L ecture 10

Collective communication
and its applications



Announcments

¥ Next lecture: shared memory
b Roundtable
b Slides used only as props

¥ Code for Cannon@® algorithm has been
posted in $PUB/Examples/Cannon

¥ Look over the PrintMatrix code

10/23/08 Scott B. Baden /CSE 260/ Fall '08



Highlights of SUMMA

¥ Performance
B Runningtime=2n%p +4lbn/"p
b Efficiency = O(1/(1 + " p/in?)
¥ Compare with Cannda algorithm
B Runningtime= 2n3/p +41n?/"p
b Efficiency = O(1/(1+ " p/n)

¥ Generality: non-square matrices, non-square geometries
¥ Adjust b totradeoff latency costagainstmemory

b b small# less memory, lower efficiency

b b large# more memory, high efficiency
¥ Lowtemporary storage

b growslike2bn/ " p
P Compare with Cannon@ algorithm: grows liken/p
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Today3 lecture

. Advanced collective communication
algorithmsin MPI-CH

. Applications
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Collective communication

¥ Arisesin many applications

b Fast Fourier Transform

b Sorting
¥ Collective operations are called by all processes within a communicator
¥ Simplest collectives

. Broadcast: distribute data from a designateat process to all the others

. Reduce: combine data from all processes returning the result to the root
process

¥ Other Useful collectives
. Scatter/gather
. All to all
. Allgather
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Underlying assumptions

¥ Fast interconnect structure
b All nodes are equidistant
b Single-ported, bidirectional links

¥ Communicationtimeis! + "nin the absence of
contention
b Determined by bandwidth? for long messages
b Dominated by latency for short messages
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314

Inside MPI-CH

Tree like algorithm to broadcast the message to blocks of
processes, and a linear algorithm to broadcast the message
within each block

Block size may be configured at installation time

If there Is hardware support, then it is given responsibility
to carry out the broadcast

Polyalgorithmsapply different algorithms to different
cases, I.e. long vs. short messages, different machine
configurations

Wedl use hypercube algorithms to simplify the special
cases when P*2k an integer
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Detalls of the algorithms

¥ Scatter/gather
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Scatter/Gather family

Gather
—
<
Scatter
I:)O Pl Pp-l

Root
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Scatter

¥ Simple linear agorithm
b Each processor sends a chunk of data to all others
P Reasonable for long messages

(p#1)" IOlfln!

¥ Similar approach taken for Reduce and Gather

¥ For short messages, we need to reduce the
complexity of the latency (" ) term
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Minimal spanning tree algorithm

¥ Recursive hypercube-like algorithm witlog P¥steps
Root sends half its data to process (root + p/2) mod p
Each receiver acts as aroot for corresponding half of the processes

1] (yd.
¥ Running time: 1gP# + pp n&
¥ Requires O(n/2) buffer space
110 ]‘.11
ool O1 ool B o1 /
010 - 011 ‘ml
v /
10 ] 11 108 11 0 ‘o1
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Detalls of the algorithms

¥ All to al
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All to all

¥ Also called total exchange or personalized
communication: atranspose

¥ Each process sends a different chunk of data
to each of the other processes

PO P1 P2 P3 PO P1 P2 P3
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Sidebar:
the Fast Fourier Transform
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Background on Fourier series

¥ It can be shown that any continuous function x(t)
defined over T, &t & T, can be expressed as the

following infinite sum, called the Fourier series

X(t) = %1 Z (cosk” jt) +isinKk" t)) = %; 7€

z are complex numbers="-1,#, =2"' /(T,-T)

Sguare wave
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The Fast Fourier transform

For a continuous function we can determine the coefficients using the
Fourier transform

$ .
Zk — %_2/6 ik# ot X(t) dt

The Discrete Fourier Transform determines the coefficient for a
discrete function defined on uniformly spaced sampling points. O(N?)
algorithm

1Nt 2 _ _
X() =P xme™™ ) =3 X (ke

Fast Fourier Transform (FFT), Cooley and Tukey (1965)
Divide and conquer, O(N Ig N)
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ButterflyOgraph

Data Dependencies in a 16-point FFT
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Block vs. Cyclic Layout
Bloek Data Layout of an m = 16-point FFT onto p=4 Processo r's Cyelie Data Layout of an m = 16-point FFT onto p=4 Processo r's
Process or Process or
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FFT With Transpose
¥ Start withacyclic .

layout

¥ Switch to block
after doing a
transpose
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Transpose Algorithm for an m = 16-point FFT

SSOr

Courtesy JlnDemmeI

N
NG
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log(p) steps
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The Transpose

¥ Analogous to transposing an array
¥ View asa 2D array of N/Pby P

Block Layout Cyelic Layout.
Processor Processor
0 1 2 3 0 1 2 3
0 4 8 12 0 1 2 3
1 3 9 13 d 3 6 7
2 6 10 14 8 9 10 11
3 7 11 13 12 13 14 13
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What Is the running time of the 1D FFT?

¥ Computation: IONIgN /P

¥ All-to-all communication

b Everyone sends (N/P?) complex numbersto all
other processors

blf (N/P?) >> n,;,, we can ignore startup
PCostis! N/P

¥ Since we are using the 1D kernel ina 2D
transform, we compute N/P transforms at
once: our messages are likely to be long
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Back to All toAll
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Exchange algorithm

¥ n elements / processar ( total elements)

¥ p- 1step algorithm
b Each processor exchanges n/p elements with each of the others
b Instep i, process k exchanges with processesk % |

fori=1top-1 o b1 e o o b1 r o
src = (rank Bi+p) modp
dest= (rank+1 ) modp
sendrecv( from src to dest) -

end for

¥ Good algorithm for long messages
¥ Running time:

(p" D# + (p" 1)%$ % ng
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Recursive doubling for short messages

¥ Ineach of Hog p¥phases all nodes exchange
| their accumulated data with the others

¥ Only P/2 messages are sent at any one time
D=1
while (D <p)

Exchange & accumulate data with rank) D
Left shift D by 1

end while
¥ Optimal running time for short messages

"lg P# + nP%&"Ig P#$
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Flow of information

ABCD ABCD
10 11

00 01
ABCD ABCD
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Flow of information

10

00

11

01

>ABCD
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Flow of information

ABCD ABCD ro r

10 11
00 01
ABCD ABCD
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Summarizing all to all

¥ Shortmessages

¥ Long messages
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Detalls of the algorithms

¥ Allgather
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AllGather

¥ Equivalent to a gather followed by a broadcast

¥ All processors accumulate a chunk of datafrom
al the others

P, P, P
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AllGather

P, P,
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Allgather

¥ Use theall to all recursive doubling algorithm

¥ For P apower of two, running timeis

P
P

"lg PH$ + nN&

¥ Also used in Allgatherv
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Q/ectoiOvariants

¥ Generdlize all-to-all, gather, etc.

¥ Processes supply varying length datum
¥ Vector all-to-all
MPI_Alltoallv (
void * sendbuf, int sendcountg|, int sDispl [],
MPI_Datatype sendtype,
void* recvbuf, intrecventg], int rDispl[],
MPI_Datatype recvtype, MPI_Comm comm )
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Alltoallv used in sample sort

Py

P
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Initial element
distribution

Local sort &
sample selection

Sample combining

Global splitter
selection

Final element
assignment

Introduction to Parallel Computing, 2" Ed,, A.Grama, A.l Gupta, G. Karypis, and V. Kumar, Addison-Wesley, 2003.
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Detalls of the algorithms

¥ Revisiting broadcast
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Revisiting Broadcast

¥ P may not be a power of 2
¥ We use abinomial tree algorithm

¥ Wedl usethe hypercube algorithm to illustrate
the special case of P=2k

¥ Hypercube algorithm is efficient for short
messages
¥ We use adifferent algorithm for long messages
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Strategy for long messages

¥ Based van de Gdjn@ strategy

¥ Scatter the data

b Divide the data to be broadcast into pieces, and fill
the machine with the pieces

¥ Do an Allgather

b Now that everyone has a part of the entire result,
collect on all processors

¥ Faster than M ST algorithm for long messages

2'“71 n# <<$g Pl
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Algorithm for long messages

The scatter step
G—
Scatter
R P Po1 Root
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R
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Algorithm for long messages

AllGather step
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Parallel print function



Parallel print function

¥ Debugging output can be hard to sort out on the
screen

¥ Many messages say the same thing

Process 0 is alive!

Process 1is alive!
E

Process 15 s alive!

¥ Compare with

Processes[0-15] are alive!

¥ Paald print facility
http://www.lInl.gov/CASC/ppf
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Summary of capabilities

¥ Compact format list sets of nodes with common
output PPF_Print( MPI_COMM_WORLD, "Hello world" );
0-3: Hello world
¥ %N Specifier generates process | D information
PPF_Print( MPI_COMM_WORLD, "Message from %N\n" );
Message from 0-3

¥ Lists of nodes
PPF_Print(MPI_COMM_WORLD,
(myrank % 2)
? "[%N] Hello from the odd numbered nodes!\n"
: "[%N] Hello from the even numbered nodes!\n")

[0,2] Hello from the even numbered nodes!
[1,3] Hello from the odd numbered nodes!
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Practical matters

¥ [nstalledin $(PuB)/ib/PPE
¥ Use a special version of the arch file called

arch_pff
¥ Each module that uses the facility must

#include "ptools_ppf .hO

¥ Look insPuB)/Examples/PPF for example programs
ppfexample .c @andtest print .c
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