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Beowulf PC Cluster: How to make and use it

1. Collect commercial PC parts ¥150-200k/unit

Mandatory: CPU, memory, M/B, LAN card, power unit
Optional: HDD, CD drive, Video card
Need 1 set: monitor, K/B, mouse, TCP/IP hub

2. Assemble screw drivers, glove
Fix M/B
Fix parts CPU — memory — cards —HDD
Connect cables signal, power, LAN, monitor

3. Install O/S and basic software

boot and install Linux + MPI
Fortran f90. HPF

4, Set system environments
TCP/IP network

NFS mount: export the master’s /home
NIS: enable the master node functionality
MPI, PBS

5. Programming

FO0 + MPI for distributed memory
or HPF

Pentium Il and M/B (chlpset
w/ bios)
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Active Message Communications Interface

(UC Berkeley)

Direct application-network interface interactions, which
bypass the operating system.

TCP/IP Layer

TCP/IP protocol

Active Message

Application
Transport
Network
Data Link

Physical Layer

Telnet NFS
TCP UDP
IP
Ethernet (IEEE 802.3)

MPI / PVM

RPC / Sockets

100/1000 Base-T, Myrinet, ...

80us

~10us
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Beowulf (PC) Cluster Machine

___________________________________________________________________________________

For GAMMA (Gigabit)
192.168{2.100 192.16%.2.101 192.16%.2.102 192.16%.2.103
Nodée Node Node 3

192.168.1.100 192.168.1.101 192.168.1.102 192.168.1.103

For NFS, Administration (TCP/IP)
------------------------------------ Firewall -

External LAN

Fig.1 M.Tanaka



GAMMA (Genoa Active Message Machine)

Active Message Communications Interface (UC Berkeley):
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(i) —MDIV/ILFEGAMMAD2RFED A IIV—FIT7AIVECDIEF TSI,

(iii) #EAHHES1TSUBLAS, LAPACK, FDAFIFHEADILEIRIRBLACS,
SCALAPACK % . (i) Tav/ ML,

(iv) BIBESEEfhNI Sfarg.fE1)07,
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-L/usr/ local/mpich/build/LINUX/gammallib —Ifmpich —Impich ¥
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Point-to-Point Communication Speed of
GAMMA Communications

710 Mbits/s
0
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Latency 15us
3com996

Data (bytes)

Pentium 4 (3GHz): 3Com996 NIC /GAMMA
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E—JRH (Ab initio) & FEHZEE
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lon liquid imidazole which consists of organic molecules with high
electrical conductivity

Fig.3 M.Tanaka



Computation Abilities of Various Methods
Ab initio Molecular Dynamics

wallclock cpu time overheadtime | ratio

93 sec 67 sec 26 sec 1.39

66 sec™ 1 66 sec 0.1 sec 1.00

T 59 sec 59 sec 0.1 sec 1.00

Timing of first-principle molecular dynamics code Siesta, which makes
many MPI communications for matrix diagonalization in every simulation
time step. “Wallclock” is an elapsed time, and “overhead” is the
difference of wallclock and cpu times. *1 is the cases with flow control. :
[Pentium 4 (3GHz) + 3Com996] x 4 processors,*2 [IBM Power 4 (1.5GHz)
+ HP Switch] x 4 processors.



Computational Speed of PC Cluster
against Allocated Number of Processors

First-principle molecular dynamics code Siesta: 181 atoms

Computation Speed
(relative value)

Number of Processors N

Comp. speed =1/[a + (1—a)/N]
a: non-parallel part

Pentium 4 (3GHz) + 3Com996 NIC ~0.10 for GAMMA

under TCP/IP and GAMMA ~0.23 for TCP/IP
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Publications

Graphen destruction

Charge inversion
Boewulf PC cluster =
lonic Soft Conden _ o _— Cover Pictures
,:atfefs" Condensed First Principle (ab initio)
E— Molecular Dynamics Method and Tools of
Molecular Dynamics

High Temperature Plasmas
First proof of Collisionless Magnetic Reconnection
Development of Mesoscale Particle Code
Planetary Shocks

Scalapack on PGI & Red Hat Linux 7.3
LHEL A TR TS Pentium 4 and its performance

1. Ionic soft condensed matters (Polymers, Charge inversion), 2. First principle molecular dynamics (Quantum
mechanics), 3. High-temperature plasmas (Magnetic reconnection, Mesoscale particle code, Planetary shocks),

4. Method of molecular dynamics and Boewulf PC cluster, 5. Published papers and books (Cover pictures)

* Video movies of molecular dynamics simulations




