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osmall problems are easy to solve
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osmall problems are easy to solve

Solve big problems by making them into
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Typeset your favorite passage from a book.
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15 %%% ==== standard installations of latex include all of the files that
are referenced in this section. However,

16 %%% ==== 1if you are having compile problems, consider commenting some of
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18 \usepackage[osf]{mathpazo}
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22 \usepackage{color}
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24 \definecolor{cit}{rgh}{0.05,0.2,0.45}

25 \markboth{\yourname}{\yourname}
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29 %%% ============ should be no need to edit anything in this section

v File outline


https://www.overleaf.com/read/qfzhxdnqbbvp

Submitting HW

gradescope


https://gradescope.com

1.

—0NOr POlicy

)

, do hereby certity on my honor that during

NIS COUrSE,

| shall write my answers entirely by myself, and

neither share nor request text, code, or drawings.

2. | wil

Una

not give or derive assistance from any

Uthorized sources or the web.



today miolteFrm8 Enal




today miolteFrm8 1;|A n%I
e ay

dynamic graphs

div & cono greedy Lp,np,randomized




c:ounting

First example of an
algorithmic pattern based
on [1 and |2






0 stano

@ set your ‘number” to one




0 stano

@ set your ‘number” to one

@ greet your neighbor (pause if no partner)



0 stano

@ set your ‘number” to one

@ greet your neighbor (pause if no partner)

@ f you are older, give “number” and sit
T you are younger, add "‘numbers”




0 stano

@ set your ‘number” to one

@ greet your neighbor (pause if no partner)

@ f you are older, give “number” and sit
T you are younger, add "‘numbers”

6 T you are standing & you have a neighbor,
goto 3
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stano set greet  sit/add  repeat

ets analyze this alg



Our model of computation

Basic op: 1 unit

Set, Greet, add, compare, sit

Simplify: in each round, every standing
person can do 1 op

L ets count # of rounds until we finish




0060 é

stano set greet  sit/add  repeat

NOW Tast does It work:



0060 é

stano set greet  sit/add  repeat

NOW Tast does It work:

“ Z | n # rounds to finish in a
room with n people
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stano set greet  sit/add  repeat

Simple case: 1 person

T(1) =



0060 é

stano set greet  sit/add  repeat

Simple case: 2 people

T(2) =



00006

T(4) =




0060 é

stano set greet  sit/add  repeat
Sitting : Sitting
After step 4

T(4) =



stand  set greet sit;agd repeat

fesesiensony \What about these?

11:Approx is OK



stand  set greet sit;agd repeat

NOW tast does It Work
T(n)=1+14+T({n/2]|)



stand  set greet sit;agd repeat

how fast does it work:

T(n)=1+14+T({n/2]|)
T(1) =3



1This IS a recurrence

T(n)=T([n/2]) + 2
T(1) = 3




solve a simpler case when n is a power of 2.

T(2%) =24 T(2" 1)



T(2") =2+ T (2"



T(2") =2+ T (2"
=2+ 2+ T(2°72)



T(2") =2+ T (2"
=2+ 2+ T(2°72)

=242+ +2+T(2°)



T(2") =2+ T (2"
=2+ 2+ T(2°72)

=242+ +2+T(2°)
— 2k + T(1)



| INturtion here”

T(28) =2+ T (281

Other cases”?



| ‘INturtion nere’

=24+ 2+T(2°2)

T(2%) =24 T2}

Other cases”?



| ‘INturtion nere’

=24+ 2+T(2°2)

T(2%) =24 T2}

k
——

=242+ 4+2+T(2°)

Other cases”?



| ‘INturtion nere’

=24+ 2+T(2°2)

T(2%) =24 T2}

k
——

=242+ 4+2+T(2°)
= 2k + T(1)

Other cases”?



deal: Itis OK
{O approximate



Asymptotic notation

O ( g) This notation represents a set



Asymptotic notation

O ( g) Set of functions that are at most

within const of g for large n



Asymptotic notation

O ( g ) at most within const of g for large n

Q ( g) at least within const of g for large n

@ ( g ) within a const of g for large n
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Omega sandwich

c2g(n

f(n




Omega sandwich

f(n)
cog(n
f(n
cig(n
f(n)




Omega sandwich

f(n)
c2g(n
i f(n)
cig(n




| ‘Intuition here’

— 2+ 2+ T(2F2)

T(2F) =24+ T(2F1

k
PEEEE— R

=2+2+4---+24T(2°)
— 2k + T(1) = O(log(2%))



| ‘INturtion nere’

=24+ 24+ T(2F2)

T(2F) =24+ T(2F1

k
——

=2+2+4---+24T(2°)
— 2k + T(1) = O(log(2%))

VO<n<m,T(n) <T(m)

T(m) < T(2"°8™1y = 27log(m)] + 2



| ‘Intuition here’

— 2+ 2+ T(2F2)

T(2F) =24+ T(2F1

k

PUEE— S
=242+ 4+2+T(2°)

— 2k + T(1) = O(log(2%))

VO <n<m,T(n) <T(m)

=
2
VA
=

(2M1o2(M1Y = 2T1og(m)] + 2
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Multiplication

How much work does it take?



(n-1)( n+1)



(n-1)( n+1)



(n-1)( n+1)




(n-1)( n+1)




(n-1)( n+1)

nx<

n-1-



(n-1)( n+1)

nx<

nx=

n-1-

n-1 =+



(n-1)( n+1) +

nx<

nx=

nx=

n-1 =+

n-1 -+

n-1-



(n-1)( n+1)

5 7 8 n% n-1 =+
() 7 n% n-1 =
6 n% n-1 =+

n»= n-1 -+




7 || 8
4 || 3
5 7
+ =+
6 | 7
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(n-1)( n+1) -+

nx< n-1 -+
nx< n-1 -
n> n-1 -

n»= n-1 -+
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A first attempt...
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a b C d

ac100® + (ad + bc)100 + bd



n-digit inputs | 718 g | 4 3 2

X

Mult(ab, cd) e Bl

ac100? + (ad + bc)100 + bd

Base case: return b*d if inputs are 1-digit



X

Mult(ab, cd) Bl Bl

ac100? + (ad + bc)100 + bd

Base case: return b*d if inputs are 1-digit
Compute x = Mult(a,c)

Compute y = Mult(a,d)

Compute z = Mult(b,c)

Compute w = Mult(b,d)

- R

Return r = x*1002 + (y+2)100 + w



T(n)=4T(n/2) + 30(n)




calculations:



