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Parallel Computing is Mainstream

e Desktop/Pentium Xeon: hyperthreading, SMP
e Notebook/Core Duo: 2 cores
e Playstation 3/Cell: 9 processing units

e Supercomputer/Blue Gene: 128k processors

Programming these systems well is hard, even at 50% of peak!
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The Problem

e Most developers (only) know
how to write sequential code

e Parallel programming is error-
prone

e High-performance parallel
programming is really hard

e Large amounts of legacy code
are not parallel

= Developers more expensive
than hardware
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X10 vs. the DUP System'
X10

10x faster, 10x as productive in 10 years for BlueGene

DUP
% the speed, 10x as productive in 10 months for POSIX

lAvailable at http://dupsystem.org/
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A Blast from the Past: CMS Pipelines

e Similar to UNIX pipes
e Sligthly different syntax

e NEW: multistream pipelines

See also: CMS Pipelines User's Guide [7]
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Example: CMS Pipeline
Pipe < INPUT FILE A % input is a stage!
| drop 4 h like ‘‘eat 47’
| sort 34-36 /& sort by colums 34-36

| > OUTPUT FILE B 7% output is a stage!
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Example: CMS Multistream Pipeline

Pipe < INPUT FILE A

d:drop 4 % label stage ‘‘d’’

sort 34-36 %

i:faninany % label stage ‘‘i’’

> QUTPUT FILE B

7 %» end of primary pipeline

d: %» take 2nd output of ‘‘d’’

| i: /%» make it the 2nd input of ‘‘i’’
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Limitations of CMS Pipeines

e Sequential execution on one CPU, no parallelism

e Only available on CMS and z/QOS

e Record-oriented (CMS is a mainframe QS)

... but these are easy to address!
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Our Solution: Distributed Multi-Stream Pipelines

e Com pUtation com pOSGd of igh-teve SECLES .
Sta geS IN a ﬂOW—gra ph DUP Ianguage ‘ \’/‘p\g/ ‘
e All stages run as individual bUP O

compller dupd dupd dupd

processes in parallel \V
% Low—IeveI

. DUP\!?‘nguage . dup
e DUP Runtime connects stages

e DUP Runtime Library provides DUP Architecture

stages for common problems
dup <<EOF

d@localhost[1]s:0,3|m:3] $§ drop 4 ;
= Eliminates common problems seiocainost(tim:o] $ sort

W|th para”el programm”]g m@localhost [1>output] $ faninany;
and guides developers towards =

modular design DUP Assembly
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Vision: High-level DUP Language
import duplib;

$in = read("file.a");
($body, $head) = drop ($in, "4");
write (faninany (sort ($body),
$head) ,
"file.b");
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Vision: High-Level DUP Language

Aspects | aspect encrypt-network-streams ($key, $iv):
around stream (_Q@$srchost, _@$dsthost)
where $srchost # $dsthost

before openss| enc -e -aes -K $key -iv $iv
after openssl| enc -d -aes -K $key -iv $iv

Types type openssl enc -e -aes -K $key -iv $iv:
in 0: (7))
out 1: 'AES (T") [$key, $iv]

type openssl enc -d -aes -K $key -iv $iv:
in 0: "AES (T") [$key, $iv]
out 1: (7T
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DUP Limitations

e Stages communicate via streams
= Computation must be stream-oriented
e Stages run in parallel, internals are up to the stage

= DUP parallelism limited by stages

http://grothoff.org/christian/ 12



State of the Art and DUP
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Approach (Representative) | Speed | Prod. | Migr. | Domain
APl (MPI) +++ 0 o) +
Extend (UPC) + _ o/-- - n
Scratch (X10, Fortress) ? + - - - ++
Domain-Extend (Spade) -+ + | 4/ - - n
Domain-Embrace (DUP) + | | |
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Related Work

e InfoSphere Streams [1] & Dryad [8]
e StreamFlex [10] & Streamlt [11]

e Kahn Process Networks [9]

e Linda [5]
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Future Work

e High-level DUP programming language (will be an
aspect-oriented coordination mini-language)

e Develop more filters/stages and applications
e Type systems for streams (see also: SPADE [6])
e Add common features of distributed systems [2, 3]

while maintaining simplicity, portability and language
independence
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DUP Application Domains

e Genome sequence processing

e Discrete event simulation
e Intrusion Detection

e Video conferencing

e Event surveillance

e System administration
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Case Study: ARB
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Biological Questions

e Which are the most specific OSSs for a species?

