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Tom tat: Bai bdo trinh bay vai tro cua cdc yéu to toan hoc trong viéc nang cao hiéu

qud thudt todn va phan mém giai quyét mot sé bai toan thuc té. T hong qua cdc vi du nhu ham

so cap, day so Fibonaci va bai toan dé chan song, tac gia chi ra cach cac mo hinh toan hoc

dwge ap dung dé phan tich va téi wu héa. Ngodi ra, bai bdo con dé xudt cdc ky thudt nhuw bién

doi cong thure, to chure dir liéu, phdan ra bai toan va diéu chinh tham so dé cdi thién hiéu qua

tinh toan trong thuc tién.

Tir khoa: mo hinh toan hoc, thudt toan, toan hoc ung dung

I. Pit van dé

Trong ky nguyén s6, kha nang chuyén
héa cac md hinh toan hoc thanh chuong
trinh mdy tinh hiéu qua 14 yéu t5 then cht
trong toan hoc va tin hoc tng dung. Vi
nhitng bai toan doi hoi dan xuat két qua
cu thé (mot $0, day s6, van ban, két luan
16 gic,...), trén quan diém toan hoc, duoc
coi 1a giai quyét xong néu dan xuat duoc
cong thirc hay chi ra quy trinh bién d6i dé
nhan duoc két qua. Pi c6 rat nhiéu thuat
gidi cho cac mo hinh toan hoc dugc dua ra
trong (Bently, J., 2016; Burden, R.L. and
Faires, J.D., 2015; Cormen, T.H. va cdng
su, 2009; Knuth, D., 1968; Nguyén Canh
Toan, 2005; Press, W.H. va cOng su, 2007;

' Truong Dai hoc Mé Ha Noi

Tran Dtc Tho, 2018). Tuy nhién, trén thuc
té, trong qua trinh xir Iy cac bai toan ta phai
lam viéc v61 mot may tinh hitu han ca veé
téc d9, bd nhd va kha nang biéu dién chinh
xac. Do do viéc xay dung mot thuat toan
t61 wu 13 can thiét, nd doi hoi nhitng nguoi
lam toan tmg dung can phai dua ra duoc
nhtig 101 giai cho bai todn phai dam bao
tinh chinh x4c, do phirc tap tdi thiéu.

Ta bat dau voi mot vi du vé khai trién
Taylor ctia ham s6 sin x nhu sau: Xét khai
trién Taylor v6i ham sinx taix, = 0 c6 dang
(Abramowitz, Mi. and Stegun, 1. A., 1970).

2n+1

+00 X
;(—n o O



Day 1a chudi luy thira vo han hoi tu
t61 ham sin x, hoi tu tuyét dbi v6i ban kinh
hoi tu trong khoang (-0, +00) va sai s6 tinh
toan so v&i gia tri cua ham khoéng vuot
quéa gia tri tuyét ddi cia s6 hang dau tién
bi b6 qua (tirc 1a phan du trong khai trién
r= o(x**!). Trong cac bai toan thuc té can
tinh todn voi gia tri ctia ham sin x ta thay,
v6i x nhan gia tri kha bé (gan voi 0) thi
ta co thé xap xi sin x = x, tuy nhién voi
x nhan gia tri kha 16n thi cong thirc xap
xi trén khong con dang nita. Vay ta can
phai xac dinh dugc gia tri thor n cua khai
trién dé sao cho khi ngét bo phan du thi
do chinh x4c van dat dugc yéu cau cua bai
toan dat ra va dam bao thoi gian xtr 1y cua
may tinh ddi voi thuat toan phai t6i thiéu.

Ngoaira viéc xay dung céc thuat toan
khac nhau cho mot bai toan ciing dan dén do
chinh x4c va d§ phuec tap tinh toan s€ khac
nhau. Ta xét vi du vé thuét toan tim day )
Fibonacci (Brillhart, J., Montgomery, P. L.
and Silverman, R. D., 1988; Cohn, J. H.
E.,1964) sau: Xét bai toan (sé canh hoa):
Tim day ) S Jyo S trong d6

fo=H=1

{fn = fo-1+ fa-zr YR 22 @

Diy sb trén duoc goi 1a diy sd
Fibonacci, ddy s ndy xuét hién trong
nhing bong hoa, hau hét cac bong hoa c6
s canh hoa la mot trong cac sb: 3, 5, 8,
13,21, 34, 55 hoac 89. Hoa muéng Hoang
Yén ¢ 5 canh, hoa phi yén thuong c6 5
hoac 8 canh, hoa Da Quy c6 13 canh, hoa
cuc thuong c6 34, hoac 55 hoac 89 canh.
Hién nay, bang cong nghé bién doi gen,
nguoi ta tao dugc mot loai hoa maéi rat dep
c6 sb canh hoa 1a s6 Fibonacci fi.
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Ta c6 thé xdy dung thuat giai dé tim
day s6 Fibonacci nhu sau:

