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€ Sl A|E{|0| & ht
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A2 off & (cont.)

¢ a8l EXHE 7|9 s Algr 7t
712] A HH EXte| =AMe2tal ohkt
® h(keyStr) = keyStr[0] - ‘a’;

¢ Q2 =0G|0|E: array, binary, bubble,
file, digit, direct, zero, bucket

h("array")=0;
h("binary")=1;
h("bubble™)=1;
h(*“file”) = 5;
h(*digit”) = 3;
h(*direct) = 3;
h(*zero) = 25;
h("bucket")=1;
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Bucket Array 7|9t9| Hash Map ¢

€ Bucket Array

® a bucket array for a hash table is an array A of size N,
where each cell of A is thought of as a bucket (collection of key-
value pairs), and the integer N defines the capacity of the array

(3.F) (6,C)
(3,7)
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Hash gt (1)

€ A hash function is usually € The hash code is

specified as the applied first, and the
composition of two compression function
functions: IS applied next on the
(i) Hash code: result, 1.e.,
h,: keys — integers h(x) = hy(hy(x))
(ii) Compression function: ® The goal of the hash
h,: integers — [0, N — 1] function is to

“disperse” the keys In
an apparently random
way

- ........2.?3?3........ .

TXXXXXXXYYX
012 - N-1
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Hash gt (2)
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Hash gt (3)

& H|4F (modular) gk

® h(k)=k mod M
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Hash gt (4)
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Hash & (5)

& Cyclic Shift Hash Code € Experimental results
® comparisons of the number

int hashCode (const char* p, int len) of collisions for various
{ shift amounts for 25,000
unsigned int h = 0; English words
for (int i=0; i< len; i++)
{
h=(h<<5)]| (h>>27); shift collisions shift collisions
h += (unsigned int) pl[i]; total | max total | max
} 0 | 23739 86 9 18 2
return h 1| 10517 21 10 277 3
} 2| 2254 6 11| 453 4
3 448 3 12 43 2
4 89 2 13 13 2
5 4 2 14 | 135 3
6 6 2 15 | 1082 6
7 14 2 16 | 8760 9
8 105 2
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U= gt (Compress Function)

€ Division € Multiply, Add and

® h(k)=|k|modN Divide (MAD)

® The size N of the hash table ® h (k) =|ak + b| mod N
is usually chosen to be a ® a and b are nonnegative
prime integers such that

® The reason has to do with amodN =0
number theory and is ® Otherwise, every integer
beyond the scope of this would map to the same
course value b
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M X AL (linear probing)

¢ S E0| ht[K]O| M ZHEIHCHH,
® ht[k+1]0| H|O] Q/=X| ZA}
OFOF H| O QK| ALCHH ht[k+2] Z=A}
HIO{ U= S2H0] L= W77HX] A& AL
HO|=2| B0 ==HSIA &I CHA H|O| 22| HSFE ZA}
ZALE AZE XO 2 CHA| E[Z0t A £[H H|O0[S0] 7I5 &A™
RAFE|= Q%] h(k), h(K)+1, h(K)+2,..

L 2
M
12l

2l(clustering) 1t gt (Coalescing) &4 &M
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M X AL (linear probing)

€ (0f]) h(k)=k mod 7

151 (8) ¢ /4(8) = 8mod 7 = 1(RRY)
251 (1) 1 A(1) = 1 mod 7 = 1(ESHA)
(i(1)+1) mod 7 = 2(R7RS)
3T (9) 1 /(9) = 9 mod 7 = 2(EEHAY)
(/i(9)+1) mod 7 = 3(RR)
4% (6) ¢ /(6) = 6 mod 7 = 6(FRS)

S5t (13) 2 /i(13) = 13 mod 7 = 6(FS HAY)

(i(13)+1) mod 7 = O(HRY)
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[2] 1 1 1 1
[3] 9 9 9
[4]

[5]

