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> 1. Phat biéu bai toan
» 2. Duyét toan bo
» 3. Thuat toan nhanh can
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> Trong rat nhiéu van dé ung dung thuc té cta
to hop, cac cau hinh t0 hop dugc gan cho
mot gia tri bang so danh gia gia tri st dung
ctia cau hinh d6i v6i muc dich st dung cu
thé nao d6. Khi d6 xuat hién bai toan: Hay
lwa chon trong sO cac cau hinh to hop chap
nhan duoc cau hinh c6 g14 tr1 su dung tot
nhat. Cac bai toan nhu vay chung ta s& goi
[a bai toan toi uu td hop.

a7

o~
=
(=)
Z
v
3
(]
c
<0
>
5
(=)
r




Phat biéu bdi todn
> D61 dang tong quat bai todn t6i u to hop c6

thé phdt bicu nh sau:

Tim cuc ti€u (hay cuc dai) ctia phi€ém ham
f(x) — min (max),

v6i didu kien
xeD,

trong d6 D la tap hitu han phan tu.
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Cac thudat ngir

” f(x) - ham muc tiéu cua bai todn,

> x € D - phong an

> D - tap cac phong an cua bai toan.

> Thong thong tap D doc mo ta nh 1a tip cac
cidu hinh t6 hop thod man mot so tinh chat
cho tréc nao do.

> Phong an x* € D dem lai gia tri nho nhat
(I6n nhat) cho ham muc tiéu doc goi 1a ph
ong dn toi u, khi dé gia tri f* = f(x*) doc
g0l 1a gid tri t6i u cua bai toan.
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Bai toan ngdi du lich
(Traveling Salesman Problem — TSP)
> Mot ngoi du lich muén di tham quan n thanh
ph6 Tl) T2, ceey Tn
» Hanh trinh la cach di xudt phat tir mot thanh
pho nao do di qua tdt ca cdc thanh pho con
lai, moi thanh pho diing mot lan, roi quay tro
lai thanh pho xudt phdt.
> Bi€t ¢;; 1a chi phi di tir thanh pho T; dén thanh
PhS T, (i, j = 1,2,.., n),
» Tim hanh trinh véi tong chi phi 1a nho nhat.
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The origins of the TSP are obscure. In the 1920's,
the mathematician and economist Karl Menger
publicized it among his colleagues in Vienna.

In the 1930's, the problem reappeared in the
mathematical circles of Princeton.

In the 1940's, it was studied by statisticians
(Mahalanobis (1940), Jessen (1942), Gosh (1948),
Marks (1948)) in connection with an agricultural
application and the mathematician Merill Flood
popularized it among his colleagues at the RAND
Corgoration. Eventually, the TSP gained notoriety
as the prototype of a hard problem in combinatorial
O]fatimization: examining the tours one by one is out
of the question because of their large number, and
no other idea was on the horizon for a long time.

New history with George Dantzig, Ra%: Fulkerson,
and Selmer Johnson's 1954 breakthrough.



> Ta c6 tong tng 1-1 gitta mot hanh trinh
oy 2 1 r) =oo =2 1oy = 1o

voi mot hoan vi ot = (a(1), m2),..., 1(n)) cua
n sO tu nhién 1, 2,..., n.

Dat
JUT) = Catya) +-oo F Cotnty,ntmy T Comy 1),
Ky hiéu:

IT - tap tat ca cac hoan vi cua n so tu nhién 1,
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biéu d6i dang bai toan t6i u t6 hop sau:

min { f() : T€ 11 }.

nguol du lich la n!, trong d6 chi co (n-

¢ dinh mot thanh phé nao do la thanh p
xuat phat).
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hanh trinh thuc su khac nhau (bo1 vi co ]
xuat phat ttr mot thanh pho bat ky, nén co t

> Khi d6 bai toan ngdi du lich c6 thé phéat

> Co thé thay rang tong so hanh trinh cua
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Bai toan cai tui
(Knapsack Problem)
> Mot nha tham hiém can dem theo mot cai tui
coO trong luong khong qua b.

> Co n do vat co thé dem theo. PO vat tht j ¢6

trong lugng la a; va

giatrisudunglac (j =1, 2,..., n).
> Hoi rang nha tham hiém can dem theo cac d6

vat nao dé cho tong gia tri st dung cla cac
do vat dem theo la 16n nhat?
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Phat biéu bai todn

> Mot phong d4n dem d6 cua nha tham hi€ém c6 thé
biéu dién bdi vecto nhi phan do dai n: x = (x;, xa,...,
x,), trong d6 x; = 1 né€u do vat tht j doc dem theo
va x; = 0 néu trai lai.