Di# ligu: Vio tir thiét bi vao chuan
cia hé thong gdm mot dong chira sd
nguyén duong n (1<n<107).

Két qud: Pua ra thiét bi ra chuin
cua hé théng ) lugng canh hoa tinh dugc
theo modun 10°+7.

Vi du:
INPUT OUTPUT
8 34

Giai thuat:

Theo cong thuc 1ap da néu voi day
s0 Fibonacci viéc 1ap trinh rat don gian,
ngan gon. Chuong trinh sau dua ra thoi
gian tinh (loai bo thoi gian nhap dir li¢u).

# Fibonacci

import time

n = int(input(* n = *))

start _time = time.time()

p=1_000_000 007

fa,fb=1,1

for i in range(n-1):

fn = (fa + tb)%p

fa, fb = fb, fn
print(“n =",n)
print(fb)
print(“--- %s seconds ---" % (time.

time() - start_time))
Két qua:

n=10’

Két qua: 640540120

Thoi gian: --- 15.817691326141357
seconds ---

Trong thudt giai trén voi n = 107
thi ta chi can khoang 16 gidy 1a tim dugc
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tat ca cac sd Fibonacci trong khoang nay,
nhung néu ting 1én n = 10" thi chuong
trinh can nhiéu thang dé chay ra két qua.
Tuy nhién, néu tinh s Fibonacci theo
cong thuc:
[1 1" _ [fanr fn]
10 fo  faa

Va ap dung gidi thuat tinh nhanh

3)

luy thura d§ phtrc tap cua gidi thuat s€ la
O(logn) va thoi gian thyc hién voi  s€
khong qua 0.003 giay.

Chuong trinh trén C++ theo cong thuc
dang ma tran v6i ung dung so do tinh
nhanh liiy thura:

#include <bits/stdc++.h>

#define NAME “fib.”

using namespace std;

ifstream fi NAME”’inp”);

ofstream fo (NAME”out”);

uint64 tn,a,ans,fib,t[4]={0,1,1,1},
r[4]={0,1,1,1},tg[4],p;

void mp2(uint64 t x[],uint64 t y[],
uint64 _t z[])

{tg[0T=(x[OT*y[OT+x[1T*y[21)%p;

te[1T=([OT*y 1T+ 1T*y[31)%p;

te[2]=(x[2]*y[0T+x[3]*y[2])%p;

te[31=(x[2]*y[ 11+x[3]*y[3])%p;

z[0]=tg[0];z[ 1]=tg[1];z[2]=tg[2];
z[3]=tg[3];

}

int main()

{

fi>>n>>p;

while(n)

{if(n&1) mp2(r,t,r);

mp2(t,t,t);

n>>=1;

h
ans=r[2]%p;
fo<<ans;

fo<<’\nTime: ‘“<<clock()/(double)
1000<<” sec™;

}
Két qua thyc hién chuong trinh véi
gia
n=10"
Két qua: 153691709
Time: 0.003 sec

I1. Phuwong phap nghién ciru

Trong bai bao nay, xuit phat tir cac
bai toan thyc té nhu: bai toan xdy tha
nhim bé tong cho dé chin song bién, bai
toan phat chuong trinh quang céo xen 1an
chuong trinh truyén hinh, bai toan ning
luong, bai toan truy dudi toi pham. Tac gia
sit dung phwong phap phan tich va tong
hop 1y thuyét dé nghién ciru cic mo hinh
toan hoc, nghién ctru cac yéu td toan hoc
quyét dinh va tdi vu hoa vé mat toan hoc.
Sau d6 xay dung thuit toan va lap trinh
mo phong cho két qua cia bai toan. Va tir
d6 co thé dua ra cac két luan cho viée ung
dung trong thuc té.

