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Céac phuong phap cdn ban xay dung IGi giai bai todn
@ Duyét toan bd
e Chia dé& tri
@ Quy hoach dong
@ Tham lam
M&i md hinh ting dung cho nhiéu loai bai todn khac nhau



RICHARD BELLMAN ON THE BIRTH OF
DYNAMIC PROGRAMMING

STUART DREYFUS
University of California, Berkeley, IEOR. Berkeley, California 94720, dreyfius @ieor berkeley.edu

hat follows concerns events from the summer of
1949, when Richard Bellman first became inter-
ested in multistage decision problems, until 1955. Although
Bellman died on March 19, 1984, the story will be told
in his own words since he left behind an entertaining and
informative autobiography, Eye of the Hurricane (World
Scientific Publishing Company, Singapore, 1984), whose
publisher has generously approved extensive excerpting.
During the summer of 1949 Bellman, a tenured asso-
ciate professor of mathematics at Stanford University with
a developing interest in analytic number theory, was con-
sulting for the second summer at the RAND C it

what RAND was interested in. He suggested that I work
on multistage decision processes. I started following that
suggestion” (p. 157).

CHOICE OF THE NAME DYNAMIC
PROGRAMMING

“I spent the Fall quarter (of 1950) at RAND. My first task
was to find a name for multistage decision processes.

“An interesting question is, ‘Where did the name,
dynamic programming, come from? The 1950s were not
good years for mathematical research. We had a very inter-

in Santa Monica. He had received his Ph.D. from Princeton
in 1946 at the age of 25, despite various war-related
activities during World War II—including being assigned
by the Army to the Manhattan Project in Los Alamos.
He had already exhibited outstanding ability both in pure
mathematics and in solving applied problems arising from
the physical world. Assured of a successful conventional
academic career, Bellman, during the period under con-
sideration, cast his lot instead with the kind of applied
mathematics later to be known as operations research. In
those days applied practitioners were regarded as distinctly
second-class citizens of the mathematical fraternity. Always
one to enjoy controversy, when invited to speak at vari-
ous university mathematics department seminars, Bellman
delighted in justifying his choice of applied over pure math-
ematics as being motivated by the real world’s greater chal-
lenges and mathematical demands.

Hinh: R.E.Bellman (1920-1984)

esting in Washi named Wilson. He was
Secretary of Defense, and he actually had a pathological
fear and hatred of the word, research. I'm not using the
term lightly; I'm using it precisely. His face would suffuse,
he would turn red, and he would get violent if people used
the term, research, in his presence. You can imagine how he
felt, then, about the term, mathematical. The RAND Cor-
poration was employed by the Air Force, and the Air Force
had Wilson as its boss, essentially. Hence, I felt I had to do
something to shield Wilson and the Air Force from the fact
that T was really doing mathematics inside the RAND Cor-
poration. What title, what name, could I choose? In the first
place T was interested in planning, in decision making, in
thinking. But planning, is not a good word for various re:
sons. I decided therefore to use the word, ‘programming.’
I wanted to get across the idea that this was dynamic, this
was multistage, this was time-varying—1I thought, let's kill
two birds with one stone. Let’s take a word that has an
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Qui hoach dong la gi? "'EE nnnnnn
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@ L3 mét md hinh gidi bai
o Nhiéu diém tuong ddng véi hai phuong phap Chia dé tri va Quay lui
o Nhic lai Chia d& tri:
» Chia bai todn cha thanh cic bai todn con déc lap
» Gidi tiing bai todn con (bing dé qui)
» Két hogp Ioi gidi cic bai todn con lai thanh I5i gidi cda bai todn cha
@ Phuadng phép qui hoach dong:

» Chia bai todn cha thanh cac bai toan con gdi nhau

» Gidi tiing bai todn con (bing dé qui)

» K&t hop I5i gidi cic bai toan con lai thanh I5i gidi clia bai todn cha
» Khéng tim nhiéu hon mét lan i gidi cda ciing mét bai todn



Céng thic Qui hoach déng = E ......