e Which are the most specific OSSs for a subtree in the
phylogenetic tree?
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Input: Phylogenetic Tree

OO U1 ~ W
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Parallel Mapping of Primers to Species

s Q@opt1:88[0<in.txt,1|pl1:0,3|p2:0] $ fanout;
pl@opt1:88[1|pe:0] $ arb_probe_dup;
p2@opt2:88[1|pe:3] $ arb_probe_dup;
pe@opt2:88[1>out.txt] $ gather;
replicated,exact —+—
replicated,approximate ---x---
partitioned,exact ------
partitioned,approximate &
6 | | | | | | |
5 ar
O | | | | | | |

# Nodes
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Intermediate Result: Species and OSS

il f A

IR E
: B

3 ; F

4 ; c/

5 G

6 v
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Biological Questions

e Which are the most specific OSSs for a species?

e Which are the most specific OSSs for a subtree in the
phylogenetic tree?

e Sequence information may contain errors; allow up to k
out-group hits!

e Perfect OSS may not exist even with out-group hits;
maximize number of in-group hits
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BGRT Creation (1/5)

1,2: A

b > i
1,2: A
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BGRT Creation (2/5)

2,3:B

i —
1,2: A 1,2: A

2,3:B
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BGRT Creation (3/5)

1,3:C

p— )
1,2: A —1
2,3:B
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BGRT Creation (4/5)

1,2,3:D
% —> O
— 1 — 1
i:Z:A —2 A
5 33_:BC |—3:D
T —3:C
—2,3: B
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BGRT Creation (5/5)

%)

—1: E

—2 A
|—3:D
—3:C
—2,3:B

|—5:G
—4 : F

|—6:H
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Iterate-And-Bound
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o U1 A~ W

%)
I | IIa | IIb |IIIa | IIIb
—1:E
1:0|1:0{0:1{0:1|0:1
I | IIa | IIb |IIIa | IIIb
—2 A
2:0/2:0]0:2(0:210:2
L I | IIa | IIb |ITIa | ITIb
3:D
3:0(2:1|1:2(1:2(0:3
I | IIa | IIb |IIIa | IIIb
—3:C
2:0{1:1)1:1(1:1|0:2
I |[IIa | IIb [IIIa [IIIb
—2,3:B
2:0{1:1)1:1(1:1|0:2
L 1 |[IIa | IIb [IIIa [IIIb
5:G
3:0(1:2|2:1(1:2|1:2
I | IIa | IIb |IIIa | IIIb
—4: F
1:0|0:1{1:0{1:0/0:1
L I | IIa | IIb |IIIa | IIIb
6:H
2:0/0:2]2:0(1:1(1:1

Christian Grothoff

28



Final Result
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Phase
| IE 1 2 b llla 3 A Ilb 5 6
¢ 0]3DG | 2A 1:E % 2:H 1:F % 1:F % % | %
= % 2D | LAC" | :AB | 26" | .BCH" | :B.C | LH" | 1:H | % | 1:H
£ 2 % 1:.G* 1:.D™" 1:.0,G" | 1.D* 1:D,G™ 1:D" % 1.GT | 1.G | %
= 3 % % % % % % % % 0:D* | % %

“+” Should probably not be computed (mismatches >, matches =)

“x” Even more useless (mismatches >, matches <)
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Questions
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Copyright

Copyright (C) 2010 Christian Grothoff

Verbatim copyilng and distribution of this
entire article 1is permitted in any medium,
provided this notice 1s preserved.
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