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Abstract: Web services are widely used these days. The total number of visits is also increasing with the
increase in the number of users of network services. The number of logs can be large scale with increasing
the number of accesses. Distributed placement is a large-scale log management method that can reduce Disk
I/0O by putting logs into distributed nodes. However, the placement has a problem that it could not respond
to search queries fastly because of unbalanced Disk I/O per node. This research proposes the distributed log
placement that reduces search response time in the web access log by query prediction. The method parti-
tions and reallocates logs based on the search query parameters (Path, Method, NodeName, Date) included
in the log entries. The system enables to reduce the response time in log search by balancing the Disk I/O
per node. The evaluation compares search response time among the proposed method, node-based method
and time-based method. The result shows the proposed method is 32 seconds faster than other methods.
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Fig. 1 Usecase: scenario.
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Fig. 2 Usecase: Web service architecture.
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AR AT S, 2= A —ZAX) NTF T 14 v I AT
¥ 1,000 [request/sec] D¥5E, 1K D720 0w 7L
3,600,000 & %2 5. EENEOTO Y VL TOY 7D
K&EE, NI 74 v 7 oFMHEROES = 1R & L7,

WRTFFEOTVIT) AL %2TIIY XL 2R, 7T—
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TILTY) XL 2 0 rodE - ke

1: newBlocks < HashMap()
2: newBlocksKeys «— Set()
3: for i — {1,...,N'} do

4: for j —{1,...,F/} do

5: for k — {1,...,E];} do

6 key «— EXTRACT_FEATURES(e; ;1)

7 U floor(e; j,x.dateTime by year, month, day,
8 hour)

9: newBlocksKeys <« newBlocksKeys U key
10: hkey «— Hash(Concat(key))

11: if newBlocks[hkey] == 0 then

12: newBlocks[hkey] — Set()

13: end if

14: newBlocks[hkey] < newBlocks[hkey] U e; j 1,
15: end for

16: end for

17: end for

18: // T Z @)V — VAR T IV T1) X L

19: sortedKeys < sort(newBlocksKeys

20: by path, method, statusCode, node Name)

21: nodes « HashMap()

22: for ¢ «— 0; k <« sortedKeys do

23: hk «— Hash(Concat( k ))

24: nodes[i mod N| < nodes[i mod N|U newBlocks|hk]
25: ie— i+ 1

26: end for

path: /mypage
method: GET
statusCode: 200
nodeName: apl

2JIL—TF Key-1

\
[Concat() & Hash()]

23.92.36.1 - -
[27/0ct/2020:20:23:11
+0900] "GET /mypage

HTTP/1.1" 200 612 "-"
"Java/1.8.0_265"

\ OJI> kU
newBlocks[hkeyl] = { e, ,,, €56,12 5 - }
X

[Concat() & Hash() ]

N\
newBlocksKeys = { Key-1 , Key-2 , .. }

7T Ny Yoy TOVERTT
Fig. 7 The method to make HashMap.
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BENDZUTHEE]; £TH. TVT) ALD LATHTE
FTL7Ny v a<y T newBlocks 1X, ¥—lZa /71 M)
DFOFEE (Rl B DR % LTFHES) Oy
afiz k), N a—IlF -~ A FHET oD
FIyP)O—E (kv b)) 2ED. ZRIZENETTAL
ZEEhsu sy M) 2RI L ICEERT 5. 21TH
D+ v newBlocksKeys &, newBlocks D% —122W\WT
Ny T a b AREiOME FFEE) —E TR, 3-161TH
T, V=7 /= FZ&EIhsuars 774 VT2 147§D
oy Ty b)) L, newBlocks & newBlocksKeys
~EFTT 5. 71X, Ny ax v T newBlocks &t
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I newBlocksKeys DEfR%#T. 7V —7 Key —1 13,
2 (path, method, statusCode, nodeName) % 5.
FN— T ORI YOIy V) R EET B0
(MU=t Sep N oy
BIFA2Fx—1%, V=TT IlH
(Concat) L, 2Ny ¥ 2% (Hash)
i, By LY Key—1

Ny 2%y 7T newBlocks |
5, Nyvavv T
DU R % UK A
T AHZETRDL, N 22—
WZxfedAur7y M) O—E% &L, newBlocksKeys
&, Lty MZX Y IV —To—EE D, 18-254THTIX
Tuy 7L ZORER ) — FeRT O SEEL -V & ER
T 5. 1819 /THTIZ, 4EFF L7 newBlocksKeys % i
& path, method, statusCode, nodeN ame DN TEIGIE
fLEolF, FMETY— ¥4, 20231 THIE, TV 20
HIZXh)y—rsh7z7uy s %/ — NIZEh 4TS, =
MIZEY, F—OFEEER>0 7P RERYITHEE ) — F
IZHCE SN D . CAUIRERHTT 2K - 72MRICE b %9
T4 A7 1/0 B — NS, MBEOILERE %
WIS 5. b, 70y 7ORELL %27 -7/ — Fig,
JIVICEENL R L AR (FF, H, H, B) 12X ) —
BICET L., 2, dvwarsigg&t7ay 2304 X0
BALDFES THEEOLEN LW/ DTH L, O 7 I
RIITHWH DI ERITRE, FrLbDIIERITENH
Bx¥Eo, AoHFLvwo s, Htvwoszsgtray 7
~NEMENT, FLvwarsiegthryay sBinEhs.