@ Tim cong thic qui hoach déng cho bai todn dua trén cic bai todn con

@ Cai dit cbng thic qui hoach dong: Chuyén cdng thic thanh ham dé
qui

O Luu trit k&t qua cic ham d3 tinh todn

Nhan xét

Budc 1: tim cdng thiic qui hoach déng 13 budc khé nhit va quan trong
nhit. Budc 2 va 3 c6 thé dp dung so db chung sau day dé thuc hién




Ham dé qui
map<problem, value> memory;

value dp(problem P) {
if (is_base_case(P)) {

return base_case_value(P);

}

if (memory.find(P) != memory.end()) {
return memory [P];

}

value result = some value;

for (problem Q in subproblems(P)) {
result = combine(result, dp(Q));

}

memory [P] = result;

return result;

21

oo | A KHOR
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@ Viéc st dung ham dé qui dé cai dat cong thirc qui hoach déng la cach
tiép can 13p trinh ty nhién va don gidn cho 143p trinh gidi bai todn qui
hoach déng, ta goi dé la cach tiép can |ap trinh Top-Down, pht hgp
véi da sb ngudi méi tiép can ky thust Qui hoach déng

o Khi d3 quen thudc véi cac bai qui hoach déng ta c6 thé luyén tap
phuong phép 1ap trinh Bottom-Up, xdy dung dan 15i gidi tir cac bai
toan con dén cic bai toan cha

o Cac budc trén méi chi tim ra dugc gia tri tbi wu clia bai toidn. Néu
phai dua ra cic phan ti trong I5i gidi tao nén gia tri téi uu cha bai
toadn thi can thuc hién thém budc Truy vét. Budc Truy vét nén md
phéng lai Budc 2 cai dit dé qui va tim ra cic phan ti cla 15i gidi dua
trén thdng tin cic bai todn con di dugc luu trit trong mang
memmory



Day Fibonacci

Hai sb dau tién cia day Fibonacci 13 1 va 1. Tt ¢4 cic sb khic cia day
duoc tinh bing tbéng ciia hai sb ngay trudc né trong diy

@ Yéu ciu: Tim sb Fibonacci thit n

e Th gidi bai todn bing phuong phdp Qui hoach déng
@ Tim cdng thic truy hdi:
fibonacci(1)

fibonacci(2)

fibonacci(n) = fibonacci(n — 2) + fibonacci(n — 1)

1
1
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Day Fibonacci -

2. Cai d3t cbng thiic qui hoach déng

int fibonacci(int n) {
if (n <= 2) {
return 1;

}
int res = fibonacci(n - 2) + fibonacci(n - 1);

return res;
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Day Fibonacci -5

@ Do phiic tap |13 bao nhiéu?

fib(6)
/ \
fib(4 fib(5)
/ \ N
fib(2 fib(3) fib(3) fib(4)
ST ATIARN
fib(1)  fib(2 fib(1) fib(2) fib(2) fib(3)

10/53



Day Fibonacci -5
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e Db phiic tap I3 bao nhiéu? Ham mii, gdn nhu O(2")

fib(6)
/ \
fib(4 fib(5)
/ \ N
fib(2 fib(3) fib(3) fib(4)
ST ATIARN
fib(1) fib(2 fib(1) fib(2) fib(2) fib(3)

10/53



Day Fibonacci S
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3. Luu trit két qua cac ham d3 tinh

map<int, int> mem;

int fibonacci(int n) {
if (n <= 2) {
return 1;

}
if (mem.find(n) != mem.end()) {
return mem[n];
}
int res = fibonacci(n - 2) + fibonacci(n - 1);
mem[n] = res;

return res;

11/53



Day Fibonacci

int mem[1000];
for (int i = 0;
mem [i] -1;

i < 1000;

fibonacci(int n) {
if (n <= 2) {
return 1;

int

}
if (mem[n] -1) {
return mem[n];

}

int res = fibonacci(n

mem[n] = res;
return res;

Bay gid do phic tap la bao nhiéu?

