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Abstract Reducing energy consumption and building green datacenters has been one of the major
needs of modern large-scale datacenters. In green datacenters, a key research issue is how to lower the
energy consumption of database systems while keeping stable performance. This issue is called energy
efficiency, and has become a new research frontier recently. Energy efficiency of database systems is
defined as using little energy to accomplish as many operations as possible. High energy efficiency
means that database systems can use less energy while processing a fixed number of operations. In
other words, it uses less energy but achieves the same performance. In this paper, we propose a
method for energy-efficient query optimization. First, an operator-level power model is established
based on the regression analysis method, which can accurately predict average power consumption
during query execution for a given query. Next, a new cost model is proposed for query optimizer,
which considers both energy and performance aspects. The new cost model uses a new factor to obtain
a better tradeoff between performance and energy costs. A testbed is built for measuring energy
consumption of database systems, and the TPC-H and TPC-C benchmarks are used to evaluate the
performance of our proposal. The results show that the proposed power model achieves higher
precision than existing methods. In addition, the proposed performance-degrade factor can provide
flexible trade-offs between performance and energy. Moreover, by setting up an appropriate

performance-degrade factor, better energy efficiency can be achieved than the original PostgreSQL.
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Fig. 1 Design of energy efficient query optimizer
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Fig. 2 Data acquisition platform and data format design
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Table 1 CPU Running Information

£1 CPUIETTEE

CPU  User Nice Sys Idle Towait Irq Sofirq
CPUywi 814 131 435 88449 2071 0 3
CPU, 217 9 150 22326 270 0 1
CPU, 203 1 118 22370 257 0 0
CPU, 218 120 98 21144 1408 0 0
CPU; 175 0 68 22607 134 0 1

Wt e 2 A2 2.z, 43 R BSOS Y
2%, b R R X BT [a] Y CPU i %, /I
CPU ffi H] % =100 % X
(User,, +Sys,, +Nice,, ) — (User, +Sys, +Nice, )

total ,, —total,

(D

PN A R = 2 M meminfo XA R EL 2 4>
B S 4 2 T N AE I8 & Cemem) D e N A A
B Cumem) , iHE AN
P = 1009 5

XTI R B3R 2 3R 3 5E o 2K 07 A
T AERUE T ZR G T LA ) 2 8 KR D
Table 2 Common Features of All Physical Operators
x2 FTAYEREFHHXERE

cmem

(2

Operator Description
couT Number of Output Tuples
SOUTAVG Average Size of Output Tuples
CIN Number of Input Tuples
SINAVG Average Size of Input Tuples

Table 3 Features of Specific Operators
®3 ETHEREFSE

Operator Description Operator Type
TSIZE Tuple Numbers of Input Table Seek/Scan
PAGES Page Numbers of Input Table Seek/Scan
TCOLUMNS Column Numbers of Tuple Seek/Scan
INDEXDEPTH Index Depth Seek
HASHOPAVA Cost of Hash Operation per Tuple Hash
CHASHCOL Column Numbers of Hash Operation Hash Agg
CINNERCOL Column Numbers of Inner Join Joins
COUTERCOL Column Numbers of Outer Join Joins

SSEEKTABLE
CSORTCOL

SINSUM

Tuple Numbers of Inner Table

Total Data Size of Multiway Merge Join

Nested Loop

Column Numbers of Sort Operation Sort

Merge Join

TE PostgreSQL ™ EL K ST B, 75 BB B N %
Y costsize. ¢, createplan. ¢, explain. ¢, plannodes. h,
relation.h 2§ 3. 3@ 34 18 2 plannodes.h #1 relation. h
HROXE TS5 R AR plan, path (42 SCES I AH Rz 404 25 7Y
7 BOR LR A5 B B HI7E PostgreSQL KUyl & T
PLiE 3T Cexplain + SQL & 1)) ) 7 Xk Wn 4 &E
SQL 210 19 $AT TT R M. explain enalyze £ i 7~ 47
AR B9 PAT TR EL AT A R PR e e R
J¥ i explain AT EAE YIRS 5 RGP A & A
AR A TR BT R A B R T R S L SR AR B
PRAF . ELAR B 18 B 3= B P FE PostgreSQL A sre
backend\ commands H 5 T explain. ¢ 3 4 /1 )
explain_outNode PFR%X .

