
Algorithms

Backtracking
Coed ly this time . . . )



Recap
- Awt due
- HW 2 : posted

Oral grading Thursday ,
& Friday merely

Sign -

ups
- Monday



Lastly
Frisked our intro to

recursion

Note that this is not the

Only technique you'll see !

Just an important one
.

We saw several simpler ones :

- sorting
- Hanoi

& more Complex :

- multiplication
- linear select on



Another recursive strategy :

Backtracking CChapo 2)

idea : Build up a solution
iteratively .

Setting : an algorithm needs
to try multiple
options .

Strategy : Make a recursive

call for each possibility .

Downside : SLI
But :  

- sometimes needed
- often we can speed

things up



Tnrst two in book :

N queens



Second .

-

Simple game
Essentially a variant of Nim :

Key :

Play out success / failure
based on game tree

.



One note :

These
are not greedy !

Greedy would place if it
could t keep going .

This one tries placing ,
&

tries not placing .

So : guaranteed to work
.

( More formal proofs Coming
. . . )



Example : Subset Sum
-

Given a set of positive
if

,

lergers anda - get value

is there a subset of
X which sums to t ?

Exe . X -

- { 8
, 6,7 ,

3
,

10
, 5,93

E- IS

could include 8
Lt is now 7

not - t is still IS

Now 6 :

How would
'

we solve ?
( recursion )



Consider recursively :

X -

- E 8,6
,

7
, 5,3 ,

A
, 9 }

recursion
I

•

qiniiia.is?iixasnot :

T ( X Go  on ]
,

t )

-

- basec-a.se?

T ( empty list
,

too ) -

- false
T ( X Cl . . .

n ]
,

t a O ) = false

if t -

-
O

,
true



Pseudocode :
.

/

Runt me : Let Scn ) be runtime
of n element list

= Scn - D n - 1) t OCD

=2SCn - 1) t OCD

sent OH

,



Correctness

We are trying everypossible subset .

Is : well
,

Xan ] is either
is Subset or not

.

I recuse on both possibilities
a by IH solve them

correctly .



Text Segmentation-

idea : Given a string of
" letters

"

,
break into

" words "
.

Agne : Given Is WORD ( w )
,which takes a string -

says true or false
.

① CD time

Backtracking:

Starting at beginning ,
check every prefix :

if

ISWORDTHE

13 ) , recuse on Afd . .  .
n ]

if IS WORD 1,23 ) , try A [ 3.
 on ]

ifISWORDFA?1,
2,33 )

, try Aft . .
n ]§,⇒wµq

, . .,,, , ygoyq.ggif

ISWORDFA
:C 1.  on ] )↳ If any

succeed,
return

true



Better pseudocode :

Pf of correctness :

we try everything ! Why ?

Well
, AfD must be in some

word
,

t I try all possible prefaces.

By IH , alg checks the rest correctly .

He then gives an index
formulation

.

I have mixed feeling :

- worth discussing
- But - really depends

on the language !

Options :

depend on reference
,

heap,
.

.
.



Runtime

TED = Oa )
oaf

+ Eta,
E- I

Icky - but a cool trick helps :

Tn ) -

- Eat: ) t 1

III.
on :[Th - D= FETID tl ]

Tch ) - Tcn - I ) = Tch - I ) t I

rearrange
:

Tch ) = 2T ( n - DH
=OC①



Longest Increasing Subsequence
-

EH

Given : List of integers A [ 1.  on ]

Goat : Ind longest subsequence
whose elements are

strictly increasing

Formally : AA .  on ] ,
Ind

largest k sit
. I - Ec .  . cien

s.to Afi ;] c Alison ]
for

every j

Epxam¥
s y s 7 8 to

¥.is?a.zo4tBiEHz.zoI
Best? length 6 k=6 in ex



Formalize ( a la backtracking) .

p
-

The US of Afl . . n ] is either :

- the 4S of Afl . . n ]
- AG ] followed by 4S of

A [ 2.  on ]

C or is it ? )
Go back to that example .

. .



Let :

Lls BIGGER ( i ,j ) : =

They : backtracking recurrence

us ::era .÷÷:


