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5.1. Bai toan duong di ngan nhat

*Cho don d6 thi ¢6 hudéng G = (V,E) véi ham trong so
w: E — R (w(e) duoc go1 1a d0 dai hay trong s cua
canh e)

\/ A N\ ° 2 \ . \ /(
**Podaicuaduongdi P=v,—v,— ... > v, 1asd
k-1
w(P) =), w(v,,v,,,)
i=l

*Puong di ngan nhat tir dinh u dén dinh v 1a duong di 6
do dai ngan nhat trong so6 cac duong di no1 u vo1 .

Do dai cua duong di ngan nhat tir  dén v con dugc goi
la khoang cach tur u t61 v va ky hi€u 1a o(u, v).
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Vidu

Cho d6 thi c6 trong s6 G = (V, E), va dinh nguén s€V, hay tim
duong di ngan nhat tir s d€n mo1 dinh con lai.

dinh nguon ¢
3
S a b C d e f
weight 0 3 4 6 6 6 9

path s sa sab sabc sad sabe sabef
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Cac tng dung thuc té

*Giao thong (Transportation)

« Truyen tin trén mang (Network routmg) (cAn hudng
cac g01 tin dén dich trén mang theo duong nao?)

** Truyén thong (Telecommunications)

J o o
*o* Speech Interpretation (best interpretation of a spoken
sentence)

**Diéu khién robot (Robot path planning)
** Medical imaging
** Giai cac bai toan phuc tap hon trén mang

\/
’.’ L

Nguyén Dirc Nghia To4n roi rac, Fall 2005 Bai toan duong di ngan nhat 5



Cac dang bai toan DPDNN

1. Bai toan mt nguon mét dich: Cho hai dinh s
va t, can tim duong d1 ngan nhat tir s dén «.

2. Bai toan modt nguon nhiéu dich: Cho s la
dinh nguon, can tim duong di ngan nhat tu s
dén tat ca cac dinh con lai.

3. Bai toan moi cip: Tim duong di ngan nhat
gitra mo1 cap dinh cua do thu.

* Puong di ngan nhat theo so canh - BES.
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Nhan xet

**Céc bai toan duoc xép theo tht tu tir don gian
dén phtrc tap

“*Hé c6 thuat toan hiéu qua dé giai mot trong ba
bai toan thi thuat toan do cting co thé st dung
de giai hai bai toan con lai
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Gia thiét co ban

“*Néu do thi c6 chu trinh &m thi d6 dai duong di giita hai
dinh nao do6 c6 thé lam nho tuy v:

-18
@ Xét duong di tir a dén e:
3 5 P.a— old— b—c—d)—e
2 5 w(P)="7-100— -00, khi 0=+
d ~(e)

Gia thiét:
D06 thi khong chira chu trinh d6 dai am (go1 tat
1a chu trinh am)
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14
A A

1rong so a

Do dai cua duong di ngan nhat co thé 1a oo hoac — .

SE Shu trinh Am khong dat toi dugce tu s
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Céc tinh chat cia DPDNN

® Tinh chat 1. Duong di ngan nhat luén cé thé tim trong
so cac dwong di don.
* CM: Bo1 vi viée loal bo chu trinh d§ dai khong am khoi
duong di khong lam tang do dai cua no.

O

w(C) >0
* Tinh chat 2. Moi dwong di ngan nhat trong do thi G
déu di qua khong qua n-1 canh, trong do n la so dinh.
 Nhu la hé qua ciia tinh chat 1
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Céc tinh chat cia DPDNN

Tinh chat3: Giasu P= v, v,, ..., vp laddnn tu v, dén v,. Khi

do, P, = w, vy, ..., v laddnn trv,dénv,vo1 1 <i <j <k

(Bang 10i: Moi doan duong con ciia duong di ngan nhat déu 1a
duong di ngan nhat)

CM. Phan chiing. Néu P, khong la ddnn tur v, dén v, thi tim dugc
P’ la duong di tu v, dén v, thoa man w(P’;) < w(P,). Khi do go1 P
la duong di thu dugc tu P bo1 vige thay doan P, bot P’

w(P’) <w(P) ?!
l P, I
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Céc tinh chat cia DPDNN

Ky hiéu: 8(u, v) = do dai ddnn tir u dén v (goi 1a
khoang cach tir u dén v)

Hé qua: Gia su P 1a ddnn tir s t6i v, trong @6 P= s — — u —v.