HHE R B TR A A N Y B2, 7E A ) B 2R

AT AR AT B 9B L i T TPC-H v ) €
TR A AR O A AT IR LA TR — 2R 8 ) B
VEATEH & 0 PR 7 S B Bl R S b 23 8 31 2 A4S
M), 1) R4S Ge#E K F 5 (external monitor) AE
SR ST AR H R T E AT
Y BRERAERF AT B 3 1 S W s L AR MR B A B
PR AR 00 PUAT I Be , 35T 2500 08 B B AT DIFE. 2) X
TEARAERT  RGAF BRI 22 R & T
At [a) PN AT 2% Hb 32 B/ proc/stat, /proc/meminfo 3C {4
T ALY

g AT T — A R AR
B A 20k 5 ] 7 A ) £ 28R Gk B ECHE WA Y
H Y s [ i PR I e £ K5 4l RE 05 50 4 sz e 4y 3 48 1
AF B ELSE DA O AE R TS AT 7 2 mE, FRATT A A
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AR AT RE B KB 1 ) PR AR AT A () A A ) R
N REAAFAE SR AR AT 2 5 B A 0 480 B R ] fiE Ml 4%
T R AL ) BEERAE AT B 2 BT s AT AR

SELECT * FROM R ; (Scan)
SELECT * FROM R ORDER BY R.a; (Sort)
SELECT * FROM R WHERE R.A<<a; (Select)
SELECT COUNT( * ) FROM R (Aggregate)
SELECT * FROM R, S; (Product)
SELECT ¥ FROM R,S WHERE R.a=S.a; (Join)

A TPC-H 3 o 3K J7 %, JRATTHG 13k A )
SCELh TPC-H iy J& i A 1 B4R
2.3 HUTITRIM TS

BE T R AR WU B A 4 L FRATT SR A1 05 43 T 1Y
T3 1R ST B A A 2 TR AR Y X T A 3 A
5,0 T REAE 1S 2 BUN ThAEAL AL, FRATE A 2 S ReAE
45 . D AE DBMS P #B L SR 48 21 19 B 245 1 45 AT
IHRTREALFER LA B T BT A H N Lk B
o SE R MR R G M CPU % C.p 4~
ERF T DI#E P 3E LK

P=F(T,N,s,0). (3)

SRIG X F I 25 850 0 46 3E AT [0 19 43 B 25 1R
B S BRAE F rfE 3 A A B Tl A, AT T AR Lk
WHE AU 25 ks LR R 25 R0 F GBI 1R 25 %
err BB IRZER err BIE XK
ﬁﬁ%”“:mmiié%?m$

YE R H AR sREL, [1H 7R

AR LRI R ARRE T, N o, C FIYIZR4
e WL R PR3] F, IR BR 2SR £,

PR 2. SBCRANRRIE HEAT T B AR 4 Can T—>T7)
FENHRRAE TR TR A T L A5 8 F, F £,

B3 HBE foa ooy fo<Sf UK IR 2
R R IR A B R F R LR 2547 f, >
fos BLIGHRRAE 0 3k 45 1k

S T GSL(GNU scientific library) T.
H. GSL 2T M C/C++4iH T HIE, e
7 {5 Hb 58 X T 22 4k R0 A R 2R 5T

20 AR B0 0 B B R A A TN T A ok
& WRAT I B AT R — A Q W LR
B — RSN YRR AT O 4 B A P AT TR A
NGB BT TR AR BT A e — 2 ) PR E A A T R
TR Es R AL S ARM AL T, T A AT 3T R Bt
AT 20 NARAEAF B E G 1 an =R () Bim. O A
WEFE I BAT R SR I P o AT iH 5, S e AT A 4R

X100%. (4)

N Po W2kt 5.
Tq= Dot . (5
SRMT . B (B S AR 3R Bt ], ThAE i BRI A H
A 2R R A SCE R R A BRAE AT 0 D FE E AT
AR A S B A S 7 X B A5 B R A AT
TR G S 34 ThRE CRI 2SR A hAE) L B

Tm/):Zt“}/)“} ) (6)
po—1mp _ Zt’ | N
Q TQ Et(‘) .

