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struct CARD
{
char name[25];
char company [24] ;
char phone[15]; // key

bool operator<(const CARD& ob) const;
bool operator==(const CARD& ob) const;
bool isEmpty() const {return phone[0] == 0;}
void clear() {phone[0] = 0;}
};

std::ostream& operator<<(std::ostream& out, const CARD& card);
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return out;

bool CARD::operator<(const CARD& ob) const

bool CARD::operator==(const CARD& ob) const

return strcmp(this->phone, ob.phone) ==

return strcmp(this->phone, ob.phone) < 0;

std::ostream& operator<<(std::ostream& out, const CARD& card)

out << card.name << "\t" << card.company << "\t" << card.phone;
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int linear_search(const CARD* a, int n, const CARD&

val)

Fig.5 OO0OO0OOOOOO



0200000000000 ver.2.0

4 2000

goboobooooooobobooobooboooboooboooooooOoboboOoooboooboooson
gbooobooobooboobobboobboboobooboobooboobooon

gbooogbooboobobooboboobobooboboboobobooboobooboboboobobo
gboboobOooooobobooboobo1l1oo02000000

2000 (binary search) 00000000000 200000000000000000000O000O
gbooobobooboobooboooobooboboobobooboooooboobobooboooa
boboooOooooboobobooobOoboooooboooobooboboon

200000000D0Fig. 6000000200000000000000000000DO00O0DOOOO
gboobobobooboobobobobboboooooooboboooboboboboboobobn
gboboooobobobobooobobboobobbooooobobooboboboboobobobon
obooooobooooooboo

262-7743-0837 Al g BHEES
T MR . 707.2786.6351 Yusuke Tanimura IBN 262-7743-0837
| T Yusuke Watanabe SCl 508-9700-1529
| pxEcsmLess, : . :
| RREEHTIS | | : |
1| 5 : E :
| 425-8134-9344 \ : | :
} | T I ! | !
| | : ! : !
| | | ! : !
| 2 I 797-2786-6351 5 ! | ! :
T T 4 T 5T [ Keiko Hanada CONPAP | 797-2786-6351
: | 3 | | 79727866351 ! : !
| | I 826-2843-7202 Ryuichi Nakamura NEG 828-2843-7202
L Ryuichi Nishimura | GOMPAP 855-9116-8620
855-9116-8620
Fig. 6 2000

20000000000 Fig. 7O0000D0000OOOOOOOOODOOOODOODOOOODOODOOOOO
00o00000o0o0oo0 1000000 (Do0Doo0)0DDo0Oooo

2000000000000000OCO0OONDODOOOODCODODODOOO log,e NOOOOODODODO logy, N+1
0000000000 O(logeN)OOOOOO

5 Luggng

gbobooboooboooobooboooooooobooboooooobooobooobooooobooooon
gbooobbooobobooboboobobboobooobooboobooboboobobboboooo
gbooobooboobobooboooboobobooboobobboobooobobooboooboooo
ubb0z20000000000000000DOO0O0O0O0DO0OOCO 10000DOOOOOOODOOO

00000 (hashing) 000 O0O0O0OOO0 O0O0OO0OOO (DO0OO0)000O (OD0OQOO )OoooOoO
gboooboboooboobobooboobobboooobooboboobonobobobooboooa
gboooboobobooboobooooobooboobooobooooobooobobobobobbooboooo
oood



gboooooooooobo

2001.09.26

{

int mid, first = 0, last = n - 1;

while(first < last){
mid = (first + last) / 2;
if (a[mid] < val) first

else last

mid + 1;

mid;

if (a[first] == val) return first;

else return n;

int binary_search(const CARD* a, int n, const CARD& val)
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class Hash

{

public:
Hash(unsigned n) : sz(n) {ar = new CARD[n]; clear();}
“Hash() {deletel[] ar;}

void clear();

bool insert(const CARD& val);

void insert(const CARD* a, int n);

int search(const CARD& val) const;

int size() const {return sz;}

CARD& operator[] (int n) {return ar([n];}

const CARD& operator[] (int n) const {return ar[n];}

private:

int hash(const CARD& val) const;

CARD* ar;
int sz;

};
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bool Hash::insert(const CARD& val)

{
int idx = hash(val);
int start = idx;
while(idx !'= start - 1){
if (ar[idx] == val)
return false;
if (ar[idx] .isEmpty()){
ar[idx] = val;
return true;
}
idx = (ddx + 1) % sz;
}
return false;
}

void Hash::insert(const CARD* a, int n)

{
for(int i = 0; i < n; ++i)

insert(alil);

void Hash::clear()
{
for(int i = 0; i < sz; ++i)

ar[i] .clear();

Fig. 11 0OO0OOOOOOOO (DOoo)



gbooobooooobooDbo 2001.09.26

int Hash::search(const CARD& val) const

{
int idx = hash(val);
int start = idx;
while('ar[idx].isEmpty() && idx != start - 1){
if (ar[idx] == val) return idx;
idx = (idx + 1) % sz;
}
return sz;
}

int Hash::hash(const CARD& val) const

const char* last4digits = val.phone + strlen(val.phone) - 4;

return atoi(last4digits) % sz;

