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Development of the RIAM-COMPACT using a PC cluster
—Part.2 Comparison of the elapsed time in scalar parallel computers—
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Abstract

We are developing the numerical model called the RIAM-COMPACT (Research Institute for Applied
Mechanics, Kyushu University, Computational Prediction of Airflow over Complex Terrain). The object domain of
this numerical model is from several m to several km, and can predict the airflow over complex terrain with high
precision. Since we put this numerical model in practical use, we are considering introduction of a PC cluster and a
SMP cluster. We have already showed the comparison of the elapsed time in various computers as the first step. In
this paper, we have examined the elapsed time in scalar parallel computers, such as a PC cluster and a SMP cluster,
by using a MPI (Message Passing Interface), as the second step. Consequently, it became clear that the newest small

scalar parallel computers have about the same performance as a vector supercomputer.
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2
Codename Northwood (The 2nd generation)
Clock frequency 2.0AGHz
Cache size Level 1 : 12KuOPS+8KB (On-die)
Level 2 : 512KB (On-die)
FSB 400MHz (Bandwidth : 3.2GB/s)
Memory RDRAM 1GB
Production process 0.13pum
Remark 32bit CPU (1A-32), 1-Way

(a) PC cluster, 4nodes-4CPU

Codename

Northwood-2M(The 2nd generation)

Clock frequency

3.2GHz : Extreme Edition

PC for control
(Compile etc)

..d Gigabit Switching Hub

Level 1 : 12KpOPS+8KB (On-die) ; :
Cache size Level 2:: 512KB (Ontdie) Photo.2 PC cluster shown in Table.2. The PC case is
Level 3 : 2MB (On-die) 455mm (height)x195mm (width)x493mm (depth).
FSB 800MHz (Bandwidth : 6.4GB/s)
Me.mory DDR400 SDRAM 2GB Codename Foster (The Ist generation)
Production process 0.13pm Clock frequency 2 8GHz
Remark 32bit CPU (1A-32), 1-Way . Level 1 : 12KpOPS+8KB (On-die)
(b) PC cluster, 4nodes-4CPU Cache size Level 2 : 512KB (On-die)
Table.1 PC cluster based on Intel Pentium4, HIT FSB 400MHz (Bandwidth : 3.2GB/s)
Memory DDR200 SDRAM 8GB
Codename Northwood (The 2nd generation) Production process 0.13pm
Clock frequency 2.8GHz : Remark 32bit CPU (IA-32), 2-Way
Cache size Iizzzi ; ;?ﬁgigﬁ;g (On-die) (a) SMP cluster, 1node-2CPU
FSB 533MHz (Bandwidth : 4.2GB/s) Codename Prestonia-1M (The 2nd generation)
Memory RDRAM 1GB Clock frequency 3.2GHz
Production process 0.13um Level 1 : 12KuOPS+8KB (On-die)
Remark 32bit CPU (IA-32), 1-Way Cache size Level 2 : 512KB (On-die)
Table.2 SCore-type cluster based on Intel Pentium4, Level 3 : IMB (On-die)
4nodes-4CPU, Our laboratory FSB 533MHz (Bandwidth : 4.2GB/s)
Memory DDR266 SDRAM 2GB
o . Production process 0.13pm
T : Remark 32bit CPU (1A-32), 2-Way
: (b) SMP cluster, 2nodes-4CPU

Photo.1 PC cluster shown in Table.1(b). The box size is

ummmuu

u‘lxw

(b) Rear view

485mm (height)x430mm (width)x620mm (depth).

Table.3 SMP cluste

r based on Intel Xeon DP, HIT

Madison (The 3rd generation)

Codename
Clock frequency 1.4GHz
Level 1 : 32KB (On-die, IC/DC)
Cache size Level 2 : 256KB (On-die)
Level 3 : 1.5MB (On-die)
FSB 400MHz (Bandwidth : 6.4GB/s)
Memory DDR200 SDRAM 8GB
Production process 0.13pum
Remark 64bit CPU (IA-64), 2-Way

Table.4 SMP cluster based on Intel Itanium2 DP,
2nodes-4CPU, HIT

SledgeHammer (Model 244)

Codename
Clock frequency 1.8GHz
Cache size Level 1 : 64KB (On-die, IC/DC)
Level 2 : IMB (On-die)
Memory DDR333 SDRAM 4GB/CPU
Production process 0.13um
Remark 64bit CPU (AMD64), 2-Way
Table.5 SMP cluster based on AMD Opteron DP,