Khi d6 o(s, v) =0o(s, u) +w(u, v).

Tinh chat 4: Gia st s € V. Ddi v4i mdi canh (u,v) € E, ta co
o(s, v) < o(s, u) +w(u,v).
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Bi€u dién duong di ngan nhat

Cac thuat toan tim duong d1 ngan nhat lam viéc vd1 hat mang:

+ d(v) = d6 dai duong di tir s dén v ngén nhat hién biét
(can trén cho do dai duong di ngan nhat thuc su).

<+ p(v)  dinh di trude v trong duong di noi trén
(s& st dung dé truy ngugc duong di tir s dén v) .

Khoi tao (Initialization)

for v € V(Q)
do d[v] « «©
plv] < NIL
d[s] < 0
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Giam can trén (Relaxation)

Str dung canh (u, v) dé kiém tra xem duong di dén v da tim dugc
coO thé lam ngan hon nh¢ di qua u hay khong.

Relax(u, v) @
if d[v] > d[u] + w(u, v) /\/ &= p(v)

then d[v] < d[u] + w(u, v)
plvl—u d[v] > d[u] + w(u, v)

Cac thuat toan tim ddnn khac nhau ¢
sO lan dung cac canh va trinh ty duyét & p(v)

chiing dé thuc hién giam can \
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Nhan xét chung

* Viéc cai dat cac thuat toan dgc thé hién nho thi tuc
gan nhan:
* Moi dinh v s€ ¢6 nhan gom 2 thanh phan (d[v], p[v]). Nhan sé&
bién doi trong qud trinh thyc hién thuat todn

**Nhan thdy rang dé tinh khoang cach tir s dén 7, & day, ta
phai tinh khoang cach tir s dén tat ca cic dinh con lai
cua do thi.

“*Hién nay van cha biét thuat toan nao cho phép tim ddnn
nhat glu’a hai dinh lam viéc thuc su hiéu qua hon nhu’ng
thuat todn tim ddnn tir mot dinh dén tat ca cic dinh con
lai.
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Thuat toan Ford-Bellman

il

Richard Bellman
1920-1984

Lester R. Ford, Jr.
1927~
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Thuat toan Ford-Bellman

*“*Thuat todn Ford - Bellman tim dong di ngin nhit tir
dinh s dén tat ca cac dinh con lai cua do thi.
“* Thuat to4n 1am viéc trong trong hop trong s6 clia cic
cung la tuy y.
“* Gia thiét rang trong do thi khong c¢6 chu trinh am.
““*Pau vao: DO thi G=(V,E) véi n dinh xdc dinh béi ma
tran trong sé wlu,v], u,y € V, dinh nguons € V,
“Paura: VéimoiveV
* d[v]=0(s, v);
* plv] - dinh di troc v trong ddnn tur s dén v.
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MO ta thuat toan

procedure Ford Bellman;
begin
for ve€V do begin (* Khoitao *)
d[v] :=wl[s,v] ; p[V]:=s;
end;
d[s]:=0; p[s]:=s;
for k:=1 to n-2 do (*n=IVI *)
for ve V\{s} do
for ue Vdo
if d[v] > d[u] + w[u,v] then
begin d[v] :=d[u] + w[u,Vv] ;
plvl :==u;
end;
end;
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Nhan xet

“*Tinh ding dan cta thuat todn c6 thé chiing minh
trén co sO nguyén 1y to1 u cua quy hoach dong.

“*Po phiic tap tinh todn cua thuat toan 1a O(n3).