Fig. 12 00OO0O0OOOOOOO (DOoo)
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//

//

{

// search_test.h

#include <cstdlib>
#include <cstdio>
#include <iostream>
#include <algorithm>

#include "search.h"

using namespace std;

enum {NUM = 900, HASH_SIZE = 10000, TRIALS = 400000};

int main()

CARD a[NUM];

FILE *fp = fopen("people.dat", "r");

for(int i = 0; i < NUM; ++i){
char bufi1[255], buf2[255];
fscanf (fp, "%s %s %s %s", bufl, buf2, alil.company, alil.phone);
sprintf (a[i] .name, "%s %s", bufl, buf2);

}

fclose(fp);

const CARD target = {"Keiko Hanada", "COMPAP", "797-2786-0837"};
cout << "target:\t" << target << endl << endl;

start_timer();

int t = timer();

for(int i = 0; i < TRIALS; ++i)
linear_search(a, NUM, target);

cout << "linear search:\t" << timer() - t << endl;

Fig. 14 0000000000 (search_test.cpp)
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t = timer();
sort(&al0], &al[NUM]);

cout << "sort:\t" << timer() - t << endl;

t = timer();

for(int i = 0; i < TRIALS; ++i){
binary_search(a, NUM, target);

}

cout << "binary search:\t" << timer() - t << endl;

t = timer();
Hash hash(HASH_SIZE);
hash.insert(a, NUM);

cout << "insert hash:\t" << timer() - t << endl;

t = timer();
for(int i = 0; i < TRIALS; ++i)
hash.search(target);

cout << "hash search:\t" << timer() - t << endl;

Fig. 15 00O0OO0OO0O0O0O0O0O (search_test.cpp) (0O OO
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//
// search.h
//==

#include <cstdlib>

#include <iostream>

struct CARD

{

char name[25];

char company [24] ;

char phone[15]; // key

bool operator<(const CARD& ob) const;

bool operator==(const CARD& ob) const;

bool isEmpty() const {return phone[0] == 0;}
void clear() {phone[0] = 0;}

I

std::ostream& operator<<(std::ostream& out, const CARD& card);

int linear_search(const CARD* a, int n, const CARD& val);

int binary_search(const CARD* a, int n, const CARD& val);

Fig. 16 search.h
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class Hash

{

public:

Hash(unsigned n) : sz(n) {ar = new CARD[n]; clear();}
“Hash() {delete[] ar;}

void clear();

bool insert(const CARD& val);

void insert(const CARD* a, int n);

int search(const CARD& val) const;

int size() const {return sz;}

CARD& operator[] (int n) {return ar[n];}

const CARD& operator[](int n) const {return ar([n];}

private:

int hash(const CARD& val) const;

CARDx* ar;
int sz;

};

Fig. 17 search.h (0O DO)
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//==
// search.cpp
//

#include <cstring>
#include "search.h"

using namespace std;

/[
// bussiness card

=
bool CARD::operator<(const CARD& ob) const

{

return strcmp(this->phone, ob.phone) < 0;

bool CARD::operator==(const CARD& ob) const
{

return strcmp(this->phone, ob.phone) == 0;

std::ostream& operator<<(std::ostream& out, const CARD& card)

{
out << card.name << "\t" << card.company << "\t" << card.phone;

return out;

int linear_search(const CARD* a, int n, const CARD& val)

{
for(int 1 = 0; i < n; ++i)
if(val == alil])

return i;

return n;

Fig. 18 search.cpp
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// binary search
e
int binary_search(const CARD* a, int n, const CARD& val)
{
int mid, first = 0, last = n - 1;
while(first < last){
mid = (first + last) / 2;
if(a[mid] < val) first = mid + 1;
else last = mid;
}
if(a[first] == val) return first;
else return n;
¥
R S
// hash
e
bool Hash::insert(const CARD& val)
{
int idx = hash(val);
int start = idx;
while(idx !'= start - 1){
if (ar[idx] == val)
return false;
if (ar[idx] .isEmpty()){
ar[idx] = val;
return true;
}
idx = (idx + 1) % sz;
}
return false;
}

Fig. 19 search.cpp (0O O 1)

15



0200000000000

ver.2.0

void Hash::insert(const CARD* a, int n)
{
for(int i = 0; i < n; ++i)

insert(alil);

void Hash::clear()
{
for(int 1 = 0; i < sz; ++1i)

ar[i] .clear();

int Hash::search(const CARD& val) const
{
int idx = hash(val);

int start = idx;

if (ar[idx] == val) return idx;

idx = (idx + 1) % sz;

return sz;

int Hash::hash(const CARD& val) const

return atoi(last4digits) % sz;

while(lar[idx].isEmpty() && idx != start - 1){

const char* last4digits = val.phone + strlen(val.phone) - 4;

Fig. 20 search.cpp (0O O 2)
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