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Abstract

A power-saving, high-availability server system not requiring a dedicated management server is developed by the
compound operation of a power-saving server system (PSS) and a high-availability server system (Ring-type Dynamic
Backup Server System: RDBSS), both of which can operate independently. Characteristics of the PSS and the RDBSS,
problems involved in realizing compound operations, and solutions to these problems are described. Moreover, a system
interface method is adopted to prevent a deterioration in the operating efficiency of the PSS and RDBSS management
programs. An experimental system based on the proposed method was constructed and experiments to reproduce server
system configuration changes and server failures were conducted. In the experiments, we compared the processing
times for independent and compound execution of the PSS and the RDBSS. The experimental results demonstrate that
the power-saving, high-availability server system developed using the proposed method operates stably.
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L, TERE 45 Operation 7 7 A /L b IR IIRAE L 70 5. W1 BMEIH L 72W54, Group 7 7 A /LI
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(Management server and target server) S/

RSI RS2 RS3
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Power-saving and high-availability server system
not requiring dedicated management server
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Service grou
/‘l—c " Cannot measure load [ +Control real server
Mail of service group mail to restore Mb
L ™ Operation file for PSS
———— Solution I Target server M2 data line I
= ® @H—]rss
IBackup server Mb data linel
—
Login @ @ “ Measure load " Start PSS on Mb
S L~ ~7 | ) based on operation file for PSS

Mail service group

O,

* Suspend Mb

~- DBSS(M2) }--

,-----------w
'

Solution

(a) Cannot measure load due to target server problem

J

(- Stop PSS on Mb
Operation file for PSS

IBackup server Mb data line |

I Target server M2 data line |

*Start PSS on M2

(b) Processing in the case of mail server recovery

X 4

Y N PEROTE [H RF O A K DN DR 5 14

4.2, Y—N\ORATLDERERIZ L ZBBEDSHT
502 PSSIZ LD — "V AT AOEREFRNIIS 1T 5 RDBSS DM EALEE 2 7R,
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PSS

Moderate load condition
. — Light load condition (PS1)

Operations:

*Stop PSS for W2 and L2

*Restore spare servers Ws and Ls

*Remove VIP for W2 and L2

*Set VIP to Ws and Ls

* Start PSS for Ws and Ls

*Suspend RS3 (W2 and L2)

RDBSS (Required processing) ‘

*Stop DBSS in W2 and L2
+Start DBSS in Ws and Ls

*Add Ws and Ls )
to management configuration

+Edit group, separation,
and operation files

(a) Problem of configuration change (Moderate — Light (PS1))

PSS
Light load condition (PS1)

. — Light load condition (PS2)
Operations:
*Stop PSS forM2, L1, and Ws
*Suspend RS2 (M2, L1, and Ws)

RDBSS (Required processing) ]

*Stop DBSS in M2, L1, and Ws

+Edit group, separation,
and operation files

(b) Problem of configuration change (Light (PS1) — Light (PS2))

PSS

Light load condition (PS2)
— Light load condition (PS1)

Operetions:
*Restore RS2 (M2, L1, and Ws)
* Start PSS for M2, L1, and Ws

RDBSS (Required processing) ]

=Start DBSS in M2, L1, and Ws
*Add M2, L1, and Ws
to management construction

+Edit group, separation,
and operation files

(c) Problem of configuration change (Light (PS2) — Light (PS1))

PSS

Light load condition (PS1)
. — Moderate load condition

Operations:

* Stop PSS for Wsand Ls

*Restore RS3 (W2 and L2)

*Remove VIP for Ws and Ls

*Set VIP to W2 and L2

* Start PSS for W2 and L2

*Suspend spare servers Ws and Ls

RDBSS (Required processing) ]

*Stop DBSS in Ws and Ls
+Start DBSS in W2 and L2

*Add W2 and L2 )
to management construction

+Edit group, separation,
and operation files

(d) Problem of configuration change (Light (PS1) — Moderate)

%] 5

PR 2T LRERNZE T IIT D RDBSS O LB LE
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Moderate load condition 7>% Light load condition (PSR AE T T 5856, X 5(@)D/A (PSS) (TR T
£ 912, PSSIETW2 & L2 D PSS HEB T 1 /T LADE I, AT H— I Ws & Ls OfeH), VIP OHIFR
FONBINERE, Ws & Ls @ PSS HEHI Y 1 /T ADEE) LIS — /I RS3 & A~ MikfE (W2 & L2
X7 7B AZX by IREE) ICHIET S, 2072, X504 (RDBSS) (2777 & 912, RDBSS (3 W2
& L2 281F %5 DBSS DfEll, Ws & Ls (2381F 5 DBSS OiL#), Ws & Ls 2 RDBSS O Bk kI BN
RERH OIS T2 B ER T 7 A VORELIT O NERHD.