“*C6 thé cham dit vong lap theo k khi phat hién
trong qua trinh thuc hién hai vong lap trong
khong c6 bién d[v] nao bi doi gid tri. Viéc nay
c6 thé xay ra doi v6i k < n-2, va diéu d6 lam
tang hiéu qua cua thuat toan trong viéc giai cac
bai toan thuc té.
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Vi du

Source: s

Trinh tu duyét canh dé gidm can: (¢, x), (¢, ¥), (¢, 2), (x, 1), (, ), (3, 2),
(z, x), (z, 5), (s, 1), (5, )
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Relax (¢, x), (¢, ), (¢, 2), (x, ?).
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Lan 2 (tiép)

Relax (v, x), (v, 2), (2, x), (2, 5), (2, 5), (s, 1), (S, V).
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plz] = t (khong doi)
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Nhan xet

“*Poi v6i d6 thi tha tot hon 1 st dung danh sach ké Ke-
(v), v € V, dé biéu dién do6 thi, khi d6 vong lap theo u
can viét lai dGi dang

for u € Ke-(v) do
it d[v]>d[u] + w[u,v] then
begin
d[v] :=d[u] + w[u,V] ;
plv]:==u;
end;
** Thuat toan cé do phiic tap O(n.m).
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Thuat toan Dyjkstra

‘0’ N A A s, N A

** Trong trong hgp trong s6 trén cac cung la khong
am, thuat toan do Dijkstra dé nghi hitu hiéu hon
rat nhiéu so vdi thuat toan Ford-Bellman.

* Thuat toan doc xay dung dua trén thi tuc gan
nhan. Thoat ti€n nhan cua cac dinh la tam thoi.  Edsger W.Dijkstra
O mbi mot béc lap ¢c6 mot nhan tam thoi tro (1930-2002)
thanh nhan c6 dinh. Néu nhan cua moét dinh u
tro thanh co dinh thi d[u] s€ cho ta do6 dai cua
ddnn tir dinh s dén u. Thuat toan két thuc khi
nhin cua tat ca cac dinh tré thanh c¢6 dinh.
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Thuat toan Dyjkstra

* Pdu vao: DO thi cé hong G=(V,E) véi n dinh,
s € V la dinh xudt phadt,
wlu,v], u,y € V - ma trdn trong so;
** Gid thiét: wlu,v]= 0, u,veYV.
“* Daura: Véimoiv eV
* d[v]=0(s, v);
* plv] - dinh di troc v trong ddnn tir s dén v.
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Thuat toan Dyjkstra

procedure Dijkstra; Tap S: Chi can cho chimg minh dinh 1y

begin
for veV do begin (* Khoitao *)
d[v] := w[s,v] ; plv]:=s;

end;
d[s] :=0; S:={s}; (* S — tap dinh c6 nhan co dinh *)
T:=V\{s}; (* T latap cac dinh c6 nhan tam thoi  *)
while T # © do (*  Boclap *)

begin
Tim dinh u € T thoa man d[u] =min{ d[z]: z € T};
T:= T\{u}; S:==S U {u}; (* C06 dinh nhan cta dinh u *)
for veT do (* Gan nhan lai cho cac dinh trong T *)
if d[v] >d[u] + w[u,v] then begin
d[v] :=d[u] + w[u,v] ; p[v] :i=u;
end;
end;
end;
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Thuat toan Dyjkstra

* Chu y: Néu chi can tim dong di ngan nhat tir s
dén ¢ thi c¢6 thé chadm dut thuat toan khi dinh t
tro thanh c6 nhan co6 dinh.

“*Dinh Iy 1. Thudt todn Dijkstra tim doc dong di
ngan nhdt tir dinh s dén tdt cd cdc dinh con lai
trén do thi sau thoi gian O(n2).

“* CM: R& rang tho1 gian tinh 1a O(n2)
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Ching minh tinh dung dan cua Thuat toan Dijkstra
“Ta sé CMveimoive S, d(v) =9, v). p*

* Qui nap theo |S].
* Co s® qui nap: V&i |S| =1, rd rang la dung.

