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Abstract

In this paper, we implemented a Wi-Fi

based cluster

system using raspberry pi for

multidisciplinary education. The cluster implementation on the desktop was more difficult to maintain

the complexity, big size, high price, power consumption as the number of nodes increased. In this

paper, we implemented a cluster using Raspberry Pi, which is developed for educational purposes, to

reduce the cost of connecting nodes. In addition, the complexity of system construction is reduced by

replacing the connection between each node with Wi-Fi. Also, the inconvenience of configuration due

to node increase was reduced. It is expected that the implementation of the cluster will be a good

alternative in the educational environment where distributed processing and parallel processing are

performed in the embedded environment. Also,

multidisciplinary education.
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[I. Preliminaries

1. Related works
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[1l. The Proposed Scheme
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1. Implementation of Cluster System

Table 1. Raspberry Pi 3 Model B Spec.

Name Raspberry Pi 3 Model B Rev 1.2

CPU Boradcom BCM2387 chip 1.2GHz Quad-Core
ARM Cortex—A53 64bit

GPU Dual Core VideoCore IV, Multimedia Co—Processor,
Provides Open GL

Memory 1GB LPDDR2

Memory Slot Push/pull SDIO

Ethernet/WIFI 10/100 BaseT Ehternet socket

USB 2.0 4 « USB 2.0 Connector

1o 26 GPIO, 1 Uart, 1 SPI, 2 I12C, PCM/i@s,
2PWM CSI & DSI
Connector 40-pin  2.54mm(100mil) expansion

GPIO header: 2*20 strip
Providing 27GPIO pins as well as +3.3V, +5V
and GND supply lines

oS Linux, Android, Windows 10

Power Micro USB socket 5V1, 2.5A

Price $35

Dimensions 85 * 56 * 17m
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#!/bin/bash
#if [ "$EUID" —ne 0 ]
then echo "Must be root"
exit
fi
it [0 $#-1t1 10
then echo "You need to pass a password!"

echo "Usage:"
echo "sudo $0 yourChosenPassword [apName]"
exit
fi
APPASS="$1"
APSSID="rPi3"
if [[ $# —eq 2 11; then
APSSID=$2

fi

apt—get remove ——purge hostapd -yqq
apt—get update —yaq

apt—get upgrade —yaq

apt—get install hostapd dnsmasqg —yaqq
cat > /etc/dnsmasqg.conf <<EOF
interface=wlan0
dhcp-range=10.0.0.2,10.0.0.5,255.255.255.0,12h
EOF

cat > /etc/hostapd/hostapd.conf <<EOF
interface=wlan0

hw_mode=g

channel=10

auth_algs=1

wpa=2

wpa_key_mgmt=WPA-PSK
wpa_pairwise=CCMP

rsn_pairwise=CCMP
wpa_passphrase=$APPASS
ssid=$APSSID

ieee80211n=1

wmm_enabled=1
ht_capab=[HT40][SHORT-GI-20][DSSS_CCK-40]

EOF

sed —i —— 's/allow—hotplug wlan0//g" /etc/network/interfaces
sed —i —— 's/iface wlan0 inet manual//g' /etc/network/interfaces
sed —i —

's/ wpa—conf W/etcW/wpa_supplicantW/wpa_supplicant.conf//g'
/etc/network/interfaces
sed —i —
's/#DAEMON_CONF=""/DAEMON_CONF="W/etcW/hostapdW/ho
stapd.conf"/g"' /etc/default/hostapd
cat >> /etc/network/interfaces <<EOF
# Added by rPi Access Point Setup
allow—hotplug wlan0
iface wlanO inet static
address 10.0.0.1
netmask 255.255.255.0
network 10.0.0.0
broadcast 10.0.0.255
EOF
echo "denyinterfaces wlan0" >> /etc/dhcpcd.conf
systemctl enable hostapd
systemctl enable dnsmasqg
sudo service hostapd start
sudo service dnsmasq start
echo "All done! Please reboot”

Fig. 1. Shell Script of Master Node
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$ sudo apt-get update

$ mkdir mpich2

$ cd ~/mpich?2

$ wget http://www.mpich.org/static/downloads/3.1/mpi
ch-3.1.tar.gz

$ tar xfz mpich-3.1.tar.gz

$ sudo mkdir /home/rpimpi/

$ sudo mkdir /home/rpimpi/mpi-install

$ mkdir /home/pi/mpi-build

$ cd /home/pi/mpi-build

$ sudo apt-get install gfortran

$ sudo /home/pi/mpich2/mpich-3.1/configure—prefix=/
home/rpimpi/mpi-install

$ sudo make

$ sudo make install

$cd ..