III. Cac yeu to nang cao hi¢u qua
cta thuat toan va phan mém

3.1. Bién déi, rit gon cong thirc
trudc khi tinh todan

Viéc bién d6i, rat gon cong thurc cho
phép d€ dang ap dung cac giai thuat tim
kiém c6 hiéu qua. Xét bai toan “dé chin
song” (Pham Vin Giap, Nguyén Hitu
Déu, 2000; Silvester, R., 1974) c6 dang
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sau: B¢ bao vé€ vung bo bién c6 gia tri kinh t€ cao & mot vinh nguoi ta xay dung mot con dé
chan séng chan ctra vinh. Poan thang noi hai bén cua ctra vinh dugc chia thanh 6 cung do
dai. bé gom nhi€u doan lién tuc dugc tha “Nhim bién” (xem trong hinh 1), mo6i doan bao gobm

mot sO 6 lién tyc. Gilta 2 doan phai c6 it nhat mot 6 trong.

Hinh 1. Hinh anh nhim bién ciia dé chan song

Theo thiét ké, dé phai c6 mot doan Gidi thugt: Phan tich va bién doi
do dai k 6, 2 doan d6 dai k - 1 6, 3 doan do mé hinh todn hoc, Tim kiém nhi phan.

dai k - 2 0,..., doan d¢ dai 1 6. Hay xac
dinh k 16n nhat c6 thé chon.

Di# ligu: Vio tir thiét bi vao chuan

Xét s luong 6 can thiét dé c6 doan
dé chin song dai nhat do dai k, khi d6 sé

\ o o ) luong cac doan chan song la
gom mot dong chira s6 nguyén .

Két qua: Pua ra thiét bi ra chuan sd 142+344k= zk:i = k(k2+ 1)_ (4)
nguyén tim dugc. i=1
Vidu: S6 lugng 6 can thiét dé tréng s& 1a
INPUT OUTPUT khong it hon @ —1.Do d6 sb luong 6
7 2 thudc cac doan dé s€ la
k(k+ 1)(k + 2)

k+2.(k—1D)+3.(k=2)+-+*k-1).2+k 1=

6

Nhu véy tong sb luong 6 can c6 s& 1a
k(k+1)(k+2)+k(k+1) 1_k(k+1)(k+5) 1

f(k) = z 5 o
Ta thiy f(k) 1a ham don diéu ting #define  Times  fo<<’\nTime:
trong mién £>0. Gia tri k ¢ thé tim bang “<<clock()/(double)1000<<" sec”

giai thuat tim kiém nhi phan. Luu y khi using namespace std;
ifstream fi (NAME”inp”);
ofstream fo (NAME”out”);

int64_t n,L,r,m,sum,mx=2000000;

xac dinh mién tim kiém dé tranh tran 6 khi
tinh f{k): v6i n<10', khong thé 16n hon
2.10°8. D¢ phire tap cua gidi thudt: O(In n).

Chuong trinh

#include <bits/stdc++.h>

#define NAME “dike.” int main()
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fi>>n;
1=0; r=min(n+1,mx);
while(l<r-1)
{
m=(r+1)/2;
sum=m*(m+1)*(m+5)/6-1;
if(sum>n) r=m; else l=m;
}
fo<<l;
Times;

}
3.2. Khai thdc kha néng té chirc di

liéu ciuia cong cu

Hiéu qué nhiéu giai thuat phy thudc
va duoc quyét dinh mot cach chu yéu vao
viéc khai thac cac ciu tric dit liéu do céc
hé théng 1ap trinh cung cép. Vi du, xét bai
todn “quang cao” nhu sau: Chuong trinh
TV duge phat dan xen voi quang cdo. Moi
quang c4o co thé xuat hién nhiéu lan trong
thang. Steve khong c6 may cam tinh véi
thong tin quang cdo dan xen. Theo Steve,
gidi thiéu san pham moi 1a can thiét va da
c6 nhiing kénh TV riéng, con viéc phat
quang cdo dan xen vé&i ndi dung chinh
ctia mdt chuong trinh chi 1a mot nd luc
v6i muc dich “Bdn cdt cho nguoi A rdp va
ban tu lanh cho nguoi Eskimo”. Tuy vay,
ta dang séng trong mat thé gidi1 thue, bd
may truyén thong ciing can phai c6 thém
thu nhap, ta phai chép nhén su tOn tai cua
quang cao dan xen, phai thich nghi voi
thuc té va Steve da tim ra mot cach thich

nghi tuyét voi - st dung quang cao nhu

mot cong cu rén luyén tri nho. Khi Xuét
hién mot quang cdo, Steve dua vao mdt
s6 dic trung trén man hinh, tinh ra mot sd
nguyén duong tuong ung voi quang cao
do (tuong ty nhu 4nh xa ham bam) va xac
dinh day 13 quang cdo moi, 1an dau tién
minh thdy hay 1a quang céo cii, dd thay
trude do.

