac chuyén
chuyén ché thiét bi, vat tu cung tng dén cac nat khac hay cong truong xay
dung. Sir dung nut 7 1a nut khoi dong, tim duong ngan nhét tir nat nay dén
tung nut khéac trong mang.

3.5. Trong bai toan cong ty xay dung ABC ban dau, chung ta di tim khoang
cach ngin nhat tir van phong (nut 1) dén timg nit khac hay cong trinh xay
dung. Boi vi mot vai tuyén duong 1a duong quoc 19 va cac tuyén dudng khac
chi la duong noi thi nén cac tuyen duong ngan nhét giira vin phong va cong
truong xay dung chua nhat thlet 1a cac tuyén duong di chuyén co thoi gian
nhanh nhit. Do viy, mang tuyén duong di chuyén trong bai nay c6 cac thong
tin vé thoi gian di chuyén (tinh bang phiit) nhu so d6 sau. Tim tuyén duong tir
van phong cong ty ABC dén timg cong truong xdy dung néu muyc tiéu 1a cuc
tiéu thoi gian di chuyén.
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3.7. Xay dung giai phap cay bao trum t6i thiéu cho hé théng thong tin canh
bao theo so d6 mang nhu sau (khodng cach gitra cac nut tinh bang km).
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3.8. Mot nha may dang khdo sat lép dat mot hé théng mang noi bg, lién két
cac phong ban diéu hanh va cac phan xudng san xuat. So do mang duoc dung
dé minh hoa hé théng mang nay, khoang cach giita cac nut duge tinh bang
100 m. Hay dé xuat phuong an thiét ké mang dé cuc tiéu tong chiéu dai lién
thong gitra 8 nut.

3.9. Ong A, chi mdt néng trai chin nudi bo sira gan khu vuc Moc Chau, 1ap
ké hoach lép dat mot hé théng cung cép nude hoan chinh lién két tat ca cac
khu chudng trai. Vi tri cta cac chudng trai va khoang cach giira chung duoc
bd tri theo so @6 mang (hinh dudi). Ong A phai xac dinh cach thirc 1ap dat voi
khoang cach ngin nhat d& cung cip nudc cho cac khu chudng trai. Anh (chi)
dé xuat giai phap gi ?

3.10. Mot cong ty dién thoai duong dai st dung mot mang cap ngam cic
duong day vién thong dé cung cp dich vu vién thong chat lugng cao giira hai
thanh phé chinh (ntt 1 va nat 7). Cac cudc goi duoc thyc hién thong qua hang
loat cac duong day cap va cac nut lién két theo so do mang dudi ddy. Cac con
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s6 trén moi cung cho biét sb luong cudc dién thoai cé thé xut hién déng thoi
tai bat ky thoi diém nao. S6 luong cudc goi dién thoai cuc dai c6 thé thuc hién
dong thoi giita hai thanh phé 1a bao nhiéu ? Khi hé thong van hanh & mirc luu
luong cuc dai, hay cho biét cac nut lién két va dudng day cap dang st dung.

3.11. Hé théng duong cao téc Bic Nam qua Albany, New York co thé dap
tng luu luong vén tai dugc minh hoa chi tiét theo so do mang nhu sau. Cac
con sd tai cac cung nhat dinh cho biét sb luong xe 6t6 tdi da (tinh theo don vi
1000 xe/gio). Lidu hé thong giao thong nay c6 thé dap Gmg luu lugng van tai
Bac-Nam 10000 xe/gio

3.12. M6t nha may san xuét hoa chat c6 mot mang duong 6ng dung dé chuyén
ché hod chat thanh pham dang long tir mot dia diém cua nha may dén mot dia
diém khac. Mang duong dng cho biét tai nang trén dong cua duong 6 ong tinh
theo don vi gallon/phut. Tai nang cyuc dai cua hé thong la bao nhiéu néu nha
may mudn van chuyén cang nhiéu cang tot hoa chét 1ong tir dia diém 1 dén
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dia diémﬁ9 ? C6 bao nhi€u hoa chit 1ong s& dugc chuyén chd trong doan dng
tir dia diém 3 dén dia diém 5 ?

3.13. Thanh phé Pa Ning dang xem xét hinh thanh mot vai tuyén duong mot
chiéu. Hay cho biét s0 luong 6t6 cuc dai moi gio c6 theé di chuyén tir phia
dong sang tdy. Mang ludi cac tuyén duong mdt chiéu dugc minh hoa trong
hinh sau:

3.14. Nho vao viéce diéu chinh khoan tién thué chuyén quyén sir dung dat va
ké hoach phat trién giao thong, Thanh phd Da Ning co thé ning cao tai ning
(s6 luong 6t6 cuc dai/gid) cho 2 tuyén duong nhu so dd cua bai 3.13. Tai
nang theo duong di tirnat 1 - niit 4 ting tir 2 dén 5. Va tai nang tir nat 1- nat 4
tang tir 1 dén 3. Su thay d6i ndy gay anh hudng nhu thé nao dén sb luong 6to
cuc dai/gior c6 thé di chuyén tir Pong sang Tay.
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