» V6i phong an x, gia tri d6 vat dem theo 1a

f=Xex,

tong trong long do6 vat dem theo 1a

2(x) :.Z_' a,x,
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Bai toan cai tui
~ Bai todn cdi tdi c6 thé phat bicu déi dang bai
todn toi u td hop sau:

Trong s6 cac vecto nhi phan do dai n thoa
man di€u kién g(x) < b, hay tim vecto x* cho
gia tri 16n nhat cua ham muc tiéu f(x):

max { f(x): x€B», g(x) < b }.
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Bai toan dong thung
(Bin Packing)

> Co n d6 vat vai trong luong 13 wy, wa, ..., w,.
Can tim cach xép cac dd vat nay vao cac cai
thung c6 cung dung luong 12 » sao cho sO
thung can st dung 1a nho nhat c6 thé dugc.
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Phat biéu bai todn

> Ta c6 the gia thiét 1a
W; < b, l — 1, 2,.., n.

> Do d6 s6 thung can sit dung dé chda tat ca
cac do vat la khong qua n. Van dé 1a can so
thung it nhat. Ta s€ mo san n cai thung. Bai
toan dat ra la hdy xac dinh xem moi mot
trong sO n do vat can doc x€p vao cai thung
nao trong sO n cdi thung da md& dé cho so
thung chira do 1a it nhat.
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Bai toan dong thung

> Pua vao bién Bun
x;= 1, néu do vat i dugc xép vao thung j,
0, néu trai1 lai.

Khi d6 bai toan dong thung c6 thé phat biéu dudi dang:
Z Sign(Z X, ) — min,
j= i<
Dx, =l i=12..n
j=

Zwl.xl.j <b, j=12,..,n;

i=

X, €{0,1}, i,j =12,...,n.
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2. DUYET TOAN BO
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2.1. Mo ta phwong phap
2.2. Vi du ap dung: Bai toan cai tii
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Mo ta phuwong phap

> Mot trong nhitng phuong phap hién nhién nhat
dé giai bai toan toi vu to hop dit ra 1a: Trén co
s cac thuat toan liét ké t0 hop ta tién hanh
duyét ting phuong an cia bai toan, doi voi
mdi phuong an ta déu tinh gia tri ham muc tiéu
tal no, sau do so sanh gia tri ham muc ti€u tai
tat ca cac phuong an dugc liét ké dé tim ra
phuong 4n toi vu.

> Phuong phap xdy dung theo nguyén tic nhu
vay co tén goi1 la phuwong phap duyét toan bo.
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NOI DUNG

2.1. Mo ta phuong phap
2.2. Vi du ap dung: Bai toan cai tui
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Vi du: Giai bai toan cai tui
» Xét bai toan cdi tui:
max{ f(x) :chxj . x € DY,
=

trong d6 D ={x =(x,x,,...,x,) EB" :ijxj <b}
=]

> \ y A A .
c;, w, b la cac s6 nguyén duong, j/=1,2,..., n.
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Thudat todn quay lui
liet ke cdc phuwong an chat do
» Xay dung S,:

S={0, 1}, voit,=1 néu b=w,; t, = 0, néu trai lai
» Gia suir da c6 phuong an (x,, ..., x;;). Khi 6
Dung lugng con lai la:
b= b - Wixi- ...-Wi1Xiq
Gi4 tri ctia cac do vat chat vao tii 1a
Jo=cxi t ot cuix
Do d6: S, = {0, #,}, v&i t,=1 néu b, ,=w;; t, = 0, néu trai lai

> Mo ta S,?
Fory :=0 to t, do
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Chuong trinh trén Pascal

type
arrint= array|[1..20] of integer;
var

X, Xopt, ¢, w: arrint;

n,b, bk, fk, fopt: integer;

a7

end;

procedure Nhapdl; procedure Inkq;
LB var i: integer; var j;
3 begin begin .
I {Nhap vao n, ¢, W, b} {Phuong an tol uu: xopt;
® d: i Gia tri toi wu: fopt }
4 end;
5
(=)
Z
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procedure KP(i: integer);
var j, t: integer;
begin
if bk>=w]i] then t:=1 else t:=0;
for j := t downto 0 do begin
x[i] := j; bk:= bk-wl[i]*x]i];
fk:= fk + c[i]*x][i];
if 1=n then begin
if tk>fopt then begin
xopt:=x; fopt:=tk;
end
end else KP(i+1);
bk:= bk+wli]*x[i];
fk:= 1k - c[i]*x]i];
end;
end;

BEGIN {Main program}
Nhapdl;
bk:=b;
fk:= 0;
fopt:= 0;
KP(1);
InKq
END.



