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Abstract: For energy consumption and severe environglent ! ohlemdbrought by big data, building an energy-efficient

green database system has become a key requirement and<gn gitant challenge. To solve the problem that traditional

energy consumption perception and optimization, an energy
consumption perception model based on databas posed and applied to the database system based on Solid-
State Drive (SSD). Firstly, the consumptio ystem resources (CPU, SSD) during database workload execution was
quantified as time overhead and power ¢ overhead. Based on basic 170 type of SSD database workload, a time cost
model and a power consumptio model were built, and an energy consumption perception model with uniform
resource unit was implemented. The ulti-variable linear regression mathematical tools were used to solve the model, and in
the exclusive environment and competitive environment, the energy estimation accuracy of the model for different 170 types of
database workload was verified. Finally, the experimental results were analyzed and the factors that affect the model accuracy
were discussed. The experimental results show that the model accuracy is relatively high. Under ideal conditions that DBMS
monopolized system resources, the average error is 5. 15% and the absolute error is no more than 9. 8% . Although the
accuracy in competitive environment is reduced, the average error is less than 12.21% . The model can effectively build an
energy-aware green database system.
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declare
i number:=0;
counts number;
begin
loop
=i+l
execute immediate ’alter system flush BUFFER_CACHE’;
execute immediate 'alter system flush SHARED_POOL';
execute immediate ‘7l SQL 154" ;
bulk collect into t_table;
exit when 1 =100;
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end loop;
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B X, 735 %ﬁ@tﬂﬁ%/—?ﬁﬁ,& FRFEHLE SR

RO 7 A AL AR VR TR e 1 R R S P A
W I B, BT LR 7 BT, GE AR AL B i

%iﬁ (25) #1(26) R4S 3 %de e BB 1F ) B REAE RN
L 2

BN
E = {X, *(0.0465X, +0.1007X,) +43.7724X, +
94. 8402X, +0.4232X,%> +2.5799X,%} (27)
3.3 HIEESRENERBAKRR
X T EIR T B, F W B A R A TR N B
JF 4@ A (INSERT) I 7 #4F (UPDATE) , SZIR BRI T 4T
WP E AR MBS B A B Bt B i A TR R A TR A, A
BRI T YNZR4R (50 &%) A4 (10 %) M B & . ik
G HRAER L BN 4 PR
=4 SRIENBEELH
Tab. 4 Write operation dataset instances
'S #RAFEE VO KR SQL #1)
1 A JHFE  insert into orders2 select * from orders

2 EH RS

update orders_lineitem set o_shippriority =
1,]_linenumber =1

update orders2 t1 set tl. o_totalprice =
(select t2. o_totalprice +20 from orders2
2 order by dbms_random. value)

3 EH kNS

T DBMS i B ARG R IIHLL T, BT8R ES R1E
RIS, R R R G T LR, 6 A Matlab X 8047 B2 5 #24F
R DNFERE R AT R & o TR B BT B RIFAEEZ L
T B e R LA T A N3 R T 7 9 5l , IR G 3L
BRI R DR L JUN HE R BR AR R N R 1
Thike . LU B SRR B IRAEMPATI 8] T, AP I DhETH 3
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#39%

BRERE £, X5 AR MSETHE B AR AE REFER A AL
M A AF(27) BRI RERE £, RGBS T A

AR B EERIESETIFEP,
P, = (E, -E)/T, (28)
BESHEAR I B RAE MG 4R T
y = 35.46 +0.0371X, + 0. 4128X, (29)

Hoor: X, n CPULES BB, X FNIF BHRAEUEL SL 50
BAUFEI AL RN 35.46 W, 5EBRE(29. 8 W) By#H%t
RER 18.99% , & THIE R EXN AT RS &R,
B T A B2 7= 4 FAPDOFE , R T R i sb & i
T B ERERE RN R R IR 25 B IS5 , IR B A IR B
TEEEIGUT B I R4S (s_w_s) A 1. 56 ms, BRYEUE B FEHL
BEHBTRIITES (r_w_t) 24 7. 45 ms,
AR LA SR, Fl R 15 28R IR R 8E
REFE R AR LA A K -
E = (35.46 +0.0371X, +0.4328X,) *
(X, %1.56 x 107°) (30)
PR AL S B (r_w_sm) Jp X B IEHSERA
FEDLTS B A AR R AR A PSR LG
E = (35.46 +0.0371X, +1.5148X,) *
(X, #7.45 x 107%) (31)
BRI U RS R E N AR R R M Ak
E = {X, * (0.0579X, +0.2764X,) +55.3176X, +
264. 177X, +0.6752X,;> + 11.2853X,%} (329

