CHAPTER 7

SORTING

All the programs in this file are selected from
Ellis Horowitz, Sartaj Sahni, and Susan Anderson-Freed
“Fundamentals of Data Structures in C”,
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Sequential Search

= Example
44,55, 12, 42, 94, 18, 06, 67

m Unsuccessful search
— n+1

m Successful search

3
|_\

(|+1)/n—”;1

I
o
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# define MAX-SIZE 1000/* maximum size of list plus one */
typedef struct {

Int key;

/* other fields */

} element;
element listfMAX_SIZE];
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*Program 7.1:Sequential search

Int seqSearch(element a[], int k, int n)
{/* Fra[Lin] = ime/ NIE @ﬁa[l] key =K
AIRKAE A A ] - HI[=1{EO -

Int I,

for(i=1; i<=n && a[i].key !=k; 1++)

If (I>n) return O;
return I;

¥
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*Program : Binary search
Int binsearch(element list[ ], int searchnum, int n)
{
[* search list [0], ..., list[n-1]*/
Int left = 0, right = n-1, middle;
while (left <=right) {
middle = (left+ right)/2;
switch (COMPARE(listfmiddle].key, searchnum)) {
case -1: left = middle +1; //right
break;
case 0: return middle;
case l:right =middle - 1; //left
break;
}} O(log,n)

return -1;
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*Figure 7.1:Decision tree for binary search

[5]

2] @ [8]
(17, 58,

[0] [3] [6] [10]
() () () (o,
[1] [4] [7] 97 [11

4,15, 17, 26, 30, 46, 48, 56, 58, 82, 90, 95
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List Verification

m Compare lists to verify that they are identical or
Identify the discrepancies.

= Example

— International revenue service (e.g., employee vs.
employer)
— Listl is the employer list; List2 is the employee list.

— Various employers stating how much they paid their

employees; individual employees stating how much
they received.

s Complexities
— random order: O(mn)

— ordered list:
O(tsort(n)+tsort(m)+m-+n)
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簡報者
簡報註解
Discrepancies:不一致，不符，差異；
Revenue : （國家的）歲入；稅收



*Program 7.2: verifying using a sequential search

void verifyl(element list1l[], element list2[ ], int n, int m)
/* compare two unordered lists listl and list2 */

{

inti, j; (a) all records found in list1 but not in list2
L _ (b) all records found in list2 but not in list1
Int marked[MAX_SIZE]; (c) all records that are in listl and list2 with
_ _ _ the same key but have different values
for(i = 0; i<m; i++) for different fields.

marked[i] = FALSE;
for (1=0; i<n; i++)
If ((j = seqsearch(list2, m, list1[i].key)) ==0)
printf(“%d is not in list 2\n *, list1[i].key);
else
/* check each of the other fields from list1[i] and list2[j], and
print out any discrepancies */
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簡報者
簡報註解
/*將二個未排序串列list1[1:n]和list2[1:m]作比較動作*/


marked[j] = TRUE;
for (1=0; I<m; I++)
If (!marked([i])
printf(“%d is not in list1\n”, list2[i]key);
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*Program /.3:Fast veritication ot two IIsts (p.o29)
void verify2(element listl] ], element list2 [ ], int n, int m)
[* Same task as verifyl, but list1l and list2 are sorted */

{. - o=
Inti, j;
sort(listl, n);
sort(list2, m);
i :j =0:
while (I<n && j <m)
if (listl[i].key < list2[j].key) {
printf (“%d is not in list 2 \n”, list1[i].key);
I++; //fixed J, control |

¥

else if (list1[i].key == list2[j].key) {

[* compare list1[i] and list2[j] on each of the other field
and report any discrepancies */

I++; |++;

¥
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簡報者
簡報註解
/* 跟verify1 相同，但我們先將list1和list2排序 */


else {
printf(“%d is not in list 1\n”, list2[j].key);
J+t,
h
for(; 1 <n; i++)
printf (“%d is not in list 2\n”, list1[i].key);
for(; j <m; j++)
printf(“%d is not in list 1\n”, list2[j].key);
h

CHAPTER 7

11



Sorting Problem

Definition R: record K: key value

— given (Ry, Ry, ..., R1), Where R; = key + data
find a permutation o, such that K ;) <K, 0<i<n-1

sorted
- KG(i-l) S K(S(i)’ O<|<n'1

stable
— If 1<Jand K; = K, then R; precedes R; in the sorted list
Internal sort vs. external sort

criteria
— # of key comparisons
— # of data movements

CHAPTER 7
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簡報者
簡報註解
Precedes: （順序，位置或時間上）處在……之前
Permutation: 【數】排列
R:  record
K: key value


Insertion Sort

Find an element smaller than K.