3.3 JOvJERE
HEicarZ»olEl L7y 7% ) — FANRET L)
HrRs, 7y 7OREYR 8 1I/RT . Fifa L i
MR THEISN7ay 7%, Yy —F 1 v 7EBICLY
T—h /= FNIIRESINSL., ZOEKE, or/REL—I
(T 7538 - ABEIC L Y ER) 23 L ICiERDT —7
= REPETAH, TNICE DO FEEL—VIZED W
J—=H )= F~O70y 7iEEZEHL TS

O ZEEL—VIZIE, Tay 2 ZEICERBESLED ) — R

E’%‘?’ﬂa’b T —T 41V TER
I e A TN L T

7

¥ = by, b, 1 jm—
S |d—— b

\ J
>

X
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© = b;_; 7
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Fig. 8 Allocating blocks.
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Oy 7 hbdind b/ — RExRD, Z0/ —F~\a i %
BiET L., J—H/—FDO70y 7, 0ZRELV—IIZ
FHOE Ty 7 OFFORE LM MEOANECHRE T 5.

4. ERERRRIERE

VM7 T7—=F 7 F v ERK 9 ITIRT. V-l Px
AL—=FIX, u sy Ax b=y b nizu s A
KA, BTREV—-VEERT S, B 757 —51%, &
EN-O 72 a0 SEEN—-IVIZEDEIT - ) — F
T 5, MEBE~Y A=V v, VAT LAEHRENLIITE
N7 Z) NLET 5720, ﬂﬁm%w—w%%k
T =T = FIRRERERITT 5. MEBETROILE
T o 7R~ A — Y v ld, e LR /XTL\"":‘EE
BREIDE L LCGRT. 7x9/—b«m%15ﬁt_
FEIL 2V T MY T RRITR
.Dﬁ?liv—azwm7fu%li;v—btt
07 &ERT A, Y 2 A MK, BB OfREICL
DHER I NSO TP ENT 5. 1 73 AR
WordPress 225 0UE L /-0 7 &)@l e i5E L, I
VE NI AEDEERT .
o L= ITRL—%F OV OREL—E HEAEKT
Lo BETHEISEIIV AL = E2FEELTVD
oD77#7—7.717/—F#%7—ﬁ/—b“ﬁ
‘L7287 %% T A, rsync L Y2 VAT ) TR
XL
o MEYRX—V v VATLEREORIT L7 ) D
LHJZEEV — IV, T—0 ) — FPNRRER %
BATL, REWY T DL, TR, T—H /) —
KD DA N % multitime 12 & ) FHHIT 5.
T—H /)= RFRe<xRAy /) — NI~ Y2 2nEh
e L7z, #hZhofi~ s i, K10 127779 VMware
ESXi 6.7 FICEEIN, AL —=VidAy bT—27 LD

RRE2/—F
|EIO/I;|"~I/ 9| (V=S RL— 9|
7
v(1)iEny /%@ _{(3)@5&3
;(5)51 t(sm
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9 VI NI TT—FT0F v
Fig. 9 Software architecture.
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| VMware ESXi |
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Fig. 10 System architecture.
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Fig. 11 The way of measuring response time.

NAS # VM Z & IZiSCSIRHT~Y Y v b9 4. T3, 7—
B/ —=FELTEfESEDH—UREORE~Y Y V% 13 F
R L Linux OS & A4 Y A b= L7z, =7/ — Kk
OpenSSH # — Y& multitime I~ >~ FH54 Y A F— )L &
NTW5, YAV /) — FLORRERPLHMEILE L, SSH
EAHALTRNEDEINE, U—=h/—FlE, A%/ —F
PoDOBMBEREYZITAE, O VBV -V THIET S
T7ANVERN LRI grep IX Y FTHTOMEL T 5. 14
FOEFEIE, SSHEHTYAY J — FANEEZINL, K
YA = FRIZ1IBEORBE~Y Y Y2 El L7z, ~ &%
J—FI2iE, L7 VAL —F EREV VY
A=, U7 T =Y ERET AT v BE L7,
U7 ainkd A7z syne XYY K24 YA M= L7z,

5. i & 2T

0 7RO EREHEZWE L, BEICBIT SIS R
A 4. B, RERE (07 oBHEICES(T
B, J—FEE (/= FZEICEE L), RRYIE
B (/= FNZEICHRYIELE L - F) ). /— FE
X, PR ENT ) — R OBE S NSRS N2
WA EME L2, BERVIERE L, FRYTOMEZ &SHEL
L7zFEx2d SR L 7.