O mot cudn sb, Steve ghi sd tinh
dugc tuong tmg véi quang céo thir . O mot
cubn s6 khac Steve ghi s6 0 néu day 14 lan
dau tién quang cao xuat hién va ghi sb 1
trong truong hop nguoc lai.

Sau mdt thoi gian rén luyén Steve
c6 mot kha nang quan sat tuy¢t voi va tri
nhd tot. Tat ca quang cdo néu trong thang
déu duogc xac dinh ding 14n xuét hién dau
tién!

Hay x4c dinh diy s6 0, 1 ghi trong
cubn sb thir 2 cua Steve.

Di# ligu: Vo tir thiét bi vao chuén:

+ Dong dau tién chira mot s6 nguyén
n,(1<n<10%),

+ Dong thir 2 chta n s nguyén

a,a,...,a (1<a<10%i=1,...,n).

l,

Ket qud: Dua ra thiét vi ra chuan
trén mot dong » so ghi trong cudn so thir
2, cac soO cach nhau mot dau cach.

Vi du:

INPUT OUTPUT
g 01011011
11313831

Gidi thugt: Cdu tric dir liéu tdp hop
Str dung tap hop set<int> s,
Nap phan tir vao tap hop: s.insert(x),
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..........................................................................................

s.insert(x) .first s.insert (x) .second
® A
% /
- ;
CN V4
.y V4
e, /

M Y4
Thong tin tra vé: (Vi tri, K&t qua nap)
True néu nap duoc,

Ket qua nap = False néu khong nap duogc
1 (trong tap hop da co gia tri nay).

Puta ra két qua twong iing

Do phire tap cua giai thudt:
// Blurb Set

#include <bits/stdc++.h>
using namespace std;

nt n,x;

set<int> s;

int main()

{

freopen(“input.txt”, “r”, stdin);
freopen(“output.txt”, “w”, stdout);
ios_base::sync_with_stdio(0);
cin.tie(0);
cin>>n;
for(int 1=0; 1<n; ++1)
{

cin>>x;

if(s.insert(x).second)cout<<’0

“; else cout<<1 “;

b
}

3.3. Phadn ra thanh cac bai todn con
don gidan va co cung mo hinh toan hoc

Nhiéu bai toan ¢ dang ban dau doi
hoi nhidu cong strc dé thiét ké giai thuat
cling nhu 13p trinh. Tuy vay khong it bai
toan cho phép phan rd mdi bai da cho thanh

mot s6 bai toan con c6 cing mo hinh toan
hoc va dé dang l1ap trinh. Van dé con lai
chi con 1a tong hop céac két qua nhan duge
tir nhitng bai toan con dé co két qua cudi
cung. Ky thuat nay dac biét hi¢u qua khi
doi hoi phai xir Iy nhidu truy van véi cung
mot b dir li€u co sd va cac truy vén ¢6 thé
cho & ché do offline hoac online!

Xét bai toan “nang lugng” c6 dang
sau: Qua trinh trang bi kién thuc phai di
kém véi viée ciing cb thé luc. Chinh vi
vay chuong trinh cda trai he tin hoc co
ban tham gia, bén canh cac xé mi na giai
thuét con c6 cac budi thi kiém tra thé luc.
Noi dung cua cac cudc kiém tra 13 xudt
phat tir vi tri x, nguoi thi phai dang bong
ném d6 binh dat & cac vi tri x,x,x,,....x,
nam trén cung mot dudng thing va di
qua diém x,- Bong dugc dat ¢ cac vi tri
x,tkd k=0,+£1,£2,.... SO luong bong &
mdi vi tri 1a da nhiéu nhung ngudi choi
chi ¢6 thé dugc phép ném bong tir noi dit
bong va ném d6 binh & vi trf tuy chon. Do
da duoc tap luyén nhiéu tir trude nén cu
ném cua cac ban tré 1a rat chinh xac, ha
muc tiéu da chon ngay tir 1an ném déu tién
hudng t61 nd. Tuy vay, tu vi tri toa do x,
dé ném d6 binh & vi tri x, ty chon nguoi
choi phai ton it nhat (x-x)* don vi ning
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lwong. Ngoai ra, do thé chit khac nhau
nén nguoi tha j can ton l don vi dé vuot
qua quang duong do dai 4. Nha an phuc
vu theo nguyén tac tu chon voi sd lugng
moén an khac nhau rit phong phti va ¢ mdi
moén dn déu ghi rd sé don vi niang luong
ma nd cung cap cho co thé.