Binh luan

> Duyét toan bo 1a kho c6 thé thuc hién dugc ngay
ca trén nhirng may tinh dién tir hi€n dai1 nhat. Vi
du dé liet ké hét

15! =1 307 674 368 000
hoan vi trén may tinh dién tor vol tbc do tinh

toan 1 ty phep tinh moét giay, néu dé it ké mot
hoan v1 can phai lam 100 phep tinh, thi ta can
mot khoang thot gian 1a 130767 giay > 36 tiéng
dong ho!

> 20! ===> 7645 nam
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» Vi vay can phai c6 nhiing bién phdp nham
han ché viéc tim ki€m thi méi c6 hy vong giai
doc cdc bai todn toi u to hop thuc t€. Tat
nhién dé co thé dé ra nhitng bién phdp nh vay
can phai nghién ctu k¥ tinh chét cta bai toan
t6i u to hop cu thé.

> Nho nhitng nghién cttu nh vay, trong mot so
trong hop cu thé ta ¢d thé xay dung nhiing
thuat toan hiéu qua dé giai bai toan dit ra.
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> Tuy nhién phai nhan manh rang trong nhi€u
trong hop (vi du trong cac bai toan ngoil du
lich, bai toan cai tai, bai toan dong thung)
ching ta cha thé xay dung doc phong phap
httu hi€u nao khac ngoair phong phap duyét
toan bo.
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> Khi d6, mot van dé dit ra 1a trong qua trinh
liét ké 161 giai ta can tan dung cac thong tin
da tim doc dé loai bd nhitng phong 4n chac
chan khong phai 1a t6i u.

> Trong muc ti€p theo ching ta s& xét mot so
do6 tim kiém nh vay dé giai cac bai toan toi u
t0 hop ma trong tai liéu tham khao doc biét
dén vdi tén goi: thuat toan nhanh can.
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3. THUAT TOAN NHANH CAN
(Branch and Bound Algorithm)
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NOI DUNG

> 3.1. So do chung
» 3.2. Bai toan cai tui
» 3.3. Bai toan ngw&i du lich
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So do chung

> Thuét toan bao gom hai thi tuc:
Phan nhanh (Branching Procedure)
Tinh can (Bounding Procedure)
> Phén nhdnh: Qud trinh phan hoach tdp cdac phwong
an ra thanh cdc tap con voi kich thuoc cang ngay
cang nhé cho dén khi thu dwoc phdan hoach tdp cdc
phwong dn ra thanh cdc tdp con mét phan tir
> Tinh céin: Can dwa ra cdch tinh cdan cho gid tri ham
muc tiéu ciia bai toan trén moi tdp con A trong phdn
hoach cua tdp cac phuwong an.
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So do chung

> Ta s&€ mo ta t tong cua thuat toan trén mo hinh bai
todn toi u to hop tong quat sau

min { f(x): x€D },
trong d6 D la tap hitu han phan tu.
Gia thiét rang tap D doc mo ta nh sau
D={x=0x,x, .. x,) EAXAX .. XA,:

x thoa man tinh chat P},

a7

vO1 Ay, A,, ..., A, 1a cac tap hiru han, con P la tinh
chat cho trén tich Pécac A; X A, X ... X A,.
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Nhan xet

> Nhan thay rang, cac bai toan vira trinh bay ¢ muc 1
déu co thé mo ta dud1 dang bai toan trén.

> Yéu cau vé mo ta ctia tip D 1a dé co thé sir dung
thuat toan quay lui de li¢t ké cac phuong an cua bai
toan.

» Bai toan
max {f(x): x € D}
la tvong duwong vo1 bai toan
min {g(x): x € D}, trong do g(x) = -f(x)
> Do d6 ta c6 thé han ché & viéc xét bai todn min.
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Phadn nhanh

> Qua trinh phan nhanh doc thuc hién nho thuat toan
quay lui:

()_D
Q%C/ a; a'
D(a)) D(a;) D(a;")

trong d6 D(a;) ={x€D:x, =a;},i =1,2,...,n,
la tap cdc ph ong dn c6 thé phat trién tir pabp (a,)

D =D(a)) U D(a;) U...U D(a;")



Phdn nhanh

> Nhu vay ta c6 thé dat tuong tmg moi phuong an bo

phan (a,, a,, ..., a;) vo1 moQt tap con cac phuong an
cua bai toan:
D(ai,...,a )= {x€D:x;,=a;,i=1,...,k }.