MFEOILEREMOWE HEEZR 11 1ITRT. 22T
BMBEOINEREM % 2 AT LEHEDN YRS ) — FNFAT
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L7ciR 7 ) I LB RPEF SN D £ TOR
Medn., EBTIE, 7—7/—FORET Y YA b
L=V T52 s, BHTOT Z7ERIZLE R
=274 A7 TJOMT R A2, YAY ) —
KW T =7/ — FNORBEER 2B THAT L2, B
FITEHI L 720 & e [ & 351 CREM L 720 & el T, ~
T, = max(Ty); ty € Ts ICE WEWT . ¢, &, HFIT
DFHNZ BT AEADT —F ) — FOILEEBTH L. T,
X, &7 =7/ — FOILERBEZEOEGLET D, YRS
J—=FEITRTOT—H/ — FiZFE—? 1Gbps DA v b
T =7 THERENTWE, T—7 /=P 13H5DL X,
MBREREMBISEICL DAy VT — 7ol E Iz
THTHAH, T2, YAY ) — FIZBWTHREILEDKE
2D B FREERTE, T — 5 — FIZBT AR
2 BRI T 412/ & v, VM 12 iSCST #FHTh F
YELGAEE IV, T4 A2 1/0 OHRE (10 [5F)
ROz, FEAAMEER 107.4MB/sec] TH Y, Frdih
LYEREIE 122.2[MB/sec] THh A, L—ATF—AHhbH 7 T
YRV IHAY 100B] LHET S ZoLE, 1R
H7-1) 122.2-105/100 = 12,220,000 hA FE A 5. L
2050 T, EBRICBWTANLV—7y M THICHEEE N
TWh, O V2L —FTL—Ar—A% b L|FY
1,000 [request/sec] # gL TR 7 2B L. 2oy
X, MFRECTABMLTWS Web ¥ A M7 722107
POHBUETIROMLENENE T VTV LAICHAEDES
CETERLE. 7 ¥ AMAeEE, EBOT 720
FOFEORKANRY) s T A MY = EFBT L7012
1o/, 2—=Ar—2AX Y 1HHYWERINLT 7T,
1,000 [request /sec] x 86,400 [sec] = 86,400,000 4 TH % .
FEETREIN= R 270Xy /80 T4 507 DEY 3
H%, V=" /—F%13KH& L7

5.1 AJEBEEWRRI T

0 7 DL EDREREDILEREHIZG 2 5 R EERR5 7
W, WEORLZLHE s L) % 3HEHEOT JEE (JRER
&, / — FECE, RERVIACE) ~Z61T L, MR OISR =
FHIIL 72, RERBEIIT ZICEENL | L ARFICED X
T— /= F\u 7 %REET5. /- FE#Z1HD /) —
ForohEni-urz %, UG T 580 1650 7 —
AT LOTERET 5. FRYIECEIX, &/ — FOF Uk
Wirou 7% 150/ — FNFEOTRETL. &8, 1
THYy ZIZEENL T OMBNIL 12 KR L L7z, EBRT
i, RIRT 3HEFEO 7 ) (/) — FTREZE, KW TR
E, AV v R&SATHE) #%¥frL7. /— FTHREL
7o) %) —Xd— K 41IR7.

e /J—KTRRE:/—F1, 3,5 7, 9ICREZIN/3

*6 https://ja.tak-cslab.org/

511



BEAIEF =R EE Vol.63 No.2 504-514 (Feb. 2022)

V—23—K 4 J—Fa&YALrTY

sword="(Chrome|Firefox)" smethod=".*" sstatus=".x"

spath=".*" snode="koyama-log[13579]"
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Fig. 12 Search response time per log placement.
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et 7R R,
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J—75/—F5 7, 11, 1304 BIZ7ay 7 HEE SR
Twh., THERMHRERRFLE IR — NS
Hl, 1Bbl)THRETLTO Y 7 EIP L\, 1/ —F
HIOVHPWET L7y 7O, 1/ —-Fbizho
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Fig. 13 Number of allocated blocks per worker node in node

search query.
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Fig. 14 Number of allocated blocks per worker node in
method&path search query.
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AR CEERZ 525, 77Uy 7O A X ERELTH
2L, OSOF>Frvia (Fl:R—YFrvvia) 12
I BBER LM EIRTE S, —F, 7HY
IHAXPNEL B BHIZEMH ) — FOA ML —VZEX
BRICHRELRESLELE 2L, 207 — 5 2R
IZ Hadoop D 71 v 27 3 A X L WLBEIERY % ik L 7252 ©
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