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OOmas nH@opManus

* Roadrunner — cynepkoMnstoTep, noctpoeHHsiit IBM nis Jloc-

zAxJIaMO)CCKOI\/JI HalMOHAJIbHOM J1a0opaTtopur B Hbto-Mekcuko
CIIIA).

* 25 mas 2008 roga o gocrtur 1,026 neradorc u 3aHsI NEPBOE
MecTo B pertruare TOIIS00 cynepkoMIbrOTEpOB, NOAACPKUBAS
MPOU3BOAUTEIBHOCTH B 1,0 neTacEnonc B OeHuMapke LINPACK

* Roadrunner 3anmnyan npumepHo 296 cepBepHbIe CTONKH
momaapo 560 M~ 1 Hayaa padorars B 2008 roxy.

* OH Ob11 cnucan 31 mapra 2013 roaa.

* MunucrtepctBo sHepreTukn CIIA ucnons3oBano Roadrunner st
pacuéra CTapeHus SACPHBIX MaTEPUAJIOB U aHAIN3a OE30MTaCHOCTH
1 HaJIEKHOCTH sijepHoro apcenana CIHIA. Takxe on
MCIIOJIb30BAJICS 71l HAYYHBIX, (PMHAHCOBBIX, TPAHCIIOPTHBIX U
a3POKOCMHUYECKUX PaCUETOB.
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* Cynepkomiibrorep IBM Roadrunner
* V3en Connected Unit (CU)
* Moayns TriBlade
* baewna-ceprep IBM BladeCenter LS21
* [Iponieccop A Opteron
 baeiin-cepsep IBM BladeCenter QS22
* [Ipoueccop IBM PowerXCell 81




IIpoueccop AMD Opteron
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6.4 Gilsec @ DDR-400 AMD Opteron



Anpo npoueccopa AMD Opteron
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Core (AMD Opteron Core) = {Rg,,, B, F, Cshil ., AKE? L004KB)S



IIpoueccop IBM PowerXCell 81

Cell Processor Architecture

* 1 PPE (PowerPC
Powe Processor lement () I Processor Element)

(64 bit PowerPC with VMX)

:l o = *8 SPE (Synergistic
= s | Processor Element)
o H |
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High speed VO
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(76.8 GBytes per
second in total)
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SPE 3
Dual 12.8 GByte per
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SPE 4 SPE 8 ' give Cell huge memory
bandwidth. (25.6 GBytes
= per second in total)

\ EIB (Element Interconnect Bus)
s

© Nicholas Blachfor d 2005 is the internal commun ication s ystem.



IBM PowerXCell 81 PPE
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Core (IBM PowerXCell 81 PPE) = {Rg_,, B, F, Cshil, . ., Cshdl , .,
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IBM PowerXCell 81 SPE

Floationg-point unit Permute unit
Fixed-point unit Load/store unit < >
% A Branch unit
. Loacl store
Channel unit (256 KB)
T A T l Single.port SRAM
Y
Result forwarding and staging
Register file
Instruction issue unit/instruction line buffer 128B read 128B write
A
On-chip coherent bus
o DMA unit —>
8 bytes per cycle 16 bytes per cycle 64 bytes per cycle 128 bytes per cycle
— > —> —
Core (IBM PowerXCell 81 SPE) = {Rg,, B, F, M., (SRAM) U(DMA)}



IBM PowerXCell &1
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ON-chip coherent bus (up to 96 bytes per cycle)

L2

PPE

v I II

Memory
controller

il

L1

e
-

Power
core

Dual Rambus
XDR

NUMA

(IBM PowerXCell 81) = I

Bus interface
controller

Rambus
FlexIO

\J

* NUMA, Tak
kak SPE
paboTaeT ¢
LS, anHec
oo1IeH
IaMATbIO, HO
nMmeer DMA

[Core (IBM PowerXCell 81 PPE), 8 Core

(IBM PowerXCell 81 SPE), U (Element Interconnect Bus), 2 CtrM (Memory
Controller), 2 U (I/O Controller)]



Monayns TriBlade

Roadrunner
TriBlade

PowerXCell 8i

4 GB RAM PowerXCell 8i 4 GB RAM

xB
0822 PCle x8 l

X &
< it dx } PCle x8 do]
HT x18 0
Expansion %
Blade
4 GB RAM 4 GB RAM
L 2% HT x16 ;

Bld,;\;, (IBM BladeCenter LS21) = {2 M, ;5 or SDRAM)%OMHZ <- 6.4 GB/s -> P, (AMD

Opteron Core) <- Hyper Transport x16 32Gb/s 1GHz->P_, ., (AMD Opteron Core) <- 6.4 GB/s

200MHz
>
2 M4GB (DDR SDRAM) }

Bld ;4 (IBM BladeCenter QS22) = {M, ., (DDR2 SDRAM)
PowerXCell 81) <- -> P ... (IBM PowerXCell 8i) <- 6.4 GB/s > M, (DDR2 SDRAM)

Node,,,, (TriBlade) = {Bld,,, (IBM BladeCenter LS21) <- 2x Hyper Transport x16 32Gb/s

1GHz -> Bld (Expansion Blade) <- 4x PCle x8 32Gb/2 -> 2 Bld,,,, (IBM BladeCenter QS22)}

