Designing ultra-fast algorithms

» Multiple Access (SDMA / FDMA / CDMA )
provides concurrent access to memory in
constant time :

CRCW : Concurrent Read Concurrent Write

Algoritmic costs

10 20 30 40 50 60 70 80 90 100




Computing the maximum

» Designing the fastest circuit to compute the
maximum

* Input : n elements a, of an ordered set <
Output : the maximum element

» Available gates : # # a ﬁ
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Basic serial circuit

res := a, ;
Fori:=2 ..ndo

res ;= Max (res, a, ) ;
Return res;

Circuit,,,

D=Depth=n W =Work =n
(NB Work and depth are in number of Compare gates)




Faster with Parallelism

Function max2(a; .. a, ) {
if (1 == k) return a, ;
else {
PARALLEL {
rl = max2(a; .. 2., ) ;

Circuit,,, |
return Max( rl, rh) ;
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May Multiple Access help ?

 Taking benefit of multiple access :

logical or of n bits in constant time

Multiple Access OR

th = max2(a ;41 - ) 5



Ultrafast algorithm for testing
the maximum

a, = Max(a,..a,) <& a > a, foritk <& AND,(a,> a)

< NOT (OR (2, < a))
l
Multiple Access OR

!

False iff a, is the maximum Circui tTest

Application: computing the maximum
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Only one communication for

the maximum element
Circuit,,,




A recursive ultrafast parallel algo

a - Ay, Aynrr - Qaya Ay v fn
CtrculltRec ClrclultRec CtrchtRec
Max(a; ... a,,) Max(ay,yq - 2y,) Max(a,.y, ... a,)

O —

CircuitCs,e on only sqrt(n) = n°s elts
Circuity,,

* D(n) =D(%) + 1 =loglogn
* W(n) =n% #procs(n’?) = n loglog n

Optimizing the number of units

» Take benefit of the parallel algorithm to
minimize the number of units (could be the

sequential one)
a .. alugn Alngn+1 a?.lugn a logn * - a,
Circuit,,, Circuit,,, Circuit,,,
Max(a, ... a,, ) Max(a,0 041 -+ Aziggn) Max(an_log 1

Circuit,,ec on only n/log n elts

Circuit,,,,




Conclusion : an ultrafast algorithm

Final algorithm : depth= loglog n +iogloglogn ~ ©
WOI‘kZ n +na loglogn / log n @

Technique used : « cascading »

mixing 3 algorithms to otain an ultrafast one !

Fundamental technique for parallel algorithms design

and in software engineering too.

Both theoretical and practical issues.




