BlueGene/P
bearapckuar CyneproMmoThp




boearapckusar CynepkoMnoTbped LleHTHp

bearapckusat cynepkommorbpe neHThp (bCLI), pa3monoxken B crpagaTa Ha JIbp)kaBHATA arcHIUS 3a
HH(POpPMAIIMOHHN TeXHONOruu U chobOmenus B Codusa, ekcmiaoaThpa M OCUTypsSBa JOCTHI [0
cynepkoMmoTsp IBM Blue Gene/P, checTosi ce oT aBa mkada:

System
72 Racks

Blue Gene/P Packaging

Cabled BxBx16
Rack

32 Mode Cards

Mode Card

(32 chips 4x4dx2)

32 compute, 0-2 10
14 TF/s

2TB

Compute
Card

1 chip, 20
DRAMSs
435 GF/s

) 64 GB
Chip

4 processors

13.6 GF/s

2.0 (or 4.0) GB

8 MB
EDRAM




KakBo npeacraBisia BlueGene?

MacuBHa IlapaJjiesiHa ApxureKkTypa

¢ KoMmioTepHa crucTemMa ¢ MHOTO HE3aBUCUMH MOJIYJIU U MUKPO-
IIPOLECOPH, KOMTO Ca ChP3aHU B €/IHA KOMITIOTbPHA MAalllMHA C roJIsiMa
M3YHCJIUTEIIHA MOIIHOCT;

Blue Gene/(
Power Multi-Core
Scalable to 10+ PF

Blue Genel/P
PPC 450 @ 850MHz
Blue GenelL Scalable to 3+ PF
PPC 440 @ 700MHz
Scalable to 360+ TF




CpasHenne BlueGene/LL m BlueGene/P

Mode
Froperties

Mode Processors

2 * 440 PowerPC

BLUE GENE

4 * 450 PowerPC

Frocessor Frequeancy

0.7GHz

o T

0.85GH=z

Coherency

software managed

SMP

L1 Cache (privatz)

32KB/processor

32K Biprocessor

L2 Cache (privatz)

14 stream prefetching

14 stream prefetching

L3 Cache size (shared)

4MB

&MB

Main Store/MNode

512MB and 15B versions

2GB (studying 4GB) versions

Main Store Bandwidth

H 6GB/s (168 wide)

13.6 GB/s (2*16B vwade)

Peak Performance

5 6GFNode

13.6 GF/mode

Taorus
Metwork

Bandwidth

6*2*175MBJs = 2. 1GB/s

6% 2*425MBis = 5. 1GB/s

Hardware Latency (MNearest
Meighbor)

200n= (32B packet)
1.Bus (2568 packet)

64ns (328 packet)
512ns (2568 packet)

Hardware Latency
(Worst Case)

£ dus (B4 hops)

2. 0us (64 hops)

Collective
Metwork

Bandwidth

2*350MB/s = TOOMB/s

2*0.85GB/s = 1.7GB/s

Hardware Latency
(Round Trip Worst Case)

A Dus

2 bus

System
Froperties

Peak Performance

360TF

(64K nodes)

1PF
(72K nodes)

Total Power

1.5MW

= 2 OMW




BlueGene Konnennus

IHapaseaunsanusra BOAM 10 BUCOKA MIPOU3BOAUTEIHOCT
* Bucoka [ Ipon3BOAUTEIHOCT MMOCTUTHATA YPE3 U3IOJI3BAHETO HA
[apajaCiIHU IIPUIIOKECHUS

1 INapanenm3sm Ha HEBO ganHu (Data level parallelism) ¢ SIMD
*PaboTa ¢ MHOJKECTBO €JIEMEHTH;

*SIMD ¢ edexTuBeH

4 INapanenm3sm Ha HMBO HuIIKH (Thread level parallelism) ¢
MHOTOsIApeH “‘multi-core” nqu3arH
o2Xgpa = 2XIPOU3BOJUTEIHOCT = 2XCHJIa
*|[BM e ninonep B cepara Ha “multicore” ¢ POWER4 ot npeau
nmoseue oT 10 roguuu




IIsiHa kongurypanus Ha BlueGene/P

T WAN
— T
— T

] File System

BG/P
I/O nodes
8 to 64
per Rack

|| Front-end nodes

Federated 10Gigabit Ethernet Switch

Service node

Control network




HepapxuuyHa opranuzanuda Ha BlueGene
0J10KOBETE

= Compute Nodes dedicated to running user application, and almost nothing
else - simple compute node kernel (CNK)

= |/O Nodes run Linux and provide a more complete range of OS services —
files, sockets, process launch, signaling, debugging, and termination

« Service Node performs system management services (e.q., partitioning,
heart beating, monitoring errors) - transparent to application software