.
o/
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i++)

- 2) + fibonacci(n - 1);

12/53



Day Fibonacci s

@ Ta c6é n khd nang input cho ham dé qui: 1, 2, ..., n.
e Véi mbi input:
» hoic I3 két quad duoc tinh va luu trit lai
» hodc la lay ludn ra tir bd nhé néu nhu trudc day da dugc tinh

e M3i input s& duoc tinh tot da mét 1an

@ Thai gian tinh la O(n,>< f),,véi f 1a thdi gian tinh todn cta ham vdi
m/ét input, véi gia thiét 1a két qua da tinh trudc day sé dugc lay truc
tidp tir bd nhé, chi trong O(1)

e Do ta chi tbn mét luong hing sb phép tinh dbi véi mét input cia
ham, nén f = O(1)

o Thai gian tinh téng cong 13 O(n)

13 /53



T(“;ng I6n nhit trong mang e E -----

e Cho mdt mang sb nguyén arr[O] arr[l] arr[n —1], hdy tim mot
doan trong mang c6 trong sb 16n nhét, nghla 3 t8ng céc sb trong
doan 13 18n nhit

158 2[1]0]6]-3]

14 /53



Téng 16n nhit trong mang

e Cho mdt mang sb nguyén arr[O] arr[l] arr[n —1], hdy tim mot
doan trong mang c6 trong sb 16n nhét, nghla 3 t8ng céc sb trong
doan 13 18n nhit

[sfef2]ifofo]3]

e Tbéng clia doan c6 trong sb 16n nhit trong mang 1a 13

14 /53



Téng 16n nhit trong mang " E »»»»»»

e e s [GACH KHOA

e Cho mdt mang sb nguyén arr[O] arr[l] arr[n —1], hdy tim mot
doan trong mang c6 trong sb 16n nhét, nghla 3 t8ng céc sb trong
doan 13 18n nhit

[sfef2]ifofo]3]

o Téng clia doan c6 trong sb 16n nhit trong mang 13 13
o Cach giai thé nao?
» Phuong phap truc tiép thir tit cd gin ~ n? khoang, va tinh trong sb
mdi doan, cho dé phiic tapO(n®)
» Ta c6 thé xit ly ky thuat bdi mot “meo” luu trit ¢ dinh trong vong l3p
dé giam do phtic tap vé O(n?)
» Lidu c6 thé 1am tt hon véi phuong phdp Qui hoach déng?

14 /53



Téng 16n nhit trong mang " E ------
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o Budc dau tién 13 di tim c6ng thic qui hoach dong

e Goi max_sum(/) la trong s6 cha doan c6 trong sb 16n nhit gidi han
trong doan O, ...,/

@ Neo dé qui: max_sum(0) = max(0, arr[0])

e max_sum(/)?

o Lién hé gi v6i max sum(i —1)?

o Liéu c6 thé két hop I5i gidi clia cdc bai toin con c6 kich thudc bé hon
i thanh I3i gidi bai todn c6 kich thuéc bang i?

o Khéng hoan toan hién nhién phai khéng ?...

15/53



Tong 16n nhit trong mang =
ST,

H3y thay d8i ham muc tiéu:

Goi max__sum(/) la trong s6 doan c6 trong sb 16n nhit gidi han bdi
0,...,1, ma phdi két thic tai i

Neo dé qui: max_sum(0) = arr[0]

e max_sum(/) = max(arr[i], arr[i] + max_sum(i — 1))

Vay cdng thitc cudi cung chi la max g<j<p { max sum(/i) }

16 /53



Téng 16n nhit trong mang =
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o Budc tiép theo I3 cai dit céng thirc qui hoach déng

int arr [1000];

int max_sum(int i) {
if (i == 0) {
return arr[i];

}

int res = max(arr[i], arr[i] + max_sum(i - 1));
return res;