26 5 77 1 61 11 59 15 48 19
A 4
5 26 77 1 61 11 59 15 48 19
L 4
5 26 77 1 61 11 59 15 48 19
L 4
1 5 26 77 61 11 59 15 48 19
A 4
1 5 26 61 77 11 59 15 48 19
L 4
1 5 11 26 61 77 59 15 48 19
L 4
1 5 11 26 59 61 77 15 48 19
2 4

1 5 11 15 26 59 61 77 48 19

A 4
1 5 11 15 26 48 59 61 77 19
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Insertion Sort

void insert(element e, element a[], int i)

{ 1 itesd AR —ECHE sl afli] o > WEESE A By ES ]
a[Li+1]{2 e AP Hksy - LhbEAa e DR BO R AN Fyi+2{[E

element */
a[0] = e;
while (e.key < a[i].key)
{

/

a[i+1] = afi];
I--;
h
a[i+1] =e;

¥
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簡報者
簡報註解
插入到一個已經排好序的串列中


void i1nsertionSort( element a[],
{ 7* Kal[l:n] BEFPRRFriEE */
int j;
for ( j =2; j<=n; j++) {
element temp = al[jl;
insert(temp, a, j-1);

CHAPTER 7

InNt n)
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WOrS€E case

best case

11 O(n)

5

16

left out of order (LOO)



R 1s LOO If R; < max{R]}

O<<i

k: # of records LOO

n: # of records
Computing time: O((k+1)n)

44 55 12 42 94 18 06 67

* * * * *
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Variation

= Binary insertion sort
— sequential search --> binary search

— reduce # of comparisons,
# of moves unchanged

m List insertion sort
— array --> linked list
— sequential search, move --> 0

CHAPTER 7
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Quick Sort (C.A.R. Hoare)

m Given (R, Ry, ..., R.))
m Ki: key
If K Is placed in S(i),
then K; < Ky for J < S(1),
K; > Ky for j > S(1).

" Ry - Rsynr Rsgy Rggiyenr -0 Ry

two partitions

CHAPTER 7
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簡報者
簡報註解
Pivot:中樞；中心點；中心人物



Example for Quick Sort

pivot

RO| RL| R2 | RB3| R4 | R5 | R6 | R7 | R8 | R9 | left |right
f26 5 37 1 61 11 59 15 48 19y| O 9
f11 5 19 1 15| 26 [{59 61 48 37| O 4
r1 5V P17 H{19 15}| 26 [{59 61 48 37| O 1
1 5 | 11 | 15 | 19 | 26 ({59 61 48 375| 3 4
1 5 | 11 | 15 | 19 | 26 [{48 37} 59 { 61}| 6 9
1 5 | 11 | 15 | 19 | 26 | 37 48 | 59 { 61}| 6 7
1 5 |11 | 15 | 19 | 26 | 37 | 48 | 59 | 61 | 9 9
1 5 | 11 | 15 | 19 | 26 | 37 | 48 | 59 | 61

CHAPTER 7
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Quick Sort

¥oid quicksort(element list[], int left,int right)
int pivot, 1, j;
element temp;
it (Ieft < rlght) {

1 = left; J = right+1;
glvot = Ilst[left] key;

do 1++; while (list[i1].-key < pivot);

do j--; while (list[j]-key > pivot);

if (i < j) SWAP(list[1], list[j], temp);
} while (1 < });

//exchange the number between groups using pivot
SWAP(list[left], list[j], temp);
quicksort(list, left, J—l)
quicksort(list, j+1, rlght),
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Analysis

= Assume that each time a record Is positioned,
the list Is divided Into the rough same size of
two parts.

= Position a list with n element needs O(n)

= T(n) Is the time taken to sort n elements
T(n)<=cn+2T(n/2) forseme c
<=cn+2(cn/2+2T(n/4))

<=cnlog n+nT(1)=0(nlogn)
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Recurrence Solving: Review

e I'(n) =2T(n/2) + cn, with T'(1) = 1.
e By term expansion.

