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Optimization of Bilateral Pointer Storage in Object Deputy Database
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Abstract In Object Deputy Database, two new concepts are proposed: deputy object and deputy
class. Each object uses a unique identity, multiple attributes, and multiple methods to describe
its characteristics and behavior. Objects with common attributes and methods are clustered
together and their schema is defined as a class. An object can have one or more deputy objects,
and this object can also be called source object for these deputy objects. The deputy object can
also have its own deputy objects. Deputy objects can selectively inherit attributes and methods

from their source objects, or define their own attributes and methods. Attributes of a deputy
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object inheriting from its source object are called virtual attributes, which are not actually stored
but obtained value according to that of the source object in the query. The Object Deputy
Database uses a bilateral pointer table to manage the associations between source objects and
deputy objects. Each record in the bilateral pointer table contains two fields, corresponding to the
source object ID and the deputy object ID. When we get the virtual attribute value, we first find
the source object of the deputy object according to the bilateral pointer table and get the real
attribute value from the source object, and then calculate the virtual attribute value according to
the switching expression and the real attribute value. When there are multilayer deputy relation-
ships, multiple query operations are needed to perform on the bilateral pointer table to query
deputy objects resulting in low query efficiency. In this paper, we have studied on the problem of
low query efficiency and have found that the main reason is that the data of the same deputy class
and source class are distributed in different disk blocks, thus resulting in multiple I/Os when
querying the bilateral pointer table. Based on this, this paper first designs a blank space allocation
strategy in the Object Deputy Database, which add new index information to the original free
space management strategy. Therefore, when it needs to add new record, it can not only use the
free space management module called FSM to find the free space with suitable size, but also
should find the suitable disk block according to the clustering information specified in index.
Then it reads the target disk block into memory, and tuples in the bilateral pointer table are
written to disk as a unit of source classes and deputy classes to realize the clustering storage of the
bilateral pointer table based on the deputy relation. At the same time, this paper designs an 1/0O
query cost model considering the factors of deputy hierarchy and user query frequency in the
database model aiming at the specific application scenario. The model is used to calculate the
query cost after deputy class and source class clustering to select a clustering strategy with least
query cost and optimal performance, and objects in the bilateral pointer table are also clustering
stored as a unit of source classes and deputy classes in this strategy, which can make the Object
Deputy Database reduce the number of I/O and maximize the query efficiency of deputy objects.
The experimental results show that the clustering method improve more than 15 percent of the
optimization results on the real data sets than before, compared with the previous study on the
optimization of the bilateral pointer table increased by more than 9 percent.
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FEE R, [F B — 2% {03 2% patent_common %
fill E A — A = g ALK patent_simple ] 3k £
FH P 28 A 0 & FUBUOE (5 5. 0L 48 BT R P AR A
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patent_common 25 fl patent_simple 5L &R,
HAEX ] 45 £F R b X R ECh 10 55, X LA B &
HE AR B Z ) AR OC R AN 8 . TE Xt
SRS P A i) AU BEZE patent_simple [,
MG AL OE R A 4k — AU B 2K patent_common, £
e — G AT 2 ) A A A B G R A FR R 2K patent $K
i IF R ).
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patent_common2 | patent_simple2

B2 T "
patent_commonl | patent_simplel
patent2 ! patent_common2
B3 T
patent3 ! patent_common3
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Bl 9

3.2 ETARPEAMENRK

3o 1y v A R U 2 R B I Y SRR O 1k
ST REAMER IR, X T — AR R AR AR 47 1Y
SRR A A ) 2 A HE S AT AR AR 4 R
1 1/O BRI L 45 50 A 1) B[R] 3l 58 7 O ik 2
— i A R D7k 8 TOTEM & 4g vhn] DL 3
X TR A s R i R (H2 X T TOTEM %04 &
TR 22 A B 6 R ) A TR N BRIk B A
BB X 2 BACEAE B0 R FRATAE 3. 1 1 B AL 7 ik
(LAl b 4R — gl A R P X B PR e i) Y —
UM SRR T S5 T F P A R 1 SR . Ty
AT X R E ) BB AT DA 22 AR B 6 R A )RR
AT 2 W B . TR ik B P AT DA T 3R R
A IR R G SR P A i H RS
TP F 2 A R 2 ik 8L 28 5 TOTEM
R4 F P X6 45 AR B2 A 2 1) B0 BT B DA
[ V5 RN AR B2 Sy BT AT R I AR e R ik
T TOTEM B B A7 fitg B 300 XA 0 2D B R Y
AL