4

nodes-8CPU, VT
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(b) Top view near the ground
Fig.1 Flow visualization around a steep isolated-hill
by using particle path lines, Re=10*
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Domain
decomposition

Compile command

Optimization options

Elapsed time
(Ratio to VPP5000)

Scalability

MPI-1CPU (1x1)

mpif77 (IF v.7.1, 32bit)

-tpp7 -xW -axW -O3 -static

13745.54 (6.61)

MPI-2CPU (2x1)

mpif77 (IF v.7.1, 32bit)

-tpp7 -xW -axW -O3 -static

8446.14 (4.06)

1.63

MPI-4CPU (2x2)

mpif77 (IF v.7.1, 32bit)

-tpp7 -xW -axW -O3 -static

6098.49 (2.93)

2.25

Table.6 Result of PC cluster based on Intel Pentium4 (2.0AGHz/400MHz FSB), MPICH-P4, 4nodes-4CPU

Domain
decomposition

Compile command

Optimization options

Elapsed time
(Ratio to VPP5000)

Scalability

MPI-1CPU (1x1)

mpif77 (IF v.7.1, 32bit)

-tpp7 -xW -axW -O3 -static

8030.00 (3.86)

MPI-2CPU (2x1)

mpif77 (IF v.7.1, 32bit)

-tpp7 -xW -axW -O3 -static

4930.00 (2.37)

1.63

MPI-4CPU (2x2)

mpif77 (IF v.7.1, 32bit)

-tpp7 -xW -axW -O3 -static

3375.02 (1.62)

2.38

Table.7 Result of PC cluster based on Intel Pentium4 Extreme Edition (3.2GHz/800MHz FSB),
MPICH-P4, 4nodes-4CPU

Domain
decomposition

Compile command

Optimization options

Elapsed time
(Ratio to VPP5000)

_Scalability

MPI-4CPU (2x2)

mpif90 (IF v.7.0, 32bit)

-tpp7 -xW -axW -03

3622.09 (1.74)

Table.8 Result of PC cluster based on Intel Pentium4 (2.8 GHz/533MHz FSB), MPICH-SCore, 4nodes-4CPU

Domain

Elapsed time

decomposition Compile command Optimization options (Ratio to VPP5000) Scalability
MPI-1CPU (1x1) mpif77 (IF v.7.1, 32bit) | -tpp7 -xW -axW -O3 -static 13319.79 (6.40) -
MPI-2CPU (2x1) | mpif77 (IF v.7.1, 32bit) | -tpp7 -xW -axW -O3 -static 11101.60 (5.33) 1.20
Table.9 Result of SMP cluster based on Intel Xeon DP (2.8GHz/400MHz FSB), 1node-2CPU
Domain . . . Elapsed time -
labil
decomposition Compile command Optimization options (Ratio to VPP5000) Scalability
MPI-1CPU (1x1) | mpif90 (IF v.7.1, 32bit) -tpp7 -xW -axW -03 10782.19 (5.18) -
MPI-2CPU (2x1) | mpif90 (IF v.7.1, 32bit) -tpp7 -xW -axW -03 9455.16 (4.54) 1.14
MPI-4CPU (2x2) | mpif90 (IF v.7.1, 32bit) -tpp7 -xW -axW -03 6591.14 (3.17) 1.64

Table.10 Result of SMP cluster based on Intel Xeon DP (3.2GHz/533MHz FSB), MPICH-P4, 2nodes-4CPU

Domain

Elapsed time

decomposition Compile command Optimization options (Ratio to VPP5000) Scalability
MPI-1CPU (1x1) mpif77 (IF v.7.1, 64bit) -tpp2 -O3 -static 9913.12 (4.76) -
MPI-2CPU (2x1) | mpif77 (IF v.7.1, 64bit) -tpp2 -0O3 -static 6158.25 (2.96) 1.61
MPI-4CPU (2x2) | mpif77 (IF v.7.1, 64bit) -tpp2 -O3 -static 5044.09 (2.42) 1.97