> O budc tong quat ctia thuat toan quay lui ta s& lam
viéc vo1 phuong an bd phan (a,, a,, ..., a;) va x&t cac
cach ti€p tuc phat trién phuong an nay.

> Piéu d6 twong duong vdi viéc phan hoach tap D ra
thanh cac tap con nho hon.
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Phadn nhanh

> Qua trinh phan nhanh c6 thé dién ta nhu sau:

() D(a,,...,a,

a
k+1
./akﬂ/akﬂ\‘

D(al,...,ak,akH)

» Ta c6 phan hoach:

a7

p .
D(ap'"aak) — UD(aI?”’?ak’alch)
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Tinh cdn

> Can c¢6 ham g xdc dinh trén tap tat ca cac ph
ong an bd phan cua bai todn thoa man bat
dang thiic sau:
g(ay,..., a;) < min{f(x): xeD, x;=a,, i=1,..., k} (*)

v6i moi loi giai bo phan (a,, a,, ..., ay), va voi
moirk=1,2, ..
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> Bat dang thic (*) c6 nghia 12 gid tri ctia ham
¢ ta1 phong an bo phan (a,, a,, ..., a;) 1a khong
vot qua gia tri nho nhat cua ham muc tiéu cua
bai toan trén tap con cac phorng an

D(ay,...,ap)={x€D:x;=a;,i=1,..., k },
hay no1 moét cach khac, g(a,, a,, . . ., ay la

can doi cua gid tri ham muc tiéu trén tap
D(a,, a,, ..., a;).
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> Vi Ié d6, ham g doc goi 1a ham can ddi, va
o014 tr1 g(a,, a,, . . ., a;) doc goi1 la can do1
cua tap D(a,, a,, ..., ay).

> Do ¢6 thé dong nhat tap D(ay,..., a,) v6i ph
ong an bo phan (a,,..., a;), nén ta cing go1 gia
tri g(a,,..., a;)) la can déi cua phong an bo
phan (a,,..., ay).
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Cat nhdnh nho sir dung can duoi

> Gia st da ¢ ham g. Ta xét cach sir dung ham nay dé
giam bdt khoi long duyét trong qua trinh duyét tat
ca cac phong an theo thuat toan quay lui.

> Trong qud trinh liét ké cdc phong 4n c6 the da thu d
oc moOt sO phong an cua bai toan. Goi x la phong
an voi gia tri ham muc tiéu nho nhat trong s6 c4c ph
ong an da tim doc, ky hi¢u f=f( x).

> Ta s€ goi

~x la phong an to6t nhat hién co,
con f laky luc.



Cat nhanh nho su dung can duoi
> Gia s da cod  f, khi d6 néu
gla, a, ....,ay) > f,
thi tr bat dang thic (*) suy ra
f < g(ay,..., ap) < min{f(x): x € D(a,,...,a;)},

> Vi thé tap D(ay,..., a;) chac chan khong chia
phong 4n t6i u va co thé loai bé khéi qua
trinh duy¢t.
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Thuat toan nhanh can

procedure Branch(k);
(* Phat trién phuong 4n bd phan (x,, X,, ..., X.i) *)
begin
for a, €A, do
if a, €S, then

begin
Xk .= g,
£ if (k=n) then < Cap nhat ky luc>
< else
a if g(x,...,x;) < f then Branch(k+1)
«3:; end;
2 end;




Thuat toan nhanh can

procedure BranchAndBound;
begin
f ;= +o0;
(* Néu biét p/an x nao d6 thi dat £=f("x ) *)
Branch(1);
if f < +oo then
<"f 1a gia tri toi wu, x 1a p/an toi uu >
else < bai toan khong co phuong an >;
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Chu y: So do duyet toan bo

> Chu ¥ rang néu trong thu tuc Branch ta thay

cau Iénh

if (k=n) then < Cap nhat ky luc>

else

if g(a,...,a) < { then Branch(k+1)
bai

if (k=n) then < Cap nhat ky luc>
else Branch(k+1)
thi ta thu doc thuat toan duyét toan bo.
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Chil

» Viéc xay dung ham g phu thudc vao tirng bai
toan t0i wu to hop cu thé. Thong thudng ta co
gang xay dung no sao cho:

Viéc tinh gié tr1 ?cfla g phé,i don gian hon vi€c giai
bai toan to1 wu to hop ¢ ve€ phai cua (**).

