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LOI CAM DOAN

T6i xin cam doan ludn vin ndy la két qua nghién ciru ciia riéng t6i. Céc
théng tin trich dan trong ludn van ldy tir cdc nguon da dwoc cong khai hodc
da dwoc sy dong y cia tdc gid. Cdc két qud néu trong ludn vin la két qua
nghién ciru riéng ciia tdc gid ludn van, chua cé ai céng bé trong cdc cong

trinh khac.
Thai Nguyén, ngay 10 thang 4 nam 2015

Hoc vién

Nghiém Quang Khai
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LOI CAM ON
Duoc sw phan cong cua truong Dai Hoc Cong Nghé Thong Tin Va
Truyén Théng - Pai Hoc Thdi Nguyén va sy dong y ciia thdy gido hidng dan
PGS - TS Poan Van Ban, t6i di thuc hién dé tai “Thudt todn Dijkstra

Fibonacci heap, thudt todn ACO tim dwong di téi wu va iing dung ",

Pé hoan thanh dwgc dé tdi nay, toi da nhan dwoc sy huong dan tn
tinh chu ddo cia thay hwéng din PGS — TS Podn Vin Ban, qua ddy cho
phép t6i dwoc bay 16 Iong biét on chén thanh téi Thay va gia dinh Thay.

T6i ciing xin dwoc t6 long cam on doi véi cdc thdy cdc c6 da tan tinh
hwéng dan, giang day 16p cao hoc 12G trong suét hai nam qua, cdm on
nhitng tri thitc cdc thdy cé da truyén thu, cam on nhitng tinh cam chén thanh
cdc thay c¢é da danh cho I6p.

Xin chdn thanh cam on nhitng ¥ kién déng gép quy bau cia cdc thay cé
gido va cdc ban dong nghiép doi véi dé tai nay.

Chdc chdn dé tai nay sé khong tranh khoi nhitng thiéu sot, rdt mong
nhdn dwoc cdc y kién déng gbp ciia cdc thdy ¢é, cdc ban dong nghiép va cdc
ban doc gia, toi xin chdan thanh cam on.

Théai Nguyén, ngay 10 thang 4 nam 2015

Hoc vién

Nghiem Quang Khai

S6 héa béi Trung tam Hoc liéu — DHTN  http://www.ltc.tnu.edu.vn



MUC LUC
LOT CAM DOAN L..iiiiiiiiieisisesis bbb i
LOT CAM ON ..ottt iii
MO DAU ..ottt 1
CHUONG 1 oottt sttt sttt ettt a ettt st ne b n et rene s 4
CAC THUAT TOAN TiM PUGNG DI TOI UU TREN DO THI....coovveveeernnn. 4
1.1. Cac khdi niém co ban cua ly ERUYEE A0 thi v.evevveeeeseeeeeeeerseeeree e 4
1.1.1. Dinh nghia d0 thi .....ccccooiiiiiii e 4
1.1.2. Cac thu@t nglt O bAN ......cvvvvri 5
1.1.3. Dudng di, chu trinh, d0 thi lién thONg .........coovviiiiiis 6
1.1.4. DO thl CO trONEZ SO .eeeivvieiiiieeiiie ettt 7
I O - | TP PO PPORPRS 8
1.3. Bai todn dwong di 101 tu trén @6 thi ............ooceeeovreeeeseeeeeceeeeeseeee e, 8
1.4. Thugt t0GR DIKSTG.......cooo 10
1.4.1. Phat DIi€U DA1 tOAN......ueiiiiiiiieiiieciie et 10
1.4.2. M0 t4 thUAt tOAN ....eeiiiiiiiie e e 10
1.5. Thudt todn Dijkstra két hop voi Fibonacci heap..............cooeeevevcveeevreenenenn. 11
1.5.1. HANG QT WU HIEN .ot 11
1.5.2. Fibonacci heap.................. S s s 14
1.5.3. So d6 thuat toan Dijkstra két hop vdi Fibonacci Heap........ocoevvveinennnee. 30
1.6. K&t UGN CRIOTG ... 32
CHUGONG 2 ..ottt ettt st sttt et et e e essenaebeebesbeebesaesre e 33
THUAT TOAN DAN KIEN GIAI BAI TOAN TiM PUOGNG PI TOI UU. .......... 33
2.1. Tir kién tue nRién dén kien AGR 1O .......cceevereeevvvviossssssssessssssisssssseen 33
2. 1.1, KI€N t NNICN ..o e e 33
2.1.2. KIEN NNAN T80 1.ttt ettt ettt ettt s ettt e e et es e, 36
2.2. Thudt todn ACO tong qudt giai bai todn nguoi chao hang.......................... 37
2.2.2. Thuat toan ACO tong quat gidi bai toan TSP ..........cccoovviiiiiiiiicie, 38
2.3. Cac thudt toan ACO gidi bai todn TSP ...........ccccocoeiiiiiiiiiiiiiiiieice e 39
2.3.1. ThUAt tOAN AS ..ot 40
2.3.2. Thuat todn ACS ..o 42
2.3.3. Thuat toan Max-Min (MMAS) ........cccoiiiiiiie e 44
2.4. Mot s6 vin dé trong viéc dp dung ACO tim dwong di t6i U ... 46