[6] 6 6

Programming Language
Prof. Young-Tak Kim



Chaining® A83t & 812

& Collisions occur when different elements are
mapped to the same cell

& Separate Chaining: let each cell in the table point
to a linked list of entries that map there

& Separate chaining is simple, but requires
additional memory outside the table

O 1 2 3 4 5 6 7 8 91011 12
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Hlold (chaining)
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A 0| (chaining)

1= (8) ' A(8) = 8 mod 7 = 1(/‘\1/%)

201 (1) P A(1) =1 mod 7 = 1(ESHIAY-SMER = A [MRE)
3Tt H (9) P A(9) =9 mod 7 = Z(Td/%)

451 (6) + A(6) = 6 mod 7 = 6(FRS)

5H (13) ' Aa(13) =13 mod 7 = 6(FE HAY->MEE L= A RS

0 150 2EH
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Re-hashing

€ Resizing

® if the load factor of a hash table goes significantly above a
specified threshold, then it is common to resize the hash table
with the new array’s size be at least double the previous size

® once we have allocated a new bucket array, we must define a
new hash function to go with it

® given this new hash function, we then reinsert every item from
the old array into the new array using this new hash function

4 a\  Advanced Networking Tech. Lab. Programming Language
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/* Book.h */

#ifndef BOOK_H
#define BOOK_H

typedef struct Date {
int year;
int month;
int day;

} Date;

typedef struct Book {
int isbn;
char title[16];
char author_name[16];
double price;
char publisher[16];
Date publication_date;
} Book;

Book *genBook(int isbn);

void printBook(Book *pBkK);

#Hendif

5 a\ , Advanced Networking Tech. Lab.
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(Book) &2 ¢leF Hash Map +9

/* Book.cpp (1) */
#include <iostream>
#include <stdio.h>
#include "Book.h"

using namespace std;
extern void genBigRandArray(int mA[], int range);

Book *genBook(int isbn)

{
int name_len;
int j;
double br;
Book *pBk;
pBk = (Book *)malloc(sizeof(Book));
pBk->isbn = isbn;
name_len = rand() % 11 + 5;
pBk->title[0] = rand() % 26 + 'A’;
for (j = 1; j<name_len; j++)

pBk->title[j] = rand() % 26 + 'a’;

pBk->title[j] = 'WO0';

chiq - 25
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/* Book.cpp (2) */

br = ((rand() << 15 | rand()) % 100001) / 100.0;
pBk->price = br;

name_len = rand() % 11 + 5;
pBk->publisher[0] = rand() % 26 + 'A’;
for (j = 1; j<name_len; j++)
pBk->publisher[j] = rand() % 26 + 'a’;
pBk->publisher[j] = "WO0';

pBk->publication_date.year = rand() % 41 + 1960;
pBk->publication_date.month = rand() % 12 + 1;
pBk->publication_date.day = rand() % 30 + 1;

return pBKk;
¥
void printBook(Book *pBk)
{

printf("book[ isbn: %7d, title: %-15s, author: %-15s", pBk->isbn, pBk->title,
pBk->author_name);

printf(*, price: %?7.2f, , Publisher: %-15s", pBk->price, pBk->publisher);

printf(*, Publication date: %4d-%2d-%2d ]", pBk->publication_date.year,
pBk->publication_date.month, pBk->publication_date.day);

a\ , Advanced Networking Tech. Lab. Programming Language
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/* Entry.h */ /* Entry.cpp */

#ifndef ENTRY_H #include "Entry.h"
#define ENTRY_H #include "Book.h"
#include <string>
#include "Book.h" void printEntry(Entry *pE)
using namespace std; {
#define Key char* printf("[ key(title): %-15s, ", pE->pKey);
typedef struct Entry printBook(pE->pBk);
{ printf(" ], *);
Key pKey; // key string }
Book *pBk;
} Entry;
void printEntry(Entry *pE);
#endif
5 2 urj\ Advanced Networking Tech. Lab. Programming Language
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/* Bucket.cpp (1) */