Gia tri ctia g(ay,..., a;) phai sat v4i gia tri cua veé
phai ctia (*).

> Rat tiec 1a hai yéu cau nay trong thuc té
thuong doi 1ap nhau.
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NOI DUNG

> 3.1. So do chung
> 3.2. Bai toan cai tui
> 3.3. Bai toan nguwdi du lich
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Bai toan cai tui
> Cé n loai d6 vat.
> Do vat loai j co
trong luong a; va
giatrisudunglac (=1, 2,..,n).
> Can chat cac do vat nay vao mot cai tii c6

trong luong 13 b sao cho tong gia tri str dung
cua cac do vat chat trong ta1 1a 16n nhat.
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Bai toan cai tui (KP)
> Pua vao bién sd
X;— s6 luong do vat loai J duoc chat vao tai,
j=1,2, .., n
> MO0 hinh toan hoc cua bai toan c¢6 dang sau: Tim

7 =max { f(x) :chxj :Zajxj <b,x,€Z,j=12,.,n}
j4

Jj=

trong d6 Z, la tap cac so6 nguyén khong am.
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> Ky hiéu D 1a tap cac phong 4n ctia bai toan:

D ={x =(x,....,x,): Za X, <b, x,€Z,,j=12,.,n}

> Gia thiét rang cac do vat doc danh so sao cho bat
dang thic sau doc thoa man

cla,=c,/la,=...=>2c¢,/a,

(c6 nghia 1a cac do vat duoc xép theo thir tu khong
tang cua gia tr1 mot don vi1 trong luong)
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Xay dung ham can trén

> Dé xay dung ham tinh céan trén, cing vdi bai todn
cai tui (KP) ta xét bai toan cai tui bién lién tuc
(KPC) sau day: Tim

g =max { f(x) Zchxj :Zajxj <b,x, =0, j =1,2,...,n ;
j= j=

» Ménh dé. Phong dn 161 u ciia bai toan KPC la
vecto x=( X, X5, ..., X, ) VOI cdc thanh phdn doc
xdc dinh boi cong thiic:

_x1=b/a1,_x2= _X3=...= _xn=0.

a7

o~
£
(=)
Z
v
3
(]
c
<0
>
5
(=)
r

va gid tri toi u la g* = ¢,b /a,.




> Chimg minh. Xét x = (x,,..., x,) la mot phong an
tuy y cua bai toan KPC. Khi d6
¢ < (c/ay)a;,j=1,2,..,n
dox; = 0, tasuyra
c;ix; < (c;/ay)ax;,j=1,2,...,n
> Tir d6 ta ¢

n n

x, <y X,
Zc]x] <D (¢ /a))a;x,
j= j=

=(c, /al)Z ax,
j=l

<(c,/a)b =g*
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> Ménh dé dugc ching minh.




> Bay gi0, gia st ta ¢6 phong an bo phan cap k:
(ul) U, ..., uk)’

> Khi d6 gia tri sit dung cua cac do vat dang c6
trong tui1 la

O, =CiUuy + U, +...+ Ciluy

va trong long con lai cua cai tui la

a7

bk =bh — (a1u1 + au, + ...+ Clkl/lk).
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Tinh can trén

» Ta ¢6
max{f(x):x€D,x; =u,,j=12,..,k}

=max {o, + Z 892, ¢ Z ax, <b,, X, €Z,,j =k+1,k+2,..,n}

J =+l Jj=k+l

<0, +max {Z B30, ¢ Z ax; <b., x; 20,j =k +1,k+2,...,n}

J=k+l Jj=k+l1
=0 +¢ b/ ay,.
> Vay ta c6 the tinh can trén cho phong dn bo
phan (u,, u,, ..., u;) boi cong thiic

g(uy, Uy,..., U) = Op + Cry1 Dy | Qg
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> Cha y: Khi ti€p tuc xay dung thanh phan thd
k+1 cua 101 giai, cac ung cu vién cho x;,, s€
la O, 1, cees [bk/ak+1 ]

> Do ¢6 két qua cia ménh dé, khi chon gia tri

cho x;,, ta s€ duyét cac ung cu vién theo thu
tu giam dan.
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Vi du

»Giai bai toan cai tdi sau theo thuat
toan nhanh can vua trinh bay
f(x)=10x,+ 5 x,+ 3 x3 + 6 x, — max,
S5x+3x+2x;+4x, <8,
X E€Z, ,j=1,273,4