S6 héa béi Trung tam Hoc liéu — DHTN  http://www.ltc.tnu.edu.vn



2.4.1. ACO két hop v6i tim Kim cuc B ..c..veiveeeeeeeeeeeeeeeeee e, 46
2.4.2. ThONG tin hBUFISEIC ... 47
2.4.3.S0 luqng KICI . ———————— a7
2.4.4. Tham 80 bay hol ..o, 48
2.4.5. MOt SO d€ XUAL CAL tICN..eeiiieeiiiiiiirriieeeeee e s eiiirrrre e e e e e e s s s sabr b e e e e e e e e s e s enaaareees 48

2.5, K&t TUGR CHIPONG ..o eres s 49
CHUONG 3 ..ottt ettt ettt baete et e et st eebe st et e st et et essensebeebesbeebesresrenes 50

UNG DUNG THUAT TOAN DIJKSTRA FIBONACCI HEAP, THUAT TOAN
ACO GIAI CAC BAI TOAN TiM DUONG PI TREN MANG GIAO THONG....50

3.1. Ung dung Dijkstra FiDONACCE REAP ............co.ovovveeveresrersiiesseersieresssenssinas 50
13.1.1. PhGE Diét BT TOGN T .o 50
3.1.2. MO hinh N0& DAT tOAN ......c.eoviiiiciiie e 50
3.1.3. MO ta Input, OUEPUL ..o, 50
3.1.4. Mot s6 ki€u dir li€u va cac bien trong chuong trinh...........coccceiinnn, ol
3.1.5. Mot s6 ham va thu tuc trong chuong trinh ... 52
3.1.6.S0 do t,huat 110 71 o S ERUR PSSR 55
3.1.7. Cac két qua thuc nghiém gidi bai todn 1........ccccoeviiiiiiiiiiii e 56

3.2. Ung dung Dijkstra Fibonacci heap, ACO giai bai todn TSP mo rgng.......... 58
3.2.1. Phat bi€u baAi tOAN 2....ccuviiiiiiiiiiiie e 58
3.2.2. MO hinh hO& DAT TOAN ..o 58
3.2.3. M6 t& InPUt, OULPUL ..o 58
3.2.4. Thuat toan tong quat giai bai toan 2 ..o, 59
3.2.5. Mot s6 ham va thu tyc trong chuong trinh ..., 59
3.2.6. So do tong quat cua thuat toan giai bai toan 2., 62
3.2.7. Cac két qua thuc nghiém gidi bai todn 2.........ccceeviiiiiiiiiiiiiicec e 63

3.3, KBt TGN CRUONG ...t 65
KET LUAN c.ccooeoe ettt ettt ettt ettt s et e et e e et et e ee et et s et eeeseeeneeeans 67
TAT LIEU THAM KHAO ..ottt sttt en e eneneeeans 69

