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Yes, | have a HDTV @ Home
(and FTTH 100Mbps)

= With build-in HDTV HDD recorder

m Land-based &
Satellite (BS/CS110)

= MPEG2 25Mbps

= MPEG4 AVC
HDTV Internet VoD
starting
(NTT On-demand TV
10Mbps)

= But now for something completely different... °



Towards a Cyber-Science Infrastructure for R& D

NIl Cyber-Science Infrastructure (CSI) }
-NII-REO (Repository of Electronic-
Journals and Online Publications
GeNii (Global Environment for Virtual Labs
Networked Intellectual Information) Live Collaborations

\ Deployment of NAREGI Grid Middleware

UPKI: National Research PKI Infrastructure

Management Body / Education & Training

SuperSINET and Beyond: Hokkw
Lambda-based Academic
Networking & Grid Backbone
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= OSakat (Titech, Waseda-U, KEK, etc.)

=

Restructuring Univ. IT Research Resources
Extensive On-Line Publications of Results
- LTSS




The New 100 TeraFlop “Supercomputing Campus
Grid” Core System@ Tokyo Institute of Technology,
Spring 2006

Voltaire Infiniband
10Gbps x 2 x 700 ports

Sun Galaxy 4 (Opteron Dual
core 8-Way)
0480core/655Nodes50Tera

Flops
' OS Linux
10Gbps+Extern UNIFI (Future §Solaris, Windows
Network IB NW, 14Tbps Bisection BW, | Grid MW
direct 10 Gbps hookup to
\ SuperSINET |
-— —
e e
NEC SX-8 i (R R ST
Small Vector 4 fé:\, 50068 | CIearSpeed CSX600
Nodes (under 48disks SIMD accelerator
plan) Storage — 35TeraFlops=>
1 Petabyte (Sun “Thumper”) 60TeraFlops(1 board
0.1Petabyte (NEC iStore) per node) .

Lustre FS, NFS (v4?)



Roadmap to PetaScale Campus Grid

“Keisoku”
2010 Petascale Campus Grid: >10PF(2011)
10PF ~T | => Need to achieve x1000 fold increase
in 8 years \,\\N ¥ _xno0 US 10PF
oG \e(e (2011~127)
—Hardware & Software research the ¥ P@C’e S HPCS
Key N (2010)
1PF =+ —Low Power/High Density (Z%OP?ejg)scale Next Gen
—Algorithmic fg?pz%icc);”d
—Compiler, MW US Grid Upgrade (2010)
B >200TF (2008-2H)
360TF(2005
100TF = ( ® ‘\Asia2 > 100TF (2007~8)
Titech Campus Asia® > 100TF (2006~7)
Japan Earth :
10TE Simulator 40TF étrji%ercomputmg 2012~
T *°%% 100TF 1~2 10PF class Machine
Titech (2006-2010) 10~20 1PF class
Campus lots of 100TF class
1 Grid lots and lots of 1-10TF
1TE 1.3TF
! ! ! ! ! >
2002 2004 2006 2008 2010 2012



MMEXT National Research Grid Infrastructure (NAREGI)
§2003-2007---PetaScale Grids (www.naregi.org)

uuuuuuuuuu

etascale Grid Infrastructure R&D for Future Deployment
. $45 mil (US) + $16 mil x 5 (2003-2007) = $125 mil total
= Hosted by National Institute of Informatics (NII)
= PL: Ken Miura (Fujitsu=»NII)
= Sekiguchi(AIST), Matsuoka(Titech), Shimojo(Osaka-U), Aoyagi (Kyushu-U)...
= NOT An ACADEMIC RESEARCH PROJECT!
= Participation by Fujitsu, NEC, Hitachi, NTT, etc., >100FTEs
= Production Quality Software, Standardization @ GGF, etc.

Focused Nanote.c;h--""'(Bl,otech (Other @,
Grand Gnd‘Apps T Gnd"Apps) Apps) @
Challenge” =g
Grid Apps f* ~*“NanoGrid” (BioGrid Othe
Areas | IMS —10TF | RIKEN) Inst.
:’ Gr|d andf’Network Nationa/ Research @
Man a gement rid Middleware R&D)

Grid R&D Infrastr. ]

:.r . IF'. }; = ‘ .
o @md Mfﬂ)dleware j [ 15 TF—100TF

——
SuperSINET (All-Optical, Production)
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NAREGI Software Stack (Beta Ver. 2006)

[ Grid-Enabled Nano-Applications (WP6) WP6
- Grid Visualization Grid PSE

oo, WP3 g

Programming Grid Workfl , £
o) . —
) -Grid RPC Distributed 5
) -Grid MPI SUpel sEles e WPlInformation Service| £
= (CIM)
-}
Q

(WSRF (GT4+Fujitsu WP1) + GT4 and other services)