> Chu y: Trong vi du dang xét, cdc do vat da
duoc xép theo thu tu khong tang cua gia tri
mot don vi trong luong.
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> Qua trinh giai bai todn doc mo ta trong cay

tim kiém trong hinh 1. Thong tin vé moét ph
ong an bo phan trén cay doc ghi trong cac 6
trén hinh v€ tong ung theo thu tu sau:

cac thanh phan ctia phong an,

o - gia tri clia cac do vat dang chéat trong tui,

w - trong Iong con lai cua tui

g - can trén.
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(55c, = -co

x =1 =10
(1) o=10, (0 o=0,
w =3, g=15 w=3a, e=40/3
=1 xp=U
(1.1, o=15; (1,00, o= 10,
w=0, g=15 w=3; =145 | T—_ ILoaivicin mén < ky luc
=0
T =15, fx)=10x,+5x,+3 x,+6x, » max,
w=0; g=15 S5x,+3x,+2x,+4x, <3,
ijZ-i-,j:l,Z, 3,4.
=0
= (1,1,0,0%:| Thu duge phitong 4n cia baitodn.,
/=15, | Capnbat laiky luc.




»Két thic thuat todn, ta thu doc:
Phong an toi u: x* = (1, 1, 0, 0),
Gia tri toi u: f* = 15.
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NOI DUNG

> 3.1. So d6 chung
» 3.2. Bai toan cai tui

> 3.3. Bai toan ngwei du lich
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http://www-groups.dcs.st-andrews.ac.uk/~history/Mathematicians/Hamilton.html

> C0 dinh thanh pho xuéat phat 1a T, bai toan ng
01 du lich dan vé bai toan:
Tim cuc ti€u ciia ham

f(1,x,,..., x,) = c[1,x;]+c[x2,%3]+...+C[X,.0,%,] +
clx,,1] — min,

vOi diéu kién
(1, x,, X3, ..., x,) 1a hoan vi cua cac s6 1,2, ...,
n.
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Ham can duoi
> Ky hiéu
Coin=min { c[i,j] ,1,j=1,2,...,n,i %] }
1a chi phi di lai nho nhat gitta cac thanh pho.

» Can danh gia can déi cho phong dan bo phan
(1, u,, ..., u;) tong ung voi hanh trinh bd phan
qua k thanh pho:

I'y—>T(u)— ... =T () = T(uy).
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Ham can duoi

> Chi phi phai tra theo hanh trinh bo phan nay

la
o =c|l,u,| + clu,, us| + ... + clu, u.l.

> D€ phat trién thanh hanh trinh day du, ta con
phai di qua n-k+1 doan dong nita, moi doan
cO chi phi khong it hon ¢,,;,, nén can dd1 cho
phong 4n bd phan (1, u,, ..., u) c6 thé tinh
theo cong thic
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g(l, u,, ..., u;)) =0+ (n-k+1) ¢y, -




Vi du

> Giai bai toan ngudi du lich véi ma tran
chi phi sau:
0 3 14 18 15
30 4 22 20
C=179 016 4
9207 0 18
91511 5 O
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> Ta c6 ¢,,;, = 3. Qua trinh thuc hién thuat toan
doc mo ta boi cay tim kiém 101 giai.
> Thong tin doc ghi trong cdc 6 trén hinh vé
theo thu tu sau:
cac thanh phan cua phong an,
o la chi phi theo hanh trinh b0 phan

g - can dou.
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(23 (3 4 (22
o= 3 =14 o=1& o=15
g=15 g=25 g=730 g=27
(2.3) (2.4)
=7 =25
g=15 g=734
(2.3,4) (2.3.5)
S =23 o=11 Zac nhanh nay bilﬂg_mi
g=29 g=17 vicdcidndudig = £=25
S
£ | | 0314 18 15
2 (2,3,4,5] (2,3,5,4} 3 O 4 22 20
= c=41 5= 16 c=1179 016 4
Q s= 44 z= 19 920 7 0 18
,<§ l 915 11 5 0
g, Hanh winh (1,2,3,4,5,1) Hanh torinh (1,2,3,5,4,1) cd chiphd 25
4 chiphi 55 . Bar £=53 Ky luc mai: £=25




Két qua

> Két thuc thuat toan, ta thu duoc phuong an
tor uu (1, 2, 3, 5, 4, 1) twong rng vo1 hanh
trinh

I -1T,->1; -1 -1, - T,
> Chi phi nhé nhat 1a 25.
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Ky luc
toan ngwi du lich
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Ky luc
(Kich thuoc TSP giai duoc)