Hiy xac dinh s6 niang luong tbi
thiéu ma mdi ngudi phai c6 dé vuot qua
bai kiém tra thé luc.

Dir ligu: Vio tir thiét bj vao chuan:

+ Dong dau tién chira s6 nguyén -
s6 lugng binh can ném d6 (1<n<3.10°).

+ Dong thir 2 chta n sd nguyén
XXX (0x<10%i=1,2...,n).

+ Dong thtr 3 chira 2 s6 nguyén X, va
d (0=x,<10°,1<d<2.10°).

+ Dong thtt 4 chira s6 nguyén m
(1=m=<6.10°).

+ Dong thtr j trong m dong sau chira
s6 nguyén 1. (0<t<10°).

Két qud: Pua ra thiét bi ra chuan
téng niang luong t6i thiéu can thiét cua
mdi ngudi dé hoan thanh bai kiém tra thé
luc, moi gia tri dua ra trén mot dong dudi
dang s nguyén va theo trinh tu tvong tmg
O dir liéu vao.

Vidu:
Input Output

4 49597
1002 101 666 91
910 159
5 1043
777 703
1
2
15
10

Gidi thudt: Tong tién t6-hdu to

Xét truong hop x, = 0:

Gia thiét chién luoc ngudi choi la:

+ Thuc hién & lan chuyén dong toi
noi c6 bong voi do dai duong di la x = k.d,

+ Trén dudng di ném d6 cac binh
mot cach tdi v,

+ Tt vi tri cudi cua duong di: Ném
do cac binh con lai.

Chi phi nang lugng t6i uu dé ném d6
binh ¢ vi tri x, trén dudng chuyén dong la

(min{x;%d, x; — x;%d})? (5)

Goi tong cac chi phi can thyc hién
trén duong di 1a left. Ky hiu tap cac chi
sd cuia cac phan tir x>x 1a right = 3 _ x,
right2=y _ x>, f(k) 1a ham tong chi phi
ning luong dé hoan thanh cudc thi.

fk) = k.t +left + Z(x —x;)? = k.t +left + x2. |R| — 2x.7right + right2. 6)

i€R
Van dé con lai chi 1 tim comin o FO0),
Truong hop x, bat ky: Bang phuong
phap bién dbi toa do, tir bai toan dd cho

x Xy - - - Xm x0

dua vé viéc giai 2 bai toan 4 va B véi diém
xudt phat toa d6 0 va tong hop dé co két

qua can tim.

Xn
® ® e e 4 e e e ®
)
x0-x%x; x0-x, x0-%X, @@ Xm+1—%x0 Xms1—X%X0
)

A

A H




Viéc tong hop két qua c6 thé dua
trén phuong phap tim kiém tam phan hoac
s€ hiéu qua hon nhiéu néu dung phuong
phép tim kiém nhi phan dua trén dao ham
f'(k), khi d6 d6 phuc tap ctua giai thuat sé
la O(mlogn).

Chu y: Dé 1ap trinh c6 hiéu qua can
thiet k¥ ban do luu trit dir ligu.