17 /53



Téng 16n nhit trong mang

@ Budc cubi cuing 13 luu trit cadc ham d3 tinh

int arr[1000];

int mem[1000];

bool comp[1000];

memset (comp, O, sizeof (comp));

int max_sum(int i) {
if (i == 0) {
return arr[i];
}
if (compl[il]) {
return mem[i];

}

int res = max(arr[i], arr[i] + max_sum(i
mem[i] = res;

comp[i] = true;

return res;

.
o/
28
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- 1));
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Tong I6n nhat trong mang o E “““““

SOICT

o Trong thii tuc chinh chi cn goi d& qui mét 1an cho
max_sum(n — 1), ham dé qui sé tién hanh tinh toan bé cic gis tri
cia max sum(i),0<i<n-1

o Ké&t qua bai toan don gian 13 gid tri I6n nhit trong cac gié tri
max_sum(/) d3 dugc luu trit trong mem][i] sau qué trinh goi dé qui

int maximum = O0;

for (int i = 0; i < n; i++) {
maximum = max (maximum, mem[i]);

}

printf ("%d\n", maximum);

o Luu y néu bai todn yéu ciu tim doan c6 trong sb I6n nhit trong nhiéu
mang khac nhau, thi hdy nhé xéa bb nhé khi két thic tinh todn mdi
mang

19/53



Téng 16n nhat trong mang = B

@ DO phifc tap tinh todn ?

20/53



Ténglén nhit trong mang _=E -----

@ DO phifc tap tinh todn ?

@ C6 n kha ndng input cho ham dé qui

o MB&i input dudgc tinh trong O(1), gia thiét 13 m&i phép goi dé qui I3
0(1)

e Thdi gian tinh to4n t8ng cong 13 O(n)

20 /53



Téng 16n nhit trong mang

@ DO phifc tap tinh todn ?

Cé n kha ni3ng input cho ham dé qui

M&i input dugc tinh trong O(1), gia thiét 13 mi phép goi dé qui I3
0(1)

Thai gian tinh todn t8ng cong 13 O(n)

Lam thé n3o dé biét chinh xdc mét doan ndo trong mang tao ra gid
tri tong I6n nhat tim dugc?

20 /53



Téng 16n nhit trong mang - Truy vét bing dé qui

void trace(int i) {

if (14 '= 0 &&
mem[i] == arr[i] + mem[i-1]) {
trace(i - 1);
}

printf ("%d ", arr[i]);

- K=
-‘-
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Téng 16n nhit trong mang - Truy vét bing vong I3p =

int maximum = 0, pos = -1;

for (int i = 0; i < n; i++) {
maximum = max (maximum, mem[i]);
if (maximum == mem[i]) pos = ij;

}

printf ("%d\n", maximum);

int L = pos, R = pos, sum = arr[L];

while (sum !'= maximum){
--L;

sum += arr[L];

}
printf ("%d %d", L, R);

22 /53



Dai tién S E “““““
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@ Cho truéc moét tap cac déng tién ménh gid do, di, ..., dy—1, va mot
ménh gid x. H3y tim so lugng it nhat cic dong tién dé déi cho ménh
gia x?

o C6 ai biét thuit toan tham lam cho bai D8i tién nay?
o Loi gidi thuat todn tham lam khéng hé chic chin dua ra 15i giai tbi
uu, thdm chi nhiéu trudng hop con khdng dua ra dugc Isi giai...

o C6 thé sit dung phuong phap Qui hoach déng?