* Chuyén qui nap:
* gid st thuat toan Dijkstra bd sung v vao S
* d(v) 1a 6 dai ciia mot dwong di tlr s dén v
* néu d(v) khéng 1a do dai ddnn ttr s dén v, thi goi P* 1a ddnn tlr s dén v

* P* phai str dung canh ra khéi S, chang han (x, y)
* khi d6 d(v) > §(s,v) gia thiét
= §(s, x) + w(x, y) + 8(y, v)tinh chat 3
> 0(s, X) +w(x,y) 0(y, v) la khdng am

= d(x) + w(X, y) gia thiét quy nap

> d(y) theo thuat toan

vi thé thuat toan Dijkstra phai chon y thay vi chon v ?!
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Vidu

Tim duong di ngan
nhat tor dinh 1 dén tat
ca cac dinh con lai

Pinh1 | BPinh2 | Pinh3 | Pinh4 | BPinh5 | Pinh 6

Kheéi | [0, 1] [1, 1] | [oo, 1] [0, 1] [o0, 1] [0, 1]
tao

1 - - [6, 2] [3, 2]* | [oo, 1] 8, 2]

2 - - [4, 4]* - 7, 4] 8, 2]

3 - - - - 6, 3] 5, 3]*

4 - - - - 6, 3]* -

5 - - - - - -
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Cay duong di ngan nhat

“*Tap canh {(p(v), v): v€V'\ {s} } tao thanh cay
cO goc ta1 dinh nguon s dugc go1 la cay ddnn
xuat phat tu dinh s.

7
* Ciac canh mau do 4
tao thanh cay ddnn 11(2) 2 (3 L 6) 5
xuat phat tir dinh 1
2

A s AL LA 1
* SO mau do viét bén 1 10
canh moi dinh 13 do ) 3 X
dai duong di ngan 2 & — 4\@ 6
nhat tr 1 dén no. 3
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Pudng di trong dd thi khong cé chu trinh

“* Mot trong hop riéng ctia bai todn dong di ngin nhit
giai doc nho thuat toan véi do phiic tap tinh toan O(n2),
d6 1a bai toan trén do thi khong c6 chu trinh (con trong
s trén cdc cung c6 thé 12 cdc so thuc tuy y). Két qua
sau day 1a co s dé xay dung thuat todn néi trén:

“*Pinh 1y 2. Gid sit G la do thi khong cé chu trinh. Khi
do cdc dinh cua né cé thé danh sé sao cho moi cung
cua do thi chi hong tir dinh cé chi s6 nho hon dén dinh
c6 chi s6'lon hon, nghia la moéi cung ciia né co thé biéu
dién doi dang (V[i], v[j]), trong dé i <.
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Thuat toan danh s6 dinh

“* Tréc hét nhan thdy rang: Trong do thi khong cé chu trinh bao
210 cing tim doc dinh ¢6 bdn bdc vao bang 0. Thuc vay, bat dau
tir dinh v, néu c¢6 cung di vao né tr v, thi ta lai chuyén sang xét
dinh v,. Néu ¢6 cung tir v5 di vao v,, thi ta lai chuyén sang xét
V3, ... Do d0 thi 1a khong ¢6 chu trinh nén sau mot s6 hitu han 1an
chuyén nh vay ta phai di dén dinh khong ¢6 cung di vao.

** Thuat toan doc xay dung dua trén y tong rat don gian sau: Thoat
tién, tim cac dinh c¢6 ban bac vao bang 0. RO rang ta c¢6 thé danh
sO ching theo mot thd tu tuy y bat dau tir 1. Tiép theo, loai bd
khoi do6 thi nhitng dinh da doc danh s6 cung cac cung di ra khoi
ching, ta thu doc do6 thi méi cling khong ¢6 chu trinh, va tha tuc
doc lap lai v6i d6 thi méi nay. Qua trinh d6 sé doc tiép tuc cho
dén khi tat ca cac dinh cta do thi doc danh so.
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Thuat toan danh s6 dinh

* Pau vao: Do thi cé hong G=(V,E) vdi n dinh
khong chita chu trinh doc cho boi danh sdach ké
Ke(v),velV.