T(n) 2T (n/2) + cn

= 2(2T(n/2%) +cn/2) + cn = 2°T(n/2°) + 2cn

= 2%(27(n/2%) + en/2%) + 2en = 2°T(n/2%) + 3en

= 2'T(n/2") + icn

e Set i =log,n. Use T(1) = 1.




Time and Space for Quick Sort

m Space complexity:
— Average case and best case: O(log n)
— Worst case: O(n)

= Time complexity:
— Average case and best case: O(n logn)
— Worst case: O(n?)

CHAPTER 7
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Merge Sort

= Given two sorted lists
(list[1], ..., listfm])
(listim+1], ..., list[n])
generate a single sorted list
(sorted[i], ..., sorted[n])

= O(n) space vs. O(1) space

CHAPTER 7
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D

Merge Sort (O(n) space)

voild merge(element list][], element sorted|[],
int 1, Int m, Int n)

addition space: n-i+1

{ .
int j, k, t; # of data movements: M(n:

J = Ml R ET RIS E
k = 1; &0y HIRERZRS B>
while (i1<=m && j<=n) {
1T (list[i].-key<=list[]j]-key)
sorted[k++]= list[i1++];
else sorted[k++]= list[j++];
¥
1T (1>m) /* mergedList[k:n] = initList[j:n] */
for (t=); t<=n; t++)
sorted[t]= list][t];
else for (t=1;_t<=m; t++)/* mergedList[k:n] = initList[i:m]
sorted[k+t-i] = list[f];
} 26



簡報者
簡報註解
/* 排序過的二串列initList[i:m]和initList[m+1:n]被合併過後，產生一個排序過的串列mergedList[i:m]*/
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[:]void mergePass(element i1nitList[], element

mergedList[], int n, int s)
{/* {iF-w &E&NEEHEE > BinttList[]?® & & fpakh
PEBOERSE E P mergedList[] -n 28 7)Y ~ & Bk
SN E F - B ERE X Y 4
int 1, j;
for( 1=1; 1I<=n -2 * s + 1; 1+= 2*s)
merge(initList, mergedList, 1, 1+s-1,
1+2*s-1);
iIT ( i+s-1 < n) Onecomplementsegmentand one partial segment
merge(initList, mergedList, 1, 1+sS-1, n);
else
for( J=1; J<=n; J++) Only one segment
mergedList[j] = initList][]}];

i i+|s-1 i+2|s-1

2*s
| | | |



簡報者
簡報註解
Complement: . 足數；全數，整套



void mergeSort(element a[], int n)

{ 7* FEH&a0FFE ERFalln]dr >/
iInt s =1; /AR RS R N>/
element extra[MAX SIZE];

while(s<n) {
mergePass(a, extra, n, S);

S*=2;
mergePass(extra, a, n, S);
S*=2;
}
¥ s s S

25

CHAPTER 7
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Analysis

m array vs. linked list representation

— array: O(s(n-1+1)) where s: the size of a record
for copy

— linked list representation: O(n-i+1)
(n-1+1) linked fields

CHAPTER 7
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Interactive Merge Sort

Sort 26, 5, 77,1, 61, 11, 59, 15, 48, 19

26 [[5[[[ 77111 [ 61][[21 |[59 [[15][[48 |19

\ /N /N /N | N

5 26 77 |11 6115 59[[[19 48
\ / \ / |

1 5 26 77]|@h1 15 59 61/][19 48

\ ]

1 5 11 15 26 59 61 77|19 48
\ ]

1 5 11 15 19 26 48 59 61 77

O(nlog,n): rlogznT passes, O(n) for each pass

CHAPTER 7
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Recursive Formulation of Merge Sort

26 | | 5 I 11|59 || 15| |48 | |19

77111161
5 26 /opy \%py 11 59 | /fopy copy
77 111 61

11 15 59| |19 48

1 5 26 61 77|11 15 19 48 39

[ (1+5)/2] [ (6+10)/2

1 5 11 15 19 26 48 59 61 77
| (1+10)/2]

Data Structure: array (copy subfiles) vs. linked list (no copy)
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Recursive Merge Sort

left right

Point to the start of sorted chain

Int rmergeSort(element aj], 1int link[],Int
left,int right)

{
int mid;
IT (left >= right) return left;
else {
mid = (left+right)/2;
return listMerge(a, link,
rmergeSort(a, link, left,mid),
/rmer eSort(a, link,mid+1,right));

ks left mid right
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ListMerge

int listMerge(element a[], int link[], int startl, int
start?)