Light load condition (PS1)7%>% Light load condition (PS2)IZHERR AT 4 554, X 5(b)D/A (PSS) (273
X 91z, PSS iE M2, L1 & Ws @ PSS HEEH 7 v/ 7 ADEIESL RS2 #H A2 RIRRE (M2, L1 &
WsZ7 78 AZX by 7REE) ICHIETS. 2072, M 50b)D04 (RDBSS) (27779 X 512, RDBSS &
M2,L1 & Ws 23T % DBSS OF IERE T % ORERIZILE U BB T 7 A VOMREZIT O LERH D

Light load condition (PS2)7>% Light load condition (PS)IZHERKZ R T 56, X 5(c)d/ (PSS) 1T &
242, PSS IEFEH— IRS2 ZLE) (M2, Ws & L1 1TV —ER4EHREE) & M2, L1 & Ws @ PSS HE
H7a s LOEEZEITH. TD=H, K 5(c)DF (RDBSS) (277 XL 512, RDBSS (M2, L1 & Ws
1T % DBSS OB OVE BIAE R~ DB E B Z ORI U B EH T 7 A )V OMREZ T O BN
Hb.

Light load condition (PS1)7> % Moderate load condition (ZA&K % =T 6, X 5D (PSS) 1Z/RT &
212, PSSIXWs & Ls ® PSS HEEL Y v 77 LDk, EH— SRS3 OfLH) (W2 & L2 (FH— b R4z
fHIRAE), VIP OHIBR K ONENIEEE, W2 & L2 @ PSS HEH 7' 1 7 T LADEEIRWs & Ls #H AR
IWREBICHIET 5. 2072, X504 (RDBSS) (27”73 X 91T, RDBSS i Ws & Ls (28175 DBSS
OfIE, W2 & L2 (231F % DBSS Ojtd, W2 & L2 2 RDBSS OFHEEKITIBINCL T % ORERKIZIE U
TAEET 7 A NVOREEITILERD D.

L L7226, 3.2 TR L7z & 9124 DBSS 13 LB 205 ORIFEIEMA L SN D £ TREIRRE & 72 > T
5. TDRY, LROLBENEEEFERZ A I T TERITTER.

4.3. =N\ R T LEBEREEFROREERLE

RDBSS & DMEAEEEZRITT D720, PSS HARENMERF OB Y 1 —IZ 42 TRLUCIBIMAE (A1~
Ad4) %X 6 2T . Z DX Tl Moderate load condition > Light load condition (PS1)K O* Light load
condition (PS1)7%>% Light load condition (PS2)IZBATT B E DB 7 0 — % /R,

—Stan: PSS Additional operations
- Al Moderate — Light (PS1)

| Measure load of each service group l | +Stop LB log monitoring program
and DBSS of all virtual servers

No Confieuration +Edit management file for RDBSS
i chﬁnge Group file: Delete and add two servers

Yes Separation file: Add two servers

Moderate Light (PS1) * Create operation file based on group file
‘@ P A2

¥ g +Create management data for spare servers

Edit OPEIﬂithll Edit OPelatthll +Start LB log monitoring program
access stop, access stop, - o
and real server files and real server files \ and DBSS of all virtual servers | )
¢ <Al “ A3 Additional operations
*Stop PSS Light (PS1) — Light (PS2)
of target servers -Stop PSS A3 —
-Restore spare servers og’amet and spare *Stop LB log monitoring program
*Set and remove < Sel;vers and DBSS of all virtual servers
g:algl gsl éP address *Suspend real server +Edit management file for RDBSS
of spare servers Group file: Delete three servers
*Suspend real server Separation file: Add three servers
| <-—-A2 ] < Ad +Create operation file based on group file
{ 1| A4
[ Light (P S1) ) C Light (PSZ) -Start LB log monitoring program
condition condition L and DBSS of all virtual servers J

X 6 AR L B Iy ORAENER 1

Moderate load condition 7> Light load condition (PSIIZFATT 2LEIZHBWT, BINALEE A1 T, #
F%ZE B 1T 9 AillZ RDBSS O IEALEE (LB @ Log Bt 7' 1 777 L O Y —/3 Fod DBSS DI 1E) Z21T
v\, RDBSS Hl D&~ 7 A /L% Light load condition (PS1)DAERE FICHRET 5. PSS IC L AT T