$ nano .bashrc

$ sudo reboot

Fig. 2. Raspi—config Environment
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“PATH=$PATH: /home/rpimpi/mpi-install/bin”& F7}3}aL
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Hom npxuto g gt=ug] o]l 7] 10iQl Pythono]
MPICHOA E236w2 A= 2L olaje} 7t}

$ sudo aptitude install python-dev

$ wget https://bitbucket.org/mpidpy/mpi4py/downloads/
mpidpy—-2.0.0.tar.gz

$ tar —zxf mpidpy-1.3.1.tar.gz

$ cd mpidpy-1.3.1

$ python setup.py build

$ sudo python setup.py install

$ export PYTHONPATH=/home/pi/mpidpy-1.3.1

$ mpiexec -n 5 python demo/helloworld.py

Selecting previously unselected package gfortran.
Preparing to unpack .../gfortran_4%3a6. 3. 0-4_armhf.
Unpacking gfortran (4 6.3.0-4)

libgompl: armhf (6.3.0- 18+rp1‘{+deb9u1) Erk
libatomicl: armhf (6.3.0- 18+rpil+deboul) 4
libcel-0:armhf (6.3.0- 18+rpil+debgul) 4 2 &t
libasan3:armhf (6. 3.0- 18+rpil+debSul) b § 3
1ibubsanQ: armhf (6. 3.0- 18+rpil+debgul) 4 ¥ 3t
libgfortran3: armhf (6.3.0- 18+rpil+deboul) 43
Processing triggers for libc-bin (2.24- 11+debSu
Processing triggers for man-db (2.7.6.1-2) .
cpp-6 (6.3.0-18+rpil+deboul) £33t Y o1 L cr
libgce- 6-dev: armhf (6. 3. 0-18+rpi‘[+deb9u1)
1ibstdc++6-dev: armhf (6. 3.0- 18+rp11+deb9u1
libgfortran- 6-dev: armhf (6.3.0- 18+rp11+deb9u1
Hoce-6 (6.3.0-18+rpif+deboul) 438 SQUCT
g++6 (6.3.0-18+rpil+debul) ¥ % 0}" 294 Ef
ofortran-6 (6.3, 0-18+rp11+deb9u1) “F%E 2YUG .

gfortran (4:6.3.0-4) 43 % & SYUC .

update-alternatives: using /usr/ b:n/gfortran to provide /usr/bin/f95 (f95) in au
to mode

updatz-alternauves: using /usr/bin/gfortran to provide /usr/bin/77 (f77) in au
to mode
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a

eb .

rlrrI
=) ofuoln " ofu
5 rlr:‘:meu?ﬂnme
3 MN_E.E.I:II‘_’.I:
ILQE-D-D.C—':‘—
P

o

Fig. 3. MPICH Compile

Python Code”} MPICHOIA g4 o2 F2ashs g3t 243}
= [Fig. 3.13} 2tk A5714] 9] A& A ghzm]g] glo],
MPICH, Python A2 5t A4 apgel] 2A4] &2 Al3te] 2%t
Cluster 3Hgoll= & ==(Node)dl] FY3 g7o] Beslnz
WA Z9lat Azt dofuE g 9] 9] W8-S img” 54
2 ok=S 423)5te] “diskimager’E ZalA “name.img” & read
ahd B2 AIREE =4 4 Ak T ==(Node)= “write” 8]
e 75 2 Atk A7) muel] 7R A Wig
B} E2ubd Clusterell ARE3E RE 2lzig] glo]2 A7)
A2 gt WA Auje] nkay A3hs SaskE nmap SR
Av(Server) & F21E 2=H]E] vtolo] YA SR &3}l o}
o] ¥R T