/* Bucket.h */ #include "Bucket.h"
#ifndef BUCKET_H
#define BUCKET_H void initBucket(Bucket *pBkt)
_ {
#include "Entry.h" pBkt->num_node = 0
pBkt->pFirst = pBkt->pLast = NULL;
typedef struct ListNode }
{
Entry *pE; int insertBucket(Bucket *pBkt, Entry *pE)
ListNode™ pPrev; {
ListNode* pNext; ListNode *pNew;
} ListNode;
pNew = (ListNode *)malloc(sizeof(ListNode));
typedef struct Bucket { pNew->pNext = pNew->pPrev = NULL;
ListNode *pFirst; pNew->pE = pE;
ListNode *pLast; if (pBkt->num_node == 0)
int num_node; {
} Bucket; pBkt->pFirst = pBkt->pLast = pNew;
pBkt->num_node++;
void initBucket(Bucket *pBkt); }
int insertBucket(Bucket *pBkt, Entry *pE); else {
void printBucket(Bucket *pBkt); pNew->pPrev = pBkt->pLast;
bool searchBucket(Bucket *pBkt, Entry *pE); pBkt->pLast->pNext = pNew;
void deleteBucket(Bucket *pBkt); pBkt->plLast = pNew;
#endif pNew->pNext = NULL,;
pBkt->num_node++;
b
. return pBkt-=num_node;
|ri~ \Advanced Networking Tech. Lab. } luage
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/* Bucket.cpp (2) */

void printBucket(Bucket *pBkt)
{
Entry *pE;
int num_entry = pBkt->num_node;
ListNode *pLN = pBkt->pFirst;
if (pLN = NULL)
{
printf("Wn");
for (inti = 0; (i < num_entry)
&& (pLN != NULL); i++)
{
pE = pLN->pE;
if (pE != NULL) {
printf(** ");
printEntry(pE);
printf("Wn");
}
else {
printf("Error in printEntry()
PE is NULL !'"Wn™);
exit;
}
pLN = pLN->pNext;

¥
¥

5 a\ , Advanced Networking Tech. Lab.
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/* Bucket.cpp (3) */

bool searchBucket(Bucket *pBkt, Entry *pE)

{

}

ListNode *pLN;

Entry *pCurE;

int num_entry = pBkt->num_node;
pPLN = pBkt->pFirst;

for (inti = 0; (i < num_entry) && (pLN '= NULL); i++)

{
pCurkE = pLN->pE;
if ((pE '= NULL) && (pCurE->pBk->isbn
== pE->pBk->ishn))

{

by
pLN = pLN->pNext;

}

return false;

return true;

chiq - 29
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/* Bucket.cpp (4) */

void deleteBucket(Bucket *pBkt)
{
ListNode *pLN, *pCurLN;
int num_entry = pBkt->num_node;
pPLN = pBkt->pFirst;
for (inti = 0; (i < num_entry) && (pLN != NULL); i++)
{
pPCurLN = pLN;
PLN = pLN->pNext;
free(pCurLN->pE);
free(pCurLN);
¥
¥
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/* Hash.h */

#ifndef HASH_H

#define HASH_H

#include "Entry.h" // Key is defined in Entry.h
unsigned int cyclicShiftHashCode(Key keyStr);

#Hendif

/* Hash.cpp */
#include "Hash.h"
#include "Entry.h"

unsigned int cyclicShiftHashCode(Key keyStr)

{
unsigned int h = 0;
int len = strlen(keyStr);
for (inti=0;i<len; i++)
{
h=(h<<5)| (h>>27);
h += (unsigned int)keyStr[i];
}
return h;
}
|§ /j\ Advanced Networking Tech. Lab. Programming Language

z@"&//@ Yeungnam University (YUANTL) chi4d - 31 Prof. Young-Tak Kim



/* HashMap.h */

#ifndef HASHMAP_H
#define HASHMAP_H

#include <stdio.h>
#include "Bucket.h"
#include "Entry.h"
#include "Hash.h"

typedef struct HashMap

{

int bktArraySize; // Size of Bucket Array

Bucket *bktArray; // BucketArray[]

unsigned int(*hash)(Key);