1954 1962 1977 1987 1987 1987 1994 1998 2001 2004

49 33 120 532 666 2392 7397 13509 15112 24978

http://www.tsp.gatech.edu/index.html
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Year Research Team Size of Instance
1954 G. Dantzig, R. Fulkerson, and S. Johnson 49 cities
1971 M. Held and R.M. Karp 64 cities
1975 P.M. Camerini, L. Fratta, and F. Maffioli 67 cities
1977 M. Grotschel 120 cities
1980 H. Crowder and M.W. Padberg 318 cities
1987 M. Padberg and G. Rinaldi 532 cities
1987 M. Grotschel and O. Holland 666 cities
1987 M. Padberg and G. Rinaldi 2,392 cities
1994 | D. Applegate, R. Bixby, V. Chvatal, and W. 7,397 cities
Cook
1998 | D. Applegate, R. Bixby, V. Chvatal, and W. 13,509 cities
Cook
2001 | D. Applegate, R. Bixby, V. Chvatal, and W. 15,112 cities
Cook
2004 D. Applegate, R. Bixby, V. Chvatal, W. 24,978 cities
Cook,

and K. Helsgaun




The First Big TSP

Dantzig, Ray Fulkerson, and Selmer
Johnson ?1954) published a description
of a method for solving the TSP and
illustrated the power of this method by
solving an instance with 49 cities, an
impressive size at that time. They
created this instance by picking one
cit%/ from each of the 48 states In the
U.S.A. (Alaska and Hawaii became
states only in 1959) and adding
Washington, D.C.; the costs of travel
between these cities were defined by
road distances. Rather than solving
this problem, they solved the 42-city
problem obtained by removing
Baltimore, Wilmington, Philadelphia,
Newark, New York, Hartford, and
Providence. As it turned out, an
optimal tour through the 42 cities
used the edge joining Washington,
D.C. to Boston; since the shortest
route between these two cities passes
through the seven removed cities, this
solution of the 42-city problem yields
a solution of the 49-city problem.
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http://www.tsp.gatech.edu/history/img/dantzig_big.html

Procter and Gamble's Contest

» Proctor and Gamble
ran a contest in
1962. The contest
required solving a
TSP on a specified 33
cities. There was a
tie between many
people who found
the optimum. An
early TSP researcher,

Professor Gerald
Thompson of
Carnegie Mellon

a7

University, was one
of the winners.
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http://www.tsp.gatech.edu/history/img/car54_big.html

120 Western German Cities

» Groetschel
(1977) found
the optimal tour
of 120 cities
from what was
then West
Germany.
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http://www.tsp.gatech.edu/history/img/gr120_big.html

532 Locations in America

> Padberg and Rinaldi (1987) found the optimal
tour of 532 AT&T switch locations in the USA.

L ' I
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http://www.tsp.gatech.edu/history/img/att532_big.html

666 Cities Worldwide

> Groetschel and Holland (1987)
found the optimal tour of 666
interesting places in the world.
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http://www.tsp.gatech.edu/history/img/gr666_big.html
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2,392 Points

> Padberg and
Rinaldi (1987) TS
found the 4 S r et

optimal tour .
through a layout L WU

of 2,392 points
obtained from
Tektronics
Incorporated. % AP LR


http://www.tsp.gatech.edu/history/img/pr2392_big.html

7.397-city TSP

~ Applegate, Bixby, Chvatal, and Cook (1994) found the
optimal tour for a 7,397-city TSP that arose in a

programmable logic array application at AT&T Bell
Laboratories.
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http://www.tsp.gatech.edu/history/img/pla7397_big.html

13509 Cities in the USA

> Applegate, Bixby, Chvatal, and Cook (1998)
found the optimal tour of the 13,509 cities in the
USA with populations greater than 500.
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http://www.tsp.gatech.edu/history/img/usa_big.html

» Applegate,
Bixby,
Chvatal, and
Cook (2001)
found the
optimal tour
of 15,112
cities in
Germany.
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24978 Swedish Cities

TSP | o

~ Applegate, e
Bixby, Chvatal, —
Cook, and
Helsgaun
(2004) found
the optimal
tour of 24,978
cities Iin
Sweden.
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Optimal Tour of Sweden

> In May 2004, the traveling salesman problem of
visiting all 24,978 cities in Sweden was solved: a
tour of length 855,597 TSPLIB units
(approximately 72,500 kilometers) was found
and it was proven that no shorter tour exists.
This is currently the largest solved TSP instance,
surpassing the previous record of 15,112 cities
through Germany set Iin April 2001.
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Optimal Tour of Sweden

