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A Log Analyzer for Database Tuning
Sang Hyup Lee' - Sung Jin Kim'" - Sang Ho Lee"""

ABSTRACT

Database logs contain various information on database operations, but they are used to recover database systems from failures generally.
This paper proposes a log analysis tool that provides useful information for database tuning. This tool provides users with information on work-
load organization, database schemas, and resources usages of queries. This paper describes the tool in views of its architecture, functions, im-
plementation, and verification. The tool is verified by running the TPC-W benchmark, and representative analysis results are also presented.

7|194= : HOIEHOlA 271 B4 (Database Log Analysis), GHIOIEIHOI2 HIEE=(Database Workioad), GIOIEHIOlA B (Database
Tuning)
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dYHol HA Dol YARme 4249 HolEo 97
ERdMHo] go] dojurtm 9j7)/27) ERMMHl HA dof

SAdsty af A7 Aoz olFo|PFUdh
i chshe e s

et A FeE g

3 FAFEGY ag

A 20040 28 169, AAER 2004 89 9Y

(712 BAE dloletwoj 2o JagE ERE FHsle
T7<9 REDWAR(Relational Database Workload Analyzer)
& Mestn, Aa2=9 dide] HE 27 FRE B4
At 112 2o 3 Ao ddx Hdg Y3 =75
el SQL £F ¥ daE= BEF A7 9 dHojge A9
AL 24 d7E FdsA. [ [712 dolgwojx
Fdo =& F7) 93 dolgyelx A7)viel azs
AR AT deAde it (117 [7]12 Fdod 28
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DELETE 7%9 7|5 £X& vehddh ALE A9 4=
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ehdch, Ao zd ¥4& WHERE T& ueld =3
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23 7A¢E Yehdh

djolet#o] 2 Alzgle] AAaeE Zoi(log)llE dlo|EfH] o]
2 A2gle] g9 AR Z doghmlo]s WA #d HHe
dlo]ebalo] A AF|ule] F3F HH Eo] 7| EEF o] Qi) do]E}
wo 2 AjAEle] &AL AMS-S A8, (115 (7114 AAld
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d 21 E4& ApHott o]F Hite 21 4L F3
As Aat 89 4o gl =g FE YEE ULE FIvh
g gof do 7tz it de] 58 G He] 9
AL, 2] £ 149 sl=go] Y AR BEM B AF
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ysis TooD[11), 22 ©47|(Log Explorer)[12] 5°| Al-8-5 1
Adrk 71Ee 2 BY E7E 2o £4& & ool
ol Azl B7E FE A& FE FHOR 87 wid,
toletol & FYo &8 FT 7IE AR} dojghuo] A
A% At 298 FE F = ARE ATEA gErh

B =R fyd Zgo] e ARE AT 22
24 57 Agat B 27 24 27E (19 7494 A
ANE Ao 275 ¥, F9 27 £, AMHEE A2 A
27, AHgE HolE SAE AT, FHHoR HelE
9 Ao 2F Ao 3 oA B4, Z9) 53 AYg AT
g F JEE AAHNUY. HolEY HY FH+ SELECT,
INSERT, UPDATE, DELETE 7% 74+ BXE Hol&
e PR yegdd, Ao 3 gA B4 7 F9d
3] Aol 8 AlY Ao Fad, FAAE 8%, FE(sor),
A9 A3 (execution) T HAHFH FHPALE 99t

B =F AL gy #uh A2¥M e Fddd =%
o] Fl& 21 B4 =7F AWsti, MG B 24 kT
¢ AA F2E 713t A3FHE AU 2 B
A 279 g 9 45 @ AdFdNE £ 22 &4
575 g 20 By EFES Hndd npxwe 2 A5
A= AE23 FF AFo da gt

223 M £E79 4A % 7=

B gl 23 B4 BT P2 94 30 Bl
s, 23 dolehlolash 21 B4 Aol Bato]
SCLE
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223 84 =279 725 (29 D YEy Ao 23