BT A T A SR BN e i T/0
M Z W AE N A AR R VR /) CPU R4, BIR A
KR BE B AR A6 1T O 20 an R AR Al s

patent_simple ‘

— e |

— AR EE S ’ patent_commom ‘

A8 PR S Z MR R
FEBI 1 o, AR 2 T R SRR I i1 SR A 7 vk
ATRLSCELE 9 M RFRACR. B 9(a) 2y TOTEM E ik
T BE LA EROR S B 9 (b) kIR 3% LU G A7l sk SR

Bl patentl i patent_common

patent2 ! patent_common2

B2 patent3 ! patent_common3

B3

patent_commonl: patent_simplel

patent_common2: patent_simple2

B1 patem_common?)i patent_simple3

(b) ZEHEAAH

W AL A it 0 2R 5 9 S 2 U5 A X L T

WRKZ AU A B2 5] ABORm U B
XAK.

1E TOTEM £#fiff b - #5360 00w 45 £ 3% 59 A0 f 4
KD PR :

DeputyC()st(t):Z Cost (1) (L
i=1

Horb o [RREE TR KM IR AR TE ¢« AR,
Cost () Fl P A i) 57 ¢ A2 10 A 360 XL [m] 45 1 3%
AT s DeputyCost (0) 3 iz J 7 A i) 1) S ACAR

Bl 1 rp, A 3 X T 45 B b o R 8 AR
DeputyCost(2) =Cost(1) + Cost (2) , B 2% 1f] — 2% I
ZHARERE R B AR

TERENLAERRJ7 X F . TOTEM Xt T & 45 n 2%
RIS A =02 B

(2)

Horb S, AR5 n GV R M IR P g A i) 56
FARFRA I A8 55 1 1/ O AR Co, g IR 505 152
W=t g AU - D, A3 n AU 5 IR 2K £ XL ]
22 P 00 G I A 1) G B AR

@l 1 b BB ) — B R kL S, = 100,
) AR AL S, =100.C, =1,D, =10,
D, =10. F i) — AR AN 43 51 h

i=n—1
Cost(n) =S, XC,, X ( 2 PHrD,,)
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Cost(1)=100X1X10=1000,
Cost(2) =100X1X (10+P,) =1000+100P.
SCRRE36 J48 tH — Az g g AU Al 3 2 20 T
T Hcdie 12 2 40 v A BG4 B LRU 25 3%
B R G RIBACHT A SCR AR %A X ih 1T Pyt

B ) PR
P.=
. ( 2T,T;
mln(m,Ti>,Ti§b
2T, T, 2Tt
oo T.>b andT”léi)
2T+ T, 2T, —b
27T;b T,—1 &
) —b
b+ T, ——— —,
’ <’“ 2T,-—b> T,
2T;b
T.>26b and T, , \, =>———
2T, —b

Horb T8 0 GBI 2R S LR 2R AE X a) 4 41 3R Y
BRI X B 6 5% vh X A B

Bl 1 AR B 6=10, M2l " AN, gL
THHEET, =100>6=10, H T,=100<C(2000/190) ,
HiEH P, =2X100X10/210=2000/210, fif X
Cost(2)=1000-+20000/21.

TE— W b 0 T 48— 2R A Al Y
A an =0 (4 il

Cluster(n) =S, XQ, XC, €

Horb S, & M5 n PRI A IREL Q. N & 15 7
GRS T £ 2 1 1/ O AN, Ci, S PG 280 152
I — TR A TT SR 2 AR T IR AL B SE o SR
F8 5 BT AR 132 A G2 i X r ) 40 910 2 A 1) BT s 2 1
ANt BEHEAT 22 U0 B 1 A5 B S e 4 4 L T/O AUt
=G PR

i=1

Q.= (5

Forb T 50 @ QB E 5 JLUR AL WU Ia) 45 41 & P Y
70l B0 R8s e 738 B A Tl 28 B rP A7 A 1) 0L 1) 45
BRI X SR th TAERLEL R B R b
]S —%E 19 - BT A m 2hg 72 {HL.
B 1w B m= 50, WA LU £ if— . 2%
FRHE AR 20 51
Cluster(1)=1Xx100X100/50= 200,
Cluster(2)=1X100X (100+10) /50=220.
BT RL B 28 30 A2 2 T IS S Al 1 A7
TE ¢ BACEEAR B B0 PRI FNER n S AX B2 1) 3