> Research Team
David Applegate, AT&T Labs - Research
Robert Bixby, ILOG and Rice University
VasSek Chvatal, Rutgers University
William Cook, Georgia Tech
Keld Helsgaun, Roskilde University

» Support for this research was provided by the following
grants

Office of Naval Research Grant NO0014-03-1-0040,
"Experimental Modules for Combinatorial Optimization and
Mixed-Integer Programming”

National Science Foundation, Grant DMI-0245609, "Local Cuts
in Discrete Optimization and Mixed-Integer Programming"”
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Finding Sweden Tour

> The traveling salesman problem (TSP) asks for the cheapest
possible tour through a given collection of cities. Solving the
problem means to not only find the best tour but also to prove that
no cheaper tour is possible. Early work on the TSP in the 1950s
focused exclusively on the this full solution of the problem.

> Starting in the mid-1960s researchers began to study the relaxed
version of the TSP where we ask only for a tour of low cost. This
task is much easier, but performing it well is an important
ingredient in a full (exact) solution method, as well as being an
interesting problem in its own right. Indeed tour finding is a very
popular topic, having a large and growing literature devoted to its
various aspects. And like the TSP itself, tour finding has led
researchers to discover general purpose search techniques that
have found application in many domains.

> The Sweden TSP was attacked by a number of groups with some
of the top tour-finding methods that have been developed to date.
Information on the improvements in the best known tour length
can be found in the Sweden Computation Log; the results are
summarized in the following table.
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Finding Sweden Tour

855618 September 4, 2001 Tour Merging Cook and Seymour

855612 September 20, 2001 LKH Helsgaun
855610 September 30, 2001 LKH Merge Helsgaun
855602 March 16, 2003 Hybrid Genetic Hung Dinh Nguyen
855597 March 18, 2003 LKH Helsgaun

> The final improvement in the tour length was
made by Keld Helsgaun using a version of his
LKH code. This 855,597 value was proved to
be optimal by the Concorde TSP code.
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Finding Sweden Tour

;

The Concorde solver can accept as an input parameter the value
of the best known tour for a TSP instance if one is available. As a
full (exact) TSP solver, Concorde is designed to find optimal
solutions regardless of the quality of the estimate, but knowledge
of a good tour allows for better tuning of parameters that are set in
the computer code.

In the case of the Sweden TSP, the results of the tour-finding
attacks guided our choices in approaching the full solution of the
problem. Most importantly, the final stages that improved the
ower bound from 855,595 up to the optimal value 855,597
required approximately 8 years of computation time (running in
parallel on a network of Linux workstations) and without
knowledge of the 855,597 tour we would not have make the
decision to carry out this final computation.
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New record.: 85900 cities, 2006

>

The largest solved instance of the traveling salesman problem
consists of a tour through 85,900 cities in a VLSI application
that arose 1n Bell Laboratories in the late 1980s.

The computation with Concorde was carried out in 2005/06
and reported in the book The Traveling Salesman Problem: A
Computational Study. The instance 1s called pla85900 in Gerd
Reinelt's TSPLIB; the shortest possible tour for the problem
has length 142,382,641 units.

With the solution of pla85900, the complete TSPLIB
collection of challenge problems has now been successfully
solved with the Concorde code.

http://www.tsp.gatech.edu/index.html
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Picture of pla85900 tour
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YV V V V V V V V V V V V VY

Y VvV

Date
07.06.1991
29.03.1996
23.09.1997
14.10.1998
22.10.1999
18.06.2001
27.06.2001
31.08.2001
14.12.2001
15.09.2002
12.12.2002

19.03.2003
Algorithm

28.04.2003
23.12.2003
02.05.2004

Tour Length

142,514,146
142,487,006
142,482,068
142,416,327
142,409,553
142,406,493
142,405,532
142,395,130
142,393,738
142,385,237
142,383,704
142,383,467

142,383,189
142,383,011
142,382,641

15 year race for better tours

Research Team  Method

David S. Johnson lterated Lin-Kernighan
Concorde Tour Merging

Concorde Tour Merging

Keld Helsgaun LKH

Concorde Tour Merging

Keld Helsgaun LKH

Keld Helsgaun LKH

Concorde Tour Merging with LKH

Keld Helsgaun LKH

Hisao Tamaki Approximate Tour Merging
Keld Helsgaun LKH

Nguyen Dinh Hung Hybrid Genetic

Keld Helsgaun LKH
Keld Helsgaun LKH
Keld Helsgaun LKH
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Questions*



Merci a tous !

elybN onag upAnbN
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