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Experimental Parallel Programming Using Bots and Wiki Software

TAKASHI YAMANOUE!

Abstract: An experimental parallel programming environment, which uses Bots and Wiki software, and an example program of
the environment are discussed. The environment aims to use high availability and massively parallel feature of malicious bots for
beneficial purposes. Parallel dynamic programming for solving a minimal path problem is shown as an example. Resources such
like the number of bots and web pages are proportional to the number of nodes, and the time to solve the problem is also proportional
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to the number of arcs of the minimal path.
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Scriptand Scriptand
Program Program
ina ina
Wiki Page Wiki Page
Primary Secondary
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Figure 1. Enhance resilience.

“include <class-page-1> or <class-page-2>"
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EENTERT.
Ol /N )
ex(“service”,”clear sendBuffer”)

1%, Object X— D result: L FOITICEZAENLINE %
K35 “sendBuffer’ % ZEI2T 52 L& KT.

ex(“service”,”putSendBuffer “+x)
1%, sendBuffer ONEDE®ZIZ, LTFHIx M2 DH I L&k
7

ex(“service”,”’sendResults.”)
1% sendBuffer O NE % Wiki X—T D result: @ FIZFEX
A EERT.

-

Class1

http://www.yama-lab.org/ex1/index.php?Class1
ViK1

1 [BE | B | &9 | Ny oFwd | & | yo—F]1 [FR |-

X Objecti
*
1tPage command: program ex}
program: ex ("service", "clear sendBuffer")
T program: x=1+2
ple ex program: ex ("service", "putSendBuffer "+x)
e program: ex ("service", "sendResults.™)

command: end exl

. command: run exl
Jic

2. fHL72 Class X— DOH

Figure 2. An example of a simple Class page

Objectl

Jttp://www.yama-lab.org/ex1/index.php?Object1

TE R | =29 | \woryD | | UO—-Rk] [ FR | —E | BERR

FrontPage

objectPage http://www.yama-lab.org/exl/index.php?Cbjectl or ht
device devl or dev2 start after no write for 10 min.

1 include http://www.yama-lab.org/exl/index.php?Classl or http:,
result:

3. ZEATHITD Object ~— T DA

Figure 3. An example of an Object page, before the execution.

Objectl

ttp://www.yama-lab.org/ex1/index.php?Object1

R | E | N\w Py | B | UO—R] [#R | B | HEER

FrontPage

objectPage http://www.yama-lab.org/exl/index.php?0bjectl or hi
device devl or dev2 start after no write for 10 min.

1 include http://www.yama-lab.org/exl/index.php?Classl or http:,
result:
3
currentDevice="devl",Date=2016/5/29/ 12:16:38

4. FITH D Object ~=X— D]
Figure 4. The Object page of the Figure 3, after the execution.
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g ==
l/mainPanei r twitter |/ TwitterAuth
device ID: yamaRasPiDp4_1 set Time: SaveProperties exit
manager url: hitp:ifwww . yama-lab.org/dp-7lindex.php?node-4 connect Disconnect
Basic Auth. | Pass.: | |
2nd. url: hitp:/www.yama-lab2.org/dp-Tiindex.php?node-4 ) show debugger
Auth2. | Pass. | |
read interval: {30000 | exec interval: |0 send interval: |0 [] online refresh
exec Com: — [ | trace
command list: No Command Start
0 command: set readinterval=30000 -
1 command: program dp = End
2 program: dim thisTable
3 program: dim thisRowlLabel Clear
4 program: dim thisColumnLabel max com
o program: dim prevTable
[i] program: dim prevRowLabel 2000 |
7 program: dim prevColumnLabel
8 program: mode="run"
] program: thisPage=ex("sernvice”, "getThisPage”)
10 program: thisPageR=getResultPart(thisPage) =
result: kind="nodelnfo” nodeName="node-4" startMode="node-1" selectedMode="1val=4 path="node-1 - |~ |
kind="preMode” Mo=1,url="hitp:/www.yama-lab.org/dp-7/index php?node-2°, urlZ2="hitp:imww.yam|__|
4] i | D] ]
NS Fri May 27 22:08:39 JST 2016 kind="nodelnfo" nodeName="node-4" startNode="node-1" selectedl —
kind="preMode” Mao=1 url="hitp:iwww yama-lab org/dp-7/index php?node-27 url2="hitp fiwww yam
kind="preMode” No=2 url="hitp:iwww.yama-lab.org/dp-7/index. php?node-37,urlZ2="hitp . /iwww.yam
currentDevice="yamaRasPiDpd_1" Date=2016/5/27! 22:8:10 B
4] i ] D] |

5. Ry ko GUI
Figure 5. GUI of the Bot.

B 4D 35 112 DFEITHERTH D, KEDITD
currentDevice="dev1”,Date=2016/5/29/ 12:16:38
1%, Bot DI TREERREA LIZHEAIC > Bot T failover
AT O DICHER, TON—=T B HEBIZEITLE Bot @O
ID &, ZOHRZRLTND.