Grid VM (WP1)

Grid Security and High-Performance Grid Networking (WP5)
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Research Major University
Organizations Computing Centers

Computing Resources and Virtual Organizations 7

SuperSINET




NAREGI| WP5 Network Architecture for Optical Grid
(Kyushu Institute of Tech, Osaka-U, NI, Fujitsu, etc.)
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Various Types of Grids

Low ™ Desktop Grid
NW = Sharing of Idle PC resources (e.g. Seti@home)

BW m Access Grid
= Large-scale groupware, Video Conferencing

m Sensor Grid
= Unifying distributed sensor networks

m Server Grid
= Schedule jobs across machines and centers

o Data Grid
I\:\?V = Sharing and Managing of Large (Petascale) data

gy ® Metacomputing

= Disributed High Performance Computing (e.g.,
running MPI applications over the grid)



mailto:Seti@home

Will we achieve “plug&play” of
clusters over an optical grid?

We usually discard this
type of vision, but...

Massive compute grid,
SC2000 keynote vision
come true?

Optical (Lambda) Grid

over. metropolitanwz;q
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Comperison Optical Network vs.

—

Existing Network

/ I—:,:.-.+:.n~ NlAadsnr~wl, Nt~ I\IQ{-_UU_QLK
Si Affects applications that communicate

frequentl
bl q y L
inkusage __ __|shared  __ __ . sAted
7 =\

Preprocess l_aefore none establish light path
communication
Preprocess e_lfter none release light path
communication
#connections none #lambda is limited
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Several work in Japan for optical
computing grids

m Next-Gen SuperSINET 3 (2007) will have L1, L2,
L3 provisioning as a standard service

= AIST GTRC and KDDI on JGN2 (OCS)
= G-MPLS allocation of BW

m Co-allocate compute and lambda resources via a
prototype co-scheduler

= Run parallel GridRPC applications
m Successful experiments over JGN2

= Problems
= Slow switching, OCS-level usage, lambda depletion
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Our work: Grid-enabling MPI
Applications Over OBS

= Message Passing Interface (MPI)

= Known to scale to Metropolitan (20ms delay) level
(Ishikawa et. al.)

= Various Grid-level MPIls (NAREGI GridMPI, MPICH-
G2, PACX-MPI, ...)

= With OBS, it is necessary to dynamically
establish /release a light path before/after
communication

= ~10 ms overhead per each communication
= Collective communications greatly affected

Need to (1) reduce # establishing/releasing light path
j> and (2) hide establish/release latency by overlapping
with application communication i




Goal and Achievement of this
project

= Goal

= Study MPI collective communication over OBS networks to
reduce latency caused by light path establish/release

m Status
m Collaborative work between Titech and NTT Labs

= Propose algorithms that reduces the light path establish/release
utilizing multiple ports counts per node

= Port count = # destination nodes that a node can simultaneously
communicate with (CWDM multi-wavelength modulation)

= Confirm effectiveness by modeling, simulation, and actual
exectution on a testbed
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Analysis of MPI Application

NPB:MGIA, 16] on GbEther

On optical network

MPI Func Average call

| Exec Time | count
Allreduce § 358 s 88
Barrier 16.5ms 6
Bcast 16 U s 6
Irecv 4us 664
Reduce 299 us 1
Send _ 363 us 654
Wait |  54us| 664

Exec Time: 0.79 sec

m Assume cost of establishing/releasing
light path = 10 ms
m If we establish/release the light path at
each communication
= Send : 654 times
» + 6.5 sec (654 x 0.01)
= [recv,Wait : 664 times
» + 6.6 sec (max)
m collective communication : 101 times
» + 101 x 0.01 x (p2 unt) sec

Increase of about 10 to 20

Significant increase of execution time
on a long-haul optical network 15



Our Methodology

m Controlled establishment of light paths so
that MP| Collectives can communicate “just-
in-time” without the overhead

= Simultaneously establish/release paths to
multiple destinations (CWDM multi-wavelengths
modulation)

= Do not release a light path if a process frequently
sends messages to the same destination

m Conserve usage of light paths

16



Blocking probability in WDM OBS network (NTT Labs)

A burst loss rate under 106 is achieved even at the traffic intensity of 0.9,
using wavelength assignment from 28 wavelengths in 2x5 ladder network

accommodating 100 computers.

