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3 Write pseudo code for Cartesian tree construction give

array A

The question does not require
the algorithm be in linear

time so the basic divide and conquer
will do

CartTree array A
o n I of int

T CartTree Helper A O n 1

return T

Cart Tree Helper A it r Acreates a carttree out of

Acl I and returns pointer

if l r return Nacc to that tree

if l r return node l NULL NULL

min L

for int i btl is r itt

if Ali a Atman
min i

left Cart TreeHelper A l min 1

right Cart TreeHelper A mint 1 r

return node min left right



4.1 CT to Bitstring Cart Tree T

x given a Cartesian tree T constructs an integer which we
1 interpret as a bitstringencoding the shape of

a binary tree

be 0 I b is a word of O's Assumes our

if Te Null return b y word size is sufficient

queue BFS 1 otherwise can String
4words together

or use

BFSenquene T
4 a vector of bool

while BFS empty
v BFS dequeue
if we Null b b k I I Ashifts a t onto

b

else

BFS enquire v left
BFS enquene vs right
b b k I 1 shifts a O onto b

Xfinally remove final 1 as it is not part of

d our encoding
b by I The bitstryencoding is the suffix of b that

I has same number of O's as 1 s

42 No There is a bijection between the Cartesian

Trees of size n and the bitstrings of length

2h that have O's 1 s

have the prefix property no



prefix has 1 s O's

as indicated in tutorial

CartTrees I bitstrings bitstrings

of size with no's on 2n
n ut's bits

and prefix if n l
property

Def Bal n set of strings with h O's n t's

that have the prefix property

claim train I if n o

Éci i Cn i otherwise
ÉÉm's's

Proof By induction
on n

Basis if no I just one string E of tergth O

and Bal E

Now let n be any integer 70
and suppose that

the claim holds for all i n

Consider any SE Bal n

There must exist some smallest i 0 such that



the prefix 511 ai E Bali

eg C IC I CLICK
t

T 6 2
i 3

Call i the first cut for the string

We will sum up over all possible i I fish the

ways to
build a string in Bn that has i as its

first cut

Fei
me
all possible

Id
Bri

Bi i

Bn É Ci Cn i

4.3 BitsTo CTree b

I b is a bitstring which could be stored as a long
1 angel integer

Reverse b so root is at least sig bit

of the representation OF manyways
to do this



new queue BFS NULL

new treenode T node Nah nah

t IT
while be 0

if b is even 11 least sig bit is o

II Intent It
BFS enqueneGet right

else
f Null

b by I

t BFS dequene

I need the extra I node to complete the free

t NULL

5 MIT notes acknowledge that the values of

the integers stored
are in range 1 egh

and such integers can be encoded in lg lg n bits

Yo the table size entries size ofentryencoding

A lotn lg lg n

fly'nlglgn



6 We not that I 4 I ne for any
E o

so ne E o I V e O

Claim n 44 0 l ie I E o n 4

Proof Bwoc F no c such that n't e c I f n no

n e ch f n 7 no

But n It max no 4 provides a
contradiction.DK

Claim Megan lg lg n E o n

Proof Me 0 Mn constant factors

Egan EOC
not Log Domination

Rate

Log Domination

lg n t Oct

Ig log n EO f ly n takinglogs

Lg ly n E O lg n constantfactors

lg lg n
EO nt transitivity

Megan lglyn EO not
Product
Rule

I E o NH separately
proved

Dlg n lg ly n E o n product
rule

Ba



7 Min ConfigSum A o n I

Best Include 0

BestSkip 0

for i 10 to n 1

Bestinclude min O BestInclude ALI Ali

Bestsrip min BestsRip Best Include

return Bestskip

why it works

Induction Before any iterations of the loop

i e E 1 the empty subsequence is

best config sum so far and its sum is 0

If after i iterations of the loop

Best Skip is overall min contigsum

Of Ato if

Best Include is min config sum

that ends at Ali B

then after one more iteration the same is

true it is a loop invariant



so at end Best Skip will be man

config sum