3. Bot MEEM

512 Bot ® GUI %7~

Manager url DI, =~ RBFEPNTZ Wiki D~<—
T® URL # AT 5. Start R"¥ > %27 Vw73 5&, Bot
1%, read Interval [ZEFE N ZHIFETZ D URL IZ&H 2 Wiki
DORX=VEANL, Z2ZIZE N a7 s 7 A
% F4T9 5. Manager url DOFEAHIABLNIKIL L 72855 1%, 20
url O OMIZEI NI URL [ZH D Wiki ODX—T% A
L, ZFZicErNla~ry R0/ 7 0452 E T 5.
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5. Auth2 O DOHIZIE, 20 url DOR— T % i AT
L ZI|T Basic AN LEIL R o/ ED ID L/NAT—F
ZRLah 9 5. 2Murl 1%, Managerurl CHEE S 4172 Object X
—URFHRRENT L X, FITEMIN
“object page <object-page-1-1> or <object-page-1-2>”

® <object-page-1-2> N HENWIZHLD B D,

FHIAENTR—=VZE I 2~ FiX, Command
list OAHIZ E72 S IEFIZF R SH 5. Command list DHIZFK
RENT- 3= R, exec Interval T/RE 72T, 23k
O NEFIZEAT 24 0 K9, Exec Interval OfER 0 OFA
1%, Object X—TUBFHHIAENTHHTIZ, 1 E, 2O
—VIEMIav ReTar T AREITEIND.

Bot 1%, THICHHT bzt VD% —ERf 2 &I
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AL, TOMEE 4 R LRI, Ny 7 7 TN
L, Send interval DA DR CT/RENT-RBIET, DNy 77
WCENPNTZNE % Object ~X— @ Result: O FIZEZA
ToREBE A FF > T 5. Send interval DfEN 0 TH D & =13,
AV RRT 0T T ATHIHEESNRVIRY, Ny 77
DOWNE % Object N—NIE X AT 2.

Message OMIZIE, 2~ RETRFO X v — U NHER
INnb.

Z® Bot (T Java TRIB SN TN D, Wiki R—T DFiH
ABIERSYIE, TPukiwiki T Java 70 7' 7 AORE L Z DT
— ZRIFETRE L T2 2 2T A ORME] [4]15° TWiki & #547
TR R EM R 2 o T2 E X 2 V7 4 XK AT A
[5]72 & Cffio7=2 7 A & Factory Method /X% — > % Fl| ]
L72. 22~ KT Twitter ® API HF|HT 5 Z & 3 A[RET,
HY, ZOFEBITIT Twitterd][11] ZF]H L7z,

4. BWEHEZOIOTS L
4.1 4.1 Object R—[Z& D node & arc 1EIRD LB

FRNMNERM T T 7ICBTHAZ = inbA—LET
DN &2 OFRBEZ KD 5 Wiki ~— VR 7 a7
FIVITOPERT. ZZTEHK 6 DXHk, 400
node & 4 DOFEET VAT E arc ZFF-7227 T 7 Dl
BREERDD T T T BERT.

(Backup & & ¥ T)2 D Object ~X—% 120 node
WZHID YT, 2 2D Bot & FENEND Object ~—IZHIY
BT, MERNERE result: O FIZFE#HT 5. X 712 Object
R—=T D /) — FEROEE FH Z7RT . result: O FDITD,
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1

2

2 lz
4
Goal

w

6. fliH 7224
Figure 6. A simple example for solving the minimal path

problem.
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kind="nodelnfo” ...

DITIX, T DITIZ node DIFWMNFEZAEND Z LA RT.
<nodeName> & node D4 fij% #K 3. <start-node> (% Start
node %7 selectedNode =<number>? <number>lL, & D
node (ZEEEDRKE A FFO node WHEEDH - 72545, start-
node 7>5HE® node F TORIKK(DFEDEPRRIE) D Kb
INEL 72D node D, ZDR—T EOFFEHFRT. <val>lT
B/ MRS DRI R, <path> [ start node 262D/ — K&
T, B/ EE ST & XD, node £ DI NEFIZW 7=
HOMRFIRIND. 71 r T AFEITHIIE, <number>3 0,

<val>{Z 0, <path> (¥ «” & L TH<.
kind="preNode”, No=n...