P4 ETE 9 AE)AF Foo] We AR, T Ju
g diE ¥u9 B9z gYwit WY 23 BAIE
Q2 we Ao AR BAL BHsel gAzE Y RE
$70, 49 Zzol o Ao ulg, Wole] A9 g BHE
AP 422E 74 RES YRt 3%e 94 Qo)
o 7% FF(OML, DDL¥ 2%, dels] tiae] 5= ol
8 4% % WHEREHA A48 2d4¥ ¥77 Ut
olvh BAAE 9 we T AN §de BT 3
ool el sl delghuolz 27tk AAES AEY
(data type)® 235t 4% 87 ¥4, A% 22 248 +
Yok Al 21 BA Y Ao RO BY Ane
‘23 Yoleho] 2 712tk A% 7 B2 Ho]
Epulol2’e] 28 2 $4 23S wPoR o SQL
24 BA, A9 AR BA, 270 24 SAE F9
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(27 1) 21 B £7 7%

‘Hlo]eblo] & Ao 2= 211 BHo) #3849 Fq o
& 20 ARE EEsa Jou, ‘dojgHols F4 AR
= glolguo]l2g PARE A7Inket Yo g ARE
Eaan gluk ‘Holetulo) A Ao 21’9} ‘Hlo]EbHjo] A F
A AR'E DBMSO wrel 11 Fejrt tE7] g, o]& &
oA B4 7Hed HEE WEse o] st W
3 348 DBMSY wit e Wy E B8 Pk

‘Ao AH'E vy sde 7AdY 3 Fge @9 §
vl tigt e 78, +3 A& (query execution plan), &%
A1zh, diojEbdlo] & zhel ALE &8 2 7|4, CPU AHE A|7h
& ¥ Ay FR gd9 d& (2 bl vEh o
o} ‘A AR'E delelo) 2 Yo EXtE HolE, &, dl
2 E(method), E@A(trigger), <9 2(index)o] gk ol&
2 A8Y 5L TIIh =7, ‘74 AR5 dHolei o
28 FAstE $94A4 4o o uig FRVF 2EE

22 27 Ho[EfHo|A
‘2 ovlojetdle] e A 2 B4 ‘Advp 4
7V A BAE datE AFdet dlojehillo] A AlxFe A



Fe B4 AdE AgHoz AEAA AT F AeH
Q §79 lEHo|AE B8 ALEANA AFEtsd A
o (2g 2= ‘271 dojehelx’e] EAskE 1670 Hels
3 gole] BEE Uehdth HolBEL ‘YARE Y'Y
‘SQL FE AR, ‘Advh AR, ALY AR'E B

EEI=g-L SQL 7E HE
SQL_distribution Subquery_distribution order_column SQL_clause
select select_sub one query
insert update_sub two plan
delete delete_sub three execute_time
update create_sub four table
create insert_sub five elapse_time
drop six_up date
select_table select_column group_column
one five one At MR
two ten two
three fifteen three DB_resources
four twenty four name
five forty five count
six_up sixty six_up time
- sixty_up
select_where update_where delete_where
match_range match_range match_range hardware_resources
like fike like name
between between between count
nult nult null
not not not
In In n
270t HE
table_stat column_stat index_stat trigger_stat
table_name data_type column_cnt trigger_name
super_table table_name unique action_time
sub_table inherit table_name table_name
column_cnt super_table index_name
method_cnt default
index_cnt not_null
trigger_cnt column_hame

(18l 2) 27 HjojEto|22] Ho|Ea & 7

gage ARE BHP HoBEdE fag= 74
2y sl Ao vk YARe T X ARE &
da7] o8 (714 7148 FEE0] LS A
9t} Aeje] 74 ¥4, ORDER BY, GROUP BY Al A}
2% o9 7|4, SELECT 7% FROM HolX A&€
Hlol2o 74, WHERE Aol vehd 21 FF/e £27}
gazs FA AN AgdEn M doe e 5
9 Ao pRoz FEfA AE Ao uel Mrdert
JEUE A% B4 d4sieg B 21 B4 =79
BA gAadA de®c. B E7% SELECT/DELETE/
UPDATE #%¢ WHERE %, UPDATE +#¢ SET %,
INSERT/CREATE &4 yehd SELECT T&& A
B Aol (subquery)E2A HFETH

(2d 37 e A TS AT o, Y= AW
HolBESd & (13 4)9 e Wgo] 7158 SQL_dis-
tribution Elo]&& Ael A3 ol SELECT, INSERT,
UPDATE, DELETE, CREATE, DROP F&e°] 24 9, 1,
1,1, 1, 0 ZAASE vepdch SELECT T&& A &
126 Ao 6744 61, Aol 5, A 6, Ao TAN ME