23 /53
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o Budc dau tién: xay dung cong thic Qui hoach déng

Goi opt(i, x) 13 sb lugng tién it nhat cAn d€ déi ménh gia x néu chi
dugc phép st dung cdc dong tién ménh gia dy, ..., d;

Neo dé& qui: opt(,x) = oo néu x < 0
Neo dé qui: opt(i,0) =0
Neo dé qui: opt(—1,x) = co

1+ opt(i, x — d;)
opt(i —1,x)

opt(i, x) = min {

24 /53



Dai tién

int

INF = 100000;

int d[10];

int

opt (int i, int x) {

if (x < 0) return INF;
if (x == 0) return 0;
if (i ==

INF;
min(res,
min (res,

int res =
res =

res

return res;

-1) return INF;

- K=
-=fa
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1 + opt(i, x - dlil));
opt(i - 1, x));

25 /53



Dai tién

int

.
o/
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INF = 100000;

int d[10];
int mem[10][10000];
memset (mem, -1, sizeof (mem));

int

opt (int i, int x) {
if (x < 0) returmn INF;

if (x == 0) return 0;
if (i == -1) return INF;
if (mem[i][x] '= -1) return mem([i][x];

int res = INF;

res = min(res, 1 + opt(i, x - d[il));
res = min(res, opt(i - 1, x));
mem[i] [x] = res;

return res;

26 /53



Dai tién

e D& phic tap?
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Dai tién

@ Do phiic tap?

o Sb luong kha ning input 13 n x x

e M&ai input dugc xit ly trong. 0(1), gia thiét m&i 15i goi dé& qui thuc
hién trong thdi gian hing sb

@ Thai gian tinh toan tong cong la O(n x x)

27 /53
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Do phiic tap?
S6 luong kha n3ng input 13 n x x

Mbi input dugc xi ly trong. 0(1), gia thiét m&i 15i goi dé& qui thuc
hién trong thdi gian hing sb

Thai gian tinh todn téng cong 13 O(n x x)

Lam thé n3o dé xac dinh dudc nhiing ddng tién nio cho phuong 4n
toi uu ?
Hay truy vét nguoc lai qué trinh dé& qui

27 /53
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D&i tién - Truy vét bing dé qui =

void trace(int i, int x) {
if (x < 0) return;
if (x == 0) return;
if (i == -1) return;

int res = INF;

if (mem[il[x] == 1 + mem[i][x - d[i]]1){
printf("%d ", d[il);
trace(i, x - d[il);

} else {

trace(i-1, x);

}

28 /53



D3&i tién - Truy vét bgng vong lap =
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int answer = mem[n-1]([x];
printf ("%d\n", answer);
for (int i = n-1, k = 0; k < answer; ++k) {
if (mem[i][x] == 1 + mem[i][x-d[i]]1){
printf ("%d ", dlil);
x -= d[i];
} else {
-—i;
}
}

29 /53



Dy con ting dai nhit

@ Cho moét mang n sb nguyén a[0], a[l], ..., a[n — 1], h3y tim do dai
clia d3y con ting dai nhit?

@ Dinh nghia day con?
o Néu xo3 di 0 phan tit hosc mdt sb phan ti clia mang a thi sé thu
dugc mét day con cla a

e Vidu:a=15,1,8,1,9,2]

e [5,8,9] la mét day con

e [1,1] Ia mét dady con

e [5,1,8,1,9,2] la mét day con
o [] la mét ddy con

e [8,5] khdng 1a mét ddy con
e [10] khéng la mot day con

30/53



Day con tang dai nhat _-"_E. E nnnnnn

@ Cho mdt mang n sb nguyén a[0], a[1], ..., a[n — 1], hdy tim dé dai
clia ddy con ting dai nhit?

e Mbt diy con ting clia a |3 mdt diy con clia a sao cho cic phan ti |3
tdng chit tir trdi sang phai

e [5,8,9] va [1,8,9] la hai ddy con ting cia a=[5,1,8,1,9,2]

o Lam thé ndo d& tinh d6 dai diy con ting dai nhit?

e C6 2" d3y con, phuong phap don gian nhit 13 duyét qua toan bd cac
day nay

o Thudt todn cho d6 phiic tap O(n x 2"), chi c¢6 thé chay nhanh dugc
ra két qua véi n < 23

@ Phuong phap Qui hoach déng thi sao?