DITIX, £ ® node IZEBEE /XK % node(Ril node) A
n il & > 7254, n FH ORI node DIFHA EZFHEH L T
%. No= OAEDEKMEIL, A/ — KD, 20— LOFKE
Td 5. <previous-node-n-1>, <previous-node-n-2> (%, Aij /
— FERTHEREZHEM LT Object X— D URL &7
<arcVal-n>/%, n & H ® #inode &, Z® node D DILD
£ X & F7 . <val-n> 1% startnode >5[ node £ TDm/)H
R % %7 <path-n>|E startnode 75 A node F TOR
BaRT. v s T AETHNL, <val-n>E 0, path (7& L
T <. Start node &% & L 72 Object ~X— VI i%,
kinde="preNode” DITIL72\ .

£ Object X — UZFV T, node 4 13, node-<FE>TK 6
? node KT Z LT D K 7127 vT T LAFEITHIO
node-4 (Zxt)& L7 object ~X— %7~ node-4 1% node-2
L node-3 ® 2 DDH] node ZFF> TWTIIXZENER,

kind="preNode",No=1...
DIT &
kind="preNode",No=2...

DITIZL > TR EN TS, Node 2 75 node 4 IZFE 5l
DR X)X 2 TH 5728, kinde="preNode”, No=1 DITD
arcVal [ 2 1272 > TW 5. [AERIZ node3 7>H node 4 (ZF
HIMOEGE X)X 3 TH D728, kinde="preNode”, No=2 ®
17D arcVal [ 3 1272 > T 5.

objectPage <urll> or <url2>

device <devicel> or <device2> start after no write for 10 min.
include <class1> or <class2>

result:

kind="nodelnfo",nodeName=<node name>, startNode=<start-node>, selectedNode=<number>, val=<val>, path=<path>
kind="preNode",No=1,url=<previous-node-1-1>,url2=<previous-node-1-2>,arcVal=<arcVal-1>,val=<val-1>,path=<path-1>

kind="preNode", No=n,url=<previous-node-n-1>,url2=<previous-node-n-2>,arcVal=<arcVal-n>, val=<val-n>,path=<path-n>

currentDevice=<device>, Date=<date>

7. Node fif#t % FC#k L 7= Object ~—
Figure 7. Object page for a node
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A node-4

http://www.yama-lab.org/dp-7/index.php?node-4
PUKIWIKI

[ bwT ] [RE | #E | Z9 | N\woryDd [ ad | YO—R]1 [ ¥ | —5 | HERS | 888 | LT ]

index node-3

objectPage http://www.yama-lab.org/dp-7/index.php?node-4 or http://www.yama-lab2.org/dp-7/index.php?node-4

FrontPage device yamaRasPiDp4_1 or yamaRasPiDpd_2 start after no write for 10 min.
include http://www.yama-lab.org/dp-7/index.php?DpClassl or http://www.yama-lab2.org/dp-7/index.php?DpClassl
simple ex result:
ample kind="nodeInfo", nodeName="node-4", startNode="node-1", selectedNode=0, val=0, path=""
kind="preNode",No=1,url="http://www.yama-lab.org/dp-7/index.php?node-2",url2="http: //www.yama-lab2.org/dp-7/index.php?node-2", arcval=2, val=0, path=""
. kind="preNode",No=2,url="http://www.yama-lab.org/dp-7/index.php?node-3",url2="http: //www.yama-lab2.org/dp-7/index.php?node-3", arcval=3, val=0, path=""
music currentDevice="yamaRasPiDp4_1",Date=2016/5/27/ 22:10:40
NetDraw

8. node-4 %7 Object ~— T DFEITHI]
Figure 8. Object page for the node-4, before the execution.

command: set readInterval=30000
command: program dp
program: dim thisTable
program: dim thisRowLabel
program: dim thisColumnLabel
program: dim prevTable
program: dim prevRowLabel
program: dim prevColumnLabel
program: mode="reset"
program: thisPage=ex("service", "getThisPage")
program: thisPageR=getResultPart(thisPage)
program: ex("service","println "+thisPageR)
program: parseCsv(thisPageR, thisTable, thisRowLabel, thisColumnLabel)
program: lineNumber=getMaxIndex(thisRowLabel)
program: minVal=10000
program: selectedNode=0
program: selectedPath=""
program: preNodes=0
rogram: for i=0 to lineNumber-1