%, BB A2 TIZ AT H— 3 Ws & Ls @ RDBSS F&HLT — % Z/Ex% L, RDBSS O BtAMLEE (LB
8
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® Log B~ v 7' 7 ADJLE) L O4H— 3 D DBSS D2 #E) 247 9 . Light load condition (PS1)7> % Light
load condition (PS2)IZBATT 2GA T VT, BILEE A3 TiX, RDBSS OfE1LALEA 1Ty, RDBSS H
DEPLZ 7 A )L % Light load condition (PS2) DR HIZHRE T 5. IBMILEL A4 TiX RDBSS D PHAGILEE %

179.
4.4. SIF [Tk BEEEEAE
4.1 K ONA3 \ZHEEENET 2 ETHE LR DB A IR T2. Z OMERE PSS OEFEE T 1 7T AX° DBSS
WEAT L&, UUTORBMNG, ZOENENEROENST 1 7T LOBMI LR END.
O 7ua 7T ATEOHEN
PSS K Uf DBSS M5 O EFTCH AR O 7 v 77 A (7 7 A VO HHEEES) &8N
TAHARLENDHY, V—RAa— RBEXMET 5.
@ My DML
EMENME S HAEEEZ Y0 B2 5 72O DS SCRMEITIC R L 72 5.
@ PRSFHEDET -
RN TSI DS, SAET HEEEERA O 2 FIZEB LR TIER LT, (EEAHE) Y

K+ %.
@ DBSS DR RIFE A -
T \WBERE £, DBSS A3 PSS ~ODiRHMLE 2 58 T 5 5 £ THE O NFHFHINAE & 72 5.

® PSS ORI
PR AT DO ZEE I, PSS 7Y RDBSS ~ODHLEE Z 52 T4 5 £ T H & O QUEE AR
REL7eD.
T2, BV —A\NEHESEEZH I AR AT AT, £ —"TINO0EMR T 07T LB s
HUERHY, BHaA NOERLIERKNTHEIND.
ZZ T, SIF[7)Z R OEH Y — 20 L Ly — EHE Sl AT 572012, 29— SIF
AT 5. X712 SIF OREE K NF A~DFE R FINZ OV ToRT.

Compound operation

Server 1

RDBSS SIF — PSS ~
Operation 1 P Inotify ---..., . Operation 1 Compound operation
Create data 14—+ Operation 2 Server 2
Operation2 | |i | (RDBSS Dam2)e1{—tCreate data 2
Operation 3 “ ’ Operation 3
RDBSS SIF PSS
- J

(a) Outline of SIF

~ Target server: $tvs - Target server: $tvs
RDBSS | Backup server: $bs SIF | Backup server: $bs
# Backup server start Additional Processin, g ]
case 2:

backup_server.sh $tvs $bs

. ) X lock_chk_mk.sh lock_pss.file
— Creating data in SIF directory
&—I

setrip = ‘awk -F, '$2==" ‘$tvs’ " {print $3}' DBSS/realserver.csv’
set bip = ‘nslookup $bs | grep Address: | tail -n 1 | awk '{print $2}"
setno = ‘awk -F,'$5=="‘$tvs’ " {print $1}' PSS/operation.csv’
setsg = 'awk -F,'$5=="‘$tvs’ "{print $2}' PSS/operation.csv’

echo “2,$tvs,$bs” > SIF/data_Stime

# Target server examination

while (1)
if (-f tvs_up.dat ) then
m -f tvs_up.dat

endif

setvip = ‘awk -F, '$5==" ‘$tvs’ " {print $4}' PSS/operation.csv'
awk -F,'$5==""$tvs" "{print $0}' PSS/operation.csv >> PSS/failure.csv
set old = "awk -F, '$5==" "$tvs" " {print $0}' PSS/operation.csv'
sed -i “s/$old/$no,$sg.Srip, $vip,$bs,$bip/g” PSS/operation.csv

if( -f tvs_down.dat ) then lock_delete.sh lock_pss.file

m -f‘t\'s_doml.dat start_pss.sh Sbs &

breaksw

endif

(b) Example of instructions to SIF

[X] 7 SIF OBEE K 5~
AR AT LT 7(a)i2~d & 912, RDBSS, PSS & SIF 28 1 504 — R ECRFICEE L TRV,

Z ORER DR — X ETEIEL TV 5. RDBSS° PSS 1L, SIF ~7' o & AM@EIc L » CTHRE 525
BAREOIZIE, SIF X7 — 2Ly —THOT 4L 27 v (AEVT 4 A7 F) T —2MEEns L,

JISSJ Vol.22, No.1
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Z ORI U T, RDBSS F£721% PSS OHfl#EICEE Y v A VOMREEITH. T—F VI —THT 4 b
7 RV % Linux @ Inotify IZEX VEEH L TEY, T—2BNEREND &, EIVALLIRIZ L > THRRE
TNEONELZATH 728, milexfIcZEZH L TWD.