CIOIEIHIOIA SE8 SISt 21 84 =7 1043

o]z 3 vehdth Subquery_distribution HelEolE ME
2o 9] ApE §3o] et select_sub ¥ SELECT 7
=o] WHEREA AMg®R AB Ao AFE ondy o
e Ao Fe= e 59 A9 60lM UEEH in-
sert_sub @& INSERT TEo uYehd MBA HAFE
omatm, ol @ Ae Hel: Aol 7oA ¥ dehdrh
order_column®} group_column Hjoj &= A Z(ORDER
BY)® Z&(GROUP BY)dl At&d 99 A Ex7 715
"}

A9} 1 select al, a2, bi, b2
A9 2 select cl,d2, €2 fl,gl, g2
3¢ 3:select al, countla)

from A, B where al > bl order by al,a2;
from C,D,E,F,G order by ¢2 d2,e2;
from A where al like ‘%aa%' group by al ;

H9| 4:select hl,h2, count{hd) from H
where h2 between 10 and 20 group by hl,h2
A9} 5 select bl,b2 from B

where b2 in (select d1 from D where d2>10) ;
29] 6 :select al, a2 bl, b2 ¢l c2,dl, &2 el, €2 1,12, g1, g2
from A, B,C, D, E, F,G where al is not null and c2°>all (select hl from H);
29} 7:insert into B (select al, a2 from A) ;
A9 8:update H set h10=3 where hl between 20 and 30;
49} 9: delete from H where hd like ‘%a% ;

29] 10 : create table I (il integer, i2 varchar(50),i3 char(5)) :

(O7 3) ¢ 2o M o

SQL_distribution Subquery_distribution

select | insert |update| detete | create | drop | [select su lipdate_subj delete,_sub|create_sub insert_sub
9 1 1 1 1 0 2 0 0 0 1
order_column group_column

o | two | three | four | five |sixup|| one | two | three | four | five |sixup
0 1 1 0 0 0 1 1 0 0 0 0

select_table select_column
one | two | three | four | five [sixup|f five | ten [fifteenftwenty] forty sixty |sixty._up
6 1 0 0 1 1 7 1 1 0 0 0 0

select_where

update_where

match_range| like [petween| nul | not | in | [matchiange like | between | null | not | in
3 1 1 11110 0 0 1 0]010
delete_where
match_range! tike [between| nuil | not | in
0 1 0 00

(12 4) YIRE HE 280 &3 HOEES elAHA
select_table B0l %ol FROM Aol Yehd HojE
A% 2x7 7129k select_table Blo] &9 six_up €2
FROM Ao Uehd golEel Ax7t 670 o142 24 A
2 ojman, A9 oA vepdth Ao 59 ol HHA
7 Uehd Aol A8 Aot s S9E AR HE
A = 2 =7 g9 52 FROM e #Hol¥e] 3 A

Uebd Aozt 271 Este AR A4FH.
select_column H|o] 2ol SELECT Heoj vebd €9 7)
2= By} 71290 select_column HolE & ol 7t ¥
go] & goz MAF itk wHA five B9 A}
SELECT Aol Ab&® 99 7571 1715%E 5712 2 il i
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T7F 7 A& gudy}, £8 ten 99 %€ SELECT 4
of AL&dE g M7t 67/05E 1071 Abolo) = A9 28
Agsta] 1o] €rh FAF WAoR F9 62 AEE 49
W7 147] o122 fifteen Foll 2= o] fifteen Fo G
1o} €t

select_where Blo)&-& SELECTT%¢ WHEREQJA A}
48 27 TF 4 £3& 7|53 WHERERA ¥4{5+e
27 9=+ 28 (Oracle)[13]3} o] 2 24 & E (Micro-
soft) [14], 3t HFE FAl[R19 Y 71E9 o7 dloje}y)e]
2 NaddA BE Xdsts 7195 219 F7HE g4l
of BETWEEN, NULL, NOT, IN, LIKEZ %#A&rt E &
TAA AFHE 271 FRHE FIEY 253 K >, <5
>=, <>)7F AMEE 27, 27 719 EE AHEE 240 B
39} REE A 2AS 74 39 AHEE ASFE et
o match_range gl 7|EH1, 7]91=7}1 AH4d 24 A4
v A9 719=9 o)gY 5UE do J1E2Q dF E
Aoje) WHERE Hdl LIKE 7199= £33 < 7|3 27o0]
FAl AFEEH match_range €9 kol 18 dsta ‘like’
49 ol 18 93t} update_where$} delete_where ¥ o) &
2 UPDATE %3 DELETE %9 WHERE Ao} A&
H 234 55 4 £¥7 dge /1290