EH ) — RIToOWTOERE

program: next i

program: thisNodeIndex=getIndex(thisTable,thisRowLabel, thisColumnLabel("kind"),"=","nodeInfo")
program: thisTable(thisNodelndex,thisColumnLabel("selectedNode"))=selectedNode

program: if mode="reset" then

program: {

objectPage D / — R & Arc O RO

program: }
program: mode="run” then
program: {

RHEAEIRICE D 7 — F & Are OFERO TR

program: }
command: end dp
command: run dp

9. BHAUFHIEEIC X - ThR/MNEEE 2R 5 Wiki WA 7 10 75 I 2> 7 ® class ~— (DpClassl)
Figure 9. Class page (DpClass1) which contains the Wiki page type parallel programming program of minimal path finder.
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program:  if thisTable(i,thisColumnLabel("kind")) = "preNode" then

program:  {

program: preNodes=preNodes+1

program: prevPageUrl=thisTable(i,thisColumnLabel("url"))

program: prevPage=ex("connector", "getpage "+prevPageUrl)

program: if prevPage = "ERROR" then

program:

program: prevPageUrl=thisTable(i,thisColumnLabel("url2"))

program: prevPage=ex("connector", "getpage "+prevPageUrl)

program: }

program: if prevPage <> "ERROR" then

program: {

program: prevPageR=getResultPart(prevPage)

program: parseCsv(prevPageR, prevTable, prevRowLabel, prevColumnLabel)

program: ix=getindex(prevTable, prevRowLabel, prevColumnLabel("kind"),"=","nodelnfo")

program: prevVal=prevTable(ix,prevColumnLabel("val"))

program: arcVal=thisTable(i,thisColumnLabel("arcVal"))

program: xval=prevVal+arcVal

program: thisTable(i,thisColumnLabel("val"))=xval

program: prevPath=prevTable(ix,prevColumnLabel("path"))

program: thisTable(i,thisColumnLabel("path"))=prevPath

program: if xval<minVal then

program: {

program: minVal=xval

program: selectedNode=thisTable(i,thisColumnLabel("No"))

program: selectedPath=prevPath

program: }

program: }

program:  }

10457l node IZ > W T DFHE
Figure 10. Calculation for each previous nodes.

program:  ex("service","clear sendBuffer")

program:  dataline="kind=¥"nodelnfo¥""

program:  dataline=dataline+",nodeName=¥""+thisTable(thisNodeIndex,thisColumnLabel("nodeName"))+"¥""

program:  dataline=dataline+",startNode=¥""+thisTable(thisNodeIndex,thisColumnLabel("startNode"))+"¥""

program:  dataline=dataline+",selectedNode=0"

program:  dataline=dataline+",val=0"

program:  dataline=dataline+",path=¥"¥""

program:  ex("service","putSendBuffer "+dataline)

program:  for i=0 to lineNumber-1

program: if thisTable(i,thisColumnLabel("kind")) = "preNode" then

program: {

program: dataline="kind=¥"preNode¥""

program: dataline=dataline+",No="-+thisTable(i,thisColumnLabel("No"))

program: dataline=dataline+",url=¥""+thisTable(i,thisColumnLabel("url"))+"¥""

program: dataline=dataline+",url2=¥""+thisTable(i,thisColumnLabel("url2"))+"¥""

program: dataline=dataline+",arcVal="+thisTable(i,thisColumnLabel("arcVal"))

program: dataline=dataline+",val=0"

program: dataline=dataline+",path=¥"¥""

program: ex("service","putSendBuffer "+dataline)

program: }

program:  nexti

program:  ex("service","sendResults.");

11. objectPage ™ node & Arc DIFHRDOFIHL
Figure 11. Initializing node and arc information of the Object page