HashMap(int bktArrSize); // constructor of HashMap
} HashMap;

void printHashMap(HashMap *pHM);

void insertHashMap(HashMap *pHM, Entry *pE);
void searchHashMap(HashMap *pHM, Entry *pE);
void deleteHashMap(HashMap *pHM);

#endif

~ /j\ Advanced Networking Tech. Lab. Programming Language
254 Yeungnam University (yuANTL) chid - 32 Prof. Young-Tak Kim

i



/* HashMap.cpp (1) */

#include "HashMap.h"
#include <stdlib.h>

HashMap::HashMap(int bktArrSize)

{
bktArraySize = bktArrSize;

bktArray = (Bucket *)malloc(sizeof(Bucket)* bktArraySize);
for (int i = 0; i < bktArraySize; i++)

{
initBucket(&bktArray[i]);
¥
by
void insertHashMap(HashMap *pHM, Entry *pE)
{

unsigned int hashCode;
unsigned int bucketlndex;
Bucket *pBkt;

hashCode = pHM->hash(pE->pKey);
bucketindex = hashCode % pHM->bktArraySize;
pBkt = &pHM->bktArray[bucketindex];
insertBucket(pBkt, pE);

~ /j\ Advanced Networking Tech. Lab. Programming Language
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/* HashMap.cpp (2) */

void printHashMap(HashMap *pHM)

{
Bucket *pBkt;

Entry *pE;
int bktindex;

for (bktindex = 0; bktindex < pHM->bktArraySize; bktindex++)

{
pBkt = &pHM->bktArray[bktindex];
printf("Bucket[%2d]: %2d entries: ", bktindex, pBkt->num_node);
printBucket(pBkt);
printf("Wn");

¥

b
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/* HashMap.cpp (3) */

void searchHashMap(HashMap *pHM, Entry *pE)
{

unsigned int hashCode;

unsigned int bucketindex;

Bucket *pBkt;

hashCode = pHM->hash(pE->pKey);
bucketindex = hashCode % pHM->bktArraySize;
pBkt = &pHM->bktArray[bucketindex];

if (searchBucket(pBkt, pE))

{
printf("==> found in %2d_th bucketWn", bucketindex);

} else {
printf("Failed to find the entry from %2dd_th bucketWn", bucketlindex);
b

}

void deleteHashMap(HashMap *pHM)
{
Bucket *pBkt;
int bktIndex;
for (bktindex = 0; bktindex < pHM->bktArraySize; bktindex++)
{
pBkt = &pHM->bktArray[bktindex];
deleteBucket(pBkt);

¥
k

N\
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/* main.cpp (1) */

#include <stdio.h>
#include <stdlib.h>
#include "HashMap.h"
#include "Hash.h"
#include "Star.h"
#include "Book.h"

#define NUM_BOOK 30
#define BUCKET _ARRAY_SIZE 17
extern void genBigRandArray(int mA[], int range);
void main()
{
int *starlD;
int *bookISBN;
Book *books[NUM_BOOK], *pB;
Entry *pE;
HashMap hashMap((int)BUCKET_ARRAY_SIZE);
hashMap.hash = cyclicShiftHashCode;

bookISBN = (int *)malloc(sizeof(int)* NUM_BOOK);
genBigRandArray(bookISBN, NUM_BOOK);
printf("Generate and insert %d books into hash map ...Wn", NUM_BOOK);

|;~ /j\ Advanced Networking Tech. Lab. Programming Language
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/* main.cpp (2) */

for (inti = 0; i < NUM_BOOK; i++)

{
books[i] = genBook(bookISBN[i]);
pE = (Entry *)malloc(sizeof(Entry));
PE->pBk= books[i];
pE->pKey = books[i]->title;
insertHashMap(&hashMap, pE);

