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TAILE HE O(1) O(n)

TAILE GZ /A E O(1) O(n)

HgE WS o(n) 0(1)

Hge oz 2/AE o(n) o(1)

ol = O(logn) O(logn)
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Z|tH §1=(max heap):
2R L9 7|Zt0] XtA| -=9| 7|ZtHC}
AL 22 24X 0|7 ER|

key(B22 LT )= key(XA =)

2|4 31Z(min heap):
2o e o| 7|Zt0| XAl L-eo| F|ZHECt
AL 22 & 0|7 Ex|

key(B2 T ) =key(XMA =)
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#define MAX_ELEMENT 200
typedef struct {

int key;
} element;

typedef struct {
element heap[MAX_ELEMENT];

int heap_size;
} HeapType;
HeapType heap; /] BE 22 8 Al
HeapType *heap = create(); [/ SE HE22 &Y AIS
™
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insert_max_heap(A, key)

heap_size «— heap_size + 1;

i «— heap_size;

A[i] < key;

while i = 1 and A[i] > A[PARENT(i)] do
A[i] «— A[PARENTT;

i — PARENT(i);
Z
™
~
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// M A2 IH==I} heap_size2! ol 2 h(l item=S & &
/) &gl st
void insert_max_heap(HeapType *h, element item)

{
int i;
i = ++(h->heap_size);

// EClE H&ed S2HIIBEA B2 =2 HlWot= UtE
while((i 1= 1) && (item.key > h->heapli/2].key)) {
h->heap[i] = h->heapli/2];
i /: 2;
}

h->heap[i] = item; // MEZ22 S5 &¢&

Ct.

}
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delete_max_heap(A):

i

item — A[1];
A[1] — A[heap_size];
heap_size«—heap_size-1;
i« 2;
while i < heap_size do
if i < heap_size and A[i+1] > A[i]
then largest — i+1;
else largest « i;
if A[PARENT (largest)] > A[largest]
then break;
A[PARENT (largest)] «— A[largest];
i — CHILD(largest);

return item;

-
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/1 &H| g
element delete_max_heap(HeapType *h)

int parent, child;
element item, temp;

item = h->heap[1];

temp = h->heap[(h->heap_size)--];
parent = 1;

child = 2;

while( child <= h->heap_size ) {

/1 8 =EL| XAEES O 2 XA EE =L,

if( ( child < h->heap_size ) &&
(h->heap[child].key) < h->heap[child+1].key)
child++;
if( temp.key >= h->heap[child].key ) break;
/1 StEbA| OI2HE 0]
h->heap[parent] = h->heap[child];
parent = child;
child *= 2;
3
h->heap[parent] = temp;
return item;

Cz gl 202 Ag=x © dsSTAL 2019
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#include <stdio.h>

#include <stdlib.h>

#define MAX_ELEMENT 200

typedef struct {
int key;

} element;

typedef struct {
element heap[MAX_ELEMENT];
int heap_size;

} HeapType;

/1 MY gt
HeapType* create()

{
return (HeapType*)malloc(sizeof(HeapType));

/1 =78} e

void init(HeapType* h)

{
h->heap_size = 0; PN
} m
-~
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/1 ST 22| IHE=7} heap_size@l | hofl itemS &I SHCL.
/1 &gl gt
void insert_max_heap(HeapType* h, element item)
{ . .
nt 1;
i = ++(h->heap_size);
// EE|& 72{=8] SeP71HAM 22 ==2} H| 5= oA
while ((i 1= 1) && (item.key > h->heap[i / 2].key)) {
h->heapl[i] = h->heapl[i / 2];
i/=2;
}
h->heap[i] = item; // ME22 ==& &9
3
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element delete_max_heap(HeapType* h)
{

int parent, child;

element item, temp;

item = h->heap[1];
temp = h->heap[(h->heap_size)--];
parent = 1;
child = 2;
while (child <= h->heap_size) {
/8 o AALE S M &= Akt
if ((child < h->heap_size) &&
(h->heap][child].key) < h->heap[child + 1].key)
child++;
if (temp.key >= h->heap[child].key) break;
/1 et & Ot 2 Ol =
h->heap[parent] = h->heap[child];
parent = child;
child *= 2;

Ct.