“ Pau ra: Vi méi dinh v € V chi s6 NR [v]
thoa man: Voi moi cung (u, v) cua do thi ta
déu c6 NR[u] < NR|[v].
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Thuat toan danh s6 dinh

procedure Numbering;

begin
for ve V do Vao|v] = 0;
for ue V do (* Tinh Vao[v] = ban bac vao clia v *)
for ve Ke(u) do Vao|v] :=Vaol[v] + 1 ;
QUEUE = o ;

for ve V do
if Vao[v] =0 then QUEUE < v;

num := 0;
while QUEUE # @ do
begin

u < QUEUE ; num:=num+1; NR[u]:=num;
for ve Ke(u) do begin
Vao|v] := Vao|v] - 1;
if Vao[v] =0 then QUEUE < v;
end;
end;
end;
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Thuat toan danh s6 dinh

*“*R& rang trong bée khoi tao ta phai duyét qua tat ca cac
cung cua do thi khi tinh ban bac vao cta cac dinh, vi
vay 0 do6 ta ton ¢ O(m) phép toan, trong do6 m la so
cung cua do thi. Tiép theo, modi lan danh s6 mot dinh,
dé thuc hién viéc loai bo dinh da ddnh s6 cung véi cdc
cung di ra khoi nd, ching ta lai duyét qua tat ca cac
cung nay. Suy ra dé danh so tat ca cic dinh cta do thi
ching ta s€ phai duyét qua tat ca cac cung cua do thi
mot 1an nira.

“* Vay do phiic tap clia thuat toan 13 O(m).
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Thuét toan tim ddnn trén do thi khong c6 chu trinh

“* Do c6 thuat toan danh s6 trén, nén khi xét d6 thi khong c6 chu
trinh ta co thé gia thiét 1a cac dinh cia né doc danh s6 sao cho
moi cung chi di tir dinh c6 chi s6 nho dén dinh ¢6 chi s6 16n hon.

* Thudt todn tim dong di ngdn nhdt tir dinh nguon v[1] dén tdt
cd cdc dinh con lai tréndo thi khong co6 chu trinh

“ Pau vao: Do thi G=(V, E), trong dé V={ v[1],v[2], ..., v[n] }.
Doi voi moi cung (v[i], v[j]) € E, ta cé i <.
Do thi doc cho boi danh sdch ké Ke(v), veEV.
“Paura: Khodng cdch tirv[1] dén tdt cd cdc dinh con lai
doc ghi trong mang d[v[i]], i =2,3, ..., n
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Thuét toan tim ddnn trén do thi khong c6 chu trinh

procedure Critical Path;
begin
dlv[1]]:=0;
for j:=1 tondo d[v[j]] :=c;
for v[j] € Ke[v[1]] do
divjll = w(v[1], v[j]) ;
for j:=2 to n do
for v € Ke[v[j]] do
dlv] == min (d[v], d[v[j]] + w(v[]], Vv));
end;

* Po phifc tap tinh toan cuda thuat toan la O(m), do moi
cung cua dod thi phai xét qua ding mot lan.
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Vidu

Can tim duong di ngan nhat tir s dén tat ca cac dinh dat
dén duoc tur no
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Két qua: Cay duong di ngan nhat tr s thé hién boi
cac cung mau do
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Ung dung: PERT

* Xay dung phong phdp gidi bai todn diéu khién viec thuc
hién nhiing du 4n 16n, goi tat 1a PERT (Project
Evaluation and Review Technique) hay CDM (Critical
path Method).

“*Viéc thi cong mot cong trinh 16n doc chia ra l1am n cong
doan, danh so tr 1 dén n. C6 mot s6 cong doan ma viéc
thuc hién no6 chi doc tién hanh sau khi mot s6 cong doan
nao dé da hoan thanh. Doi véi moi cong doan i biét ¢[i]
1a thoi gian can thiét d€ hoan thanh né (i = 1, 2,..., n).
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Ung dung: PERT

“* Cac di liéu v6i n = 8 doc cho trong bang sau day

Nguyén Ptc Nghia

Céng doan | t[i] Cac cong doan phai
hoan thanh trwé’c n6

1 15 Khoéng cé

2 30 1

3 80 Khéng cé

4 45 2,3

5 124 4

6 15 2,3

7 15 5,6

8 19 5

Toan roi rac, Fall 2005
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Ung dung: PERT

“* Bai toan PERT: Gia s( thGi diém bat dau tién hanh thi
cong cong trinh 1a 0. Hay tim tién do thi cong cong trinh
(chi r& moi cong doan phai doc bat dau thc hién vao thdi
diém nao) dé cho céng trinh ddc hoan thanh xong trong
thai diém sém nhat cé thé dac.