}

printf("Hash map status: ¥Wn");

printHashMap(&hashMap);

printf("Searching star from the Hash Map ..."n");
for (inti =0; i < NUM_BOOK; i++)
{
pB = books[i];
pE = (Entry *)malloc(sizeof(Entry));
pPE->pBk = books[i];
pE->pKey = books[i]->title;
printBook(pB);
printf(" : ");
searchHashMap(&hashMap, pE);
free(pE);
}
deleteHashMap(&hashMap);
free(bookISBN);
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4 21 (1)

= O

Mo duplication in numers generated by Bighand() for 30 random
Generate and insert 30 bocks into hash map ...
Hash map status:
Bucket[ 0] 2 entries:

[ key(title): Fzotcjtnzxualsd, book[ isbn: 22, title:

[ kew(title): Wirnbsztsshf . book[ ishn: g, title:
Bucket [ 11 1 entries:

[ key(title): Ydhacwvhsgewz | book[ ishn: B, title:
Bucket [ 2] 3 entries:

[ key(title): Oavbnefsnx , book[ ishn: 2, title:

[ kew(title): Mbmxrmbuyf , book[ ishn: 23, title:

[ kewititlel: Mhhssoctwdtean , book[ ishn: 17, title:
Bucket [ 3] & entries:

[ kev(title): Srtek . book[ ishn: 15, title:

[ kevititle): Duburis . book[ ishn: 4, title:

[ kew(title): idigkjelripax , book[ isbn: 8, title:

[ key(title): Pzsquet , book[ ishn: 20, title:

[ kew(title): Smtpihaefaz . book[ ishn: 23, title:
Bucket [ 4] 1 entries:

[ key(title): Cdwrac , book[ ishn: 3, title:
Bucket [ 5] & entries:

[ key(title): Myubzazep , book[ ishn: 13, title:

[ key(title): Gekyrgzvwdhpo , book[ ishn: 21, title:
Bucket [ 6] 4 entries:

[ key(title): Dnbppweq , book[ ishn: 26, title:

[ kevititle): Awdvdon . book[ ishn: 10, title:

[ kev(title): Wtvjs . book[ ishn: 7, title:

[ kew(title): Gdnmphngkanhurk, book[ isbn: 24, title:
Bucket [ 71: 1 entries:

[ kew(title): Odredakubn , book[ ishn: 1, title:
Bucket [ 8]: 2 entries:

[ kew(title): latbvtrebbbe | book[ isbn: 14, title:

[ kew(title): |duku , book[ ishn: 25, title:
Bucket [ 9]¢ 0 entries: Bucket[10]: 2 entries:

[ kew(title): Cwlifrimemy  , book[ ishn: 18, title:

[ key(title): Rsigbhz , book[ ishn: 11, title:
Bucket [11]: & entries:

[ kev(title): Zrnavymntathdz , book[ ishn: 12, title:

[ keyltitle): Wospofghfo . book[ ishn: 0, title:
Bucket [12]: 2 entries:

[ key(title): Jvbjtsadio , book[ ishn: 29, title:

[ kew(title): Ohinvfyuzwyvi , book[ isbn: 27, title:
Bucket [13]: 1 entries:

[ key(title): Urpixiaflduuveo, book[ ishn: 16, title:
Bucket [14]: 0 entries: Bucket[15]: 1 entries:

[ key(title): Pxiogvliexdzuz . book[ ishn: 5, title:
Bucket [16]: 1 entries:

[ key(titlel: Digpnpuuhg , book[ ishn: 19, title:

AT

4

/; Advanced Networking Tech. Lab.