‘SQL 422 74 HolE2 SQL_clause HloJEo] 9l
o} SQL_clause HoJ&ol&= Feo] Aol 7+ A9 s &
of W& Ao o] He Holl, +3 o, &9 A3 &
g Al AR A" SQL_clause HlolEd= 2 A9
e Ao &1 g Aurt AFHng gold 3o A5
E A" 499 A4 F438t) SQL_clause Hlo| &9 A
ZE ARE dojetdo] 2~ F5 AFE fEsts F9gE F
o #8354 AeE 4 gl

‘2Fu JR'Z ERE HOEEL table_stat, column_stat,
index_stat, trigger_stat HolEo] gloy, [1]dA 7|&¢¥€
2710t B4 AR AFAY. &9v 54 AREE 4
HolEe o, A= 92 EAY J4, & Hold
239 A% B4, 4 99 Holg A3F, AL X 7|
E(default) gt A o2, not null A 24 HA o8,
Aexd ALEE d g, EFAY AHE AH 2}
=

‘2t A2 EFH HolEEL SQL_clause Ho| &3 4
Aslo] de| o] ALEH A HE dojetg AFs)
DB_resources H ol &&= A7t +3d of, 44 43 A
o] o] W 347 7} g5 i §F AlTe] A
¥}, hardware_resources H ol gl drt +d o A
A dloletulle] 2o 243 F2]A AU FE-oF Eof, 2
3 #Ho)A(log page) &4, dlojel Holz &4, 2lock) &
-2 A 4" Aot Agdr

4,
z

23 21 BN 7 23 3 & ylot

B 23 4 EFE ‘21 dojguojxd A¥d 2
A 23 HolE U&S ZAH £YE 53 ‘SQL #A4
A, AL A BA, 270 #4 BA'E HTML 392
A Fghr},

‘SQL ¥4 FA'= 49 FF £¥x9 Ao =4 24 4
£ HolE £, HolE ¥ 49 £F, 249 78 AFox
o] R0}, Ao EF BEE SQL_distribution H o]
NEsollom, o] 2d £49 A select_where H)
olgd 7]Sdth AH&H HolE 4 AIE select_tabled
order_column, group_column, select_column E|o|&d] 7]&
o Ao £F BX, 49 27 B, A2 HolE =4
T HIRE 74 EXE YepdU7] A B9 g9 A
7} B HolEo] AF EAE ~F|vte] dY FF EE
7} select o7k 99% AHE-E o2 YERE, ALEH ¥ o]
B A AA7) select Fe]o tiREo] 27) o2 Holl
& AHEstE AFE Jelit R 44 EkaL o)wf AlEzlE bl
olgfelloj ~2] WA o] A glE HoZE sl nY
(isolation leveD& R 2 fEd ALEHE EHA3t 2
HE = (overhead)Ed £4 + U HolE ¥ A9 EFE
SQL_distribution H o] &3 SQL_clause HolE9 &1& %
o o 5 Sl dE o 3o HolEe Ayt Ao
o] 37 % select7} 80% ol AAsty, & st ¥
o] Eof Aot Ho9 FF F update} delete”} 80% o]
A& ARG SHA 3R A RS select A7) W EEQ)
HolEd e A9 Aol AL ¢lg oz #usid 1y
AlS W33 update®} delete A 27} 80% ojAbel HolE
de B AY FHol BT AR Adso uy 9
g =Y 4 Uk 29 F3 AFL SQL_clause Hol &9
e, o] Hod Az, 49 &7 A @4 J1=d
g Eo] A Ad2E AE3E o ¥ AFe
et Aeg FAAdgch dA Ao +3 Ago] HA H
ol& ¢17](full table scan) WA o2 £3& 33 v, 2
o 8 Aol JdAE ALY F JYTE HYo AL
z24& #43}e 29 F49E I F

