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Day	17
SPACE	AND	TIME	TRADE-OFFS

SORTING	BY	COUNTING

STRING	MATCHING: 	HORSPOOL

Space-for-Time	Tradeoffs
Input	enhancement: preprocess	the	input	and	
store	it	and	use	later.	
Example:
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Space-for-Time	Tradeoffs
Input	enhancement use	in	CS:
◦ counting	sorts
◦ string	searching	algorithms
Prestructuring: preprocess	the	input	to	make	
accessing its	elements	easier
◦ hashing
◦ indexing	schemes	(e.g.,	B-trees)
Dynamic	programming:	next	chapter

Sorting	by	Counting
For	each	x	=	A[i],	count	how	many	other	elements	in	A	are	less	than	x

This	indicates	the	index	of	x	in	a	sorted	array.

Sort	list	by	copying	elements	into	a	new	list.
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Sorting	by	
Counting

Sorting	by	Counting:	Example
Advantages:	only	n key	moves	(optimal!)

Drawbacks:
◦ Quadratic	time	efficiency	to	construct	Count[]	(worksheet)
◦ Requires	linear	amount	of	extra	space,	for	Count[]
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Sorting	by	Distribution	Counting
Suppose	the	values	come	from	a	small	interval	l..u of	integers,	
say:	[30..34]

A	=

Count	of	each	element	in	array	A,	to	determine	the	distribution	of	
the	values:

Then	construct	sorted	array.

32 30 34 31 32 32 31 30 31 31

2 4 3 0 1

30 31 32 33 34

30 30 31 31 31 31 32 32 32 34

Input	Enhancement	in	String	
Matching
Problem:	Find	a	pattern (a	String	of	size	m)	in	some	text (a	larger	String	
of	size	n).
◦ Worst	case	O(nm)
◦ Average	case	O(n+m)	

Optimizations:
◦ Preprocess	the	pattern	to	get	some	information	about	it
◦ Store	this	information	in	a	table
◦ Then	use	this	information	during	an	actual	search	for	the	pattern	in	the	text
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Horspool’s algorithm
It	is	a	simplified	version	of	the	Boyer-Moore	algorithm	
(discussed	next	time)

It	preprocesses	pattern	to	generate	a	shift	table	that	
determines	how	much	to	shift	the	pattern	when	a	mismatch	
occurs

Always	makes	a	shift	based	on	the	text’s	character	c	aligned	
with	the	last character	in	the	pattern	according	to	the	shift	
table’s	entry	for	c

N.	CHENETTE	– CSSE/MA	473

Horspool’s algorithm
Consider	searching	for	the	following	pattern:

When	comparing,	we	begin	with	the	last	character	of	the	
pattern,	moving	to	the	left.

If	all	the	pattern’s	characters	match,	then	a	matching	
substring	has	been	found.

If	mismatch,	then	move	the	pattern	to	the	right.

Read	text	LàR,	match	pattern RàL.
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Horspool’s algorithm
When	moving	to	the	right,	aim	for	largest	possible	shift.

Look	at	character	c:

We	will	consider	four	cases.

Case	1:	No	c’s	in	the	pattern.	Suppose	c is	the	letter	S:

Shift	pattern	by	its	entire	length.

Horspool’s algorithm
Case	2:	There	is	an	occurrence	of	c in	the	pattern,	but	it	is	
not	the	last	one.	

Suppose	c is	the	letter	B:

Shift	the	pattern	so	that	the	right-most	occurrence	of	c in	
the	pattern	aligns	with	c in	the	text.
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Horspool’s algorithm
Case	3:	c happens	to	be	the	last	character	in	the	pattern	but	
there	are	no	c’s	among	its	other	m-1	characters.	

Suppose	c is	the	letter	R:

Shift	pattern	by	its	entire	length.

Horspool’s algorithm
Case	4:	c happens	to	be	the	last	character	in	the	pattern	and	
there	are	other	c’s	among	its	other	m-1	characters.	

Suppose	c is	the	letter	R:

Shift	the	pattern	so	that	the	right-most	occurrence	of	c
among	the	first	m-1	characters	should	be	aligned	with	c in	
the	text.
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Shift-tables
Input	enhancement:	Precompute	shift	sizes	and	store	them	
in	a	table

Table	is	indexed	by	all	possible	characters	that	can	be	
encountered	in	a	text.

For	example,	for	the	pattern	BARBER,	the	table’s	entries	for	
E,	B,	R	and	A	which	will	be	1,	2,	3,	and	4,	respectively.

All	other	entries	will	be	6

Constructing	Shift-tables

For	example,	for	the	pattern	BARBER,	the	table’s	entries	for	
E,	B,	R	and	A	which	will	be	1,	2,	3,	and	4,	respectively.
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Horspool’s Algorithm

Horspool’s Algorithm:	Example

Runtime?