Z 2T, X 7(a)? Serverl \ZF\ T, RDBSS 7% PSS (23 2 MLFEH  Datal % SIF DF — X L —7
MAT 4 V7 R UICHERRE, EHIZIRAT » 7 (Operation2) 3T T& 5. Zh &W4T LT, SIF 23 Inotify
(2 & > T Datal i L, PSS IZxf9 oA IERIMICEEITT 5. PSS 7225 RDBSS ~D#57~ (Data2)
IZOWTHARETH 5.

4 7(b)iZ RDBSS 28 PSS OEF T 7 A V& MaET 256 0= (C =V A7 VU7 K) 7. SIF
ZEMT 52 LT, AR OREO~OITLL FO L ITik s bd.

O, QDfRR :

RDBSS il ~DBM = — RIFHGRT — & Z2Ek T2 117 (K 7(b)DFE) OFHTHEH, KiglcfiF{bs

o (X 7b)ADFITIE, SIF %AW/ WEAICIIRM X EE R 13TOMME72%). £z, Inotify
DEERUE IO THMBE~GI D B2 5N DT80, BMRFME L AREL 2D,

QDR

BEBEICET 28I e ¥y 7 IXSIFICEN SN DT80, RTFXCEENRES 72D,

@, QDfRR :

FRL72X 9102, FBRT —Z OFEREZICHRUEEZH/TTX 5720, AL T 2 FH%7 5
LWL DEMERN ROBE(L AT E D,

PLEDX 91z, SIF OFANIZLY, FEHLT 07T AOMEDREZMERLI-EE, BEH L&A A
DEAENENATREL 72 5.

¥ 8 1= PSS & RDBSS O SIF |2 L 2 EEME LD MEZRT. SIFOT—X L —T7HT 4 L7 K
VICERT 2T — X3V 7P AEB LS — "L THER IS, 22T, =0 L75E
Moderate load condition 7>% Light load condition (PSI)Z1T3 D854 @ SIF IZ X 20 % 7~7.

M2 2EFE L7-354, RDBSS Tlid/Ny 7 7 v 7 — X Mb ZiEZEI L, M2 O — \EiEZ#EIHT 5.
M2 Z4E B9 % DBSS (X2 DfE#H % PSS ITIBX D72, 71 L —% (M2, Mb) iR Ash
T =82 %SIFOT—2 Lo —7 M7 4 L7 b UVIHERT 5. SIFIZ# D7 — #1255 & PSS ] Operation
77 ANERE (M2 OfEHE Mb OIFHRICERE) L, Mb LIZPSS HEH Y 1 /7 A& EITT 5.

Create data Control
RDBSS > SIF > PSS
(LB, DBSS) < Control (Ill Otif}-‘) - Create data OO
Inter-process Inter-process
communication communication
~—— RDBSS —~ —— SIF ——— ~—— PSS
Detect problem (M2): Signal: 1 Signal 1: Operation file
- Create data | - Edit operation file for PSS I M2 — Mb
(Data: Signal 1, M2, Mb) * Start PSS management program ]
on Mb Change configuration:
LB: Stop log monitoring . . CEdi
All servers: Stop DBSS .Ssl;gna£5B.l o - Signal. 5 Edit managemen}(ﬁl;sss
op og monitoring program < gnal:5 | te data
( Group file \ *Stop DBSS on all servers (Data: Signal 5)
W2-E2- Ws.Ls .
Separation file Slgnal: ol S;ez:te ggta 16
i . < ata: Signal 6,
W2. L2 Signal 6:

. +Edit group and separation files W2.12. Ws,Ls)
Ope"a"m‘fﬁ'e - Create operation file
W22 Ws. Ls based on group file Moderate — Light (PS1)

Management data ] 3 .

Ws.dat, Ls.dat Signal 7: Signal: 7 |- create data
! -Create management data (Data: Signal 7, Ws, Ls)
for spare server

LB: Monitor log file Signal §: Signal: 8 |.create data
All servers: Start DBSS - o - : Si
servers: Star +Start LB log monitoring program (Data: Signal 8)
Y ) - Start DBSS on all servers \_ )

[X| 8 SIF T & B8 AEMESIEDOFEH

Moderate load condition 7*% Light load condition (PSI)ZFEATT D855 1%, PSS DEELT 1 /T AT EEL
T 7 ANEwmER, VTS BRASNET —F 2 SIFOT—2 V=TT 1 L7 FUIHERT 5.
SIF |XZ D7 —#|ZH-3% RDBSS (LB (281} 5 Log Bk O — 3D DBSS) D IEALE AT .