= T
At Y FAE AHSE Al A BAG Ao #8

T
kel

@A B oR o]FolWnt AMER Alxd AY A Ae
hardware_resources Ho|Eo} 7|Z€t}. o & o] AHEA7}
g qRE A9 ulojg HolX ALgFo] %A e
9, A 2ol ke gl dojEl Holx Y o] A
S Aoz At AMSAE Al2" A Al(cache)®] Z7]7}
22 Ao g Hekdte dlojetdo] & Al A" 7] A(cache) ¥
& A3}z dolgtmol 2 AN 2R metalH e SVHATE
Fd& F3% Aotk A9 8 9A ¥4 A= DBre-
sources Hiol & 7] &H ) A& Eof AFER7} 33 d 9



59 4 WA B4 A3t 4E BEY £ Ago] 2
Aele Aoz Jehid, JE& $yste Mue Ato]zrt
Aty gaste] Hdel ALEEE Bi# Abo] 2(UniSQL/X
Ao+ srbuffer Hetnle) gevg g FMAIE R
9e 3 ¥ Aol

‘270 £ A= Fo AHAN E&E FE A8}
ot} &g, At A= 2d)vto] i3t HA A F
A 954AQ ARon, AA 27|vte] i FA, HeolEd
AR o] Foc A 27wl d& TAE T A Bl
FE HolE o]&S Udsld 7 Held g, viias, ddx,
EglAY A Jehdd. golEd Bl HolE 7zt
i3] shtel £& AMSste] UebdTh dolEE §AY 4 &
Eol= dg9 A8y BE, 7|E 37 null Al A o
& 57, 9929 FUA(unique) F4 AR, Ao ALE
¥ 4 e B4, EgA A8A A (action time)d FAE A
T £, ’2}—"‘-*"— = Hlol B2 49 HolE o|E# &
9 HolE o]§& ATt

3. 21 #M =79 7 A HE

2 FAME AgE 20 84 B79 749 1 AT oA
& 1@ # 210 24 =7E CAolE TEHer, ¥
Qe F o] 2 Apache | A} PHP o2 FRHUL. £
Y 278 AHshe doletdol~ AAYLE UniSQL/X 528
AHgstth -2 TPC-W wWiAlstaBlE 3% F A4
¥ RIE 2 =7 Her o 23 #ME 78,

CIOIEHHCIA FHE 2ls 21 &M

F3Pd AN £ 20 BY 278 HFeAH

TPC-We ¢ Q"é"ﬂ'ﬂ AHEH & diolEluo] & Al AHd
g A5t g FAske, Al HAp A dx
AAH Azdg AEHoMH o, TPC-Wx EB(emu-
lated browser)Z ¥ FgoldEE A48y, 39 EB
M= 1499 dlojetuol2 Hejrt Y B AES
A# 88 TPC-W ¥XvlaE UniSQL/X 529 Uni-
CAS 4644 EB N+E 542 39 FFHJUT. Uni-
SQL/X dio|etwlol 2 Al2€9 R+ UniSQL/X9 84
AL E = v E 9ol (middleware) UniCASS] 219 £43}
tf g f2E TPC-W #WlXvlae 32 B3 44
g UniCAS 218 Algste] Agtd 20 B4 E79 4
g g

TPC-W wlxvtz9] £ & UniCASHA 43 A9
21 899 AFe o 120007 otk g ¥ 23 8
MmN AT AEVE AHS-EH UniCASH A @
oA Ao BEaEE 9 1200049 ‘A AR gz W
gatgoh ‘de AR g9 (29 59 2ot £F, ¢4
T TPC-W¢ dlojgtujo} =g FA3teE Y W& 27
o Y& WAV E ARt ‘7 AR Fd2 W
t}, TPC-W9 27k 48 UniSQL/X dolebuo] & A]
28gle] Al B(view) W && A3t o™, doElH) o]
28 FAsE 39 W4 UniSQL/X dHolewo]s A&
o] M3t dlojetwlol 2 T4 HH HAE FgYg o
235t

