
15 Sep 2023 Parallel Algorithms, Algebraic Branching Programs

Announcements .

⑪ HW2 "re-matching questionnaire" :

see Ed for link
.

fill out by 20 : 00 Sunday to re-match
.

& HWI is
on Gradesope .

Due in I weeks
,

again
4

problems .

Recalli went to add binary numbers expressed by
bit strings a,

b = 90
, 13 using parallel

algorithm .

This reduces to computing the "carry bit"S

C : =

E
1 #f the numbers encuded by as ... an

n- i + 1and bi---bu sum up to 2
or greater.

o otherwise -

+ 2 = 34,
1

, 3 and let & be the

following set of 3 functions [- 2 .
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- constant function
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- identity function .
-

Not E closed under function composition -

Them Set fi = 3 ?
↑ ai

=bi = 0

if air bi = 1

9
.

if ai = bi = 1

Then Ci
= fi+1 fitz .... of (0)
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Step : Compute the 12-bit) representation
-

of the function at
each mode

of this tree .

OC work
, O(legn) depth

Ste2 : In parallel for each i compute

fixifit..... full) in ODign) work ,

O(log loga) depth ·

TR: O(ubsn) work
,

O(logn) depth .



Integermult. Compute partial products of
two binary numbers in 0 (2 Work

,

0(1) depth · Now mult
.
reduces

to adding a numbers of >In bits ,

There's a O(n) work
, O() depth reduction

from adding 3 binary numbers with

~ digits each to adding 2 binary
numbers with n+1 digits each

.

10001010000100/ = o 8%
-

Add without carries

Blue sumt Rid sum

<Int digits)

After log,p( rounds of reorganizing ,
we

get just 2 numbers
,

each with

<n + (u93xz(n) didits , and add them

using preceding algorithm .

Wogt O( = n Cog )
Depe 0Clog



Mathmultiplication.
Two nan matrices with

entries of = O(n) bits
, just

2

compute M dot products in parallel .

Each det product is

n mult's that can be done in parallel
OLn" Los a) work 07g a) depth

followed by adding a numbers off O() bits

O(n n) Work OCl-su) depth
Tradi 0(n" (os n) work

,
04og 2) depth .

Algebraic Branching Programs . An ABP is an

-

diagram consisting of a directed wayclic graph (AC)
C = (V

,
) ,

with V = Ero
,
K
....,Va ,

with

every edge Cr :,vj) = satisfying vi<V;.

Pluss each edge is labeled with a

linear form (degree-1 polynomial in

variables xn
, - m

,Xi

XI

- 3 f
*

= 3x
,
- 3x

,xz
- 3x

,x-X
-- -> 0- 0⑧ ⑧

-

x2- - 2x2 + 4x2
3x
,
+ 2x2 4

ir I is an
ABP

,

the polynomial
fi

is the polynomial

f
*

(x, - - -

,
Xm)= I I Mabel(e)

P path etp
from vo to Un-