10
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WIZ, VTN 6 Wi ANSNZT—H%SIFOT—X L —THT 4 V7 MVICIERT S &, SIF X%
DT —HIZH-S% RDBSS HOEE T 7 A WVEDOIRELZITH. PSS IC L DMEREEK TR, 77
WFLASINTZT —2% SIF OFT — X Ly —THT 4 V27 MUVIZERT 5. SIFIZZDT —ZIZHSE R
AT H— 30 RDBSS HEET — % Z#1ER L, £V —NIEETDH. RIS, V7L 8 BRASNEZT
— X% SIFOT7—2 LV —TH7T 4 V27 MVIMERT H &, SIF X207 —# 255X RDBSS (LB
BT 2 Log Bt e O —/3 DBSS) D BHIRILEE 1T 5 .

5. E{ERER

ARFEFR T, £ — 2 Linux @ stress 2~ R&2fEH L, CPU LN X £ U Afif & 5 %2 T Moderate load
condition Z{ERKT %5. E D stress 2~ R&A{5 19 % Z & T Light load condition (PS1)~DA#§ 2 T it
9. F7-, Light load condition (PS1)%>® Light load condition (PS2)~DAERRAEFIL L S WMEEZLEF T 5 Z
ETHEITT D, B, Y= HEOHBLUIBWT, t—ERX NT T IR ERET T —ED
Bk, Xy NU—7 NI TWME—"E vy N UTHZETHELT S, 2070, ZZTiEY—
INY AT NORERE T O — SRS 1T DB IHAAERICEI L, 128V AT L0682 R4 2 &
&L, AT A ARRNITEMEO A E MR T D72 OB EHE LR

51. BRIVATLOERERUVFDHH

K 9OZRT L DICER AT A, 3 AOFEF—,N (RS1, RS2, RS3) 236 HOAEY— & fidE) L
TW5 . RS — X7 T4 7> MZ Mail, Web, Login D% —ERZ4#EHL, ThEThoHh—E A
TN—TIZ R T DR — NIZ TR ZHEZE L TV D, Mail —E X 7 /L—I21F, M1 & M2,
Web —E 2 7 L—F12i%, W1 & W2, Login y—E A7 /L—7121%, L1 & L2 3@ L, &ay—
/STIE PSS, RDBSS KUNSIF REHEL TW D, 7 7 A Y —NZENENOY —E X7 V—TI1281F %
= RADILELHKL PSS ° RDBSS DEH T 7 A N AWAT D72 DITMEH L, S48 —3& NFS
P LC0WD. 2947 Mo —v 22T 5%y N —27IZ1FAA vF 7 HUBL, 77 AV
=R DT 7B AT AA v F 7 HUB2 M %, X 91286 T 1000BASE-T D> kU —7
THHE SN D A TR L, RSI 22D EET A8 — N (M1, W1) Zf#, RS2 22OiEHT 5
AR — ) (M2, L1) %%, RS3 2 GiEEhT A —/N (W2, L2) % — S8 Trd.

BMPE L 72— "OY— SEEEEZEIBT 57200y 77 v 7 — KO TR TRk %
HEFFT 27200 D AT — NI K FE Y — R BB — NHY AT AT 4 AT BRET D, KU AT A
ITEEERIA Y T A — G928 LT Y, NEESONNy 7T 7 —3 % Q8IS
AREL LTV 5.

. . Switching hub 1
Cllent (1000BASE-T)
9’
S 65 :

3 S s N
Virtual server Real server

Load balancer

'z
)
z 3
=
1
1
1
1
S|
1
)|
1
1
1
lJ
:
\
\
.
\ 1

M2 /. - . Switching hub 2

(1000BASE-T)

Login = RS -
o S
\Rg PSS and RDBSS:
- - *Management program
L1 12 * NES > *Management files