(©2016 Information Processing Society of Japan 7
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program:
program:
program:
program:
program:
program:
program:
program:
program:

program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:
program:

non

ex("service","clear sendBuffer")
if preNodes=0 then

thisTable(thisNodeIndex,thisColumnLabel("path"))=thisTable(thisNodeIndex, thisColumnLabel("nodeName"))
thisTable(thisNodelndex,thisColumnLabel("val"))=0
}

else

thisTable(thisNodeIndex,thisColumnLabel("path"))=
selectedPath+" - "+thisTable(thisNodelndex, thisColumnLabel("nodeName"))
thisTable(thisNodeIndex,thisColumnLabel("val"))=minVal
j
dataline="kind=¥"nodelnfo¥""
dataline=dataline+",nodeName=¥""+thisTable(thisNodeIndex,thisColumnLabel("nodeName"))+"¥""
dataline=dataline+",startNode=¥""+thisTable(thisNodeIndex,thisColumnLabel("startNode"))+"¥""
dataline=dataline+",selectedNode="+thisTable(thisNodeIndex,thisColumnLabel("selectedNode"))
dataline=dataline+",val="-+thisTable(thisNodelndex,thisColumnLabel("val"))
dataline=dataline+",path=¥""+thisTable(thisNodeIndex,thisColumnLabel("path"))+"¥""
ex("service","putSendBuffer "+dataline)
for i=0 to lineNumber-1
if thisTable(i,thisColumnLabel("kind")) = "preNode" then
{
dataline="kind=¥"preNode¥""
dataline=dataline+",No="+thisTable(i,thisColumnLabel("No"))
dataline=dataline+",url=¥""+thisTable(i,thisColumnLabel("url"))+"¥""
dataline=dataline+",url2=¥""+thisTable(i,thisColumnLabel("url2"))+"¥""
dataline=dataline+",arcVal="+thisTable(i,thisColumnLabel("arcVal"))
dataline=dataline+",val="+thisTable(i,thisColumnLabel("val"))
dataline=dataline+",path=¥""+thisTable(i,thisColumnLabel("path"))+"¥""
ex("service","putSendBuffer "+dataline)
} .
next 1
ex("service","sendResults.");

13. HEMERICE D 7 — K& Arc DIFHRO T8

Figure 13. Update the node and arc information by the calculation

result:

result:

FHERATO node-4

objectPage http://www.yama-lab.org/dp-7/index.php?node-4 or http://www.yama-lab2.org/dp-7/index.php?node-4
device yamaRasPiDp4 1 or yamaRasPiDp4 2 start after no write for 10 min.

include http://www.yama-lab.org/dp-7/index.php?DpClassl or http://www.yama-lab2.org/dp-7/index.php?DpClass1

kind="nodeInfo",nodeName="node-4",startNode="node-1",selectedNode=0,val=0,path=""
kind="preNode",No=1,url="http://www.yama-lab.org/dp-7/index.php?node-2",
url2="http://www.yama-lab2.org/dp-7/index.php?node-2",arcVal=2 yal=0,path=""
kind="preNode",No=2,url="http://www.yama-lab.org/dp-7/index.php?node-3",
url2="http://www.yama-lab2.org/dp-7/index.php?node-3",arcVal=3,val=0,path=
currentDevice="yamaRasPiDp4_1",Date=2016/5/28/ 1:0:56

FHRM T D node-4

objectPage http://www.yama-lab.org/dp-7/index.php?node-4 or http://www.yama-lab2.org/dp-7/index.php?node-4
device yamaRasPiDp4 1 or yamaRasPiDp4 2 start after no write for 10 min.

include http://www.yama-lab.org/dp-7/index.php?DpClass] or http://www.yama-lab2.org/dp-7/index.php?DpClass1

kind="nodelnfo",nodeName="node-4",startNode="node-1",selectedNode=1,val=4,path="node-1 - node-2 - node-4"
kind="preNode",No=1,url="http://www.yama-lab.org/dp-7/index.php?node-2",
url2="http://www.yama-lab2.org/dp-7/index.php?node-2",arcVal=2, val=4,path="node-1 - node-2"
kind="preNode",No=2,url="http://www.yama-lab.org/dp-7/index.php?node-3",
url2="http://www.yama-lab2.org/dp-7/index.php?node-3",arcVal=3,val=5,path="node-1 - node-3"
currentDevice="yamaRasPiDp4_1",Date=2016/5/28/2:13:2

"