31/53



Dy con ting dai nhit

o Goi lis(i) 1a d6 dai d3y con ting dai nhit cia mang a[0]
o Nei dé qui: lis(0) =1

e Cong thirc dé qui cho lis(i)?

- K=
-=fa
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'
SCICT

e e BACH KHOA

32/53



Day con tang dai nhat _-=¢_5_ E ......

Goi lis(i) 1a d6 dai d3y con ting dai nhit ctia mang a[0], ..., a[i]
Nei dé qui: lis(0) =1
Cong thirc dé qui cho lis(/)?

N&u d3t ham muc tiéu nhu vay s& gip phai vin dé gibng nhu bai toan
tong 16n nhat trong mang & trén, hdy thay doi mot chit ham muc tiéu

32/53



Dy con ting dai nhit
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e Goi lis(/) 13 d6 dai day con ting dai nhit clia mang a[0], ..., a[i], ma
két thiac tai i

o Neo dé qui: khdng can thiét
o lis(/) = max(1, max; 4. a[j]<a[i]{1 +1is(j)})

33/53
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Dy con ting dai nhit -

int a[1000];
int mem[1000];
memset (mem, -1, sizeof (mem));

int 1lis(int i) {
if (mem[i] '= -1) {
return mem[i];

}

int res = 1;
for (int j = 0; j < i; j++) {
if (aljl < alil) {
res = max(res, 1 + 1lis(j));
}
}

mem[i] = res;
return res;

34 /53



Dy con ting dai nhit =
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o Bay gid do dai ddy con ting dai nhit chinh 1 gia tri 16n nhit trong
cac gia tri lis(/):

int mx = 0;

for (int i = 0; i < n; i++) {
mx = max(mx, mem[i]);

}

printf ("%d\n", mx);

35/53



Dy con ting dai nhit .

@ DO phiic tap tinh todn?

36 /53



Dy con ting dai nhit - E ......
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D6 phiic tap tinh todn?

Cé n kha nang input

M3i ir]put dugc tinh trong thai gian O(n), gid thiét mai I5i goi dé qui
chi mat O(1)

Thai gian tinh t8ng cong 3 O(n?)

Cé thé chay ducc dén n < 10 000, tbt hon rat nhiéu so véi phuong
phép duyét toan bo!

36 /53



Day con ting dai nhit - Truy vét bing dé qui o

void trace(int i) {
int res = 1;
for (int j = 0; j < i; j++) {
if (aljl < ali] && mem[i] == 1 + mem[j]l) {
trace(j);
break;
}
}
printf("%d ", i);

37/53



Day con ting dai nhit - Truy vét bing vong l3p -

SO e
int mx = 0, pos = -1;
for (int i = 0; i < n; i++) {
mx = max(mx, mem[i]);
if (mx == mem([i]) pos = ij;
}

printf ("%d\n", mx);
stack<int> s;
for (int i = pos, k = 0; k < mx; ++k) {

s.push(i);
for (int j = 0; j < i; ++j){
if (alj] < alil && mem[jl+1 == mem[i]){
i=73;
break;
}
}
while (!s.empty ()){
printf("%d ", s.back());
s.pop();
}

38/53



Day con chung dai nhit ™ E ------

@ Cho hai xau (hodc hai mang sb nguyén) n phan ti a[0], ..., a[n — 1]
va b[0], ..., blm — 1], hdy tim d6 dai clia d3y con chung dai nhit cia
hai xau.