I
g
rr

}
h->heap[parent] = temp;

return item;

}
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int main(void)

elementel1 ={10},e2={5},e3={30};
element e4, e5, eb6;
HeapType* heap;

| X AHA
—oSo

ol

heap = create(); //
init(heap); // =J| st

S~
~
12
2

insert_max_heap(heap, e1);
insert_max_heap(heap, e2);
insert_max_heap(heap, e3);

/1 AHH

e4 = delete_max_heap(heap);
printf("< %d > ", ed.key);

eb = delete_max_heap(heap);
printf("< %d > *, e5.key);

e6 = delete_max_heap(heap);
printf("< %d > \n", e6.key);

free(heap);
return 0;
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#include <stdio.h>
#include <stdlib.h>

HO
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/) S8 &9 R0 5IEE 0|28 B

void heap_sort(element af], int n)

{
int i;

HeapType* h;

h = create();

init(h);

for (i = 0; i<n; i++) {
insert_max_heap(h, a[i]);

}

for(i=(n-1);i>=0;i--){
ali] = delete_max_heap(h);

}
free(h);

}
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}

#define SIZE 8

int main(void)

element list[SIZE] = { 23, 56, 11, 9, 56, 99, 27, 34 };
heap_sort(list, SIZE);
for (inti = 0; i < SIZE; i++) {
printf("%d ", list[i].key);
}
printf("\n");
return O;

9112327 34 56 56 99
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H#Hdefine JOBS 7
H#Hdefine MACHINES 3
int main(void)
{
int jobs[JOBS] ={8,7,6,5,3,2,1}; J/EE2 HELD N JACHLD It
-~
elementm ={0,0};
HeapType* h;
h = create();
init(h);
™
-~
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// AIIAN avail 2t2 Il H It AAE JtSotAH &l = AlZ2H0ICH
for (int i = 0; i<MACHINES; i++) {

m.id =i+ 1;

m.avail = 0;

insert_min_heap(h, m);

Cz gl 202 Ag=x © dsSTAL 2019

}
// ElAol2UA JIHE HUA AES €Eotld AFZEJls AlZ2tS St
A2 =0
// CHAL 21 A 310 SI48HC
for (int i = 0; i< JOBS; i++) {
m = delete_min_heap(h);
printf("JOB %d= Al 2F=%dFHE Al2t=%dItX| JIH %d21 0l &
ekl \n",
i, m.avail, m.avail + jobs][i] - 1, m.id);
m.avail += jobs[i];
insert_min_heap(h, m);
}
return O; m
} " ™
-
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DXL D1 H 210l 32*

JOB 0= AlIZF=02E Al2t=7)
JOB 1= AlIZI=0%H& Al2t=6
JOB 25 AlIZF=0%HE Al2t=5
JOB 3= AlZ2t=6FH AlZ2t=1
JOB 4= Al2t=7FH Al2+=9
JOB 55 AlIZ2F=8%H& AI2t=90tX| JIH 101 &
JOB 6= AlZH=10E AlZF=10DtXl JIH 28 0f

0 1 2 3 4 5 6 7 8 9 10
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#include <stdio.h>
#include <stdlib.h>
#define MAX_ELEMENT 200

typedef struct TreeNode {
int weight;
char ch;
struct TreeNode *left;
struct TreeNode *right;
} TreeNode;

typedef struct {
TreeNode* ptree;
char ch;
int key;

} element;

typedef struct {
element heap[MAX_ELEMENT];
int heap_size;

} HeapType;
e
™
-~
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/] e &=
HeapType* create()
{

