
Transition : DS+ Algorithms

Backtracking



Rep:
· Nov . 6 : Faculty candidate

talk

↳ special colloquium
No class ! (go to the talk)

· Dec. Tog : I'm out of town.

S
↳sub those days , or revieworment.ams when I'm back.

Rest of term: :Backtracking
-> Dyn programming

· Greedy algs
.

orithms
6 Graph alg



Ch2 : Back tracking:-

Maybe you saw
In Al ?

(Don't worry
if not...)

Why we discussi
It's really recision (again)

!

Also really a form of brute force :

try everything recosively,
-see what works.



N Queens Qij=5
- Q[2] = 7 -

Q(3] =1
"

Qu=F
n
= of

rows
-

- - -8

↳@K]- - Ine IIssue : representation !

so store index
His choice : one per

row,
&

of queen
on rows in array Q[on]

Now , how
to solve :

place a queen a keep going i lastIf you get stuck , "unplace
queen
- back up



The free (b/c pretty) :
Q=empty

try
~_sto
12

Q()

=
O 2
/III Q43]=Z

O GetO

spot trypossible =]
,

Q(
2Q)place · asks if I-

T Q=[2,4, 1
,
3]

Problem : How to code it?



Result :
frowIm to AllSor addi
- 3 arg

·th spot
-

-try putting queen
- bot now ~

check if green in upper
·

XX diagonals

checlumig -#legal local , petmore
queen

there

Let's unpack : to row
+I

Correctness : waby everything
!



RnnQ
fill in Ituge!

!

-n)= 2Time)nrous recoll : I
-

Swas decy
z

Go

= exponehal

C->
T
n-1 rows left



-GameIrees :
-

a way to model moves in 2-player games
Assume :

- No randomness
so thegame

is just 2
-

people taking turns

E: Checkers ,dress , Nim ,
Go

(not settlers of
Cater

!)

- "Perfect" players :
Makes rational decisions ,

5 If there I

a move to at them to a win
g

state
, they do it !



Tic-tac-toe :

layer
1:X

P
P2

:

0
win
: stuck
In

any orLagonalrow
color



Idea : Track current state of the game,
-

as play occurs

Tic-the-toe
-

C

9 spots
1stPlaye I

I

play -
/ I

end #...
player

!

putAp
: leaf : er

wirs,

- one I· daystack
or



1 if theyA state is good for player
either have won, or

could more to a

badstate for player I.

and bad if they
have lost

,
or if all

possible moves lead to a state

that is good for player
2.

Think bottom up: ood for X
-9 ? for o

I3
xg 11

ood for Xlet :TwinGod for o



Listen good or bad
?

M wer
notWis
to

& O

in
rest

Fr some for Stree
s

MS 7 This is

good for1# LHecan move
some

where
ood for 1
9 bad for 2)
bad for 2



good :

I
So :

#I have a /child who O
other guy idothinks is
bad :

o
storder

D

Bad Inoversals
!

->-> labels
All these ⑭ leaves
are good a moveup
for other guy



Downsides :

- 9
Game trees are HUGE ! o-

Tic-tac-to : over 200, 000 leaves a
-

People can still "predict"
:

we're good at inferring state/strategy
intutely, with practive

Computers have to search.

Hence-took 60 years
to get a decent

outer chess playercomp
Need "heuristics

Il laka guesses[

to make It work.



Game theory- a bit more complicated.

Here
,
we assume

clear win vs . lose

Game theory suggests more subtle

possibilites, as well as simultaneous
11

moves & randomness"

Even if both knowoutcomes , result is unclear !



Kample: Subset Sum

Given a set X of positive integers and a

target value t
,
is there a subset of X

which sams to +

1/ I

t= IS
#X =E

T
&

Yes: 6 + g
It a

Dul7+ 3rSS sub
setgure-t

10 + S whose
7+8

t = 4 : no



Consider one at a time :

X = 28 , 6 , 7, 5, 3 , 1 , 93
T subsets8 is either in

or not #Bis
WI

reasingtryset I try
without

Recursion! recuser
Y X(2.. r),
on

Base cases : If t
=O

,
done! with

t

If +O
,
and X is empty
↳ fal



Algorithm :

to use

reserays.C Y*TnatiTF &
S

choose
1st, &

G MY=2⑳ #
Ss(X,1)

without
XCI. ED XD. n+]
/

X[+ n- 2) YDrn-2)



&r redress : inductive proof , on size of X

X[...i5

Becases (oX =E)0 -
T

check If I correct

works for X[1 ..-- or smallerRudyp : ↑

- size ivalues ofT

Endstep : Full array X[l .oi]
Consider X[ri] : only two options
- try including

luding Kornot inc ofY swe- try ↳ site gets recursivecalls
un



Runtime !

-
T(w) = 25(n-) + 0x)

v ==0

=> OD)



+ readingNex :

different backtracking
↳ goo : bestexponental