/MR chainssyhlfestartl kstart25d4a @ e &6t
N INK O E/F— (B IFAVIESE - [BE & fFFIchainstyEaEE - */
int lastl, last2, lastResult=0;
for(lastl :_%tartl last2 = start2; lastl && last2; )

i alTastl] <= allast?
[Iink ]astRegult l)I}:L\s.tl;

lastResult = lastl;

y lastl = link[lastl];

else{ _.
IlnkﬁlastResultZ = last2;
lastResult = last2

y last2 = link[last2];

startl > 1,

start? 0, 4z

A 4



簡報者
簡報註解
 /* key in first list is lower, link this 
       element to start and change start to 
       point to first */


/* R EERATECIRI B S Rt g/ Tirstis exhaustec
iIfT(lastl == 0) link[lastResult] = last2;
else link[lastResult] = lastl; second isexhausted.

geturn 11nk[O];

O(nlog,n)
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Heap Sort

*Figure 7.7: Array interpreted as a binary tree

Index: 1 2 3 4 5 6 7 8 9 10
Number:26 5 77 1 61 11 59 15 48 19

input file

CHAPTER 7
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*Figure 7.7: Max heap following first for loop of heapsort

Initial heap

exchange
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Figure 7.8: Heap sort example

[8] [9] [10]@

(b)

CHAPTER 7
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Figure 7.8(continued): Heap sort example

[8] [9] [10]@
(d)
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Heap Sort

voild adjust(element a[], Int root, Int n)

int child, rootkey; element temp;
temp=aJroot]; rootkey=a[root] .key;
child=2*root; /// 1%
while (child <= n) {
1T ((child < n) &&
(afchild] .key < aJchild+1].key))
child++;

it (rootkey > a[chlld]-key)

rea

else {//move to parent
a[chlld/2] = afchild];
child *= 2;

}

g[child/Z] = temp;
¥



簡報者
簡報註解
調整最大堆積


Heap Sort

void heapsort(element a[], int n)
{ ascending order (max heap)
int 1, j;
element temp;
for (1=n/2; 1>0; 1--)
adjust(list, 1, n);
for (1=n-1; 1>0; 1--) { top-down n-1cylces
SWAP(list[1], list[i+1], temp);
adjust(list, 1, 1);

bottom-up

CHAPTER 7
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Radix Sort

Sort by keys
KO, K1, . Kr-1
Most significant key Least significant key

Ry Ry, ..., R, are said to be sorted w.r.t. Ky, K, ..., K, Iff
0 1 r-1 r-1 -
(k% k..., k™) <= (K° k) osi<na

i+17 |+1’

Most significant digit first: sort on K°, then K1, ...

Least significant digit first: sort on K1, then K™, ...
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簡報者
簡報註解
Radix: 1. 【數】根
2. 【統】基數
3. 【植】根


wrt
�關於(With respect to)
�


Figure 7.14:. Arrangement of cards after first pass of an MSD

sort
2 et i )
———— I ....,.__l,lI ﬁ-—__hli i

‘oo Iy @
¢ | |
b & 2B ' W IE
AR, B e

SUItS: e < ¢ <V < A
Face values: 2<3<4<..<J<Q<K<A

(1) MSD sort first, e.g., bin sort, four bins & ¢ ¥ A
LSD sort second, e.g., insertion sort

(2) LSD sort first, e.g., bin sort, 13 bins
2,3,4,...,10,J,Q,K,A
MSD sort, e.g., bin sort four bins & ¢ ¥ A
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簡報者
簡報註解
Bin:箱子，容器，倉
Suit:同花色的一組紙牌



Figure 7.15: Arrangement of cards after first pass of LSD

sort

N

> ¢

N®

¢ HH

m &
I

[ —
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Radix Sort

0< K<999
(KO, K1, K2)
MSD LSD

0-9 0-9 0-9

CHAPTER 7
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161p Aq 1i0S

9]eualeduod

front[
front[
front[
front[
front[
front[

front
front

front]
front[

271, 93, 33, 984, 55, 306, 208, 179, 859, 9 After the first pass

QO X NN ®WN B9

d (digit) = 3, r (radix) = 10
179, 208, 306, 93, 859, 984, 55, 9, 271, 33

NULL
271 | NULL
NULL

93 [ 33 [[NULL
984 | NULL

55 | NULL

306 | NULL
NULL

208 | NULL

179 859

S
>

Example for LSD Radix Sort

ascending order

CHAPTER 7

S
>

9

NULL

rear
rear
rear
rear
rear
rear
rear
rear
rear
rear

© ® N o U b» W N B O
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簡報者
簡報註解
Ascending:上升的


front[0]

front[1]

front[2]
front[3]
front[4]
front[5]

front[6]

front[7]

front[8]
front[9]

206 208 9 33 55 850 271 179 984 92 (second nass) rear[9]

306

» 208

null

null

null

33

null

null

25

L 859 null

null

271

S 179 null

984

null

93

null

CUADTECD 7
OT I\ =N 1

rear[O]

rear[1]

rear[2]

rear[3]
rear[4]
rear[5]
rear[6]
rear[7]

rear[8]




front[0]

front[1]

front[2]
front[3]
front[4]
front[5]

front[6]

front[ /]

front[8
front[9]

9 33 55 03 179 208 271 206 859 984 (third nass) rear9,

s 33

25

179

null

208

" 271

null

306

null

null

null

null

null

859

null

984

null

CUADTECD 7
OT I\ =N 1

93

null

rear[0]
rear[1]

rear

rear

2]

3]

rear[4]

rear[5]

rear[6]

rear[7]

rear

8]
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Data Structures for LSD Radix Sort

= An LSD radix r sort,

® Ro, Ry, ..., Rn-1 have the keys that are d-tuples
(Xo, X1, ..., Xd-1)
#define MAX DIGIT 3

#define RADIX SIZE 10

typedef struct list node *list _pointer;

typedef struct list node {
int key[MAX DIGIT];
list pointer link;
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®)

int radixSort(element a[], int link[], int d,
int r, Int n)
{/* MFH—{Ed{ir & ~ ﬁtﬁﬁzréﬁﬁﬁﬂjﬂiﬁiﬁﬁﬂ?a[l nj
digit(ali]l, j, r) [E{EFHali]lir &EARHEETE ]
[EN B () - !Eﬂ{lmé'@'-'éf(l?ﬂ%ﬁ%m[o r) - [E—{Er E Y
e AR A </

int front[r], rear[r]; /7*750Y5EMNERETEIR*/
int 1, bin, current, first, last;

/ *@J—{I’“fl rstiaiaHEC ERE iG>/
first = 1;

for(C 1 =1; 1 < nj; 1++) link[1] = 1+]1;
Iink[n] = 0;
for( 1 = d-1; 1>=0; |——)

{ TR R U R
for?%%ﬁﬁﬁ%%ggﬁg EQ{T%ln++) front[bin] = O;


簡報者
簡報註解
Bin:箱子，容器，倉



for(current = first; current; current = link[current])
{ Var i ot Sl RE RV AN e
bin = digit(afJcurrent], 1, r);
1T front[bin] == 0) front[bin] = current;
else link[rear[bin]] = current;
rear[bin] = current;

¥

iR R LRV A
for(bin = 0; !front[bin]; bin++);
first = front[bin]; last = rear[bin];

/g FZE iz s*/
for(bin++; bin < r; bin++)
if(front[bin])
{
link[last] =front[bin]; last = rear[bin];}
link[last] = O;
}

return first;

}



Practical Considerations for Internal
Sorting

= Data movement
— slow down sorting process
— Insertion sort and merge sort = linked file

= Perform a linked list sort + rearrange records

CHAPTER 7
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List and Table Sorts

= Many sorting algorithms require excessive
data movement since we must physically
move records following some comparisons
— If the records are large, this slows down the
sorting process
= We can reduce data movement by using a
linked list representation

CHAPTER 7
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簡報者
簡報註解
Excessive:  過度的；過分的；極度的



List and Table Sorts

= However, in some applications, we must
physically rearrange the records so that they
are In the required order

= We can achieve considerable savings by first
performing a linked list sort and then physically
rearranging the records according to the order specified
In the list.
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Doubly Linked List

CHAPTER 7
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Algorithm for List Sort

