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SMP architecture

= SMP uses shared system resour ces (memory, |/O) that
can be accessed equally from all the processors
= Cache coherenceis maintained
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= Shared address space

= Memory latency varies whether you access local or remote
memory

= Cache coherence is maintained using an hardware or
software protocol
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“fefilds i 2 4 (C.L.B) multiple packets contend for a single outgoing channel, packets
I that are not buffered are dropped to avoid congestion. But in hot
o " o - potato routing, each packet that is routed is constantly transferred
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&) temporary storage at intermediate locations. Hot potato routing has
« B = 38100 10°B/s= 2.4GB/s applications in optical networks V\(here messages made from light
can not be stored in any medium.
Microprocessor performance Ping-Pong Scheme
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e - y send an m-byte message to node 1
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L et W CPU o procmet 50 total_time = end_time— start_time
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Speedup

= The speedup of aparallel application is
Speedup(p) = Time(1)/Time(p)
= Where
= Time(1) = execution time for a single processor and
= Time(p) = execution time using p parallel processors
= |f Speedup(p) = p we have perfect speedup (also called linear
scaling)
= Asdefined, speedup compares an application with itself on one
and on p processors, but it is more useful to compare

+ The execution time of the best serial application on 1
processor

versus
= Theexecution time of best parallel algorithm on p processors

PLESHIERA . g 5/ pr i

= HLB KA S Ak

u M2 M Bk M0 A%t Performance/Cost Ratio : % 44/ #
ffRH (GBELE 7 E kR FABAEaE GEE L
MIPS®, MFLOPS% 7 )

= FF & (Utilization) : 3k B Wy F 5 W E3#E 2 L

Efficiency

The parallel efficiency of an application is defined as
Efficiency(p) = Speedup(p)/p

= Efficiency(p) <=1

= For perfect speedup Efficiency (p) =1

We will rarely have perfect speedup.

+ Lack of perfect parallelism in the application or algorithm

= Imperfect load balancing (some processor s have more work)

+ Cost of communication

+ Cost of contention for resources, e.g., memory bus, [/0

+ Synchronization time

Understanding why an application is not scaling linearly will

help finding ways improving the applications performance on

parallel computers.




Example: Speedup
= Adding n numbers using n processing elements

= 0O (log n)
n
n
log n

T
T
S

=0( )

Example: Superlinear Speedup

= Problemsize: W, cache hit rate: 80%
« Effective memory access time=2*0.8+100*0.2=21.6ns
+ Processing rate=46.3M FL OPS, assume one FL OP/memory access

| p1 | | p1 |
| 2ns |

| Cache |64KB | Cache |
I I

100ns I
| DRAM | | DRAM |

= Problem size: W/2, cache hit rate: 90%
« Effctice memory access time=2*0.9+100* 0.08+400* 0.02=17.8ns
+ Processing rate=2*56.18=112.36
< Speedup=112.36/46.3=2.43

Example: Speedup

= A serial bubble sort of 10° records takes 150
seconds

Example: Superlinear Speedup

= Search Problem

» 14t /5t=2.8
= A serial quick sort of 10° records takes 30 seconds
= Parallel version of bubble sort (odd-even sort)
takes 40 seconds on four processing elements
= Speedup:
+ 150/40=3.75
+ 30/40=0.75
Superlinear Speedup Amdahl's Law

Question: can we find “superlinear” speedup, that is
Speedup(p) >p ?
= Choosing a bad “baseline” for T(1)
+ Old serial code has not been updated with
optimizations
+ Avoid this, and always specify what your baselineis
= Shrinking the problem size per processor
= May allow it tofit in small fast memory (cache)
= Application is not deterministic
= Amount of work varies depending on execution order
= Search algorithms have this characteristic

= Suppose only part of an application runsin parallel
= Amdahl’s law
+ Let sbethefraction of work done serially,
= S0 (1-9) isfraction donein parallel
= What isthe maximum speedup for P processors?
Speedup(p) = T(]_W assumes

perfect

T(p) = (L-s)*T(1)/p +s*T(1) speedup for
parallel part
=TL)*((1-s) + p*s)/p
Speedup(p) = p/(1 + (p-1)*s)

Even if the parallel part speeds up perfectly, we may
be limited by the sequential portion of code.