Table.11 Result of SMP cluster based on Intel Itanium2 DP (1.4GHz/400MHz FSB), MPICH-P4, 2nodes-4CPU

decgr?)?:;?tion Compile command Optimization options (Rafit)a[t’zc\c/l;;g; 00) Scalability
MPI-1CPU (1x1) | mpif90 (IF v.7.1, 32bit) | -tpp7 -xW -axW -O3 -static 13903.66 (6.68) -
MPI-2CPU (2x1) | mpif90 (IF v.7.1, 32bit) | -tpp7 -xW -axW -0O3 -static 7746.23 (3.72) 1.79
MPI-4CPU (2x2) | mpif90 (IF v.7.1, 32bit) | -tpp7 -xW -axW -O3 -static 4694.87 (2.26) 2.96
MPI-8CPU (4x2) | mpif90 (IF v.7.1, 32bit) | -tpp7 -xW -axW -O3 -static 3094.48 (1.49) 4.49

Table.12 Result of SMP cluster based on AMD Opteron DP (1.8GHz), MPICH-P4, 4nodes-8CPU
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Appendix 1

Intel Itanium2 MP, DP7OtvyH E LU
AMD Opteron DPF Oty HIZHITHER,
BEANHEOEHER

ZZ T, Intel Itanium2 MP, DP7utEy ¥4IV
AMD Opteron DP7uty¥ %A -EK, B 5
HEOHERIZSDVWTHRETS. HEMNRIAXLREL
T, BRI EFBEERNAETHS. BRitLi~vy
VDARyZIZLLTFILRTEY THS.

[Intel Itanium2 DP ({£ & EAiR)]

CPU: Itanium2 1.0GHz Dual (Deerfield)
L1 cache : 64KB

L2 cache : 256KB

L3 cache : 1.5MB

Memory : 4GB DDR200 (PC1600) SDRAM
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c:;zlsrat(;(f;n Compile command Optimization options (Riil:r:csje\(/iPtIl’rsnonO) Scalability
Serial efc (IF v.7.1, 64bit) -tpp2 -O3 -static 12036.20 (5.78) -
Auto-2CPU efc (IF v.7.1, 64bit) -tpp2 -O3 -static -parallel 6761.38 (3.25) 1.78
Table.13 Result of Intel Itanium2 DP (1.0GHz/1.5MB L3)
C;Z:;tOiZn Compile command Optimization options (Riilzp::e\(letll’;i)O) Scalability
Serial efc (IF v.7.1, 64bit) -tpp2 -O3 -static 10310.86 (4.95) -
Auto-2CPU efc (IF v.7.1, 64bit) -tpp2 -O3 -static -parallel 5822.08 (2.80) 1.77
Table.14 Result of Intel Itanium2 DP (1.4GHz/1.5MB L3)
c:;ZEletlgin Compile command Optimization options (Riil:l:csye\(ljl::;)em) Scalability
Serial efc (IF v.7.1, 64bit) -tpp2 -O3 -static 9904.86 (4.76) -
Auto-2CPU efc (IF v.7.1, 64bit) -tpp2 -O3 -static -parallel 5636.13 (2.71) 1,76
Table.15 Result of Intel Itanium2 DP (1.4GHz/4.0MB L3) o
c;Z:; t(;(fm Compile command Optimization options (Riil:l::es;:;)eoo) Scalability
Serial efc (IF v.7.1, 64bit) -tpp2 -O3 -static 9098.47 (4.37) -
Auto-2CPU efc (IF v.7.1, 64bit) -tpp2 -O3 -static -parallel 5298.27 (2.55) 1.72
Auto-4CPU efc (IF v.7.1, 64bit) -tpp2 -O3 -static -parallel 3789.45 (1.82) 2.40

Table.16 Result of Intel Itanium2 MP (1.5GHz/6.0MB L3)

<

c:;c):lsfat()izn Compile command Optimization options (Rizz‘:ze\?Ptll’rsn:OO) Scalability
Serial ifc (IF v.7.1, 32bit) -tpp7 -axW -O3 -static 11617.05 (5.58) -
Auto-2CPU ifc (IF v.7.1, 32bit) -tpp7 -axW -O3 -static -parallel 8304.41 (3.99) 1.40
Serial pef90 (v.5.0-2, 64bit) [ -fastsse -Bstatic 11197.58 (5.38) -
Auto-2CPU | pgf90 (v.5.0-2, 64bit) | -fastsse -Bstatic -Mconcur 9026.65 (4.34) 1.24
Serial pef90 (v.5.0-2, 64bit) | -fast -Mcache_align -Mvect=sse -Bstatic 11231.17 (5.40) -
Auto-2CPU | pgf90 (v.5.0-2, 64bit) :::ito:‘::r“he—a“g" “Mvect=sse -Bstatic 9069.87 (4.36) 1.24

Table.17 Result of AMD Opteron DP (2.2GHz/1.0MB L2)

[Intel Itanium2 DP]

CPU: Itanium2 1.4GHz Dual (Madison)

L1 cache : 64KB

L2 cache : 256KB

L3 cache : 1.5MB

Memory: 4GB DDR200 (PC1600) SDRAM

[Intel Itanium2 DP] .