12. F4THTE FEITH% D node-4 D Object 21—
Figure 12. Before and after of the calculation of the object page for the node-4

(©2016 Information Processing Society of Japan 8
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4.2 Class R— (& % SPMD DSk
9 MBI 13 T T, ICEIENEE D FHE 21T
SPMD D417 = f?AjﬁsotU:JV/ R 2R
9D
command: set readInterval=30000
1%, Bot 2% object X— VA FHTEIRA 0 IR ET D L
KT
command: program dp
ZZOTURIZ T ST A dp BRI S EEET.
program: dim thisTable
program: dim thisRowLabel
program: dim thisColumnLabel
program: dim prevTable
program: dim prevRowLabel
program: dim prevColumnLabel
1%, BLFl(~Ny v a®k) #EE L TWA. thisTable 121%, 4%
object X — D, result: {TEARRIZFLIR S iz, CSV THR S
NIRDPBMSND. ZORIT
label-1=val-1-1, label-2=val-1-2, ... label-m=val-1-m
label-1=val-n-1, label-2=val-n-2,....
DL DI, label={E% 1 >~ TRY) > T ~R7=1T%, n 1T
XA TH D Z &Rt E LTW5. thisRowLabel (213,
RDITH 2 EDEAMN S LD, thisColumnLabel (%, F O D
BL, MoOAFI EPEMSILD. prevTable £, £ Zh
® object ~— UM FE T node DH] node DFEFH AT 5.
thisRowLabel,
thisColumnLabel & [FIFRIZ, 1708 DIEHR AN IND.
program: mode="reset"
1%, %% mode 12 3XFH “reset” ZRAANTHZ L AaFKT.
245 mode DIEN “reset’ DIFHITFIHEKTH, K 14. ©
lobjectPage @ node & Arc OFEFHROFIA | 2EFT &,
ObJeCt NR—Y OMEEFEATOREIZI T 5. “run” D
FEHRAE T, X 15 o TRHRRERICED 7 — L Are

label-m=val-n-m

prevRowLabel, prevColumnLabel % ,

‘fﬁ?ﬁUDE%ﬁJ NIEITESNAD. %ﬂuﬂ‘@f il 21X “stop”

DEEIE, bot 13 Wiki N— I ICHEZAREZITDT, KEHH
RFATEAEILT B,

Class X—YDZ DAL TRASIND LTI EEZD

Zlicky, HEEITOTRTO Bot Z—FITfEIELZY,

W=V LIz, ET BB LI R L, 2T
579 _TD Bot Z il T 25 Z L FREL R D.

program: thisPage=ex("service", "getThisPage")
X, 207077 ARIATEI D object N— T HEH D Wiki
OWNE %= LT L LT thisPage (ZHMT 5.

program: thisPageR=getResultPart(thisPage)
1L, thisPage (2N S 72 Wiki ONEDOF T result: 1TLA
RO % thisPageR (ZHEANT 5.
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program: ex("service","println "+thisPageR)
1L, thisPageR DA% Bot D A v 2=V OMIZERT D
LERT. TRy AT D.

program:
thisColumnLabel)

IZ thisPageR (ZHSHN S 47z CSV ZfEHT L, thisTable (ZH#EHH
T5.

program: lineNumber=getMaxIndex(thisRowLabel)
IEFAIAAT CSV DEDITE % 24 lineNumber [1Z4&#)
T5.

program: minVal=10000
(X, B\/ND arc OMEZHME L LT 10000 & LTV,

program: selectedNode=0
1, £72 R % HK/NMZT DAE1 node RRETHDZ &
ZRT.

program: selectedPath=""
IZAREE % fe /M9 2B node 2338

program: preNodes=0
1%, A node DA KT 24K preNodes % 0
W5,

1013 9D 14 — FIZHOWTOFHE] O &R
. Z O, result: DZIZEN LT CSV OH T, kind
DOHAS, AT node ZZK 7 “preNode” Th DA ICFEITS
5. Z oS TIE, start node 2> 5T node F T/ ME
B OME L, B node 75 H node ¥ TOIMDIEGE )& A
FbOxRFRL, TOMPEL/NI < DA node &igA
TW5,

program: preNodes=preNodes+1
X, SO NEITIND NS preNodes (2 1 x5
Z &2 LD, Hinode DE AKX T D.

parseCsv(thisPageR, thisTable, thisRowLabel,

IENTNWRNWE & &Y.