4 AR KF

SR REAE BRI I A S v
FERABE R R B T HUR R 170 KRB EK
P ERAR 4351 SE BT IBUT 5 . T A0 P NG
ﬁf AR L F R 3 fim, Hp

10 Z&iE4) , [FIR S B UL AR B 4 fg ok 1 o or
PR R FRE T %) BEAE AR B e T A A o

)M 535, RSEALEAT DBMS, %A HAl AT 12 2
ROSEREERERFRE, EXRZESHWRE D, EF
F A £ 4P %% ( Multi-Processing-Level, MPL) 3678 & 5t 24z
TR LR N R Z AR 1,

)RR, REPATEM DBMS 375 4 35 IR A9 H At 72
F, 9B T T Java BEF, RGH MPL BN 2,

DL b WFERIE) 170 4 R B 40 N2 . B2 [FRT,
MEITEX IR BRAE F SRRy KB R A EX
A, E G, R I, T E AR R ST SRR E SR B W
JIERT.

4.1 EREEEBIER B IETERG

R IR S AL R AR REFE R AR B X BERE Y 1
RO, A SCEEMF LI T 53X [15 - 161 R H i
REAERREL (RIS B L) 4T T X 38, A 2(a) Fi(e)
FI%0,7E DBMS i 5 RGBT IR IR IR I, A SCREFR BB A ) T
MEARXS T SRBRREFE R F-HIRZE R 5. 15% , X IRZE AN @
9.8% , S EAKFHIRERN 6. 55% , X iR E AT
12.3% , @1 2(b) . (d) A[H1, DBMS &£ 5 HAMBE FRH RE

7

E‘J?ﬂ]iﬁ%@é‘
e, 233 LT

FRMAGT T RELETH MG SI7=4 T EEZRKEH
FELEABAASAIAE T HIRES TH 5K, AR
B A TS IE FHTIREN 9.31%  AXIRE RS
AHBIT 18.9% Xt W BB HERI TR ZE K 13.58% , £ %17
EBEH526.9% . BAKTIE , 7€ DBMS i 5 RA R IFIFE
A, A SCEE ST A BCE PR TSR B AR P RE G R A Y 9% 00 I v s
BAF  RB EESCHRT 1S5 — 16 ] dhgit i A 260 o) 450 8 0 R AR 1Y ik 5
FEIER . BT A SCRERE R A CPU 384800
B, ML BUE ST CPU ST BUE AT A 7 RERE
R T = PR

AR
=@ SE R

b
<

8

—
=}

= O
—
)

RELLH%
R Bl %

IS

[
SQL& = SQL4 5
(a) J 5 FRI5 T REFEARRY (b) S IRTE T REFBARERY
]’ﬁi?lﬂﬁl%( llJﬁf?‘L-\*E)

FRBCROR 1)

0123453%78910
(d) IR T REFERIAY
T AR R

B2 e RERRR AR B IERCR

Fig. 2 Verification effects of

SQLE =
GL .EIMJ"FE‘E%#%
TR

reading operation energy perception model

4.2 SEHRERERBMREKNEIETRE

Bl 3 BT DBMS & 47 MR AT, 4305 B fk REFE R
A S BAEAR XS T L PR RERERIIRZEL B Hh T B AR R AT
REBRS AN MR AT R R, A K E S #
YERGRERE , PIIA SCHE S AR REFE B AR BY K 30 0 S8 58 oA
W R HAERIR X L8, AR TiREBE, SRIENEH
RS AR I ARAE A EFTRAE I IR MR
MAEMEW, B4 5 REMRER SQLHS 1 ~5 FilA
B1E,SQL %5 6 ~ 10 A BEH#AE,

g£16
f; 12
8¢
K 4
0 0 .
12345678910 12345678910
SQLG S SQL%H 5
(2) WP 5 PERE (b) FEPL S ERERE
TR RTINS RSB R T I A 5

B3 A RIEHEFR SRR IR

Fig. 3 Verification effects of

proposed writing operation energy perception model

5B 3(a) ((b) AT, 7E DBMS AbF 4 5 3R IR , BERE
AT L BB A X T 5L PR REFERS - IR E N 6.61% , 4
XIRZEAMIL 11. 7% ; 25 DBMS &k T35 4+ SR, i F HoAth
TEIT e R GUBTIR , REAR BRI U ) REAE A0 5 B ERR I B
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R AT SSD 4B A R 209 SQL At B ke A 211