3
/1 Z=D|3t et

void init(HeapType* h)
{

3

/1 ETH QAL Dl ==t heap_size@! Gl Z h(jl item= & & StCt.
/] &Y g

void insert_min_heap(HeapType* h, element item)

{

return (HeapType*)malloc(sizeof(HeapType));

h->heap_size = 0;

int i;
i = ++(h->heap_size);

/] ECIE H=d SceItHA 22 S &9 Bl Wotes A
while ((i != 1) && (item.key < h->heap[i / 2].key)) {
h->heap[i] = h->heap[i / 2];
i/=2;
3
h->heap[i] =item; // 28 =EE &¢&

3
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/] ARl e =

element delete_min_heap(HeapType* h)

{
int parent, child;
element item, temp;

item = h->heap[1];
temp = h->heap[(h->heap_size)--];
parent = 1;
child = 2;
while (child <= h->heap_size) {
/M B MAEES O A2 NMAEEE H
if ((child > h->heap_size) &&
(h->heap[child].key) > h->heap|[child + 1].key)
child++;
if (temp.key < h->heap[child].key) break;
/1 8t & Ot 2 0l =
h->heap[parent] = h->heap[child];
parent = child;
child *= 2;

Ct.

rr

3
h->heap[parent] = temp;

return item;

3
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/] Ol&l Ed| B4 &=
TreeNode* make_tree(TreeNode* left,
TreeNode* right)

{
TreeNode* node =
(TreeNode*)malloc(sizeof (TreeNode));
node->left = left;
node->right = right;
return node;
3

/1 Ol&l E2| HAH &=
void destroy_tree(TreeNode* root)

I

{
if (root == NULL) return;
destroy_tree(root->left);
destroy_tree(root->right);
free(root);

3

int is_leaf(TreeNode* root)

{
return !(root->left) && !(root->right);

3

cz gl 2de a7 x © MsETA 2019
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d void print_array(int codes[], int n)
{
for (inti=0;i<n;i++)
printf("%d", codes[i]);
printf("\n");
3

void print_codes(TreeNode* root, int codes[], int top)

{

/1 1= M&Eot) =8ts =8ttt
if (root->left) {
codes[top] = 1;
print_codes(root->left, codes, top + 1);

3

// 0= H&Eot] =8t =¢etlt.
if (root->right) {
codes[top] = 0;
print_codes(root->right, codes, top + 1);

3

/[ HEEE0|H ZEE &4

if (is_leaf(root)) {
printf(“%c: ", root->ch);
print_array(codes, top);

rol

HCt.

3
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// S|EQF DE MM St

void huffman_tree(int freq[], char ch_Llist[], int n)

{
int i;
TreeNode *node, *x;
HeapType* heap;
element e, e1, e2;
int codes[100];
int top = 0;

heap = create();

init(heap);

for (i = 0; i<n; i++) {
node = make_tree(NULL, NULL);
e.ch = node->ch = ch_Llist[i];
e.key = node->weight = freq[i];
e.ptree = node;
insert_min_heap(heap, e);

}
N
™ ™
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for (i = 1; i<n; i++) {
/] = At E JHRle SIS S EE AN
e1 = delete_min_heap(heap);
e2 = delete_min_heap(heap);
/1 SISl =2 g &I,
x = make_tree(e1.ptree, e2.ptree);
e.key = x->weight = e1.key + e2.key;
e.ptree = x;
printf("%d+%d->%d \n", e1.key, e2.key, e.key);
insert_min_heap(heap, e);
}
e = delete_min_heap(heap); // =& EZC|
print_codes(e.ptree, codes, top);
destroy_tree(e.ptree);

free(heap);
}
o -~
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int main(void)

{
char ch_list[] = {'s','i', 'n', 't 'e' };
int freq[] ={4,6,8,12,15};
huffman_tree(freq, ch_list, 5);

return O;

4+6->10
10+12->22
8+15->23
22+23->45
s: 111

i 110
t: 10
n: 01
e: 00

)

A
CZ & Boi& BT © MSZTAF 2019 -

(\J B