WZHHkE LT

UTro

program: prevPageUrl=
thisTable(i,thisColumnLabel("url"))

program: prevPage=

non

ex("connector", "getpage "+prevPageUrl)

program: if prevPage = "ERROR" then

program: {

program: prevPageUrl=
thisTable(i,thisColumnLabel("url2"))

program: prevPage=

non

ex("connector", "getpage "+prevPageUrl)

program: }
program: if prevPage <> "ERROR" then
program: {

D431, B node @ object X— T EF uﬁi&/u“(“b\é
Failover #1794, utl OFHIHAIRN T T —
url2 ZFEAIAA TND,

W7o T2,
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program: prevPageR=getResultPart(prevPage)
program:parseCsv(prevPageR, prevTable,
prevRowLabel, prevColumnLabel)
program: ix=getindex(prevTable,prevRowLabel,
prevColumnLabel("kind"),"=","nodeInfo")
DS TIX, Al node DIFH % prevTable (ZFEAiAI, F D
A= OH T, nodelnfo DITEEE ix IZAN TN,

program: prevVal=prevTable(ix,prevColumnLabel("val"))

program: arcVal=thisTable(i,thisColumnLabel("arcVal"))
program: xval=prevVal+arcVal
DESTIX, ZH prevVval 1T, £ DFIl node O val OfE, ¥

725, start node 7>5 Rl node if@ﬁid\‘f‘xﬁk@1 AW
L, Z¥rarcVal (2% DEEOREEE, A% xval 12, % DFHinode
Z#%%H L TH node IZES2HH @n‘!}:ﬁ%@ﬂ_%ﬁ]\ LTW
5.
program: thisTable(i,thisColumnLabel("val"))=xval
program: prevPath=prevTable(ix,prevColumnLabel("path"))
program: thisTable(i, thisColuanabel("path"))ZpreVPath
DFR5y TIE, xval D%, thisTable @ i {T(H node DD,
LTV 5T node DFT)D val ORI AL, il node path
D&%, thisTable ® i 17? path OHIZIEAL TV 5.

program: if xval<minVal then

program: {

program: minVal=xval

program: selectedNode=
thisTable(i,thisColumnLabel("No"))

program: selectedPath=prevPath

program: }

DERSY TIE, Hinode DHI T, xval DEANE/)N & 72 5 Fij node
D& 5 %% /T, selectedNode (ZfRA L, ZD L XD path
% selectedPath IZfXA L T 5.

12 1%, Goal node T& 2 node-4 (Z&}iE: L 7= Object X
=YD, a7 AETRIE, 7% (Minimal path 233K £
S t%) ONEERT.

5. FHEmRRRE ORI EEE

4FETRLZ Wiki R—=YRS T 0 7T I 718D
BAYF LTI, start node 2>5 goal node F T, fix/IMED
path OERVBBE N o7- & &, /MR & E DEDBRED.
oL X2ORFMIE, b L, &/ — RIZBIT HEHERFEMAHE
U Tohiux, /MR OIMOBITILET 5 R & 72 5133
Thb. o> T, Object _X— TV DFEAHIALMEE TI, D
object N—VNZBNT, N—=UNFHAIAENTHLFHEN
T3 2ETOREEZ TX & L, BN ORFOINOH A
Na &322 &, SERNRFHRRER T 1%

T=Na(TI/2+TX)
WZIEVMEIZ D ZENTRITEDL. TIN 0 THY TX A

TLIZHARTEETE DT E/NSWGAE, T /MO
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arc B 15 ZHNT MBI D Z EBRTRIS S,

INEMPDO DD, RN 2,4,8 LD K57
LEIOWT, B/MREE RS DHERBZHE L. 2
OFHBEINEST27 T 7 %K 16 ITRT. ERHEOT %
17 (2R, 728, 22 TiE failover 22 6202 & %
{RE L, backup D72 @ Wiki ~2—< bot X722 h->
7-.

X 18 IZHIERE R ZRT. THE 30 B Th 5. Bl /)
TR D arc ORI TH Y, HERFRIDHER DK E D ETORF
BTHD. TNEND arc OARBIZHOWT, 5 [B][FDHIE
E{ToT0W5D., ZORPRT I, R2A 098 20T, i
HEFFIXIEIX, arc OAREIZHLAEI LTV 5 . 20 el i
THWETH D 15 ITHERAEL o 72 1S E B 2 TV 2
SIEERTEFFRAFRK & b b.

e

3 ~ 5 4
Star‘t 9 ) ‘\I/ 2 ,'—f\4 )
(1) 2.) 7/ )8 '10
4

:\'3/ ( (7)
/ " \ / 4\‘ 13/ / [3
- g - Goal -~ 2 ~N 5 A

{8 ——(9)

“Goal

(a) Minimal path=1-2-4
Arc $1=2

/\/\/\
Stm/\/z/\/\/\
\

\/\/\/ 4 2/Goal
SRR .

(b) Minimal path=1-3-6-8-4
Arc $r=4

( ¢ ) minimal Path =1-3-4-8-10-12-14-17-19
Arc =8
16. F/hgE &G R DR OFHII T~ 727 T 7
Figure 14. Graphs for the measurement of the calculation time

of minimal paths.