CPU: Itanium2 1.4GHz Dual (Madison)

L1 cache : 64KB

L2 cache : 256KB

L3 cache : 4.0MB

Memory : 4GB DDR200 (PC1600) SDRAM

[Intel Itanium2 MP]

CPU: Itanium2 1.5GHz Qaud (Madison) -
L1 cache : 64KB

L2 cache : 256KB

L3 cache : 6.0MB A

Memory : 8GB DDR200 (PC1600) SDRAM

[AMD Opteron DP]

CPU: Opteron 2.2GHz Dual (Model 248)
L1 cache : 128KB

L2 cache : IMB

Memory : 4GB DDR333 (PC2700) SDRAM

ENEND=L L OREREY, RIS~RITIZRT.
Intel Itanium2 MP, DP## D=0 T, 2 TDF—R
ZBWTRGFRRT—5E YT 423551, Intel Fortran
AV RAFICEBEBAFIH B OB MRS, —
7, AMD Opteron DP¥E#E# D~ TlZ, Itanjum2#E
BT IS RITEFIET L.
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MPE LUDPF Rty H, IA-64 D Intel
Itanium2 MP7 Oty OO—Kvvr
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I T, IA-32DIntel Pentium4 7w ¥, Xeon Ty HBELT, 5&ZOu—F<yTERT.
MPE I UDPFat v, IA-64DIntel Itanium2 MP7 11
2003 2004 2005 2006
Itanium2 MP (IA-64) ‘Madison . Madison-9M Montecito Tanglewood
Xeon MP (1A-32) Gallatin Gallatin => Potomac Potomac => Tulsa ?
Xeon DP (1A-32) Prestonia Nocona => Jayhawk Jayhawk => CedarMill
Pentium4 (1A-32) Northwood => Prescott Prescott => Tejas Tejas => CedarMill ] Nehalem
Table.18 Intel CPU roadmap, 1A-32 and [A-64 o
2001 2002 2003 L 2004 - 2005
Ist generation 2nd generation 3rd generation 4th generation
Itanium Itanium2 Itanium2 " Itanium2 Itanium?2
(Merced) (McKinley) (Madison) (Madison-9M) (Montecito)
800MHz/4MB 1GHz/3MB (On-die) 1.5GHz/6MB (On-die) >1.5GHz/9MB Dual core/Large caches
733MHz/2MB 1GHz/1.5MB (On-die) 1.4GHz/4MB (On-dic) (On-die)
900MHz/1.5MB (On-die) | 1.3MHz/3MB (On-die) '
FSB/266MHz . FSB/400MHz FSB/-
0.18um | 10.13um 0.09um
Table.19 1A-64 roadmap, MP, Itanium and Itanium?2
Appendix 3

IA-32(DIntel Pentium4, Xeon DPFEtv# §5 & INAMD640) Opteron DPF Oty 4D
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Intel Pentium40)875P?~y7"t~y}\¢::¥5HéﬁkUDﬁ?&li, —7*“17’)1/3"‘(‘//?/1/0)DDR400—SDRAM%Fﬁ WigE
DOAEVHEIR SR T oy DV AT b RAOHIK (N FE)26.4GB/sE S B(RAH)T 248 ThHhD. DFY,
Tty P OBEIOy I OR EIZHEWBREENDV AT L NREARVHBORM Xy BBIHENTHS.