// W146 Energy V2 Opt

#pragma GCC
optimize(“Ofast,unroll-loops™)

#include <bits/stdc++.h>

using namespace std;

using 1l = long long;

using 1d = long double;

using pii = pair<int, int>;

#define bigint __ int128

#define all(a) (a).begin(), (a).end()

const 1l inf=2¢18,;
long long soft(bigint x) {
return X >=inf ? inf : x;
b
struct Solver {
intn;
vector<int> a;
vector<int>u_ind;
int d;
vector<ll> pref sum_opt;
vector<bigint> suf 2 sum;
vector<ll> suf sum;
Solver() {}
Solver(vector<int> a_, int d) :
a(a_), d(d) {
sort(all(a));
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if (a.empty() || a[0] != 0)
a.insert(a.begin(), 0);
n = a.size();
pref sum_opt.resize(n + 1);
for (int 1= 0; 1 <n; ++i)
pref sum_opt[i + 1]=pref
sum_opt[i]+(1l)min(a[i]% d,
d-a[i] % d) * min(a[i]
% d, d - a[i] % d);
suf 2 sum.resize(n + 1);
suf sum.resize(n + 1);
for(inti=n-1;1>=0; --1) {
suf 2 sum[i] =suf 2 sum]i
+ 11+ (ID)a[i]*a[i];
suf sum[i] = suf sum[i + 1]
+alil;
}
for (int1=1; 1 <n; ++i)
if ((a[i]+d-1)/d!=(a[i-1]
+d-1)/d)
u_ind.push back(i - 1);
u_ind.push_back(n - 1);
h
bool func_der(1l last_ind, 11 steps,
intt) {
return t + (bigint)(steps * (n -
last ind - 1)
* d - suf sum[last ind +
ID*2*d)<0;
}

long long func(ll last_ind, 1l steps,
intt) {
return soft(steps * t + pref
sum_opt[last ind + 1]

+suf 2 sum[last_ind + 1]
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+ (bigint)(n - last_ind - 1)
* steps * d * steps * d -
(bigint)2
* suf sum[last ind + 1] *
steps * d);
H

long long solve with formula(int
pl, intt) {
if (pl >=n) return inf;
long long spl=(a[pl]+d-1)/d;
long long spr=(pl+1>=n?
spl : (a[pl+1]+d-1)/d);
if(n-pl-1==0)
return min({func(pl, spl, t),
func(pl, spr, t)});
long long res = inf;
long long x0 = -(t - (bigint)2 *
suf sum[pl + 1] * d)
/ ((bigint)2 * (bigint)(n - pl
-1)*d*d);
x0 = min(max(spl, x0), spr);
for (long long steps = max(spl,
x0 - 1); steps

<= min(x0 + 1, spr);

++steps)
res = min(res, func(pl, steps,
0);
return res;
}
long long solve with I(int pl, int
t) {
if (pl >=n) {
return inf;
}

long long spl=(a[pl]+d-1)/d;

long long spr=(pl+1>=n?
spl : (a[pl+1]+d-1)/d);
while (spl + 1 <spr) {
long long cm = (spl + spr) / 2;
if (func_der(pl, cm, t)) spl

cm;

else spr=cm;

return min({func(pl, spl, t),
func(pl, spr, t)});
b
long long solve(int t) {
int pl =0;
int pr =u_ind.size();
while (pl + 1 <pr) {
int pm = (pl + pr) / 2;
if (func_der(u_ind[pm],
(a[u_ind[pm]]+d-1)/d, t))
pl = pm;
else pr = pm;

long long res = solve with
formula(u_ind[pl], t);
if (pl + 1 !=u_ind.size())
res = min(res, func(u_ind[pl
+1],
(a[u_ind[pl + 1]] +d - 1)
/d, t));
return res;
b
¥
int main() {
freopen(“input”, “r”, stdin);
freopen(“output.a”, “w”, stdout);

i0s_base::sync_with_stdio(0);



cin.tie(0);
int n;
cin >>n;
vector<int> a(n);
for (int& 1 : a) cin >> i
int X0, d;
cin >>x0>>d;
vector<int>al, a2;
for (int 1= 0; 1 <n; ++1)
if (a[1] <=x0) al.push back(x0
- a[i]);
else a2.push_back(a[i] - x0);
Solver sl(al, d);
Solver s2(a2, d);
int q;
cin >> q;
for (inti=0;1<q; ++1) {
int t;
cin >>t;
long long rl = sl.solve(t) +
s2.solve(2 * t);
long long r2 = s1.solve(2 * t) +
s2.solve(t);

cout << min(rl, r2) << “\n’;

b

Két qué thyc hién: Thoi gian thuc
hién v6i bo dir lidu kich thude toi da da
cho: 0.45 sec.