* Ta c6 thé xay dung d6 thi c6 héng n dinh biéu dién rang budc
vé trinh tu thuc hiéc cac cong viéc nh sau:

* Moi dinh ctia do6 thi tong ting v46i mot cong viéc.
* Né&u cong viéc i phai doc thuc hién tréc cong doan j thi trén
do thi ¢6 cung (i,)), trong so trén cung nay doc gan bang #[]
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Thuat toan PERT

* Thém vao d6 thi 2 dinh 0 va n+1 tong tng véi hai su kién dac
biét:

* dinh s6 0 tong tng vGi cong doan Lé khdi cong, n6 phai doc
thuc hién tréc tat ca cac cong doan khac, va

* dinh n+1 tong Ung vGi cong doan Cdr bdng khdnh thanh
cong trinh, né phai thuc hién sau tat ca cac cong doan,

* v6i t[0] = t[n+1] = O (trén thuc t€ chi can noi dinh 0 véi tat
ca cac dinh c6 ban bac vao bang 0 va noi tat ca cac dinh cé
ban bac ra bang 0 véi dinh n+1).

Goi do thi thu doc l1a G.
* R6 rang bai toan dat ra din vé bai toan tim dong di dai nhat tir
dinh O dén tat ca cac dinh con lai trén do thi G.
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Thuat toan PERT

* Do dé thi G khong chia chu trinh, nén dé giai bai toan
dat ra c6 thé 4ap dung thuat todn Critical_Path trong d6
chi can doi todn tit min thanh toan tir max.

¢ Két thic thuat toan, ta thu doc d[v] 1a do dai dong di
dai nhat tr dinh 0 dén dinh v.

** Khi d6 d[v] cho ta thoi diém sém nhat c6 thé bat dau
thuc hién cong doan v, néi riéng d[n+1] 1a thoi diém
sém nhat c¢o thé cat bang khanh thanh, tdc 1a thoi di€ém
sém nhat c6 thé hoan thanh toan b cong trinh.
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PERT: Vi du minh hoa

* Qui bai toan PERT vé tim duong di dai nhat trén do
thi1 khong co chu trinh

Nguyén Ptc Nghia

0
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NO1 dung

5.1. Bai toan duong di ngan nhat (PDNN)

5.2. Tinh chat cia PDNN, Giam cén trén

5.3. Thuat toan Bellman-Ford

5.4. Thuat toan Diyjkstra

5.5. Puong di ngan nhat trong d6 thi khong c6 chu trinh
5.6. Thuét toan Floyd-Warshal
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Puong di ngan nhat gitta moi cip dinh

Bai toan Cho d6 thi G = (V, E), vO1 trong sO trén canh e 1a w(e),
do1 vo1 moi cap dinh u, v trong V, tim duong di ngan
nhat tr u dén v.

3w Dau vao: ma tran trong so.

3% Dau ra ma trdn: phan tir & dong u cot v 1a d6 dai duong
di ngan nhat tu u dén v.

3% Cho phép co trong s6 4m

¥ Gia thiét: Do thi khong c6 chu trinh Am.
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Vidu

Pau vao

3 '\4
@/ \ nX nmatdn W= (w.) véi
3 ir> , y
1 > 0 néu i=j
-

w.= w(i,j) néui#j& (i j)EE
00 con lai

8

3 8 how
h © 8

S 8 8 9 i

g M8 8 <

00
1
00
0
6

8
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Tiép

Pau ra
. 4 o
\ Puong di: 1-5-4-3 -2
@/?\ ‘ — _446-5+4
0 1 3 2 -4~
30 4 1 -1
7 4 0 5 3
2 1 5 0 =2
‘85 16 0
4-1-5
5-4-1
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Thuat toan Floyd-Warshall

d "=
l

d6 dai duong di ngan nhat tir i dén j sir dung cac dinh trung gian
trong tap dinh { 1, 2, ..., m }.