$ sudo apt-get update
$ sudo apt-get install nmap
$ sudo nmap —sn 192.168.1.*

A BE gz mlolo] IPE Rlska, MPICH &2t
< A olge} o] IPYE Y-S THEIL “machinefile” ol
153k

\I
X

$ mkdir mpi_test
$ cd mpi_test

$ nano machinefile

Aejel AelE 93] LE bl o] o F2 WHs] 9

(¢}
&4 “sudo raspi-config” B#H& T}, o]F 7} F=H|
g golo] Ad%5S YA Y4B e Hestal w5 HES A

stab A7 ofefel Ltk

S EAY pi0lel] ¥4 A&
$ ssh-keygen

$cd ~

$ cd .ssh

$ cp id_rsa.pub pi0l

- =T pi0ol 94 HE

$ ssh-keygen

$ cd .ssh

$ cp id_rsa.pub pi

$ scp 31ELRJIPI019)IP:/home/pi/.ssh/pi01 .
$ cat pi01 >> authorized_keys

$ exit

= 3 BAHQl pi0l oA YA BE =g JolE 54

dh= 22 ofob 2.

$ scp PI0?9JIP:/home/pi/.ssh/pi0? .
$ cat pi0? >> authorized_keys

$ mpiexec —f machinefile —-n 3 hostname

pi@raspberrypi: ~/mpidpy-1,3,1 § export PYTHONPATH=/ home/ pi/mpidpy-1.3.1
pi@aspberrypi: ~/mpidpy-1,3,1 § mpiexec -n 5 python deno/ helloworld. py
Hello, World! 1 am process 0 of 5 on raspberrypx‘
Hello, World! 1 am process 2 of 5 on raspberrypi.

Hello, World! I am process 3 of 5 on raspberrypx.
Hello, World! I am process 4 of 5 on raspberrypi.
Hello, World T am process | of 5 on raspberrypi,
plmspberrypl ~/mpidpy-1,3,1 §

Fig. 4. Python Operation

Fig. 5. Wi—Fi Based Raspberry Pi Cluster
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Fig. 6. Ethernet Based Raspberry Pi Cluster

Table 2. The Comparisons of Ethernet Based Pi and Wi-Fi
Based Pi Cluster

Item Ethernet Based Pi Wi-Fi Based Pi
Connectivity Normal Good
Scalability Normal Good

Space Normal Lowness
Occupancy

Power ) Normal(hub, node) Lowness(node)
Consumption

Cost Normal(hub, node) Lowness(node)
Performance Normal Normal
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2. Multidisciplinary Education
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1) loT Embedded Raspberry Pi Programming
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9} &4 4 0T, Embedded, Python, Linux ¢ W& sk
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o 8k 8k 4= 9t} w3t Zk=ug] dlo] Cluster 7|HFo 2 W
g A& 9¢ 7124 MPICHE 8% 7Fs3lth 01 el
A &Y 7]l sl s = SGAA o] FHHe] 2
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2) Operating System
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#include <stdio.h>
#include <mpi.h>
void main(int argc, char * argv[]) {
int nprocs, myrank;
MPI|_Status status;
double a[100], b[100];
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
if(myrank == 0) {
MPI_Recv(b, 100, MPI_DOUBLE, 1, 19,
MPI_COMM_WORLD, status);
MPI_Send(a, 100, MPI_DOUBLE, 1, 17,
MPI_COMM_WORLD);
telse if(myrank == 1) {
MPI_Recv(b, 100, MPI_DOUBLE, 0, 17,
MPI_COMM_WORLD, status);
MPI_Send(a, 100, MPI_DOUBLE, 0, 19,
MPI_COMM_WORLD);
}
MPI_Finalize();
b

Fig. 7. Deadlock Example
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MPI?] Deadlock o|AIE 7FeFs] Al zbzko] LA
= ARl 93 FAlE= Uﬂ’\] A& sk AFtE =
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[V. Conclusions
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