7

#’ Yeungnam University (yuANTL)

1 8

A@a\'i?h
&

3

ig

ye

numbers |1

Fzotcjtnzxuglsd, author:
Mirmbsztsshf . author:
Ydhacwyhseewz . author:
Oavbnef xnxy . author:
Mbamzr iy £ . author:
Mhhssactwdtean . author:
Sriek . author:
Duburis . author:
fdjgkielripax , author:
Pzsmet . author:
Sntpihaefaz . author:
Cowrac . author:
Myubzazcp . author:
Gekyrozwwdhpo . author:
Dnbepwea . author:
Bdydep . author:
Wivjs . author:
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|xwthbyt rehbbe . author:
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Wospofahfo . author:
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Urpixiafldusveo, author:
Pxiogyliexdzuz . author:
Digpnpuuhg . author:

Mzcnockyfaj fr
Oefwsirxih

Taonz|t jhgauh
Zedyyhinay

Qoaj akekl
Cibprihtnegy

Odcyz)iesummsra |

Threcuyk
Mceroswitdp
Gepspxnyj i

Auldrehj codwr f

Fmzka

Hict kyvdz
Muafyr

Gioparn
Jbxphoohpky
Baoio
Rffaclvar

Guprocy | obcw

i fhwy fhca
Jzefczzzh

Chzriw
LU smnyspnara

SoEmLYNEpRSLACE,

Qv | af ke fxd

Tapknfpf
Gful 1) duhs

Wocudhnefn j
Srkrusy

Painij wi mwax

chid - 38

, price:
. price:

., price:
., brice:
., price:
., price:
price:
., price:
. brice:
. brice:
price:
., price:

., brice:
., brice:

., price:
., price:
., price:
. brice:
, brice:

. price:
., price:

., brice:
., price:

price:
., price:

, price:
, price:

. price:
., price:

., price:

4702,
804.01,

955.38, |
900.23, |
237.61, ,
528.47,
195,47, ,
866,73, |
B80.64, |
183.38, |
857,70, |
493,30,

613.58, |
129.79, .

946,57, |
206.23, |
208.33, .
£40.19, ,
88.28, |

548.08, |
20,07,

a63.53, |
81.83, |

831.53, .
820.21, .

518.50, ,
£59.64, |

427.08, |
447,15,
232.34, |

Publ isher:
Publ i sher:

Publisher:
Pub | i sher:
Pub | i sher:
Pub | isher:
Publ isher:
Publ isher:
Publ isher:
Publ isher:
Publ i sher:
Publisher:

Pub | i sher:
Pub | i sher:

Pub | isher:
Publ isher:
Publ isher:
Publ isher:
Publ i sher:

Publ isher:
Publisher:

Pub | i sher:
Pub | i sher:

Publ isher:
Publ isher:

Publ isher:
Publ isher:

Publ isher:
Publ isher:
Pub | i sher:

Thowkb
YLpzw

Reawi
LUchphnec

Y xaka
Gejwlgrsmne
|jipfionee
Cykdz
Cliflkel vt
Lywnmbmniil
[vuveeafivdre
Fodkjmjawi

Lypur f
Swkhit g

Degieomyt

Ldac! |
Zmausj am

(ckeotz
Dpoz ik fobuc

Ribafcheey
Egice

Imhecthlegr
Figowg
Bt Tkmfarm

Mucz f

Rzmwzpowkiilef |

Snhhlgarz

, Publication
, Publication

, Publication

, Publication
, Publication
, Publication

, Publication
, Publication
, Publication
, Publication
, Publication

, Publication

, Publication
, Publication

, Publication
Hrazhnbn fuvanadg,
Hypnyruihoswki
, Publication

Publication
Publicat icon

, Publication

, Publication
, Publication

, Publication
, Publication

, Publication
Nedcaszsaovsodk] ,

Publicat icon

, Publication
, Publication

, Publication

Publicat ion

, Publication

Programming Language
Prof. Young-Tak Kim

date:
date:

date:
date:
date:
date:
date:
date:
date:
date:
date:
date:

date:
date:

date:
date:
date:
date:
date:

date:
date:

date:
date:

date:
date:

date:
date:

date:
date:

date:

1963-
1996~

2000-
1970-
1964
1963-
1964
19759-
1965-
1963-
1971-
1996~

1973-
1976~

1982-
1993-
1970-
1988-
1992-

1985-
1995-

1967-
1960-

1967-
1980-

1965
19759-

1974-
1974-
1996~

1.