File server

X9 SZERT 2F ADOREK

11
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R 2ITEBRT AT LOHER, FEROSREME T, B — "2 EERT 2 Z L b FEF—N
OB A E Y 18,192MB, A F L—IZSSD 8T 5. — M A8 b Hdfr & L T, Kernel-based Virtual
Machine (KVM) Z£MH L TW5. LB ([ZIZY 7 by = 7B A L, HAProxy A A h—/b
T5. 70, FEV—, Y — KO LB 2T —/3H OS @ Rocky Linux (Red Hat Enterprise Linux
D7 wu—08) A A =L, ATV EZAHEMTLH720IC CULRETEESE S, Eh— 0
EENE & Trs, VA0 RIREEN D OEBIFEMZ Tra &35, £/, AR —, AT H— R0y
I T = OEEEBIRRZ Tvsn, ¥ > M XU CEZORIE)N D OB A Tvse (74 27 F
¥ v v a OFEET Tvsn K OK 4 BN, FREEIRRH Z Tvr, ¥ A2 NIREED & O EIRE] 2 Tva, 1K
TIP 7 RUADOERERMZ Tvw &35, 2 ZC, Tvsn 1X 1825 B0 C, Tva 1 2.05 P L IER IZmR L 72 5.
DI, Ny 7Ty THh—NRANT P —NTHRE, AN MRETRHEI YD, WENT A—H
L LT, Ry bU—7 QUM &Il 58] (Tn) % 2.00 ¥, H—E ZADEIE2HWrd 58 (Ts) %
3.00 B, ARAEY— "N EEEIH N E S 2T S 72O OREE] (T : Tvre DK 1.5 /%) % 22.00 b &35,

F2 FEBRUAT LOME, FEROBIEE

Specificati Real server File s ) Characteristics Real server
pecifications (RS1.RS2. RS3) ile server -
Start time (s) | 7ts 2941
Intel Core 17-4790 3.60 GHz Time to activate .
CPU (TB: 4.00 GHz) suspended server (s) Tra 4.42

Virtual server/
Memory 8,192 MB Characteristics Spare server/
Backup server

Storage SSD (SATA 3) Start time (s) [ zvsn/
(No cache / Cache) Tvse 18.25/14.17
Software KVM 9.5.0 nfsd -
Restart time (s) | 7vr 15.88
(0N Rocky Linux 9.5 - -
Time to activat
suspended server (s) | TV 2.05
Specificati Virtual server/ Spare server/ Virtual IP address | 73,
pecihications Backup server setup time (5) | VY 1.13
CPU 1 Core Setting parameters
Network examination
Memoly 2,048 MB time (Disconnection) (s) Tn 2.00
Software postfix, Apache, sshd e e e | T 3.00
oS Rocky Linux 9.5 Mam'};‘;f’;e‘ﬁ?gfi:.‘i{;ﬂe(s) Tb 22.00
Specifications Load balancer
CPU Intel Core 15-4430 3.00 GHz (TB: 3.20 GHz)
Memory 4,096 MB
Software HAProxy 2.4
(0N Rocky Linux 9.5

52. RERBERRUS

PSS & OYRDBSS (28T, HM K OMEABIER: TOFEERZ Z I 10 ATV, ALBRIFRHE K OV D28
IR AR BHOREICIZ AT LT — b2 T7HOT v F 7 U— A —% SHW3A Z 4 5. PSS
BT DA S BT A BRSOV BB ) & 3% 3 IR, Difference 138 & EhERF & BENEMERE 1T
DALERRE R D7 2 o d.

Moderate load condition 7>% Light load condition (PS1)~MD &2 FIZ H9- 5 K[ Tlid, A~ RIREE
26 OFEENRFRH] (Tva) SAARIP 7 R L ADORRERFH (Tvw) BERERE20, 35 Lo TnD.
Light load condition (PS1)7%*% Light load condition (PS2)~D AR (2 H -5 FEfl] ClE, #ERRE Hhi% O
RDBSS D15 [ECBRAAMLER 70 &) FEF RN ] TR T3 2L BROMBFEIZ L0, K 1.4 B & 725 T 5. Light
load condition (PS2)7>& Light load condition (PS1)~DH§RLZE B IZ 8T 5 FEfE] TlE, B — DA~ K
REED O ORLENRFR] (Tra) NEREFER L2V, K 4.6 & 72> T 5. Light load condition (PS1)2>5
Moderate load condition ~DAERLZE FIZ 39~ 2B CTlE, EY— D P 2~ RIREED D O EEIFE] (Tra)
ERAR TP 7 R L ADORRERH (Tvw) BERERLEZRD, K60 Lo TND. 4 FEHDHAEEIZ
B DEEMREDORE R O BB EFTRFOMBLIZE L TEY, ZZd Difference DIEIZIZZEDNFA

12
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EHENZ L3530, ETo, PSSIT X DHERAE ORIRIZFH VT, RDBSS OfAENER LT L 7Rh -
7o = " 27 L DJH#E EE J11E Moderate load condition % J&7 & L, Light load condition (PS1) Ti34) 71%,
Light load condition (PS2) TIdHJ 39% & 72 > 7.