?;gt istSortl(element a[], int linka[], int n, int

]lé}%ﬁ E fﬁEF?UfﬁéflrStF%ﬁi(AEEFE@E’J%?K E5ststall:n] AEHFN

nt Ilnkb MAX SIZE /* EZﬁE@ZﬂE%m */
|? , rent,
Eo gcurre = flrst Current current =
lin a rrent

O~ Wi S e

} prev = Curren

for(’(k%& %ﬂﬁﬁyiﬁal[flrsﬂﬁﬁi%l */

aF %f Sﬁké_ inkb[linka[i]] = first;
é éi% Eaitifg%i e B 5]]]%8m83

;lrst = linka[1];
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A 4

I Rl R2 R3 R4 R5 R6] R7 R8 R9 R10
key| 26 5 77 1, 61 11| 59 15 48] 19
inkk 9., 6 0 2 3 8§ 5 10 7 1
i=0 | o
start=1 | Rl R2 R3] R4 R5 R6] R7 R8 R9 R10
key 1 5 77 26/ 61 11| 59 15 48| 19
linkt 4 6 0 9 3 3 5 10 / 1
Jp B ¢ 3 festat (2) R
=1 _l | R R2] R3 R4 RS| R6] R7] R8 R9 R10
SAt=STievl 1 5 77] 26 61 11] 59 15/ 48] 19
link 4 6 0 9 3 8 5 10 { 1
_ (b)
i=2 | . .
start=7 | R1 R2 R3] R4 R5| Re] R7] Rg R9 R10
key 1 5 11 26/ 61 77| 59 15 48 19
link 4 6 .6/ 9 3 o0 5 10 7
P — [ ©)
GINIER e start
CHAPTE@R%% 75
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1=3
start=9

1=5
start=8

| Rl R2 R3] R4/ R5 R6 R7] R8 R9 RI
key, 1] 5 11| 15 61 77| 59 26/ 48 1
link! 4 6 6 8 3 0 95 9 7
A% JpiEe 2 hstart?
A ()
RS R6/ R7] R8 R9 Rl
19 77| 59 26/ 48| 6
100 0 5 9 7 .
(e)
| Rl R2] R3] R4 R5 R6 R7 R8 R9 Rl
key, 1] 5 11} 15 19 77| 59 26/ 48 6!
ink 4 6 6/ 8 100 0O 5 9 7
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f?;gt istSort2(element a[], int linka[], int n, int
/> BELIStUHERVRE @ BR T A TS (GG inkb DLAN >/
Int 1;

element temp;
for (i = 1; 1 < n ; i++)

{

€ N R AT

Whlle (flr':i.(Ii:fI flrst = link[Ffirst];

Flt 1 —H%?ZEFZ:EJ_EE%I%{EEB@DB%? */

/*a[fi rst] JHEEE SR VY WRFERa [ 1] G DURF S E 5/
T LR I D Bl

1rst

III

¥|rst = q;
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Table Sort

Before Auxiliar
sort 0 T 1 F 2 r 3 r 4 T table Ty
Data are not moved. l l l l l
(01234 R/ R, R, R, R,
Key |50 9 11 8 3
A permutation
linked list sort K N N
T A
(4,3,1,2,0) Auxiliary
After
sort | 4| 3| 2¢| 1o 0 ta_tl)_le
FOLAFAB Y » 120 %4B 8 > > $40050B )

(0,1,2,3,4)



Every permutation is made of disjoint cycles.

Example

RIL R2 R3 R4 R5 R6 R7 RS
key 35 14 12 42 26 50 31 18
table 3 2 8 5 7 1 4 6

two nontrivial cycles trivial cycle
— = 3 | 3

R1 R3 R8 R6 R1 R1 R1

33— 8 —"6—~1— 1—

B
R4| R5 | R7T |R
5 - 7-— 4 5
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() R1 R3 R8 R6 Rl
1 .3 .8 .6
12— 1850 35