Horb, Tnp i) 28 &, IR IH 3 1 A BRAE AT 1 )
] DO AE e .
24 BHRHRE

Wt 2.3 AP AERLAL, X T B A PO IR A
Kl LR 2 AMAE : DA T IRAT I 1) T, e 8 fs, Jf
A5 B LPAT I ] 2 g E A G H R T AR g B T
RGP RE S AR 4 b 48 5 S5 U0 T R Y 5 I 2D TR PR
¥ TIE P LA W),

TEBRZ G BRI TR E T BEARAT S D0 Al o 2 0
W BAT T30 5 1% e A Ak & b ke £ 1 BAT TRt AR
Prfliitm & SR R TR AR T RE B A E
SETEVERE 1A PR R, AT ST B AR B A

Cost=P<T'" “, (8

R A 2 A7 4 Planl A1 Plan2, 3f &
% Plan2 FZNFEAL T Planl, FATA] IR H MW &
O ARSE N Plan2 BIPERE T ° L KA RN

Planl: C RV INFE P LA R SRATINFIE] T 5

Plan2: E M INFE N np (0<n<<1),HEFH
PATHS ] T
PeT' " “=mP)T" "' *=
algP+O—a)lgT=algn+1gP)+0—a)lgT =
A—aIgT=0—a)IgT" +algn=>

lg T~ :lgT—ia lgn=
l1—a

po Ly

W R HE S AR FRAT K AN R AT R
() T AE I R 22 18] A7 75 48 W] 358 09 A OC 1. 4 ) 3
W, G SR A 9 U Ak & R 438 P I Planl M) #E K1Y
Plan2, 2% o BE T Plan2 B HEE LR, Bl T
B T

B AR o 5 A PERE IR 1k B 1 1 A1
W Plan2 fENFE A 20% MUK 25 (n = 0.8) , il 1
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HMERIY o (E T E L AT LLAE il 58 FE AT 24000 A5 100 08 1L 2%
TEFEFE Plan2 BT 721 09 5 K 9 M R IR fb B2 B O LE
g A i T Rk B R ke = 0.2 B}, T =
1.06T , Fu i/ i P Rk f KR AL BE Sk 6 06 A i L 7 52 B
Rgerp FRAT T LI i A S Y o (H A A8
AT RE PR e S R Z R T e =0 &
IRA R PEREIR AL o =1 Fom FLIFIERE AT LA G BR 3B
b, KB FERAR. R 4 45 T RLRIE 7 T 19 %
REIRFLE.

Table 4 Degenerated Factor a (n=10.8)
x4 BRUBEFa(i&n=0.38)

a 1/,,% Degree of Performance Degradation
0 1 0

0.2 1.06 0.06

0.5 1.25 0.25

0.7 1.69 0.69

0.9 7.45 6.45

1.0 0 00

o
3 XWER

3.1 ELRiEE

SIS ) B A 3 855 O PostgreSQL 8.3.3 A1 Ubuntu
12.04 (A% 3.5.0) A {3 & DL SR R A T AE S 50n
5 PR A R T TPC-H #il TPC-C.

)&

Data Analyzer

| B 'Yy

| SATA

SATA ;Elecmcny E i
Y Sensor [ri

Table S Experimental Environment and Parameter Settings

x5 LBHENMHRSHLE

Hardware Max Power Comsumption/W

CPU i3-3220 55
Mainboard and GPU 16
Memory DDR3 4GB 3
WD Disk 1 TB 6
Others(CD driver, mouse, keyboard) 15
Complete Machine 95

32 mRNLTEE

ARG isATHE, MK 6 R 0% 52 B X T 58035 44 A
AEAE TR A 0 25 (1t H 2 B8 2 A7 Pl O PR SR AL O
4R AE I A5 L RAT 5 28 00 A5 P T 46 B 1 e 46 s A%
iy 25 B A B AR G AT RCHE 1) Ak B AR AT

K3 250 T RGBT R G0 i AR 2
P 0 R s FE TP RS 2 AR O A

D s AT A AL b A 2% 28000 17 2K

2) IBATHERAE 3 P AIL L (R Sl W A e A A

B 5 43 5 8 o KA A

) REFEM 1% 4

2) TN LRI L , 46 AR 25080 P i 55

3) TR 2 CBUIE R 5347 5
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Fig. 7 Additional cost of a single query on the 10 GB data set
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PostgreSQL Execution Time/s Average Power Consumption/W Energy Consumption/]J
Unmodified Version 974 40.7 39642
Modified Version(a= 0.1) 985 36.5 35953
Modified Version(a= 0.3) 976 40.6 39625
Modified Version(a= 0.5) 1024 38.9 39834
Modified Version(a= 0.7) 1019 38.6 39333

Modified Version(a= 0.9) 1438 35.0 50330
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