@ a ="bananinn"

@ b ="kaninan"

@ D3y con chung dai nhat clia a va b, "aninn", c6 do dai 5
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Day con chung dai nhit ™ E -----

o Goi les(i, /) 13 d6 dai d3y con chung dai nhit cda a[0], ..., a[i] va
blo], ..., b[j]

@ Neo dé qui: les(—1,/) =0
@ Neo dé qui: les(i,—1) =0

les(i,j — 1)
o les(i,j) =max< les(i — 1,))
1+1les(i—1,j —1) néu ai] = b[j]
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D3y con chung dai nhat

string a = "bananinn",
b = "kaninan";
int mem[1000][1000];
memset (mem, -1, sizeof (mem));

int lcs(int i, int j) {

if (i == -1 || j == -1) {
return O;
}
if (mem[i][j] !'= -1) {
return mem[i]l[j];
}
int res = 0;
res = max(res, lcs(i, j - 1));
res = max(res, lcs(i - 1, j));
if (alil == b[j1) {
res = max(res, 1 + 1lcs(i - 1,
}
mem[i] [j] = res;

return res;

SOICTY
e wa | BACH KHOA
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D3y con chung dai nhat £ B

e D& phic tap tinh toan?
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Day con chung dai nhit ™ E -----

@ Do phirc tap tinh todn?

@ C6 n khad nang input

o Mdi ir)put dugc tinh trong thai gian O(1), gia thiét m&i 15i goi dé qui
chi mat O(1)

o Thai gian tinh t8ng cong 13 O(n x m)
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D3y con chung dai nhat = E ......

oo | A KHOR

D6 phirc tap tinh todn?

Cé n kha nang input

M3i input dugc tinh trong thai gian O(1), gia thiét mai I5i goi dé qui
chi mat O(1)
Thai gian tinh téng cong 13 O(n x m)

Lam thé nao d& biét chinh xac nhitng phan ti nao thudc dy con
tdng dai nhat?
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D3y con chung dai nhit - Truy vét bing dé qui :f‘f

e e s [GACH KHOA

void trace(int i, int j) {

if (i == -1 || j == -1) {
return;

}

if (mem[i][j] == mem[i-1]1[jI1){
trace(i-1, j);
return;

}

if (mem[il[j] == mem[il[j-11){
trace(i, j-1);
return;

}

if (alil == b[j] && mem[il[j] == 1 + mem[i-1]1[j-11){
trace(i-1, j-1);
printf ("%d ", alil);
return;

}
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D3y con chung dai nhit - Truy vét bing vong I3p

int answer = lcs(n-1, n-1);

printf ("%d\n", answer);
stack<int> s;

for (int i = n-1, j = n-1, k = 0; k < answer; ++k) {
if (al[i]l == b[j] && mem[i]l[j] == 1 + mem[i-1]1[j-11){
s.push(alil);

}

--j; continue;
}
if (mem[il[j] == mem[i-11[jI){

--i; continue;

}

if (mem[i][j] == mem[i][j-11){
--j; continue;

}

while (!s.empty()) {

printf("%d ", s.back());
s.pop();

- K=
-‘-
=i
'
SCICT

(e wa | BACH KHOA
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Qui hoach déng trén bitmask

@ C6 con nhd bidu dién bitmask cho cac tap con?

o M3i tap con clia tap n phan tir dugc biéu didn bdi mét sb nguyén
trong khodng 0, ..., 2" —1

o Diéu nay c6 thé gitp thuc hién phuong phdp qui hoach déng d& dang
trén cic tap con
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Bai todn ngudi du lich

Applying the Traveling Salesman
Problem to Business Analytics

Published on April 2, 2016

“The history and evolution of solutions to the Traveling Salesman
Problem can provide us with some valuable concepts for business
analytics and algorithm development”

"Just as the traveling salesman makes his journey, new analytical
requirements arise that require a journey into the development of
solutions for them. As the data science and business analytics landscape
evolves with new solutions, we can learn from the history of these
Journeys and apply the same concepts to our ongoing development”

SOICTY
e wa | BACH KHOA
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ai todn ngudi du lich ﬂE nnnnnn

o e (g O

Cho mdt dd thi n dinh va gié tri trong sb cij trén mdi cip dinh i, /.
H3y tim mét chu trinh di qua tat ca cac dinh clia d6 thi, mdi dinh
diang mét 1an sao cho tong cic trong so trén chu trinh d6 1a nhd nhat

Day 13 bai todn NP-khé, vi vy khéng ton tai thuat toan tit dinh thai
gian da thdc nao hién biét dé gidi bai todn nay

Thuat todn duyét toan bé don gidn duyét qua toan bd cac hodn vi
céc dinh cho dé phdc tap 1a O(n!), nhung chi c6 thé chay dugc dén
n<11

Liéu c6 thé 1am tbt hon véi phuong phap qui hoach dong?