101 /?X/’/‘/j

W

s

Blocking probability

107 /
107
1076

0 0.2 0.4 0.6 0.8
Traffic intensity

—— M=1
—a— M=2
M=4
M=6
—*— M=8
—— M=10
—— M=12
— M=14
M=16
M=18
M=20
M=22
M=24
M=26

M=28

Evaluated NW model

<TRAFFIC PATTERN>
Optical burst data length :100 ms
(about 100 MB in 10GbE)
Probability of data generation
. Poisson process
Destination node : random
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Experimental evaluation of OBS network

-6 computers are connected by 4-node optical burst NW
-Each node has wavelength tunable transponder

-Each node is connected by WDM links

[ ] - Congestion control function
L= i using wavelength assignment
— —+ is installed
WTT WTT
v 1 > > v 1 1 previously A1 1t daia
Fé'\—/\(; | PLC W assigned
. ik fed SW
| —FHWTT [ | 16%16 | :)[le—|:] 16*16 wavelength =
I_Ijl b 4.\1 4.\/ B, 2 Lw L
A A A A Je.. oEm VIO e i
Joel % el S Hmmwy LH i
7 WDM S ||u
N - 116.2
A A see Llnk A A ‘.'. dBml”LL@Enm Z.0mmod iy 1546, B2nm in Yac V1. B2nm
e 2 AL S cee v
PLC J» > PLC :
Optical Spectrum
— SW [0l SW WTT P P
_”__ WTT . 16*16 > E 16*16 ——
Ijl < < I—I .
v 1 ” congestion
Optical Burst Network YT = controlled
WTT | Wavelength Tunable Transponder wavelength
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Congestion control by wavelength assignment
and Path switching time

Label of vacant wavelength are

Ingress Egress collected through the optical path
sw sw SW .
AAAAAAAAAAA - : msecC
— 'y b9y
...................... : | Optical power :
alll ‘ ~ from SW | |
a »~_ Wavelengh -
Path setup assignment S GSMP contral
sequence B R signal
Ack N t ot
W set One of the Request__ Ack signal _
Setup vacant (path setup) (path setup)
wavelength
.. i 20
Data transmission Is selected
> 15
Path releas S 10
sequence G%
i 9
N | | | | | | | | |
0
0 5 10 15 20

OBS path switching time (msec)
for release and setup
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Adapting MPI Collectives Algorithms to
Optical Grids

m Existing MPI collectives algorithms adapted
according to our methodology

= Linear, Ring, Recursive Doubling, Binomial Tree

m Used in standard MPI implementation

= E.g., MPI_Allgather (MPICH 1.2.6 or later)
= Ring (< 512KB) + Recursive Doubling (>= 512KB)

m Other algorithms are their variants

Model the execution cost of each
algorithm adapted to the Optical Grid i




Underlying Optical Networks

a+nf+y "

Assumption
= 1 MPI process per node

= Port count is equal in all
processes

= full duplex transmission over a
path

= The cost of estabshing paths is
constant, independent of how
many paths are being
estabished from a single node

Network Property

p | # of processes

>

port count

(# of destinations that a node can
simultaneously communicate with)

message size

communication latency

per byte communication time

X [®™IR |5

path establishing/releasing time

Communication Cost

= w. path management
m +n/3 + v

= w/o path management
L4 +n[3

21




Linear:
Behavior, Cost on Existing Network

Q m Root sends its n bytes
message to other processes
sequentially

m Step count

D@6 @6 e

m Communication cost per step
a+ng

Total Cost: (p-1)fa+ng)

22



Linear:
Cost on Optical Network

m Establish/release paths at each
communication (Naive method)

(p-1a+np+y)
m Strategy

= Establish/release paths per port
count independent of communication

(p-Da+np)+| B2

= Amount of delay reduction

((p Ea (pk 1Dy .



Ring:
Behavior, Cost on Existing Network

m Each process sends n/p
bytes message using ring
topology network

Q 0 9 e m Step Count

p—-1
m Communication cost per step
n

a+—pf
P

Total Cost: (p —1)(05 + %,Bj

24



Ring:
Cost on Optical Network

= Naive method

2(p—1!| a+g,6+1j

= Methodology

= If there are multiple ports,
establish path to form a ring,
communicate and release path

(p—l{a+2ﬂ}+1

Oreire@r)

= Amount of delay reduction
(2p-3)y

25



Recursive Doubling:
Behavior, Cost on Existing Network

m Each process exchange its

2 Dytes messagewih @ 9 @ ©
ORoRoRORORORCRG

m St t
Togp ORORCRORCRORORG

= Communication cost per
step

o+ 2‘1[ﬂjﬁ
p

Total Cost: (log p)a+(p—1)%,8

26



Recursive Doubling:
Cost on Optical Network

= Naive method : @ ®
(log p)ar +7)+(p-1)-0 4

= Methodology
= Establish/release paths per © @ @ 2‘2 ® ©® @

port count independent of

communication

(ogpYa)+(p-1)" 5+ %22,

= Amount of delay reduction

2]
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Binomial Tree:
Behavior, Cost on Existing Network

= Root sends its n bytes

message to other processes ONORONONORONONG
using binomial tree @ ® @66 & ®

0P O@0® @
P29 @9 @@

m Step count

log p

m Communication cost per

step
a+ng

Total Cost: (log p)a +np)