S6 héa béi Trung tam Hoc liéu — DHTN  http://www.ltc.tnu.edu.vn



MO DAU
Thuat toan tim dudng di tdi wu c6 nhiéu ing dung trong thuc té, néu
xady dung dugc cac thuat toan tdt & giap tiét kiém dugc rat nhiéu tién bac,
thoi gian, cong strc clia con ngudi. Mot sd bai toan thuc té dién hinh can phai

st dung thudt toan tim dudng di tdi vu nhu:

- Tim duong di tir dia diém A dén dia diém B sao cho d6 dai dudng di

la t61 uwu hodc nhanh nhat hoac gia cudc 1a nho nhat.

- Tim duong di ngan nhat xuat tr mot di€ém cho trude, di qua mot so

dia di€m c6 dinh cho trudce ro1 quay trg vé diém xuat phat.

- Tuong tu ta cling c6 bai toan tim duong di cho goi tin dugc gui tir ntt
A dén nit B trén mang mdy tinh sao cho gia cudc 1a nhé nhat hodc nhanh

nhét...

- Tim duong di toi uu cho robot, cho tén lra hanh trinh, may bay, phi

thuyén v.v cling 13 nhitng bai toan dang duoc quan tim.

D3 c6 nhiéu cong trinh nghién ctru vé linh vyc nay va co nhiéu thuit
toan ndi tiéng dd duoc phat minh nhu: Thuat toan Bellman — Ford, thudt toan

Dijkstra, thuat toan Floyd, thuat toan Johnson...

Tuy nhién viéc nghién ciru cai tién nang cao hiéu qua ciia cac thuat toan
tim duong di t6i wu luén nhan duoc su quan tdm cua nhiéu nguoi, nhiéu t6
chure, co quan. Vi ly do ndéi trén va dugce su goi y cia PGS — TS Poan Van
Ban, tac gia da chon dé tai nay dé nghién ctru trong luan van t6t nghiép thac si

cuia minh.
e Pham vi nghién ciru cia dé tai

Céc khai ni€ém co ban vé do6 thi, cac thudt toan tim duong di toi uu trén
do thi, cau truc dir liéu Fibonacci heap, ing dung cau trac dir li¢u nay vao
viéc cdi tién nang cao hi€u qua cua thuat toan tim duong di to1 uwu trén do thi.
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Ung dung céc thuat toan tim duong di t6i wu trén dd thi da nghién ctru dé giai

quyét mot sb bai toan tim dudng di toi wu trong mang giao thong.
e Huwéng nghién ctru cia dé tai

- Nghién ctru thuat toan Dijkstra tim dudng di toi wu trén d6 thi, nghién
ctru vé Fibonacci heap va tmg dung cau trac dit liéu nay dé cai tién thuat toan

Dijkstra.

- Nghién ctru vé thuat toan tdi vu dan kién, ung dung thuit toan nay dé
giai quyét bai toan tim duong di toi wu trén db thi.

- Ung dung hai thuat toan trén giai quyét mot sd bai toan tim duong di

t6i wu trén mang giao thong.
o Pé tai gobm c6 3 chwong:

Chwong 1: Trinh bay mot s6 khai niém co ban vé d6 thi, mot sé dang
bai toan tim duong di tdi wu trén do thi, phan chii yéu ctia chuong nay 14 trinh
bay vé Fibonacci heap va dung cdu trac dit liéu nay dé cai tién nang cao hiéu
qua thuat toan Dijkstra.

Chuwong 2: Trinh bay vé thuét toan tdi wu dan kién va thuat toan ACO
giai bai toan tim duong di t6i uu. Thuat toan dan kién 12 mot thuat toan tuong
d6i méi va kha ning tng dung thyc té cao.