17. HIE DT

Figure 15. Picture of the measurement.
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Minimal Path@arcD A & ETE R D %

140 :
120 y = 16.687x + 5.852 ¥
2 100 R?=0.9805 ..
i 80 N S
g.);f 60 -

40

20 ,

0
0 1 2 3 4 5 6 7 8 9

2R DarcD &L

18. HIER R LV RO T/ INEEE D Are DAL L FHEA
P O B %R

Figure 16. Relationship between number of minimal path’s arcs
and measured times.

7B, VIF 0 TH2HITTRDIZ 585 Lo Tnd.
ZAUEEHIIT B BRIS, Web ~X— U % 10 FORIFECHEBI L T
Tolo, HEOHAENRK T L THLFEE L TR LZE 5 B
ST DH LMREREZMER TE R o72 2 ENRIKF & b
5.

F7, RANEES & R DIMOEN, £ 5 TIRHRWEE DI
DIV KREWE X, FANT goal node 1ZHIIL BRI 135
IR TIERWGERSD. LI LR beEN YKL
TONDZEITED, BT/ MEBARED, Zh
PA#% 1, goal node DFERITT o &R/ MR & ZDENRE
ns.

6. FBEEBIR
6.1 VRRP

VRRP[14]1E % > b U — 7 B O MM L7 —fi%
MicflibhCnb7r harTthsb., ZHIck L TARRRSC
TR LOFEIT, AT AT AW TR -
TW5.

6.2 BIMEIEEDUFIEE

B EHEE QW HNFHFE ISV TIEH < 2B [1[2]78 LD
MR TON TS, 26 OW%EIE, 52 6 fMED
FRHTC R 2 ATV, 72 CPU TR E 22 E& X5 =
LEEMITENTND., ZHITK LT, Afa LTl 723k
FIFHRIE, CPUIZH 4 3% Bot X° Wiki ~4— Y D% T node
BICHBI LB TR TE D Z L 2 HEL TWVTWD A,
LI DT R R 21T 078 < Th, H/MREK D arc
RACHAM LR CRADRK T T 5.

6.3 SETI@Home

SETHI@Home[ 15113 K 3CH OB T — & ot sk sk %n
HIAERR IR D DIERME B OFEHLE R 5115 b DA i
RTLHTnYl b CThd. T, BRITIE, —HE1D
IR BEONTZRT T 4T D, £ 8 —F vy Mgkt Sz
Y arOCPUDZEXRMENFIM S NS, BT —21%
MNELEY 3TN, ENORBETEDNN—Y Fray
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o — I EAT S 3, ST &, afRERSRSND. @
WROBERFDA—N—a Ea—F 2NELT5 L5455
WaA v —Fy b bEDaa=7 1 OB X > CGERRL
T& 2.

SETI@Home 1 Z—MN DL HEOLNTAT T 4T D
RED CPU R FHMFHE CHATEZ L 2R LT
A B ORFFETIE, SETI@Home TiThi 2 #HHNEER T
DIz LC, WHMZRIESIF RS Bot i L » TITA 5
ZEHERLTE.

7. BHYIC

Bot & Wiki & i o 7= FIFH 5, [Wiki ~— PR~ 1
TTI T AZOWTIRA . Wiki RX— AN e 75
2T B ST, BIEEIEIC L DI/ MR A RS 2
ERTEIZ, oL X, SRIOFETIE, HERFERRH
IR/ MR OIMOBI BT 5 Z &2 TRL, ERIZEY
ENEMR L. AROFETE, Ry SOBRTERO»D
= RFOFICHBI LT O HET S Z L ZHiEE LT
51z, CPUGR v MDD BN L 5, FHEEEm ki
PN BHEELTWRY, J— ROEIZHAE L7z Bot <
wiki X—=T R EOBREP LI R DD, bOHEW, R
WCRENENFETSH D, L L5, SETI@Home 23
RLTELIIC, KRED Bot WEZXHFREMELRHDL O, &
BIR L7 RIS R D R/ MR EHE SIS SED I BEMED B 2
A [ENE failover BERE DMRFEIZIT > TV, X2 U T
S BREIZ DWW T b, Basic RaEAME 2 5 LIAME R xR
AT TV, F77, Class _X—UNZ Lo TRtk & T
MRV ERBRENE -2, TN THELERBENZ V. 5
BINHORVELEZEZFEL TS TETHS.
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