28



Binomial Tree:
Cost on Optical Network

= Naive method

(log p)a+np+7)
m Methogology

= Establish/release paths per port
count independent of
communication

©
®

©
o
OROXO,
© \@©
o o
é@@
@ @O
& QQ

e
e
e
o

(togpka-+np)+| 22,

= Amount of delay reduction

2]
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Collective Communication in Real
Optical Network Environment

m # Light paths bound by available lambdas

= Cannot establish paths / communicate (congestion)

m If congestion occurs, collective communication
fails

= Problems for algorithms that use multiple paths at a
time, such as “Ring”

» A Retry mechanism is necessary

m Can also result in non-optimal path allocation

= Problems in algorithms that imposes hierarchical
order between processes, such as “Binomial Tree”

» A smart path allocation algorithm is necessary

30



Simple Evaluation

m Evaluate cost formulas of each algorithm by
changing the message sizes for:

m |deal case

= cost of path establishment/release is O

= Naive method

= establish/release paths for every communication with cost ¥
= Proposed method, with varying available # ports

Available Parameters

Var | Value | Note
o) 64 | # of processes
kK 1,2,3,4 | # of ports (1 equals to Naive method)
o | 0.0001 | latency (100 i s)
B 10° | bandwidth (1Gbps)
Y 0.01 | establishing/releasing a path (10ms)
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Results of various MPI collectives

Time (s)

10

—— I[deal
—#- Naive
2 Ports
< 3 Ports
=¥~ 4 Ports

Message Size (n)

—— I[deal
—— Naive
2 Ports
=== 3 Ports
=< 4 Ports

Message Size (n/p)

Our method is effective when message size is less than 1MB

Message Size (n/p)

Message Size (n)

1(

—— Ideal
—#— Naive
2 Ports
=== 3 Ports
=¥ 4 Ports

—— I[deal
—— Naive
2 Ports
%= 3 Ports
== 4 Ports
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Evaluation on Optical Grid Simulator

m NAS parallel Benchmarks EP and FT on a
optical grid MPI simulator
m Execution Options : Class A, 16 processes

= Compare with ldeal case, Naive, and
proposed method

Network Setting Collective Comm. Implementation
Variable Value MPI Function Employed Algorithm
Bandwidth 1Gbps MPI_Allreduce | Recursive Doubling
Latency 100 us MPI_Alltoall Recursive Doubling
Latency for path 10ms MPI_Barrier Recursive Doubling
management MPI_Bcast Binomial Tree

MPI_Reduce Binomial Tree 33




The Optical Grid MPI Simulator

m Log MPI application events and calculate execution time

= Event data is a repetition of “CPU part” and “MPI part”
= Generated from MPI application execution log
m Cost of CPU part directly obtained by parsing log data
m Cost of MPI part calculated by simulating communication

m Simulating optical networks

m Establish a light path before communication
= +0.005 sec

= Release a light path after communication
= +0.005 sec

m Communication time

message _size

latency + _
bandwidth

34



Result of EP and FT

m execution time is affected directly by # of

collective communications
m EP:5times, FT : 17 times

m More communication ports result in less
overhead

EP FT

Method | Exec Time | Increase Method | Exec Time | Increase

(s) | Ratio (%) (s) | Ratio (%)
|deal 2.837|  0.00 |deal 2.001|  0.00
Naive 30341  6.94]) [Naive 2666 33.23
2 Ports 2.934 3.41 2 Ports 2.328 16.53
3 Ports 2.934 3.41 3 Ports 2.328 16.35
4 Ports 2.887\ 1.76 4 Ports 2.158\ 7.83

35



Related Work (1)

m Collective communication over optical network
[Afsahi et al '02]
= Proposes algorithm dependent on port count
= Effective in simulation, but difficult to implement
= no handling of path congestion

m Prediction algorithms for communication
occurrence in MPI application [Afsahi et al '99]
= Predict communication and establish path in advance

= Path establishment/release time (~msec) is much
bigger than CPU time (~ ¢ sec), as such
establish/release latency cannot be hidden
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Related Work (2)

m Nodes that combine optical and conventional
electrical NICs [Barker'05]

= In point-to-point communications, initially the electrical
network is used, and when message size exceeds a
certain threshold, then communication is delegated to

optical networks

= Collective communications are always executed on
the electrical network
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Summary and Future Work

m Proposed and evaluated implementations of MPI
collectives on optical grids that by
simultaneously establish/release light paths
according to the port count

m Confirmed reduction of execution time at both model
and simulation levels

= Testing on real optical switched networks in the works
In collaboration with NTT Labs.

m Future work

= Consider collective communication algorithms under
heavy congestion, in the presence of external
processes
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