10 Gb Ethemet




BlueGene Mpexnu

3-Dimensional Torus
Interconnects all compute nodes
Yirtual cut-through hardware routing
3.4 Ghis on all 12 node links (5.1 GB/s per node)
0.5 ps latency between nearest neighbors, 5 ys to the farthest
MPI: 3 ps latency for one hop, 10 ps to the farthest
Communications backbone for computations
1.7/3.9 TB/=s hisection bandwidth, 182TB/s total bandwidth

Collective Network

One-to-all broadcast functionality

Reduction operations functionality

6.8 Ghis of handwidth per link

Latency of one way tree traversal 1.3 ps, MPI 5 ps
~G2TBfs total binary tree hbandwidth (72K machine)
Interconnects all compute and 11O nodes (1152)

Low Latency Global Barrier and Interrupt
— Latency of one way to reach all 72K nodes 0.65 ps (MPI 1.6 us)

Other networks
— 110G Functional Ethermet
/O nodes only

1Gh Private Control Ethernet
Provides JTAG access to hardware. Accessible only from Service Node system




Kondurypanus |
R
R —@——

IBM Blue Gene/P:

> 2048 nzuucimresnay Bb3eia ¢ PowerPC 450 mponecopu, 8192 saapa u
001110 4 TB oneparnBHa MaMeT.

> Bcsko sapo Moke J1a 00pabOTBa MO ABa IOTOKA OT JaHHU (C ABOMHA
TOYHOCT) C IJIaBallla 3aIeTasl.




KoHdourypauusa Il

IBM Blue Gene/P:

> IllecTHaliceT  BXOJHO-M3XOAHM  Bb3€la Ca  CBBP3aHU
nocpeAcTBoM ontnuHd BiaakHa KkbM 10 Gb/s Ethernet
KOMYTaTOp, a APYrU AONBIHATEIIHA 16 BXOIAHO-U3XOMHUA Bb3EIa
e 0baaT 100aBEHN KbM CHUCTEMATA B OJIM3KO OBIEIIIE.




IBM Blue Gene/P KOHCyMauus:
> HavyanHa: 34kW:;
> CpegHa: 50 kW;
> Bucoka: 68 kW;




Kondurypanus 1V

IBM Blue Gene/P — Oxaaxknama Cucrema:

» Uniflair TDAR 1422A — two units;

» Airflow —15600 m3/h per unit;

» Total cooling capacity —51.6 kW per unit;

» Refrigerant circuits/compressors —two per unit;




beHumapk |

IHocturnara makcumajaHa LINPACK npousBoaureaHocT: Rmax=
23.42 Ttlops;

1 Teopernuna nmpousBogutenHocT: Rpeak= 27.85 Ttlops;

J Blue Gene/P cucremara Ha BCII e Ha 126-T0 MsICTO 11O
IIPOM3BOAUTEIIHOCT B CBeTa cnope 32-1to n3aanne Ha TOPS00 knacanusara
3a CYNEPKOMITIOTPH, MyOrMKyBaHa Ha 17 HoemBpu 2008




Korcary *ae oerpe bt 1705 Lowmer
| wd et Bt i b

Enepruuna Ilpoussoauresanocrt: 371.67 MFlops/W

 Cnopenst 7 msictro mpe3 0u B Jucta Ha GREENS00 pexom cbe
cynepkoMniTpu uHcragupanm B: RZG/Max-Planck-Gesellschaft
MPI/IPP, Stony Brook/BNL —New York Center for Computational
Sciences, ASTRON/University Groningen, IBM —Rochester and DOE/Oak
Ridge National Laboratory;




Codryep

Komnuiiaropu
o IBM XL C/C++ Advanced Edition 3a Blue Gene/P V9.0

o IBM XL Fortran Advanced Edition 3a Blue Gene/P
V1l.1

o GNU Toolchain (gce, glibe, binutlils, gdb, python)

Cuncreman buoanoreku

o Engineering and Scientific Subroutine Library (ESSL)
3a Linux Ha Power V4.3.1

a  MPI (MPICH2)




3. llpnaoxken Codryep n budanorexkn

Cieanure NpWIOKeHMsT M OHOHOTEKHM €A  yCIEHHO
KOMIIMJINPAHN, KAKTO U € NMOTBHPAEHO Ye ce M3IIbJIAHABAT A00pe
N HAMAT HpodJeMH cbe craaupymocrra Ha Blue Gene/P
vamuHara B BCII:

0 CPMD: napajejqna uMILIEMEHTANAS HA TEOPUSATA HA
(DYHKIHMOHAJIA HA IVIHTHOCTTA, M3I10JI3BAINA IJIOCKHA BbJIHH
(mMceBAONMOTEHIINANN) U CIIENMAJIHO pazpadoTeHa 3a ab initio
MOJIEKYJIHA ANHAMMUKA

| GAMMES-US: o011 maxer 3a ab initio KBAHTOBA XUMMUS

o  GotoBLLAS: nan-0bp3ara uMmiieMeHTanusa Ha Basic Linear
Algebra Subroutines (BLLAS) B MoMeHTA

a LAMMPS: koa 3a cuMyJJUpPaHe HA KJIACHYECKA MOJIEKYJIHA
AMHAMHKA 110 e(peKTUBEH HAYMH HA NapajieJJHA KOMITIOTPH

a0 NAMD: napaJjiejieH KoJa 32 MOJIEKYJHA THHAMMKA HA roJieMH
OHMOMOJIEKYJTHH CUCTEMU




B npouec Ha pazpa0doTKa (mopTBaHe, KOMIIMJIAPAHE,
TeCTBAHE M HACTPOMKA) ca CJeAHNTE NPUI0KEHUA U/ AN
ONO0JINOTCKN:

GROMACS: kiaacmyecka  MOJIEKYJHA  JAMHAMMKA,
cumyaupade Ha HroToHoBUTE YpaBHEHHUsI 32 JABHIKECHUE 32
CHUCTEMM C XHJISIIA WA MUJINOHA YACTHIIN;

mpiBLAST-PIO: mapajgeana uminiemeHtanuss Ha NCBI
BLAST (Basic Local Alignment Search Tool, anropursm
H3I0JI3BAH B OMOMH(OPMATHKATA);

OpenAtom: ckaJupyeMo H JIECHO 32 NOPTBAHE MAPAJIEJIHO
NPUJIOKEHNE 32 CUMYJMPAHEe HA MOJICEKYJIHA JHUHAMHAKA HA
KBAHTOBO HMBO, KOCTO MMILJICMEHTHPA MeToAa 3a ab Initio
MoJiekyJHa auHamMuka Ha Car-Parrinelo (CPAIMD);




BlueGene — Ilpuiaoxkenus I

Car-Parrinello Molecular Dynamics (CPMD):
Studying the effect on dopants on Si0,/Si boundaries

Simulations from first principles to understand the physics
and chemistry of current technology and guide the design
of next-generation matenals

Charactenzation of matenals currently under
expenmental test

Formation of a
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When nitrogen and hafnium are introduced during
the simulation process, detrimental defects are
unraveled




BlueGene — Ilpuiaoxenus 11

Blue Brain

Total area: 1570 ¢
Thickness: ~3 mm

EPFL to simulate the neocortical

column B

35 gm{ Columns: ~Tmillion
COur understanding of the brain is
limited by insufficient information
and complexity

» Overcome limitations of
neuroscientific experimentation -\\;

Inform experimental design and T

theory 20 cm
Enable scientific discovery for ~1 “:!!Eﬂﬂ-'?&‘_'_'“'ﬁ
A

understanding brain function and
diseases

Finally feasible!!! (although by no
means finshed)

P
¥

8096 processors (BGiL)

= 100,000 morphologically complex
neurons in real-time
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BlueGene — Ipuwinoskenust 111

2 racks of Blue Gene /P with 2000 processors will allow you to process
approximately 1500 square kilometers of seismic data per day, with 41 Million
traces per ling, which is 3-5 times faster than what's possible on typical clusters in
use today. (With the near linear scalability of seismic processing, if vou double the
BGP racks, you doublke the amourt of work done.)

The aggregate memaory available in 2 racks of Blue Gena'P is encugh to load and
mun the largest petroleum resarvoir models in the world.

LIsing 10 racks of BG'P, computation time for a detailed simulation of a human
heart beating can be reduced from months to minutes compared to a traditional
large cluster.

LIzing 2 racks of B&'P one can conduct an in-silico clinical trial on 27 million
simulated patients in 5 hours, A typical clinical trial may have several thousand
patients and take years.

A transonic flow simulation of a fulkbody aircraft structure with 300 million cells can
be done in less than 1 hour on a single rack of BG'P.

One BGP rack can run 4000 independent pricing calculations in paralkel while only
consuming 35kW and occupying 1 square meter of data center power and space.

COne BGP rack, with 2TE of memory and 4000 computa engines, can efficiently
perform reaktime analysis of multi-Petabyte data stream s, which can b2 usad for
tracking news stream s, updating trade data and monitoring events that impact
financial markets.




BlueGene — IIpniaoxenus 1V

Improve understanding — significantly larger scale, more complex and higher resolution
models; new science applications

Multiscale and multiphysics — From atoms to mega-structures; coupled applications
Shorter time to solution — Answers from months to minutes

Coraprw Dorme

Life Sciences: In-Silico

Geophysical Data Processing Trials, Drug Discovery

Upstream Petroleam

Biological
Hﬂ-ﬂ-l!“:l"lg = Brain Sciance

Physics — Materials Science

Malecular Dynamics Computational Fluid Dynamics - . Financial Modeling
e j* ' Streaming Data Analysis
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More Information

| IBM Redbooks for Blue Gene
s Application Development Guide
¢ System Administration Guide
*** Performance Tools

www.research.ibm.com/bluegene




