


Performance Metrics

Exec time using 1 processor system (t1)
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Parameterize with “p”

Algorithms scale up to a processor count, p

= A larger value of p raises the expectation that the algorithm scales well

: —— #Steps
Just count the number of computations? .n) P
Work = )" p,
= One unit of work done per processor at step | i=0 \
#Processors

active at ste
= (Common clock: steps proceed at the same rate) - b

To execute using fewer processor P, where p = max(p:)

= Simulate each step (that uses p; processors) thus:



Work Time
- Design algorithm in terms of Scheduling Principle

= Total work done per ‘time step’: Wi{n) i(n) — " #SIeps

W,
= f(n) steps g \

work at step i

- Total work done W(n) = > Wi(n)

Work = Cost if:

leen p processors, at step /




Amdahl’s Law

- f = fraction of the problem that is sequential

= =(1-f) =fraction that is parallel

. 1 —f
» Best parallel time Loar = tieg (f_|_ 7)
= Fraction (1-f) equally shared by p processors
_ |
« Speedup with p processors: 5, = T
e



Amdahl’'s Law




Amdahl’s Law

e Speed-up due to p processors

O 10.00% ©O 1.00% 0.50% (Sequential Fraction)
200 |

e Upper bound on speedup at
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Example Scaling

data cf [Gramma et al.
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Gustaffson’s Law

Observation: applications seem to exceed Amdahl’s speed-up

= (i.e., assumption are too restrictive)

As p increases, the opportunity for parallelization can also increase

Tlme taken for a prob\em on p prooessors = tseq -+ tpar = t( ,p) f — fraction of
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Gustaffson’s Law

- Observation: applications seem to exceed Amdahl’s speed-up

= (i.e., assumption are too restrictive)

+ As p increases, the opportunity for parallelization can also increase

Time taken for a problem on p Processors = twq + thar = t(n,p) f = fraction of

N A N T N N T U PO LT ITUIFLIENY AU LN ol PR NEEY AT AT ) . N
) ) e e N0y b S ) e e e\ e o e e it ) o csin st ety sy ff sl ) e R oDt \ G sl o S e ey e Dt N Sy i ety |

n
O U PO ey 1 | ‘ N | B ‘ A SO IO PP RPEY [PESPy
Pl S| ier i crpat ) crgias) cogiat | b B Sy ol M ﬁ s .-_ ST T % 9 T % e mEe ) @ &0 N .-_ ST &0 ) I .-_ ST




Gustaffson’s Law

Observation: applications seem to exceed Amdahl’s speed-up

= (i.e., assumption are too restrictive)

As p increases, the opportunity for parallelization can also increase

Time taken for a problem on p Processors = twq + thar = t(n,p) f — fraction of




Speedup

(Gustaffson’s Law

- Observation: applications seem to exceed Amdahl’s speed-up

= (].e., assumption are too restrictive)

- As p increases, the opportunity for parallelization can also increase

Time taken for a problem on p Processors = twq + thar = t(n,p) T T—
», C __.
f tn,p) (1-f ) #(n,p) ime spent in
— s seqguential work

t(n,1) =1 t(n,p) + p (1-1) t(n, p)

t(n,1)
= §, = =f+p (1-1) = 1
t(nap) f-|— _f
p

(Amdahl’s l[aw)



Karp Flatt metric

1 f
S = (Amdahl’s law)




[soefficiency:
Measure of Scalability
- Rate at which problem size must grow (as a
function of p) to maintain constant efficiency .
= |f n need not grow with p = Strongly scalable
_Vveakly scaiable, otherwise

I LR

I LR

I LR




[soefficiency:
Measure of Scalability
- Rate at which problem size must grow (as a
function of p) to maintain constant efficiency .
= |f n need not grow with p = Strongly scalable
_Vveakly scaiable, otherwise

I LR

I LR

I LR




[soefficiency:
Measure of Scalability

- Rate at which problem size must grow (as a
function of p) to maintain constant efficiency .
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[soefficiency:
Measure of Scalability

- Rate at which problem size must grow (as a

function of p) to maintain constant efficiency .
p) y ~. Hn,1) = F(n) “problem size”

= |f n need not grow with p = Strongly scalable
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[soefficiency:
Measure of Scalability

- Rate at which problem size must grow (as a

function of p) to maintain constant efficiency .
r) Y tm,1) = F(n) “problem size’
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