01/13 20:23:40.252 execute 1

Query plan :
Index scan{customer, customer.c_uname = ‘NGRIININ')

Histogram of client requests :

Average server response time = 0.001232 secs
Average time between client requests = 0.000000 secs

*xk CLIENT EXECUTION STATISTICS #*#
Elapsed (sec) = 0

+xxx SERVER EXECUTION STATISTICS ok
Num_data_page_fetches = 1
Num_data_page_ioreads
Num_object_locks_re-requested
Num_format_volume

D s O U1

i

Name Reount
QST_SERVER_GET_STATISTICS 1X
QM_QUERY_PREPARE_AND_EXECUTE 1X
unknown request 1X
Totals : 3X

01/13 20:23:40.245 compile : select c_fname, c_Iname from customer where ¢_uname = ‘NGRIININ'

Sent size Recv size Server time
8+ 532 b 0.000652 s
780+ 175 b 0.002585 s
4+ 24 b 0.000459 s
792+ 732 b 0.00369% s

(O3 5 ‘"o g2 o




1046 EEMe=g

=X D M11-DT M5z (2004.10)

DD BRI

AR SXHD S8R

b B3R =290

Y BANNE EID SAREH L]
O O NEAG Oav freaw @owo @ (2-5 # - L) Qo O HN@a P“ ﬁ"‘*" Qo @ 25 d-la
e I #aoe =3 w; z2m| | “Bos e Q-

SQL 22 24 =7 select 20| ALBE class J & ¥ T 3¢
s 14 20 [ 3T 4 1014 join Bl
SQL §eol B ¥4 230l 4 AN 8353 3213 66 1 0 3280
sQL »E ¥ 8
select insert update delete create drop
L 2 40 L 22 £ order by 2201 AHZS attribute 25 S
~AAE2I| 19 200 39 304 04
1903 i7 0 0
select 7201 AFEE attribute M5 B0
52H OIBt 1024 018k 1524 0I5+ 2024 015t 40JH 0I5} 60H 0I5+ 602H Ol&t Dol AL2S attribute |2 &
555 e 5 ar 5 5 5 group by P E0l ALEH a s SA
]J Al
e H 204 3M 304 ol &
0 0 0 61
- ] _ .
] [CEEE | [ EC
(38 6) SOL +2 =24 A
DHD BED YAV BIWKA SHD SR [] DRE BAE 20 SARAD SAUD SRV
O O HAG pedngu 35 E-Uall sy @ O RRBG Pu dewwn @ovo @ (3-05 W L) T
220 ) T T - T v EBos 23" & 2 A “ Eos Tz > @&~
r -
SOL zo ¥ 24
AZ101 24 SAl
sewct WO B4 deieta F2| ®Y update ¥ FY insert §O| B4
| HA SAH
vl %_F ‘ﬂg” 555‘ iz m Bz A all_class class attribute method index trigger
| 1" 11 100 Q 34 22
WA 2BE 23X |i!ﬁm %E’ Index scan(iem fem ¢ = 5 0.009819 #
_ll'\ TR ANN ___ i |
/17 1210348 130BET 131026 '“'”"""" MALT AL seiw by §  Seouendal scaniseraLisblel 00057
O/ 1HICNE HEEEZ 2106 E‘M"—J’-‘%L”‘“—” monabe §2 | Seoveoialsconiswielnglel QIS index S Al
07 RN BRAE 3N '""‘"“5"“ 3. LT i SHOPPING.CART % i 100083 unique index
16
A7 [HICNES BEA 130T %’Tﬁf PP CART §2 ol oo I:I;.‘fa 18
AT IXIER N G0N 3TN0 L 0o
Akt Jmul*d. viwec
Q17 13K10308 IHIENI6 1311724 | s wiamdt, jelnek b Bom whary n B2 ndex scaniem fe LGB0 0ODFEY
et bl g, indexOll ALES key Ji 5 i
01T 13901738 13061790 130017 40/ Ly W1 el From T LS E Indes scanifam e | <310 0043
[-E 194 200 304 40H 474 ol &
W1 ORI FTRE 3IORE]  sepaodmmmoter ) wroben ) B | Sl g 14 4 6 8 2
017 131018 13100 13 a0 0 S0 ISV 1 et i il amen ¥ ™
T P g N e
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