LE

r
%)
Ly

SETT,

ﬁ'

=

an /'
Rl

I
=

¢ 2AZ1(2)

Searching star from the Hash Map ..

book[ ishn: 15, title' Srtek , author: Odcyzieeumsra . price: 195,47, ., Publisher: ljipfiones , Publication date: 1964- 8-28 ] @ ==> found in 3_th bucket
book[ isbn: 12, title: Zrnavvmntatbdz , author: Soemuvnpppsuach, price: 931.53, , Publisher: ¥mhecthlegr , Publication date: 1967- 5~ 81 @ ==> found in 11_th bucket
book[ ishn: 28, title’ Dmbpoweq , author: Gioparm . price: 946,57, , Publisher: Davoxyt . Publication date: 1982- 4-20 ] : === found in B_th bucket
book[ ishn: 10, title! Awdydcp , author: Jhxphoohpky , brices 206,23, ., Publisher: Hrazhnbnfuvonoa, Publication date: 1993- 2-16 1 ¢ ==> found in B_th bucket
book[ isbn: B, title: Pxiogyliexdzuz , author: Srlkrusy . brice: 44715, , Publisher: Rzmwzpowk)ilef . Publication date: 1974- 9- 9] : === found in 15_th bucket
book[ ishn: 19, title! Digpnpuuhg . author: Paniwimwax . bricet 232,34, , Publisher: Snhhlaarz . Publication date: 1996- 2- 8] @ === found in 16_th bucket
book[ ishn: 22, title! Fzotcitnzxuglsd, author: Mzcnockvfaifr . pricer 747,02, . Publisher: Thowkb , Publication date: 1963- 8-15 1 ¢ === found in O_th bucket
book[ isbn: 18, title: Cwljfrimpmy ., author: Chzriw . price: 363.53, , Publisher: Rxbgfchcey , Publication date: 1967- 4-13 ] : == found in 10_th bucket
book[ ishn: 14, title: |=wtbvtrebbbe | author: Xifheyfhcg . bricer 548,05, ., Publisher: Ockootz . Publication date: 1988- 1-28 ] : === found in B_th bucket
book[ ishn: 9, title: Mirmbsztsshf |, author: Osfwsirxih . price: 804.01, , Publisher: Yupzw , Publication date: 1996- 1-23 ] : === found in 0O_th bucket
book[ isbn: 16, title! Urpixigfldusveo, author: Wocudhnefnj . brice: 427,08, , Publisher: Muczf , Publication date: 1974- 1-29 ] : ==> found in 13_th bucket
book[ ishn: 4, title’ Duburis , author: Threcuvk . brice! BBG6.Y5, , Publisher: Cukdz , Publication date: 1978-10-20 1 @ ==> found in 3_th bucket
book[ ishn: Zh, titler |duku , author: Jzefczzzb . pricer 271,07, , Publisher: Dpozikfobuc . Publication date: 1999-12-14 1 ¢ === found in B_th bucket
book[ ishn: 8. title' Adigkielrlipax . author: Mceroswitdp . bricet 880,64, , Publisher: Clifkeljvt , Publication date: 1965- 8- 4 ] @ === found in 3_th bucket
book[ ishn: 2, title' Qavbnefxnxy , author: Zedyvhnay . price! 800,23, , Publisher: Udnphmec , Publication date: 1970-11-18 1 @ ==> found in 2_th bucket
book[ ishn: 0, title' Wospofghfo , author: Qulafxwwkmfxd . price: 820,21, , Publisher: Mdcaszsaovsodkd, Publication date: 1980-12- 91 @ ==+ found in 11_th bucket
book[ ishn: 23, titler Mbmxrmbuy f , author: Qaajokckl . bricet 23761, , Publisher: ¥xaka , Publication date: 1964- 7-10 ] @ === found in 2_th bucket
