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Recop
-

· Switch in office hours

· two solutions
are late

↳ apologies !



Lasttime : Longest Increasing subsequence
At any index j : can

take (maybe) or skip :

recursivel

Then
,
turn into loop to start

at base
case(s) :

-



An example : -

-
-

-

10,
8)

USHest
O

9

US (0 ,8)
8)

(1 j7)·2Lis(1
,8) It LS (7,8)

O



Time: Onz)

Space : To get length
: 0(n)
I column

keep

To get sequence [
↳ no

obvious
solution

O(n)



Next one Edit distance

HUGE in bioinformatics !
-

One of the basic tools in sequence alignment
.

(I have a book with an entire chapter on
how to optimize. )

Also : spell checkers ,
word prediction, etc.

From backtracking
mindset : how to

think recessively ?



Consider 2 last characters :

A : ALGOR !TMm
1 -

B : ALTRU IS TIC
1 - -

Options :

① Insert :
add Bin] at

end

1+ ↳ edit
distt[1 .. m) +BEl . on

+]

A[m]
② Delete : removeA[I ... (m-1] <B[1 ..

n]
1t ↳ edit

dist of

If ATm]
=B[n]

③ Edit : free [l .. n+]-↳ edit dist ATYrB
+ 51 or of



TGCATATExample:
to ATCCGAT

care-recursive
-llF = 4Wscost ++++



Input : A[l .. m]
& B[loon]

from

Edit(i ,j) = min
cost edit seg
A[I. i) &B[1

.j]

delete : It Edit(i-1 ,j)
insert : It Edit(i,j-D)

= min& edit : Edit(it ,j - 1+[A[i] + Bjl]

tem
Base case: If i

=0 2

A[i]
·=0 S Bempty

= I
orJ



So :

Y -why?
or
+o match

+ 1 on

depending
Next :
What do we store In ?

↳↑how can we adopt loop?
for

integerusbesecost ech (ij)
I Kimfill in It · N

i--14



Final code :

Runtime :- Olmn) :
- sercell

]a timezalonoy
in

or O((maxsm ,myz)

space :
O (mm)

⑤



Example



Genetic

sequence example :

Note : can think
-

of underlying
DAG here,
↓ propogate In

any topological
sort order.



Not in book
,
but related : LCS

Similar idea :

Let S(i
,j) = longest common

subsequence of v[1 .. :]
& W[l ..j]

Consider last letters :

① match : 1 + Sil,-D , Shi s
-

② not match : Sci ,j)
max ES(i

,jt) 3



& Sijfslij)
Backtracking O
and change to DP :

88

D

Resulting alignments



Note : Edit distance # LCS
(but they are related)

-



A look at biology
Las is a way

to score similarity :
- + 1 for a match
· +O for a mismatch Cindel)

Edit distance is too !
· insertion

,
delation,substitution all cost +

1
.

Biology changes are more comp
lex

...

Generalize : S : GO
scoringin-·TA-- 1 o



Ngod :

#
Same type of recursion :

When looking at v[1 ..] and w[1 ..j]
① Alighearse)[1. it]+w .jt])+ S[i] ,wij)

②Insert : VC.]+w(j-1 +G(w[j] ,2)

③ del VI.]awf.j] + S(dewt )I



Many more
variants

on multiple alignment:

83 F
Core issues

function ?
How to getSScor,biologist



Optimal Binary search trees
froot

x
=k?

+1

O-15Recall : BSTs. Q
nanodes +/-X ocog

Time to search for⑱
a value k in T :

-

O(depth of K
inT)

Goal : If I know how

look- up each
value inmanytheyola

perfect BST?
-



Question : Why not balanced?4
So

F100 1 2 8 freg .

-

-X2 34 5 values
-

d #

balance ⑨
F

:I
⑯

&

⑤
#↳ ⑮
-

time : ⑤time:
200 +3+ 1 + 4+24 ②+ 16 + 6

+

4 +5
= 232

= 1314232



General problem : Given XC .. n] +Fl . n],
where X[i] has Fli] searches, compute

mal BST:

minimum cost = [inT)

why?odepth ot

Intraction : put may freg, on top
↳GREED !

(No)



Last Chapter AssumeA is sorted.

- X-

↓
-

↳ O
↳

Why? Let root
be r 8

rooton

Pay
for the

⑭
> n

every query
L/ --
~↳%⑭va O

Essentially regrouping
: [F[i]. depth
i
= [ (frequencies of nodes

levels K at level =K)



Recursive (backtracking) strategy

=>

S
Choose best root



How to memoize?

Remember input :

In
↑

build best free here

Everyone
searches at root

↳ precompute



Let F(i][]=fj]
Now :

= Optcost(i ,1) =50
-

FliJ[k]+

memoze : Oi = ken ·So : 21 table !

Each OTi][k] needs:
- FliJ[k]
- and



His picture (prettier) :

So :
-

Time:

Space:



Other ones in reading :
- Subset Sum : OnT)

but
-

- Independent
Sets in trees :

!
Not an array need to store values

For each
node,

↳ Use the tree