#3  PSSITBUT DA TECIHEE ) ORE

Required time for configuration change (s)

(Coefficient of variation) c 0111:&\?;;% on
- Compound Single . Lg;agl W)
Load condition operation operation Difference condition
Moderate — Light (PS1) | 3.609 (0.050) | 3.503 (0.022) 0.106 Moderate 95.523
Light (PS1) — Light (PS2) | 1.430(0.046) | 1.355(0.043) 0.075 Light (PS1) 68.270
Light (PS2) — Light (PS1) | 4.610 (0.001) 4.584 (0.005) 0.026
. 1 2

Light (PS1) — Moderate | 6.020 (0.001) | 5.934 (0.000) 0.086 Light (PS2) 37.390

L BEE 2 BRFHCYV—EA KUKy MU =27 hT 70 & HBL L7254 0 RDBSS (28] 55 —3
BERE D18 IR R 2 OV B = Y — S O1E [HIE ] 2 3% 4 (2”77, DBSS 23 2 fe (LB 7 & Heb i # &
5 %nb, Ny 77 v — NI VIP 25 ET D E TE— SHEEEOE BRI & L, #fE— 38
BIRT 2 TEEHASR Y —"OEAKEF L 3%, DBSS ICBWTHEASEMEMR BN LT SIF ~DF —
VR 0 7T DI — SBEREDOE IHZICFEIT S NS 728, FEXRY— OB IR T 21T .
B RY— NOEIRLIEE LT, Xy hU—27 F T 7T, A8 — OFRENREEZ MEREICH
HEE 21TV, Ry NU—J7HREZEIFT 5. —EX T 7T, h—ERE7Tr 77 L0/
B CHEIFET, B — A" EHEET L L T AL EIRT 5. F7-, — NigER R
WTC, 72947 MY —NICT 28867 7 B ADEBELRET L7280, 7747 06 LB #
H T Mail, Web, Login D% —E ZZ#A L TV A — NI LT 1 BEBETT 7822179,

1H (M2) #FERE (R4 O LB Y) OV —E R NT 7 MZBWT, — EEOHE IHREMIZ Y — &
A DI 2 W DEEE (Ts), N 7 7 v T =0 AL RIS OLEIFR] (Tva) & {48 IP
7 R U ADOFERRF (Tvw) DERER LR, K65 Lo T D. FHEIRY— XOE HKH TIX
= RO IR A T 2 R (Ts), B — SO FEBIREH (Tvr) ERAR TP 7 R L 2 OF%EREH (Tvv)
NEREFR LR, K206 LTS, £2, 1 H (M2) il (24 0 EBHTY) Oy h T —
7 NT7TNNTE, Ry T =7 QU EHIErT S8 (Th), Ny 7 7 v 7 —ROH A RIREED
HORENIFM (Tva) EEARIP 7 KL AORERH (Tvw) BERERLEZ2V, 5475 T05.
G — OB IHRFH TIER y MU —27 OO 2l 218/ (Tn), RS — SO BRI
M (Tb), 74 A7 ¥ x v aPNREBT LB — " ORERERE] (Tvse) LRAR P 7 R L 2O ERFH

(Tvw) DEREFR LD, K398 Lo TND.

3% 4 RDBSS (28T 5 Y — g fERE D18 |HFFRH

(a) Characteristics for RDBSS: Problem in one server

Management server: Recovery time (s) (Coefficient of variation) ) ) ]
W1 Server function Target server: M2 Access disconnection time
- in client (s)
povien | Conpond | Compond [ Sile | Diffwnce | (ConTicientof riaion
Service 6.549 (0.004) | 20.838(0.003) | 20.626 (0.000) 0.212 0.000 (0.000)
Network 5.394 (0.008) | 39.794 (0.001) | 39.752 (0.006) 0.042 0.000 (0.000)

(b) Characteristics for RDBSS: Problem in two servers

Compound op eration Recovery time for target server (s) (Coefficient of variation)

Management server: Target server: L2
Wi Service program Network
Service 22.315(0.002) 41.332(0.002)
Target server: 20.873 (0.002) 20.947 (0.004)
M Network 21,505 (0.005) 41461 (0.002)
39.862 (0.002) 39.836 (0.002)
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1| BHPEREZ ST D EERBORE RN G, FEIRLIIIZE L TEBY, FEd Difference DfEIC
TR ENT ER D, F72, Mail — NTTUEALE RO 728, S — " ERFICB N TH 7 741
TV NI BY—SAOEHG T 7 2 AT L TVRD.

21 (M2, L2) [AIFEGGERE (324 0 FEESY) Tk, M2 OFEIREFIL 1 HifER S I3IXRSE L 720,
L2 /X RDBSS IZ L DB T 7 A L~DFERIK DT, 15 BOBNABECTND.