3.4. Thay déi tham so ciia mé hinh
todn hoc

Phan 16n céc bai toan tin hoc doi hoi
xur ly trong mdt truong gia tri nhat dinh,
thuong gap hon ca la trudng sé nguyén.
Trong qué trinh xtr 1y, néu mot vai tham
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s6 thay d6i gia tri, mot s6 phép xu 1y s&
cho két qua trung gian ngoai truong dang
xét va dan dén két qua sai hodc qué trinh
xtr Iy tréd nén cuc ky phtrc tap. Ngay khi
lam vi¢c trong trudong s6 thue, viée quan
1y tich lity sai s6 1am tron ciing 13 van dé
cuc ky kho khan.

Mot trong nhiing gidi phap hitu hiéu
1a, dua trén quan hé ham gilta cac dai
luong - thay dbi thich hop gia tri mot sb
dai luong khac dé duy tri hiéu Gng da cho.
Diéu nay s& 1am giam dang ké khéi lugng
1ap trinh can thuc hién va khong lam thay
ddi do phuc tap cua giai thuat.

Ta c6 bai toan minh hoa sau, bai
todn “truy dudi”: Nhan duge thong béo
¢6 xe chd hang budn lau quéc cam hién
dang ¢ ki 16 mét thor cua quéc 16, ddn bién
phong dong ¢ ki 16 mét 0 1ap tirc cho xe
truy dudi (Hinh 2). Bon buén lau ciing da
phat hién ra 13 bi truy dudi va khong tir
mot thu doan ndao dé tim cach trén thoat.
Trén xe cua bon budn lau co6 k thung phuy
dau may. Chiing quyét dinh khi can thiét,
tai cac doan duong dbc hiém tré s& db dau
ra dudng 1am xe truy dudi budc phai giam
tdc do, mdi lan s& phai d6 hét ca mot thung
phuy. C6 n diém c6 thé d6 dau can tré xe
cta lyc lugng truy dudi, diém tht i o ki
16 met x; va s€ lam cho xe truy dudi phai
mét thém a, thoi gian dé vuot qua doan
duong bi d6 dau (i=1,...,n). Tbc do xe cua
bon budn laulav, tdc d6 xe cta don bién
phong la v,.

Hay xac dinh thoi gian t6i da bon
budn 1au c6 thé tri hodn trude khi bi bit.
Thoi diém bon budn lau bi bét 1 khi 2
xe ¢ cung mot dia diém, tham chi néu do
1a thoi diém xe bo chay dang do dau ra
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duong! Néu khong thé dudi kip bon budn
lau thi dua ra thong bao “inf’.

Dit ligu: Vao tu file van ban
CHASE.INP:

+ Dong dau tién chira 2 s6 nguyén n
va k (1<n,k<10°).

+ Dong thtr 2 chira 2 s6 nguyén v, va
v, (1<v,,v,<1000).

+ Dong thtt 3 chira sd nguyén s
(0<s<10%).

+ Dong thur i trong n dong sau chira
2 s6 nguyén x, va a, (0<x<10%,0<a <1000,
x=x, ,i=1,...,n-1).

Két qud: Duarafile vainban CHASE.
OUT mot s6 thuc véi do chinh xac 10-
thoi gian tinh dugc hodc thong bao “inf”
néu khong thé dudi kip xe budn lau.

Vi du:

INPUT OUTPUT
62 13.000000
12
3
01
52
73
10 4
115
12 6

Gidi thudt:
Nhdn xét: Can phan 1ap, xtr 1y céac
truong hop riéng:
ot Truong hop s=0, thoi gian truy
duoi la 0,
ot Truong hop s>0 va v >v, - khong
the duoi kip,
+ Trudng hop con lai: tinh thoi gian
truy dudi.

Xtr 1y trydng hop 3 (dudi kip): Néu khoang cach gitra 2 xe 1a dist thi thoi gian 2 xe gip

nhau s€ la

v2—vl’

Hinh 2. M6 ta 16 trinh qua trinh truy dudi toi pham

Locvaloaibocacx <s:m=min{i | x2>s}.
Ban dau, khoang céach 2 xe dist = s, néu
xe bo chay d6 dau ¢ diém x, thi thoi gian
truy dudi s& tang thém mot luong 1a a,
diéu nay tuong duong nhu khong ¢ hién
tugng d6 dau, nhung khoang cach ban dau
cua 2 xe tang thém mot khodng la a. v,.
Van d& phai giai quyét 1a khi nao xe trén
chay d6 dau va d6 & dau dé kéo dai nhat
thoi gian trén chay.