47 /53



ai todn ngudi du lich ___EE ------

e e s [GACH KHOA

Khéng mAt tinh tdng quat gi3 st chu trinh bit ddu va két thiic tai
dinh 0

Goi tsp(i, S) cach st dung it chi phi nhAt dé di qua toan bd cac dinh

va quay trd lai dinh 0, néu nhu hién tai hanh trinh dang & tai dinh j
va ngudi du lich d3 thdm tat c3 cic dinh trong tdp S

Neo dé qui: tsp(/, tap moi dinh) = ¢; o
Céng thirc dé qui tsp(/, S) = min jgs { ¢+ tsp(j, SU{j}) }
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Bai todn ngudi du lich .-

SOICTY
e wa | BACH KHOA

const int N = 20;

const int INF = 100000000;
int c[N][N];

int mem[N][1<<N];

memset (mem, -1, sizeof (mem));

int tsp(int i, int S) {
if (S == ((1 << N) - 1)) return c[i][0];

if (mem[i][S] !'= -1) {
return mem[i] [S];
}
int res = INF;
for (int j = 0; j < N; j++) {
if (S & (1 << j))
continue;
res = min(res, c[il[j] + tsp(j, S | (1 << j)));
}
mem[i] [S] = res;
return res;
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Bai toan ngudi du lich =
SCICT

iy erco e | BACH KHOA

o Nhu vay I5i gidi téi uu c6 thé dugc dua ra nhu sau:

@ printf ("/d\n", tsp(0, 1<<0));
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Bai todn ngudi du lich aE B
soicT IS
SO

@ DO phiic tap tinh todn?
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Bai todn ngudi du lich

D6 phiic tap tinh todn?

Cé n x 2" kha ndng input

M&i input dugc tinh trong thdi gian O(n),
chi mit O(1)
Thai gian tinh t8ng cong 3 O(n? x 2M)

gia thiét mdi 15i goi dé qui

Nhu vay cé thé tinh nhanh dugc véi n 1én dén 20
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ai todn ngudi du lich ___;EE ------

SOICT
e e s [GACH KHOA

D6 phiic tap tinh todn?

Cé n x 2" kha ndng input

M3i ir]put dugc tinh trong thai gian O(n), gid thiét mai I5i goi dé qui
chi mat O(1)

Thai gian tinh t8ng cong 3 O(n? x 2M)

Nhu vay cé thé tinh nhanh dugc véi n 1én dén 20

Lam th& ndo d& dua ra dudc chinh x4c hanh trinh clia ngudi du lich?
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Bai toan ngudi du lich - Truy vét bing dé qui a

e e s [GACH KHOA

void trace_tsp(int i, int S) {
printf("%d ", 1i);
if (S == ((1 << N) - 1)) return;

int res = mem[i][S];
for (int j = 0; j < N; j++) {
if (S & (1 << j))

continue;

if (res == c[1]1[j] + mem[jI[S | (1 << )DL
trace_tsp(j, S | (j << j));
break;
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Bai toan ngudi du lich - Truy vét bang vong I3p =

e e s [GACH KHOA

int answer = tsp(0, 1);
printf ("%d\n", answer);
stack<int> s;

s.push (0);

for (int i = 0, S =1, k = 0; k < n-1; ++k) {
for (int j = 0; j < mn; ++j){
if ((8 & (1 << j))
&% (mem[i]1[S] == c[il[j] + mem[jI[S | (1 << jIN{
s.push(j);
i=3j;
S =81 (1 << j);
}
}
}
while (!s.empty()) {
printf("%d ", s.back());
s.pop ) ;
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