PAT (Performance Acceleration Iechnology)\

Intel Pentium4
Processor

800MHz
6.4GB/s

FSB (Front Side Bus)
64bit/800MHz)

[ AGP (Advanced Graphic Port) 8X ]

[

2.13GB/s (32bit/533MHz)

H

Intel CSA(Communication Streaming
Architecture) 82547E1/GbE(Gigabit Ethernet

266MB/s (8bit/64MHz)x4 => 2Gbit/s

Intel Hub Int
266MB/s (32

D_ua’lv independent Serial 150MB/s
ATA (AT Atachment)/150 Ports C

EO/ 100Mbps LAN connect interface]—'

100MB/s

Intel 82875P
MCH (Memory
Controller Hub)

North Bridge

3.2GB/s | DDR400 (PC3200)
: 64bit/400MHz
6.4GB/s

3.2GB/s | DDR400 (PC3200)
64bit/400MHz

erface 1.5
bit/66MHz)

Dual-Channel DDR SDRAM (Double Data Rate
* Synchronous Dynamic Random Access Memory)

| PCI (Peripheral Component

i82801EB(ICH5)
i82801ER(ICH5R)
ICH (/O

Controller Hub)

‘ Ultra ATA/100 J|

(16bit/50MHz) L

South Bridge

133MB/s Interconnect) S]
(32bit/33MHz)\=

—@hann_el Audio (Speakers)]
60MB/s . [ Hi-Speed USB (Universal
(480Mbps)| Serial Bus) 2.0, 8 Ports

Intel RAID (geduﬁdant Arrays of

Inexpensive Disks) Technology

[BIOS (Basic Input Qutput System) Supports HT (Hyper-Threading) Techno]ogy] (ICHS5R only)

Fig.2 Intel 875P chipset (Canterwood)
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LAGP (Advanced Graphic Port) 8

PCI-X

(64bit/133MHz)

Intel 82870P2 P64H2 |
(PCI/PCI-X 64bit Hub 2)

PCI-X

(64bit/133MHz)

(64bit/66MHz)

Intel Hub Interface 2.0
1,066MB/s
(16bit/66MHzx8clock)

Intel Hub Interface 1.5

. 266MB/s (8bit/66MHzx4clock)
Gbit LAN (32bit/66MHz)

R

10/100Mbps LAN connect interface]—

Ultra ATA/100

[DDR333 (PC2700) |

64bit/333MHz

100MB/s
(16bi/50MHz)

Intel Xeon Intel Xeon
Processor Processor
533MHz FSB (Front Side Bus)
4.2GB/s (64bit/533MHz)
X } 2.13GB/s
Intel E7505 2.1GB/s | DDR266 (PC2100)
MCH (Memory 64bit/266MHz

2.1GB/s | DDR266 (PC2100)
64bit/266MHz :

Dual-Channel DDR SDRAM (Double Data Rate

Controller Hub)

North Bridge

Synchronous Dynamic Random Access Memory)

PCI (Peripheral Components
133MB/s Interconnect)
(32bit/33MHz)\=

4[AC '97 (Audio Codec '97)]

60MB/s | Hi-Speed USB 2.0
(480Mbps) | 6 Ports

182801DB (ICH4)

ICH (I/0
Controller Hub)

South Bridge

IMB Flash FWH
LPC (Low Pin Count) Bus LPer VO

Fig.3 Intel E7505 chipset (Placer)

DDR333 (PC2700)
64bit/333MHz

Dual-Channel DDR SDRAM

PCI-X 1.0
(64bit/133MHz)

PCI 2.2
(32bit/33MHz)

HyperTransport
2x400MB/s (8bit)

DDR Memory

5.4GB/s| / Controller \ 5.4GB/ ( DDR333 (PCZ700j
2.7GB/s I3 : ~ 2.7GB/s| 64bit/333MHz
2.7GB/s ' 2.7GB/s| DDR333 (PC2700)

AMD HyperTransport | AMD | 64bit/333MH:z

Opteron 2x3.2GB/s (16bit) Opteron Dual-Channel DDR SDRAM

Processor Processor

HyperTransport

2x3.2GB/s (16bit)

AMD-8131
HyperTransport

PCI-X Tunnel

North Bridge

PCI-X 1.0 (64bit/66MHz)

iGigabit Ethernet

— __ (10/100Mbps Ethernet |

Jl SMBus (System Management B_us)]

[

AMD-8111
HyperTransport
/O Hub

South Bridge

AC-97 interface
USB 2.0

___|(1;23t1)\:1t 1)3/5 IDE (Integrated Drive Electronics) for HD, Ultra ATA/ 133]

'——{ Flash Memory I
LPC Bus { S l

uper I/0

Fig.4 AMD 8131+8111 chipset



