
Optimal Binary Search

Troos

Given a sorted array

ASI..n] of Rs 6 an

array f(I..n] of ess

Fenci

Wantis to find

mir Cost (T, f(I.n)):=
BST, T 8Si]. #ancestors ofvia in t



OptCost(i,k):optimal costof

any BST over Alm..k] using

frequencies f(i..k].

Opt Cost (i,k) =
⑧ if isk

EEt (;]tmin [Optlost(a, r- 1) t
in=r=k Opt(ost(r + 1,k)3

0.W.

Original goal:compute
OptCost (1, n)

F(i,k): =f(;



F(i,k) =0 if i sk

[5(k3 +F(i,k - 1)
0(n2) values in OCD time each

=>0 (n2) time

Opt Cost (i,k) =
⑧ if isk

E F(,k]min SOpt(ost(i, r- 1) t
in=r=k Opt(ost(r + 1,k)3

0.W.



SubproJloms:1 = = =n+1

0 =k = n

Data structure: ID array

Opt Cost (I.. n+1, 0..n]

Dependenciesk-

article
Eral order: Y



spavo.
Q

Time:0 (n).0 (n) =0 (n)
computes stores Opt(ost(,k]



-



Maximum IndependentSet
on Trees

Given a graph G =(V,E).
An independent->tis
a subset of U sit.

no pair in the subset
share an edge.
Max IndependentSet:find an

ind, set of max size,

Really Hand!



But what abouton a
trop?

Given a rooted tree I

on a vertices. Want to
know size of max ind, Sot
in T.

888
·



T is a roof t zero on

more subtrees not sharing
edges.

If we don'ttake root, subtrees

can do what ever.

So vocursivelyfind their
max ind, spts.

If we do take root, we
can'ttake children so

recurse on grand children.



MIS(r):size of maxind,
set in the subtree rooted
atv.

children of U

MIS(v) =maxE!ErMIS'In),
1 +2 2 MIS(x)3
wAr xNW
↑ ~

↑
scould have written

as E)
x+drv

Subproblems:vertice of t
Data structure: Store MIS (r)



as v, MIS.

Dependencies:children t
grandchildren

Eval order: in postorder.

Space:0 (n)
Time:Each node appears in the
summations? 2 times,so
0(n)
Icomputes v.MIS & return

it



MISyos (r):size max ind sot

in v's subtree. You musttake
V.

MISnolv): Size maxind, set
in v's subtree. You mustnote
Hake V
Want to return maxEMISvos (r),

MISno(n)3
where is rootof to

MISyes(r) = 1 +EMIS no(w)

MISno(r) =E max EMISyos (w),
MISnr(w) 3



Nearly the same dynamic
programming steps including
0(n) time

↓returns "MIS(v)
"



SubsetSum

Given setX of positive
integers a int.

Is there a subsetof
X that sums to I?

IS x =32,5,8367
=100

If
x rT=11X

If T =0. Yes. :0

If (T = 0) or (4 : 0 2 X =0)
then no!



In general...

Take any x6X. If
a subset exists...

- if xnotin subset, we
want answer for XLEx35

T.

if xin subset, we want
answer for X 13x3+

T -X.

Order X arbitrarilyas
XCI..n].
SS(i,t): True is a subset



of XCI.iT sums to to

Wantto know SS/n,5).

SS (i,t) =true, ift =0

False,
if i =0,toE it is0 +0cf

SS(i-1,5) -X(i]

SSlat,t-X(i]) v
SS(i-1,t)

Owen, 0 = 7 = T

So store in SSCO..n,0..T]
Do i FO to n, whatever for t

Space:0 (T). Time:0 (nit




