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題組：Contest Volumes with Online Judge

題號：10914: Abundance and Perfect Numbers

解題者：劉洙愷
解題日期：2008年5月2日

題意：

(1) 實做算式：abun(n) = Σ(σ(ai) - 2ai)， ai∈X   and ai <= n。
(2) σ(12) = 28，12 → (1 + 2 + 3 + 4 + 6 + 12) = 28。

σ(28) = 56，28 → (1 + 2 + 4 + 7 + 14 + 28) = 56。

X代表此數字的所有因數只有一個奇質數(不包含1)。

(3) Perfect number example：

σ(n) - 2n = 0。

σ(28) – 2*28 = 0。
(4) input： n (1≦n≦10,000,000)，n有1001個。
題意範例：

Sample Input


Sample Output 
10 




10　-2 
20 




20　0 
1000000 


1000000　-13478901222

0

解法：

重點在找質數要用【篩法】。
解法範例：

(1) 建表：因為要求的數字是累加的。

每5,000存一個這區間的總和，共2,000個。

每1,000,000存一個目前的總合。

(2) 換算：先用每百萬切，然後再用5,000切。

(3) 補餘數：剩下的用公式累加(重複除2 & 求質數等等)。

Example：
8,888,888 = 8,000,000 + 177*5,000 + 3,888

討論：

(1) X數字特性：odd prime * 2n。


所以σ(n)  = (20 + 21 +…+ 2n) * (p0 + pn)。

(2) 表不能建太大，會超過上傳限制。

(3) 計算量：

5,000,000(質數篩法) + 2000(存每百萬合) 

+  1001(測試資料量)*(27(最大需要除2次數) + log348513 = 19
(binary search 是否為質數) ) = 5048046 → 0.410秒。
程式：

建表前置動作：
#include <iostream>

#include <fstream>

#include <cmath>

using namespace std;

int main()

{

    ofstream fin, fout;

    long long int n, X, X2, Y, Z, total, total2;

    int i, j, level, exp, flag;

    long long int sum = 0, abun;

    fin.open("input.txt"); 

    fout.open("output.txt"); 

    while(cin>>n && n!=0){

        abun = 5000;

        total = 0;

        total2 = 0;

        sum = 0;

        X = 6;

        while(X<=n){

           if(X >= abun){

               total2++;

               cout<<X2<<": ";

               cout<<sum<<"\t";

               fin<<X2<<",";

               fout<<sum<<",";

               abun = abun + 5000;

               sum = 0;

          }

            Y = X;

            level = 1;

            exp = 2;

            while(Y%2==0){

                level = level + exp;

                Y = Y/2;

                exp = exp*2;

            }

            if(Y!=1){

                flag = 1;

                for(i=3; i <= (int)sqrt((double)Y); i=i+2){

                    if(Y%i == 0){

                        flag = 0;

                        break;

                    }    

                }

                if(flag == 1){

                    X2 = X;

                    //cout<<X<<": ";

                    total++;    

                    Z = level*(1+Y) - 2*X; 

                    sum = sum + Z;

                }

            }

            X = X+2; 

        }

        cout<<endl<<"total: "<<total<<endl;

        fout<<endl<<"total2: "<<total2<<endl;

    }

    fin.close();

    fout.close();

    return 0;

}

主程式：

#include <iostream>

#include <cmath>

#define MAXSIZE 2499998

#define PRIMESIZE 348513

#define DELETED 1

#define KEPT 0

using namespace std;


long int input[2000]  = {建表}

long int output[2000] = {建表}

long sieve[MAXSIZE+1];

long realprime[PRIMESIZE];

int main()

{

    int count = 1;

    int prime;    

    int n,level1, level2, X, Y, Z, exp;

    int i, j, k;

    int low = 0 , high = PRIMESIZE-1, mid, flag;
//for binary search
    long long int part[10];

    long long int sum = 0, sum_2 = 0;

    //all prime < 5,000,000

    for (i=0;i<=MAXSIZE; i++)

        sieve[i]=KEPT;

    for(i = 0; i<=MAXSIZE; i++)

        if(sieve[i]==KEPT){

            prime = i + i + 3;

            count++;

            for(k = prime + i; k<= MAXSIZE; k += prime)

                sieve[k] = DELETED;

        }

    realprime[0] = 2;

    for(i = 0, k = 2; i <= MAXSIZE; i++)

        if(sieve[i]==KEPT){

            realprime[k-1] = 2*i+3;

            k++;

        }

    //every 1,000,000 sum

    level1 = 0;

    level2 = 200;

    part[0] = 0;    

    for(i=0; i<10; i++){

        for(j=level1; j<level2; j++)

            part[i] = part[i]+output[j];

        level1 = level2;

        level2 = level2 + 200;

        if(i != 9)

            part[i+1] = part[i];

    } 

//start for abundance

    while(cin>>n && n!=0){

        sum = 0;

        level1 = n/1000000;

        level2 = n/5000;

        if(level1 != 0)

            sum = part[level1-1];

        else

            sum = 0;

        for(i = level1*200; i<level2 ; i++)

            sum = sum + output[i];

        X = input[level2-1] + 2;

        while(X<=n){

            Y = X;

            sum_2 = 1;

            exp = 2;

            while(Y%2==0){

                sum_2 = sum_2 + exp;

                Y = Y/2;

                exp = exp*2;

            }

            if(Y!=1){




//bineay search for prime

                low = 0;

                high = PRIMESIZE-1;

                flag = 0;

                while(low<=high){

                    mid = (low+high)/2;

                    if(realprime[mid]==Y){

                        flag=1; break;    

                    }

                    if(realprime[mid]<Y)

                        low=mid+1;

                    else

                        high=mid-1;

                }

                if(flag == 1){

                    Z = sum_2*(1+Y) - 2*X; 

                    sum = sum + Z;

                }

            }

            X = X+2; 

        }

        cout<<n<<" "<<sum<<endl;        

    }

    return 0;

}