Goi d 1a khoang cach gia tang do
hiéu ing d6 dau, d ban dau bang 0. Lan

luot xét cac diém x,i=m,....k, néu xe tron
chay t6i diém nay trudc xe truy dudi thi
nap a, vao hang doi g, trong truong hop
nguoc lai, lay a, tu dau hang doi ra khoi
hang do1i va chinh 1y lai d.

Hang doi ¢ duoc to chire theo kiéu
priority_queue<int>, vi vy gia trj liy ra
14 16n nhat trong cac kha nang lya chon,
thoi gian truy dudi sé kéo dai nhiéu nhat.

Do phoc tap cua gidai thuit:
O(nlog(n)) (st dung hang doi uu ti€n).



// Chase

#include <bits/stdc++.h>

using namespace std;

#define fastlnp 1os base::sync
with_stdio(0); cin.tie(0); cout.tie(0);

int nk,s,v1,v2,x[100001], a[1000
01],m;

priority queue<int> q;

int64 t t,d=0;

double ans;

int main()
{
freopen(“input”,”’r”,stdin);
freopen(“output”,”w”,stdout);
fastInp;
cin>>n>>k>>y 1 >>v2>>s;
for(int  1=0;i<n;++i)
cin>>x[i]>>a[i];
if(s==0) {cout<<0; return 0;}
if(v1>=v2){cout<<’inf’; return
0;}
m=n; for(int 1=0;i<n;++1)
if(x[1]>=s) {m=i; break;}
while(k>0)
{
for(int i=m;i<n;++1)
{
if((double)(x[i]-s)/
vI1>=(double)(x[i]+d)/v2)break;
++m; q.push(a[i]);

—k;

if(!q.empty())t=q.top(); else
break;
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d+=t*v2; q.pop();

}
ans=(double)(s+d)/(v2-v1);

cout<<fixed<<setprecision(6)<<ans;

J
IV. Két ludn

Tir mot bai toan thuc té, dé giai dugc
trén may tinh can phat biéu lai dudi dang
mo hinh toan hoc va tir @6 xac dinh chon
giai thuat va cach trién khai giai thuat. Hiéu
qua cua 101 giai phu thude khong nhiing vao
giai thuat da chon ma phu thude nhiéu vao
cach trién khai. Nhitng giai thuat ing dung
trong 1ap trinh thudc linh vuc toan roi rac
va 1y thuyét vé ciu tric dir liéu. Cach trién
khai gidi thuat la nghé thuat 1ap trinh va
phu thudc rAt nhiéu vao td chét cua nguoi
1ap trinh. Dé c6 thé trién khai cac thuat giai
cua cac md hinh toan trong thuc t& mot
cach hiéu qua thi ta can: cac kién thirc sau
vé toan noi chung va toan rdi rac noi riéng,
niam viing coéng cu lap trinh, tay nghé va
kinh nghi¢m lap trinh.

Trong bai bdo nay tac gia chi xin
liét ké ra mot sé yéu t6 toan hoc gop phan
nang cao hiéu qua cua thuat giai trong
céc bai toan thuc té, dua ra do phtrc tap
vé tinh toan trong cac thuat giai cua cac
bai toan thuc té, vé do chinh xéac va tinh
t6i wu vé mit toan hoc cua cac md hinh
toan nay da dugc trinh bay trong cac tai
liéu tham khéao tuong Gng. Bai bao con
han ché 1a chua dua ra dugc mé hinh
biéu d6 so sanh vé thoi gian chay thuc
té va bo nhé chiém dung khi thyc hanh
trén may tinh.

Tai liéu tham khao:
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MATHEMATICAL ELEMENTS ENHANCING THE
EFFICIENCY OF ALGORITHMS IN SOLVING
REAL-WORLD PROBLEMS

Nguyen Thi Phi Doan’

Abstract: This paper highlights the crucial role of mathematical elements in enhancing

the efficiency of algorithms and software used to solve real-world problems. Through

representative examples such as elementary functions, the Fibonacci sequence, and the

breakwater problem, the author analyzes how mathematical models can be applied to support

analysis, design, and solution optimization. In addition, the paper proposes several general

techniques including formula transformation, data organization, problem decomposition,

and parameter adjustment to improve computational performance and increase practical

applicability.
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