1 BRBE R O 2 BRIFEFEIZIWV T, — NEFEREOE HALERIZ I\ T, PSS ORRENER EIX A 6
IRho Tz,

SIF H & B G HcHs i 5, 7' v s T AOBITERO IS RE2R 5. #8835 SIF %
BHALEGA, A7 07T A~OBENTTEIL PSS T 717, RDBSS T2ATICE 7=, ZhicxL,
PSS & RDBSS # HffilZfi & L7355 OBEMTTENIE, PSS T 147417, RDBSS T 88 1TIZiET 5.

53. E¥&

ARFZETIE, BIMENVENATRERE B — "2 25 5 (PSS) & @&l itk — 32 25 & (RDBSS)
EEGEES YT, BENPORmARAMEY— AV AT AOEFEMEL EFEL7Z.

AR AT X PSS & RDBSS #MMAT L CHEHfE X5 SIF FREZBEALTEY, 2O EOEAEIZ
DWNWTHELET D, PSS LUNRDBSS DA A 7 07T MIZTNEI 14617, 23817 THD. v AT L%
HHIZH A LI23E, PSS T 14717 (#9 100%14), RDBSS T 8817 (K1 37%1) o7 /T M THM3E
mEn, B0 77 AOEMEEZRL. —7F5, SIF FRTIEIFEEHE T 10 7T L OMSIVENHER S,
(A IRERE |, e al FVERERE ), TAHEHIEEEEE (SIF) ) MBS D, Zhic kv, NTEIECHEE
PR OB 2 {T b T, VAT AEHOF(L R O — NEFHREFE DA TS5 L5 2
5.

—J7, FERAMICMIT RS LT, B-EEROYRNET oND. KRERV AT ATIEZ 74 44
—/N (NFS) BNHE—[EFERLERD2BMENH L7720, REEA~OBHIZIL, &SrTHET 7 A vh— 2
7 L[20]%° Keepalived[21]1Z W2 LR OB N AR TH 5. FERIZ, LB IZ2OWWTHILRALD
gLiph, A—7E U T 4B L T, RDBSS [ZBWTHEHEE ORKSFER ICEF T 7 A L~DT
IR ABRAENRET D20, BUEITHEIEEZHEAL T D, Z0kd, KA T AREET 2R
B3I BREETER D, L0 REBRERA~ET 256818, — B2 OEER T V—7120
HT LB R E R FIEOEANGNTHD.

SHBOEME LT, LVBREOEER T TRE~OBITZHRFILTWD. BENLHTFO=a
FF AT 5 121% Kubernetes[22]% DREEAEY — /L2 LTV 503, AR AT AMIHHERED 2
VT FBREIZEBWT, PEMEIE A P O MESE e f i 2 RS D TR E LTHTH D, LB O ECHIHE
FiEw a7 FRE~HEIGSE D Z LT, KRUAT LAOBMYEEHERE LoD, AMPRILIZIER U7Z8ir0 0
OFMRIp A P a— 1 v THEBED REEN AR 2 D £ B2 D.

6. BHYIC

HMCEME R RE R B OFE Y — N2 MLEE L L WEEBE N — v 27 A (PSS) & @ HEY—
A7 L. (RDBSS) #8AEMESE S Z LT, EHOEHY— RZLEL LRWEE»om ] fAvEY
— N AT LEBAFE LTZ. PSS & RDBSS ##HGEIESE 256 OMBREZ ST L, & ORI O
FiEEmR Lz, £z, VAT AL U H T oA AFREFEHOBEEYS— " ZQ0HE L Ly — EE
\Zi#EH L, PSS & RDBSS (2B AEH T 1 7T AOEWE =SR2 Bb T ITEAEMEN /e 70D 2 &
BEaRLic, RIBEVAT LAEBEANLTERV AT L& L, PSS <° RDBSS @ B & O A B EREC
BWTC, V=RV AT AOHERERERCY — W EEHRT 5 EREITo 72, EBRERD, BEMEOHE
AEMERF OB ZE0N 70 <, BEEMEIC X 28BN 0@ al itE Y — R AT AN ZEBRE TS 2
EEAR LT Lo L, ABFZECOFHMBITEY— 3 & ((REV—6 B) O/NIBHERICE > T\ 5D.
A%, FBEOL T UI ARETOEAEZEEL, BHEREDa Y T AT AEHBELT,
ARBERIOR 7V a— 1 o TR OB R OB 72 BT R BN U 7248 FE 71 2h ROl b A FE D 28 4L
AR G 2 2 B O E B 72l A REHERE & L7z,

B
MSLDOBEICHTZY, EHHE OH 2 R DOFRR THEEMSCT XA A2 W2 E Lz =
ZIZRELTC, DX EER L P ET
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