(D —er— . )

Khi d6 d6 dai dudng di ngén nhat tir i dénj 1a d;.”)
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Cong thuc dé€ qui tinh 4

-+ a’(O) = Wjj @ @

+ dP=min(a " a Fa @) néun=

h-1 h-1
W\/‘

dij
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Thuat toan Floyd-Warshall

Floyd-Warshall(n, W)
DO — W
for k< 1tondo
fori < 1tondo
forj—1tond
ot G—C;(k)On .O (k-1) ;(k-1) (k-1)
O min @D aff D+ 4 D)

return D®

Thoi gian tinh ©(n%) !
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Xay dung duong di ngan nhat

Predecessor matrix P(k)= (p g‘

o P

duong di ngan nhat tir i dén j chi qua cac dinh trung gian trong {1, 2, ..., k}.

p(O) B { i, néu (i,j))ek
/ NIL, néu (i,)) & E
©<7 h k-1 k-1 k—l) k-1)
\ (k) p( )neu d]( ) )S d(
PoR A
(k-1) g
Q py; ~ trailai
< —
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S o w
O = DN

8 8 <

SN O

L 4 oo o J

©® [ NIL 1 1 NIL)
NIL NIL 2 2
NIL NIL NIL 3
\ 4 NIL NIL NIL

C6 thé st dung 1 14 dinh trung gian:

P

\
Nguyén Ptc Nghia

(0

o0
o0
4

a8 © W

5

1
0
9

M (NIL 1 1 NIL |
NIL NIL 2 2
NIL NIL NIL 3
4 1 1 NIL -
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(2)

e

@

X . N
Nguyén DPirc Nghia

g o

~N 8 o w

~J

\]8OUJ

N O O W

L O — LA

— A

oo O = A

Vi du (tiép)

p@

p®

(4)

Toan roi rac, Fall 2005

N

(NIL 1 2 2
NIL NIL 2 2
NIL NIL NIL 3
4 1 2 NILY

‘NIL 1 2 3
NIL NIL 2 3
NIL NIL NIL 3

4 1 2 NIIY
(NIL 1 2 3
4 NIL 2 3
4 1 NIL 3
4 1 2 NIL

\
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Vi du (tiép)
4
(2
D G @

O @
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Thuat toan Floyd-Warshall

Floyd-Warshall(n, W)
D W
fork<— 1tondo
fori— 1tondo
forj« 1 tondo

d, «min(d,, d,+d,)

return D

Thoi gian tinh ©(n%) !
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Robert W. Floyd, 1936-2001

* Born in New York, Floyd finished school at age 14. At
the Umiversity of Chicago, he received a Bachelor's
degree in liberal arts in 1953 (when still only 17) and a
second Bachelor's degree in physics in 1958.

* Becoming a computer operator in the early 1960s, he
began publishing many noteworthy papers and was
appointed an associate professor at Carnegiec Mellon
University by the time he was 27 and became a full
professor at Stanford University six years later. He
obtained this position without a Ph.D.

** Turing Award, 1978.
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Stephen Warshall

o0

1935 -2006

** Proving the correctness of the transitive closure algorithm for
boolean circuit.

* (Wikipedia) There is an interesting anecdote about his proof that the
transitive closure algorithm, now known as Warshall's algorithm, is
correct. He and a colleague at Technical Operations bet a bottle of rum on
who first could determine whether this algorithm always works. Warshall
came up with his proof overnight, winning the bet and the rum, which he
shared with the loser of the bet. Because Warshall did not like sitting at a
desk, he did much of his creative work in unconventional places such as
on a sailboat in the Indian Ocean or in a Greek lemon orchard.

o0
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Questions?
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Bao dong truyén Urng
(Transitive Closure)

Bao déng truyén tng ctia do thi G = (V, E) 1a G* = (V, E¥*) sao cho

(i,7) € E* iff c6 duong di tir i dén j trén G.

@/ @ @ * 5
o'
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Thuat toan Floyd-Warshall

3 Ma tran xuat phat 1a ma tran ké

I néui=j; hoac cd canh nd1 2 dinhivaj

a(i,j)= o
0 traila1 @—>@
Néu
3% Thuat toan Floyd-Warshall thay e AND
min E— boolean OR OR @
+ =) hHoolean AND

we Thoi gian tinh (1)
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Questions?
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