TR PIRER 12.21% 40 1R 2 H K 23.8% . HFEE
MR, FE LR . B R R REFE R B AR IR 22 0K, VR 2
RERE, &0, X —4REBRE TEFRIENRER
KFEH . JLHFE DBMS 4 T F IR AT AR IEN, fE
FERRHIAE R P DR 2208, 48% 5 T HAT B HRAEmT , IR AY
FIIRE I 15.94% .
4.3 ZWERFHRSMHL

FEXTE PR R BERE RN RL 7R A5 B BT R AR RERE T 1Y
REWE S THARERLEER, o HERMH T SSD &
FRETHHER N Y RSN, M T SSD RRERAE
B, HAEPAT R BRAE X BB 1T BB R B SR PAT BER #R
Y&, MHRERERAER SSD B IR I 65 A4 fec o & 53 i e f, o™
A RV BSNIFEA AT B o

[, SSD 005 R 458 R B4 o J2 B2 R 2 B4 RERE R
BENERME AR M E RN R, HERfEr e B8R,
PN BT IR R BEOKE , 2038 P & 5 0 7 fm ef 2 25 [ SR A £
B TR A O e e, el R Bt P PP Rl R B
{5 P e 2 2 T, T I s 2 2 (B R ol I R R AR AP bt 5 b
SrBCRY—B & KR, FF 1k B A TR B i R BB T
=, TR G R 2 W E AL a i, AR 2 i i Rk R
YEF L B I S , AT 2 BT KRB B TSR ERIE. N5
EEBRPRAEXT REFE AR BY B B2 A, S0 E T BB AN R Y A
KN, 53 HITE 2 GB.4 GB.8 GB il 16 GB HYIEOL T AKX 5 3K

AEBBARRET 2R AMHET  FEARAANFERETE

BIXTREFEMIM IR 2. &5 BT HieR(EE , LRE R W
&l 4 iR o

x5 BEERER
Tab. 5 Information of data t

E LR
PART 2000000
PARTSUPP 8000000 1.13
ORDERS 15000000 1.64
LINEITEM1 30000000 3.56
LINEITEM2 60 000 000 7.29
30
25 - 2GBHTF
© -o- AGBNF
Sl o BGBATE
S5 =7 s |[== 16GBPITE
% [ e -
FK 101 d
5 4
0

2 sQL?%ﬁ% !
B4 RERNSHELREXR
Fig. 4 Relationship of memory size and model error

WA 4 PR FERFE R 2 GB B, SR VEREFE B A AU Y
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Fo FHMEEI, L L3 FINAERET,ME SQL iFH
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5 SQLEEMBRENBIEEZRAEEWRRXE, SITHTH
FARIRR SR BB, FEE SQL 358 7= AE 11 G I i 238 K, A
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B, IR TR, SRR AE SERE R AR BUAE R BT IR AR 58
AT R IR . X EBRM T HHRME
FENFEIE R BVIBOLT R 7= AE B is i SR 6% T A 2 ), ook
AT Nl A 2 2 B B AL G T SRR BRAE R AR R B2 T
SR ASUREVETEF IR T HIRER TSN — D E
BN R A THAWRF M DBMS 325 A7 5 IR 3 o

R AL SEIR 4 R AT A0, TE R B N 7R BT UR AT AR G
e RERBBNIAR BY i HERR PR AR R 1, (A XS Bk BERE R A
s , RER R EE R A EH RN TR, SAF
KR/NTOR , MR B — P8 B 5 AR RERE AR R AR M X
REES e s a CPU 184 BB BB LA SRRk
VBT A, AT BOA R BB RSB, o TEA
Pl e R G L E S XU RS T RO S AL, R RA
SSD SR FR A, M ILA BUR FF RT3 M SSD B
BIERRE ST U R A R B 5 IR , SRR LARKAE
B B, A i B BT — AR IC R, BT AR S IR R B
B ARMERR Y8 TR AR G BOR PR BR RAR I SAAT IR,
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Xt DBMS j7 A= W REREHEAT A RLHAG 3 . AT, 76 LA B3R {R
ORI T, 150 B SEE R R 1Y RE AR
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BTN RERE BB AL BRSE T T BT ST . AR SCHR Y REAE SRR
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EILE DBMS 2 TR FREREAREEAFRS,
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RAELEER:
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