35 L
2) i=1,2 t[i]=i
3) R4 R5 R7 R4
—4 —5 —7
26 31— 42

| |
42 —
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Table Sort

¥0|d tableSort2(element a[], Int n, Int t[])
grpEylall-n]pipylale1l], .., aft[nl] */
int 1, current, next;
element temp;
for (1 = 1; 1 < n ; 1++)
if (efr] = 1)
/% GERBIGATIERIRTIER, </

emp = a[']; current = i;
“néxt urre t!
a curren i xt
terrent] - Chieind
gt e teiclffenn =
Ec urrent] = curPént )= Cyele
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Complexity of Sort

stability | space time

best average | worst
Bubble Sort stable little O(n) O(n2) O(n2)
Insertion Sort | stable little O(n) O(n2) O(n2)
Quick Sort untable | O(logn) |O(nlogn) [O(nlogn)| O(n2)
Merge Sort stable O(n) |O(nlogn)|O(nlogn)| O(nlogn)
Heap Sort untable | little |O(nlogn) |O(nlogn)| O(nlogn)
Radix Sort stable | O(np) |O(nlogn) | O(nlogn)| O(nlogn)
List Sort ? O(n) O(1) O(n) O(n)
Table Sort ? O(n) O(1) O(n) O(n)
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Comparison

n < 20: insertion sort
20 <n < 45: quick sort
n > 45: merge sort

hybrid method:  merge sort + quick sort
merge sort + insertion sort
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‘ 0.000 0.000 0.000 0.000
0.004 0.009 0.008 0.006
0.011 0.019 0.017 0.013
0.033 0.042 0.037 0.029

300 0.067 0.066 0.059 0.045

400 0.117 0.090 0.079 0.061
0.179 0.116 0.100 0.079
- 0.662 0.245 0.213 0.169
- 2.439 0.519 0.459 0.358
- 5.390 0.809 0.721 0.560
- 9.530 1.105 0.972 0.761
- 15.935 1.410 1.271 0.970
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External Sorting

= \ery large files (overheads in disk access)
— seek time
— latency time
— transmission time

= merge sort

— phase 1
Segment the input file & sort the segments (runs)

— phase 2
Merge the runs
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Internal memory:

File: 4500 records, Al, ..., A4500

750 records (3 blocks)

block length: 250 records

Input disk vs. scratch pad (disk)
(1) sort three blocks at a time and write them out onto scratch pad

(2) three blocks: two input buffers & one output buffer

750 Recordg[750 Records

750 Recordg [/50 Records

750 Recordg[750 Reco

N

N

N

1500 Records

1500 Records

1500 Records

3000 Records

Block Size = 250

4500 Records

2 2/3 passes
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簡報者
簡報註解
scratch :  1. 抓；搔
He pretended to scratch his ear. 他假裝搔耳朵。
2. 抓破，劃破；抓傷，劃傷
His arms were scratched by thorns. 他的手臂被荊棘劃破了。
3. （用爪子等）扒出，挖出[（+out）]
The cat scratched a hole in the ground. 貓在地上扒了一個洞。
4. 擦；刮
We scratched the paint off the wall. 我們刮掉了牆上的油漆。
5. 勾掉；刪去；取消[（+off/out）]
His name was scratched from the list. 他的名字被從名單上劃掉了。
6. 潦草地塗寫；亂劃
He scratched a note and put it on her desk. 他草草寫了一張字



Time Complexity of External Sort

Input/output time

= {s = maximum seek time

= {I = maximum latency time

= tw = time to read/write one block of 250 records
Blo=T+U+tw

Cpu processing time

= {is = time to internally sort 750 records

= ntm = time to merge n records from input buffers to
the output buffer
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Time Complexity of External Sort
(Continued)

Operation time

(1) read 18 blocks of input, 18tio, 36 tio +6 tis
Internally sort, 6ts,
write 18 blocks, 18tio

(2) merge runs 1-6 in pairs 36 tio +4500 tm

(3) merge two runs of 1500 records 24 tio +3000 tm
each, 12 blocks

(4) merge one run of 3000 records 36 tio +4500 tm
with one run of 1500 records

Total Time 96 tio +12000 tm+6 tis
Critical factor: number of passes over the data

Runs: m, pass: | log,m |



Consider Parallelism

m Carry out the CPU operation and 1/O operation
In parallel

m 132 tio=12000 tm+ 6 tis
m Two disks: 132 tio IS reduced to 66 tio
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K-Way Merging

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

NN N N

W

A 4-way merge on 16 runs

2 passes (4-way) vs. 4 passes (2-way)
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Analysis
= [ log, m | passes O(nlog, k*log, m)
= 1 pass: | nlog, k |

= /O time vs. CPU time

— reduction of the number of passes being made
over the data

— efficient utilization of program buffers so that
Input, output and CPU processing Is overlapped
as much as possible

— run generation
— run merging
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