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* Designed Algorithms for computational

problems

↳ Proof of correctness essential

Outsideof 4820

* May encounter programs wl bugs.

↓an we make use of programs
that may make mistakes ?
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Check: Does x+TP- z = f(x) ?
-

* If P(x) = f(x)
, accept

* If P(x) + f(x)
, reject with high

probability.

Note .

* Check should run faster than computing f

* Check should use randomness



Announcements
-

* FINAL Exam
.

16 May 2024 , 7p .

↳ Watch Ed for any announcements

* OH
.

Check the online calendar.

↳ TODAY : My OH & 24

* Fill out Course Evals ! by May 10th



MatrixMultiplication

A . B = C
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~

Matrix Multiplication

Z

A : B Il involves W inner products

Ain : Buj
h= 1

NaiveAlgo. O(us) operations

FastestAlgo. OIn") operations
where w < 2 .

373



Matrix MultImeching
Given : Program P

,
nxn matrices A ,

B

P(A ,
B) - C

supposedly equal to A . B.

Can we check that

C = A . B

without running Matrix Melt ?



~

Matrix-Vector Multiplication

E((i) =
NaiveAlgo O(n2) operations

Can we check Matrix Mult
-

using
calls to Matrix-Vector

Mult ?



Ideas ?
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Ideas ?

If C = A . B ,
then

C .

r
= (A . B) . r

-

↓
for all r !

*
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- sample ~ = 50 , 15 " uniformly at random

- Let

x = C . r

y Bor

z = A -
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- if X +z
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Faim
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Random"spot checks" (aka Frievalds' Algo

Given A
,
B
,
and C supposedly equal to A . B

-

times.RepeatT

sample ~ = 50 , 15 " uniformly at random

- Let
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RepeatT times.

- sample ~ = 50 , 15 " uniformly at random

I
- Let

x = C . r

y Bor

z = A -

y
- if X +z

,

REJECT

ACCEPT

-

Claim If C = A . B
,
then the checker

--

ACCEPTS with probability 1

.



RepeatT times.

sample ~ = 50 , 15 " uniformly at random

- Let

x = C . rI
-

y Bor

z = A -

y
- if X +z

,

REJECT

ACCEPT

-

Suppose C* A . B.

What is the probability checker REJECTS ?
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&aim. If CFA . B
,

then

Pr(C : r + A . B . r] =
+
2

rE50 , ign

Collary. If C F A . B
,

then

Pr[Checker ACCEPTs] < =
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&aim. If CFA . B
,

then

Pr ( Cor = A . B . r]=
rE50 , ign

-

Pf
. By the Principle of Deferred Decisions.

If C F A . B
,
then there exists i.j s

.

t.

Cip + (A - B)
:j

=> the ith entry of r is crucial.
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Cip + (A - B)
:j

Let U = Sib Nu V = (AB)
in
ru

h = 1

Imagine we "defer" flipping the jth bit of r

until all others have been flipped .

r
, , V ,

- - - Vie , With .- - On ri ?On
↳
random)

U
. j

= [Cin ru Vij = [AB)inh+ j



Cij = (A - B)
=j

U = U
. j
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Cij = (A - B)
=j

U = U.j + Cij Vi V = Vij + (A - B) ijo r;

Whatis Pr[U * V] ?
Vje90 ,13

Uj = Vij

Pr[n + V] = Pr[vi = 1] = 12

Vjego ,
13



Cij = (A - B)
=j

U = U
. j
+ Cij ·

Vi
V = Vij + (A - B) ijo r;

Whatis Pr[U * V] ?
Vje90 ,13

Uj = Vij

Pr[n = v] = Pr[vi = 1] = 12

Vjego ,
13

② Uj Vij

Pr[n + v] = Pr[vi = 0] = 112

Vjego ,
13



So .

* Checker always Accepts when C = A. B

* Checker REJECTS W . p .
1-1/2 when

C + A - B

* Checker runs 3T Matrix-vector mults
.



So .

* Checker always Accepts when C = A. B

* Checker REJECTS W . p .
1-1/2 when

C + A - B

* Checker runs 3T Matrix-vector mults
.

e . g.
T = 10 logn .

- Checker runs in O(n-logn) time

- Makes mistake with probability at most

Ino





Wheredo
you go from here ?

* More Algo ? CS 6820

* More Hardness of Computation ?
↳ Complexity Theory CS4814

* Both ?

↳ Cryptography
CS4830

Thanks for a great semester !