SMP

WOMHz <. 6.4 GB/s -> P ,,, (IBM
400MHZ}



Y3en Connected Unit (CU)

TriBlade Standard 42U Rack
TriBlade: Rack:
g 4x PowerXCell 8i M T 4x BladeCenter H
B] i 2x Opteron 2210 ]I :[ 4 12x TriBlades
e 32x GB RAM J L 48x PowerXCell 8i
5 ~400 Gflops — | 24xOpteron 2210
384 GB RAM
. " ~4.8 Tflops
Infiniband 4x =\
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6x Opteron 2210 ALIRRRRRARELIY
— 96 GB RAM
3x Infiniband ~1.2 Tflops
Node
ClusterHPC ]
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Other CUs

(Connected Unit) = < Switch (Voltaire ISR2012

Connected Unit:
15x Racks

60x BladeCenter H
180x TriBlades
720x PowerXCell 8i
360x Opteron 2210
5.76 TB RAM

~72 Tflops

Com & Service node:
12x 1/0 nodes, |IBM x3655
~250 Gflops

Service node, IBM x3655

Infiniband switch, Voltaire ISR2012

2GB/s) >



Cynepkomnbsrorep IBM
Roadrunner

* 17 y3nos CU
(mIaHupPOBaJIOCH 18)

* § KOMMYTAaTOPOB
BTOPOTO ATala
Infiniband ISR2012 (6

HEOOXOIMMO)

* |2 BOCXOIAINMNX JINHUU
00 Kaxaoro (96 Bcero)

(IBM Roadrunner) = < 8 Switch (Voltaire ISR2012
(Connected Unit)]

>
SuperClusterHPC 2GB/ s)

[ 17 NOdeClusterHPC



CTpyKTypHas HOTALU

64KB’ Cshdl 64KB’ Csh2 1024KB }

P\ ;p (AMD Opteron Core) = IpV u[2 Core (AMD Opteron Core), U (Crossbar), CtrM (Memory/DRAM
Controller), 3 U (HT Link)]

Bld,\;, IBM BladeCenter LS21) = {2 M, e SDRAM)zooMHZ <- 6.4 GB/s -> P (AMD Opteron Core) <-
Hyper Transport x16 32Gb/s 1GHz-> P, ., 200MHz}

(AMD Opteron Core) <- 6.4 GB/s ->2 M
Core (IBM PowerXCell 8i PPE) = {Rg,, B, F, Cshil

Cshd132KB, Csh2
Core (IBM PowerXCell 8i SPE) = {Rg,, B, F, M, ... (SRAMY? U(DMA)}

Pl uma UIBM PowerXCell 8i) = IpV c[Core (IBM PowerXCell 81 PPE), 8 Core (IBM PowerXCell 8i SPE), U
(Element Interconnect Bus), 2 CtrM (Memory Controller), 2 U (I/O Controller)]

Bld, ,,, (IBM BladeCenter QS22) = {M, . (DDR2 SDRAM)“OOMHZ <- 6.4 GB/s -> P, ,,,, (IBM PowerXCell 8i) <-

. 400MHz
> Plima (IBM PowerXCell 81) <- 6.4 GB/s -> M 4GB (DDR2 SDRAM) }

Node,,, (TriBlade) = {Bld,,,,, IBM BladeCenter LS21) <- 2x Hyper Transport x16 32Gb/s 1GHz -> Bld

(Expansion Blade) <- 4x PCle x8 32Gb/2 -> 2 Bld,,, (IBM BladeCenter QS22)}

Node, . . (Connected Unit) = < Switch (Voltaire ISR2012 .. ) > [180 Node

Core (AMD Opteron Core) = {Rg,,, B, F, Cshil

4GB (DDR SDRAM)

32KB’ 512KB}

(TriBlade), I/0, SS]
(Connected Unit)]

NUMA

Super (IBM Roadrunner) = <8 Switch (Voltaire ISR2012 , .. ) > [17 Node

ClusterHPC ClusterHPC



Pacuer nmukoBou
IIPOU3BOAUTEILHOCTH

AMD Opteron =2 FLOP/rakt * 1,8 I'Tu * 2 ssnpa = 7,2 GFLOPS

IBM BladeCenter LS21 = 2 npouieccopa * 7,2 GFLOPS (AMD Opteron) = 14,4 GFLOPS
IBM PowerXCell 81 PPE =2 FLOP/rakt * 3,2 I'Tu = 6,4 GFLOPS

IBM PowerXCell 81 SPE =2 FLOP/takt * 2 cimoBa * 3,2 I'T1r = 12,8 GFLOPS

IBM PowerXCell 8i = 6,4 GFLOPS (PPE) + 8 * 12,8 GFLOPS (SPE) = 108,8 GFLOPS

IBM BladeCenter QS22 = 2 nponeccopa * 108,8 GFLOPS (PowerXCell 81) =217,6 GFLOPS
TriBlade = 14,4 GFLOPS (LS21) + 2 * 217,6 GFLOPS (QS22) = 449,6 GFLOPS

Connected Unit = 180 * 449,6 GFLOPS (TriBlade) = 80,928 TFLOPS

IBM Roadrunner = 17 * 80,928 TFLOPS (Connected Unit) = 1,375776 PFLOPS

3nauenne B peutunre TOIIS00 = 1375,78 TFLOPS
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