book[ isbn: 13, title: Mvubzazcp . author: Hktkydz . price: B13.58, , Publisher: Uyvpurf , Publication date: 1973- 6-15 ] : ==> found in 5_th bucket
book[ ishn: 21, title Gekvrazvxdhpo | author: Mvafwr . pricer 129,79, , Publisher: Swkhtag . Publication date: 1976- 5= 8] : === found in BE_th bucket
book[ ishn: 11, title' Rsigbhz , author: Zujxmmvspnara . price: 81,83, . Publisher: Egicc , Publication date: 1960- 8- 2 ] : === found in 10_th bucket
book[ isbn: 29, titler Jubjtsadio ., author: Tapknfpf . pbrice: 518,80, , Publisher: Fieowg , Publication date: 1965-11- 3] @ ==> found in 12_th bucket
book[ ishn: 20, title: Pzsamet , author! Gepspsnvii . bricer 193,38, . Publisher: Lwvnmkmnuywk . Publication date: 1963-12- 51 @ === found in 3_th bucket
book[ ishn: d. title' Cdwrac , author: Fmzkg . bricer 493,30, ., Publisher: Fodkimicwi , Publication date: 1996- 8-23 ] @ ==> found in 4_th bucket
book[ isbn: 27, title: Ghimefwuzwywi , author: Gfullkjduhs . price: B59.64, , Publisher: Btlkmfarm , Publication date: 1979- 6-22 ] @ == found in 12_th bucket
book[ ishn: 17, title! Nhhssactwdteam . author: Cibprhtneay . bricer 528,47, ., Publisher: Goiwlarsne . Publication date: 1963- 1-15 ] @ === found in Z_th bucket
book[ ishn: T.otitle: Wyjs , author: Basio . prices 208,39, , Publisher: Hvpnvruihoswki . Publication date: 1970- 9-17 1 ¢ ==> found in B_th bucket
book[ isbn: G, title' Ydhacwvhsgewz , author: Tgonzltjhgauh , price: 955,38, ., Publisher: Reqgi , Publication date: 2000- 9-18 ] @ ==> found in 1_th bucket
book[ ishn: 28, title Smtpjhaefaz , author: Auldrchiccdvrf , price: 857,70, , Publisher: lvuveeafivdre |, Publication date: 1971- 1-9 ] @ === found in 3_th bucket
book[ ishn: 1. title: Odredakubn , author: Guprogvlobcw . price: 88,29, , Publisher: Zmausjam . Publication date: 1992- 3- 1] ¢ == found in 7_th bucket
book[ ishn: 24, title! Gdnmphnokamburk, author: Rffaclvar . price! B40.19, , Publisher: Ldacl| , Publication date: 1988- 7-29 1 : ==> found in BE_th bucket
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Homework 14

14.1 ¥ (star) &2 #2|5}7] ¢/t hash map 3+9
1) Staré 2 22|37 flet + 2K Star= CHa1h 20| o ECt.

typedef struct Star {
char name[STAR_NAME_LEN];
int id;
double distance;
double luminosity;
double mass;
double radius;
int age;
} Star;
(2) =X Star 2tH st== genStar()2} printStar() & 2+/45|2}.
= Star* genStar(int stariD);
= void printStar(Star *pS)

(3) hash map= #/45}7| ¢t =4 Entry, ListNode, Bucket, HashMap= Fg6}
o st==S A SEEL hash @42 = cyclic shift hash codeE AIE2 A.
4) = 907H0| starS M5t =, bucket array size 1019l hash mapQj| stars= 7|5t

S, 2t bucketO| o] S 2HA 3|42 B ma}e}.
(5) hash map0| Z=&t=l Zt stars2 searchHashMap(HashMap *pHM, Entry *pE)
taT,

S
= —
SHAZ ALRSI0] EFAMS 2t star7} HEtshA| EMME| =712 30|35t}

aT = [

|0
o
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