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A Study of a Solution to a Problem Using Dynamic Programming
- From Practical Algorithm Skill Test —

Takahiro Uryu

Abstract

In this paper,] verified the usefulness of Dynamic Programming and other techniques in problem solving. As an example,] took
up the question O of the PAST test conducted in December 2019.1t has been found that applying Dynamic Programming is useful
when it is difficult to reach the correct answer because it takes a lot of time to implement the processing procedure as intended,as
in the problem discussed this paper.However,even if the Dynamic Programming programming is applied,if the processing
procedure includes multiple loops,the correct answer may not be reached depending on the constraints.

In that case,it was confirmed that the calculation time could be reduced by searching for and implementing an idea to reduce the
number of loops.
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[code0]
// PAST O [
[/ ENZADHFHE
#tinclude<iostream> // cin cout 72 EDEAMLAHIMEREZFIHTAZ L2 EST5
#tinclude <map> // BUEGCIES ZAZFIHTHZ LA EETH
#algorithm> // max min sort 7R EZEMAEES Z LA ES95
#idefine rep(i,n) for (int i=0;i<(n) ;++i)
using namespace std;
double dp[180010]={}; // BhWEHAE A EfLCffEH
int a[30030][6]={}; // SVWZ A
int b[30030][6]=1{}; // JEIFEMERD SN2 A

[codel] R

// NIT—% AR A%

/) JNWZ A0 { 12,237,374, 111, 247,234 } { 4,13,15,11, 14, 12 }
/) W A1 { 857,27,98,65,83,90 } — B — {17,510,7,8,9 }
/) ENWZ A2 {764,60,999,11,7,4 } (mapping) {16,6,18,3,2,1 }

int main() {
int n;
cin >> n;
map<int, int>dice; // FEFEEEMEOVEEMNEEREY 7 A dice 22K 2
rep(i,n) rep(j,n) {
cinvalil[j]; // HEWZAIZEINTND BOBESZITIS
dicelali][j11=0; // @eAaAAdH 0% F—I2 U CGHEAEGME Y 7 A dice (&I 5,
/) ST AEFEE A 70 &5,
}
int num=1;
for (auto x:dice) {
dice[x. first]=num; // BERF—OFIAZFEE SN TNLOT, NEFIZHNT DEEET TS,
numtt;
1
/) ANSHIZB O (fRsg¥—x. First) &, FHAANTIZ 78l (fE x. second) A3KfIS LT D,
rep(i,n) rep(j,n) {
blil[j]l=dicelalil[j]];
b/ AFBEOSNWZADOE TGS AUT bl LR F ST,



// Fibonacci number =7 4 7R7 T 48]
//
// 1+1=2
//  1+2=3
// 2+3=5
// 3+5=8
// 5+8=13
// 8+13=21
// 13+21=34
// 21+34=55
[code2] EFEM Y ODFIFIC LD 7 4 R FEINDOFEE
int fib(int n) {
if (n <= 1) return 1;
return fib(nh — 1) + fib(n - 2);
1

[code3] AHALFHIRIZ L D7 4RI FEHINOFHFE
bool flag[100]; // false:ARFFHL true: FHAFE
int dp[100]; // FHELREALOD A EHHIE
int fib2(int n) {

if (n <= 1) return 1;

if (flagln] == true) return dp[n];
dpln] = fib2(n - 1) + fib2( - 2);
flag[n] = true;

return dp[n];

}

[coded] & b AT 7 IFROEIFHENEI KB 7 4 RF > THIINOFEE
int fib3(int n) {
if (n = 0) return 1;

int 3 = 1;

int f2 = 1;

int f1 = 1;

for (int i = 0; i < n-1; i+t {
3 = f1 + £2;
1 = 12;
2 = 1£3;

}

return f2;

[code5] REEEY DUFRTFIE (Fo —7 727515
A1 for(int jenum-1;>=1;j—) { // num1:BEEEHEZ O B ORKE
dplj1=0.0; // j 3T, & LAEHRILD D OHIHED FIAE
A2 rep(i,n) { // n: SN2 ADEK
double cur=1.0;
A3 rep(k, 6) if(b[i1[k]>]) curt=dp[b[il[j11/6.0; // j £V HRE 72 B A SIUTHHHLZINE
dp[jl=max (dp[j], cur); // $FHEOENAEE dp[jIZARTF
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1
double mx=0.0;
rep(i,n) { // n: SN2 ADEL
double ans=0. 0;
rep(j,6) anst=dp[bli][j]]; // ans: &2 AOWFREHE
mx=max (mx, ans) ; // mx/6. 0 N—FHIHEOKZ 72 2 AOHHE
}
printf( “%2. 141f¥n” , 1. 0+mx/6.0) ;
return 0;
[codeB] FRAMEDESNZAITEENDDONEEITDE % [codel] 1B 5
map<int, int>mp; // A4 BiD
/) ANFENTZAOR (W3RF—x first) &, FIEAHTI 25008 (il x. second) 23%HE L TUN5,
rep(i,n) rep(j,n){
bli][jl=dicelalil[j]];
mplbli][j1]=i; // A5 iB7C
b/ 1BROSWIADR jITERETEAE ST b [TIRFS T,
// b1 i FHOSWIAILHD Z L% mp TEH S

[codeT] & SWZADOHIRHEZPRFFT 2288 v 2 4Efi L, SEFlais 1 BICERT 5
double v[n] // n: ZWZ ADHK
rep(i,n)v[il=1.0;
double mx_v=0.0;
dplnum-1]=1. 05 // num-1: BEEERE% O H OfRE
AG for(int j=num2;j>=0;j++) {
A7 int i=mp[j+1]; // L OBOHDLENIAITL, SN A1 OHEHTIULE N
rep(k, 6) {
if (i [k]=j+1) {
v[il+=dp[j+11/6.0;
break;
}
}
if (mx_v<v[i]) mx_v=v[i];
dp[j]=mx_v;
1
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+ 1=Aij=1, 000, 000, 000
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T VDT & ORSREGER T IIARFRED 0. 000001 AT THIUTEM & HE S D,
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2
123456
7891011 12
761
3. 64925355954377
AT 2
3
12 237 374 111 247 234
857 27 98 65 83 90
764 60 999 11 7 4
7612
3.42188884244970

Problem Statement

We have N unbiased six—sided dice. The j-th face (1<j<6) of the i—th die (I<i<N) has an integer Aij
written on it.

Takahashi repeats the following operation: choose a die and toss it. However, in the second and
subsequent operations, if the die shows a number that is less than or equal to the number shown in the
previous operation, the process ends. The die to toss each time can be chosen after seeing the previous
number shown

Takahashi wants to toss a die as many times as possible. Find the expected number of operations done

when the choices are made to maximize this number.

Constraints
+ 1<NS30000
+ 1<A1 j<1, 000, 000, 000
*Aij are all different.
+ All values in input are integers.
(8L https://atcoder. jp/contests/past201912-open/tasks/past201912_o)



