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Announcements

® Project descriptions due tonight

® No lectures next week
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Summary of last lecture

® Scalable networks: fat-tree, dragonfly

e Use high-radix routers

* Many nodes connected to each switch

® | ow network diameter, high bisection bandwidth

® Dynamic routing
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Performance analysis methods

® Analytical techniques: use algebraic formulae

* In terms of data size (n), number of processes (p)
® [ime complexity analysis
® Scalability analysis (Isoefficiency)

® Model performance of various operations

* Analytical models: LogP, alpha-beta model
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Isoefficiency

® Relationship between problem size and number of processors to maintain a certain
level of efficiency

e At what rate should we increase problem size with respect to number of processors
to keep efficiency constant
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Speedup and efficiency

® Speedup: Ratio of execution time on one process to that on p processes

[y
Speedup = —
p
e Efficiency: Speedup per process
. A
Efficiency =
t, X p

e DEPARTMENT OF .
@ COMPUTER SCIENCE Abhinav Bhatele (CMSC714)

LIVE RECORDING

6



Efficiency in terms of overhead

e Jotal time spent in all processes = (useful) computation + overhead (extra
computation + communication + idle time)

pti:t1+t0

, f tl 1
Efficiency = — =

LXp ottt (4l
ly
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Isoefficiency function

1
|+ =
[

1

Efficiency =

e Efficiency is constant if t, / t; is constant (K)

tOZKth

B DEPARTMENT OF .
@ COMPUTER SCIENCE Abhinav Bhatele (CMSC714) LIVE RECORDING 8



Isoefficiency analysis

® |D decomposition:

e Computation:

e Communication:

e 2D decomposition:

e Computation:

e Communication
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Isoefficiency analysis

® |D decomposition:
N
e Computation: \/EX7=;

e Communication:

e 2D decomposition:

e Computation:

e Communication
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Isoefficiency analysis

® |D decomposition:

\/;Xﬁzﬁ

e Computation:
P P

e Communication: 2 x+y/n

e 2D decomposition:

e Computation:

e Communication
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Isoefficiency analysis

® |D decomposition:

Vn _n
e Computation: V7 X —— fh 2X \/E
— -
e Communication:  2X+/n ly P

e 2D decomposition:

e Computation:

e Communication

2Xp
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Isoefficiency analysis

® |D decomposition:

Jn

n
 Computation: Vn ><7 = > ly 2 X \/E 2Xp
—_ = . =
e Communication:  2X4/n g » \/E
e 2D decomposition:
e Computation: ﬁ X ﬁ -
p p P

e Communication

B DEPARTMENT OF _
@ COMPUTER SCIENCE Abhinav Bhatele (CMSC714)

SIS

LIVE RECORDING

SIS

9



Isoefficiency analysis

® |D decomposition:

Jn

e Computation: \/EX7:§ t_0=2><\/; =2><p
e Communication: 2 x+y/n g % \/E
e 2D decomposition:
e Computation: ﬁxﬁ -z
P P P
e Communication 4X£Z
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Isoefficiency analysis

® |D decomposition:
n n
 Computation: Vn X% = > ly 2 X \/; 2Xp
——— = =
e Communication:  2x4/n g P \/E
vn
NG
e 2D decomposition: v
n
Vn _y/n_n 4 X —
e Computation: —X—=— 4 X
P G5 r lo_ VP AXYP
. L3
* Communication N A , \/;
4x—
P
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Performance Modeling

® Model the performance of a parallel application

e Different methods
* Analytical
* Empirical

e Simulation
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LogP model

¢ Model for communication on an interconnection network

<«—— P (processors) ——»

L: latency or delay STV [P TM 5TM

. o (overhead) O I P~ (sap)
O: overhead (processor busy in
communication L (latency) . |
) Interconnection network I(_I|_|71|ted capacity
g to or from
a processor)
g: gap

|/g = bandwidth

P: number of processors / processes
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alpha + n * beta model

e Another model for communication

I.oom=a+nXp

X: latency

n: size of message

B: bandwidth
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Questions?

n
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