Amdahl’'s Law (for 1024 processors)

Speedup

1024 =

1 .
896 1! Does this mean parallel
768 1 computing is a hopeless —
640 I'l enterprise?
512 1=

A
384 14
256 T,
128 “-me
0
0 0.01 0.02 0.03 0.04
S

See: Gustafson, Montry, Benner, “Development of Parallel
Methods for a 1024 Processor Hypercube”, SIAM J. Sci. Stat.
Comp. 9, No. 4, 1988, pp.609.

Scaled Efficiency

= Previous definition of parallel efficiency was

Efficiency(p) = Speedup(p)/p
= We often want to scale problem size with the number of
processors, but scaled speedup can be tricky
= Previous definition depended on alinear work in problem size
= May use aternate definition of efficiency that depends on a
notion of throughput or rate, R(p):
+ Floating point operations per second
= Transactions per second
= Strings matches per second
= Then
Efficiency(p) = R(p)/(R(1)*p)
= May use adifferent problem size for R(1) and R(p)

Scaled Speedup

= Speedup improves as the problem size grows
+ Among other things, the Amdahl effect issmaller
= Consider

+ scaling the problem size with the number of processors (add
problem size parameter, n)

+ for problem in which running time scaleslinearly with the
problem size: T(1,n) = T()*n

+ |et n=p (problem size on p processor sincreases by p)

ScaledSpeedup(p,n) = T(1,n)/T(p,n)
. ) assumes
T(p,n) = (1-H*n*T(1,1)/p +*T(1,1) serial work

= (LH*T(L,1) + #T(L,1)=T(1,1) | doesnot
ScaledSpeedup(p,n) =n=p grow with n

Three Definitions of Efficiency: Summary

= People use the word “efficiency” in many ways
= Performance relative to advertised machine peak
Flop/sin application / Max Flops/s on the machine

Integer, string, logical or other operations could be used,
but they should be a machine-level instruction

Efficiency of afixed problem size
Efficiency(p) = Speedup(p)/p
Efficiency of a scaled problem size
Efficiency(p) = R(p)/(R(1)*p)
All of these may be useful in some context
Always make it clear what you are measuring

GustafsonE &

1 WS+ pr _VVS+ pr
W, + pr/p_ W, +W,

S =1+ p(Lf) = p+ f(lp = pf(p-1)

Performance Limits

Log of problem size

fixed sizg/speedup

insufficient
parallelism

Log of number of processors
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See: Gustafson, Montry, Benner, “Development of Parallel Methods for a
1024 Processor Hypercube”, SIAM J. Sci. Stat. Comp. 9, No. 4, 1988,
pp.609.
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Amdahl’ s law (cont’ d)
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Message-passing

- |

db3H4H

= | ocal address space
= No Cache coherence

I@ Clusters of SMPs

¢ The next generation of supercomputers will
have thousand of SMP nodes connected.

— Increase the computational power of the single
node

— Keep the number of nodes “low™

New programming approach needed,
MPI+Threads (OpenMP, Pthreads.....)

ASCI White, Compaq SC, IBM SP3....

http:/fwww . lInl. gov/asci

@ Multithreaded architecture

+ The MTA system provides scalable shared memory, in
which every processor has equal access to every memory
location

+ No concerns about the layout of memory
+ Each MTA processor has up to 128 RISC-like virtual
Processors

Each virtual processor is a hardware stream with its own
instruction counter, register sef, stream status word and
target and trap registers.

A different hardware stream is activated every clock
period.
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