Chuwong 3: Ung dung thuat toan Dijkstra di cai tién va thuat toan dan
kién vao viéc giai mot sd bai toan tim duong di t6i wu trén mang giao thong.

e Y nghia khoa hoc ciia dé tai:

- Thuat toan Dijkstra Fibonacci heap la thuat todn manh, no6 cé thé duoc
tmg dung dé giai quyét cac bai toan ca trong nghién ciu 1y thuyét va trong
thue tién. Hién tai thuat toan nay chua phé) bién & Viét Nam, vi thé deé tai nay

c6 thé s& ¢ ich cho nhitng ngudi quan tdm dén linh vuc nay. Pé tai ciing c6
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thé giup cho cac em hoc sinh Chuyén Tin c6 thém mdt cong cu manh dé giai
quyét mot s6 bai toan c6 lién quan trong lap trinh.

- Thuat toan ACO 13 thuit toan gan dang, tuy nhién né rat hidu qua
trong viéc giai quyét cac bai toan thuc tién . Dé tai di Gmg dung thanh cong
hai thuat toan noi trén vao viéc giai quyét mot s bai toan ma thuc tién dang

dat ra.
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CHUONG 1
CAC THUAT TOAN TiM PUONG PI TOI UU TREN PO THI
1.1. Cac khai niém co bén ciia 1y thuyét do thi
1.1.1. Pinh nghia do thi

Do thi 1a mot cau tric roi rac bao gém cac dinh va cac canh ndi cac
dinh nay. Ching ta phan biét cac loai do thi khac nhau badi kiéu va s lugng
canh ndi hai dinh nao d¢6 ctia do thi.

Pinh nghia 1.1. Don do thi vé huémg G = (V,E) bao gom V la tdp cdc
dinh, va E 1a tdp cdc cdp khong cé thir tw gom hai phan tir khdc nhau ciia V
goi la cac canh [3].

Pinh nghia 1.2. Da do thi vé huong G = (V,E) bao gom V la tip cdc
dinh, va E la ho cdc cdp khéng cé thir tir gom hai phan tir khéc nhau cia V
goi la cac canh. Hai canh ejva e, duoc goi la canh lap néu chung cung
twong g voi mot cap dinh [3].

Pinh nghia 1.3. Don do thi cé huéng G = (V,E) bao gom V la tdp cdc
dinh, va E la tdp cdc cdp cé thir t gom hai phan tir khdc nhau cia V goi la
cac cung [3].

Pinh nghia 1.4. Da do thi cé huwéng G = (V,E) bao gom V la tdp céc
dinh, va E la ho cac cap co thir ty gém hai phdn tr khac nhau cua V goi la
cac cung. Hai cung e1 va e; dwoc goi la cung ldp néu chiing cing twong vmg

voi mot cap dinh [3].
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Hinh 1.1. Hai logi dé thi co ban:

a) Do thi vé huéng (6 dinh, 9 canh). b) P6 thi cé hiedng (5 dinh, 7 cung).
1.1.2. C4c thuat ngir co ban

Pinh nghia 1.5. Hai dinh u va v cua do thi vo hwong G duoc goi la ké
nhau néu (u,v) la canh cia do thi G. Néu e = (u,v) la canh cia do thi thi
chung ta noi canh nay la lién thudc voi hai dinh u va v, hogc ciing noi la canh
e la noi dinh u va dinh v, dong thoi cdc dinh u va v sé dwoc goi la cdc dinh
dau ciia canh (u,v) [3].

Pé co thé biét dugc bao nhiéu canh lién thudc véi mot dinh, ching ta
dua vao dinh nghia sau:

Pinh nghia 1.6. Goi bdc cua dinh v trong do thi vé hwong la s6 canh
lién thuoc voi no va sé ki hiéu la deg(v).

Pinh Iy 1.1. Gid sir G = (V, E) la do6 thi vé hwéng véi m canh. Khi do
2m = deg(v) [3),

veV

Hé qua 1.1. Trong do thi vé hudng, so dinh bdc 1é (nghia la c6 bdc la

s6 16) la mét sé chan [3].

Pinh nghia 1.7. Néu e = (u,v) la cung ciia do thi cé huéng G thi ching

ta noi hai dinh u va v la ké nhau, va noi cung (u,v) noi dinh u va dinh v hodc
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