1 Z 5 R S A i AR an =X (6) s
ClusterCost(n) = 2 Cost (i) +Cluster(n) (6)
i=1.i*n

B 1 v, DR AN — G AR Oy B SR L A A
MR ClusterCost (1) = Cluster(1) +Cost(2).
PLUR 2 R — AR g B SR A L A AR R
ClusterCost(2) =Cost(1) + Cluster(2).
Horp YT GO 28 BEAT R AR I H A 2 Ik
() A WA AT LA O 5 3R AR A Y 2 i A H AR TR
W AR B SR AT 9 A DepuryCost (o) FER 5 I 1 AR
#y ClusterCost(n) , A] DI L3 X 3 FIRIS T
FEARHR M REZ G 115 1/0 R0 32 & {8 4
(DR
Improve(n) = DeputyCost(t) — ClusterCost(n) (7)
PR P AR T A R 2 S HOR IR A
AT M TP e RO 4 T i e B 0T L A AR
£ BB AT DAAS 2 TR S A 2 ¢ R, B
FEU S AR I A K AT =2 () i A B 2 7 3 ] 45
X G B FEAL [R] — > W B He b, A X 48 BT
(R RRE RE A 3K B S .
SR 1 SEEL T T P A v S A T D
KU I 48 1 3 1) SR e ok A
Bk L BUa 5 B R 0 REA .
HA AR R ITA WIRKES Y. AR ES
D, JE X w48 £+ 3% old Table
i 1 BT RLI] 2K newTable
1. VIR IR R 8 =05 W IR L BE & DS= ()5
2. FOR j=1—->N
MY HEEF RS EEMEHMABE, I HE
old Table 32l 25 F AR 3¢ 1Y A L 254 43 3 47 7]
HIERAE DS h DS=Add_Q(Q,) s/ /¥ @ 44k 42
3. S ECAR B I N A7 B F R A A R Cs
4. WHILE (DS!=NULL) DO
5. Q=GetFromDS(Q);
6.  Y==ComputeSource(Q); //FBUHIEE Q H iR
7. D= ComputeDeputy(Q); //i 8 Q #{L# /)
RS
DH=GetDeputyObject (D); //#tti4i4 DH
9.  RemoveFromDS(Q) ;
10. WHILE (DH!=NULL) DO
11.  Object=GetDepuryTuple (DH) ; //3RHt DH ()
TG
12. WriteToC(Object) ;
13.  RemoveFromDH (Object); //M ¥ DH H a4l
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14. WHILE(! ContainsSource(Y ,Object)) DO

15. Object=GetSourceObject(Object) 5/ / KB X} 5

16. WriteToC (Object) ;

17. END WHILE

18. END WHILE

19. WHILE (Q!=NULL) DO.

20.  Object=GetObject(Q) ;

21, WriteToC(Object) ;

22. RemoveFromQ(Object) ;

23. END WHILE

24. END WHILE

25. WriteToDisk () ;

26. newTable =GetNewTable O 5 / /3R [ 37 WL 45 £ 2

27. RETURN newTable;

TEMIEBAESE DS I, i Add_QQO) i i i [y 2
BAT R R IR 3 iU & Q ARG A%
DS &, 38 5 ComputeSource (), ComputeDeputy ()
BREGTRE HES Q P RBEAM E/DMIRE Y A
H2K D. GetDeputyObject () pRER [ 75 X 1] 48 £
g B R /N R A A BZE D 7E X 45 5 R
ORI G & fE S AU B/ R R ZE Y RN
RIEED ZJ5 .33 GetDeputyTuple () b&EUHIK

R ECHRZE D A5 X ] 48 2 b 1 B S ot A
ContainsSource O BRI ZH Y W1EHZEEE A
e D Je FOURZRAE R 6 52 o 1 SC IS G, A
Wiy fe e 5 O 22 Il i) B PR 2R Y 4 2 28 [l ) ) I 26
YL 0] Y T A R O 2 58 B A A Tl 3 U 2
Y, D0 T Ak 2 [ W, B ] A R B Y )R
. 75 R 5 MU » BT B Bl 46 B 26 newTable &
IH AL 11 45 5t 2 old Table 3R 8] 35t () XL 1] 35 5 2
newTable.

i 1 v 2 LIRSS R — A B oy B SR A
R G A& WA D T Improve (1) =800, 24 L)
PR TN G ACTR 2 Ry B A T I SR S5 Y A i AR
MU T Improve(2) =780420000/21. 7] L4 B @
EFH Improve(2) > Improve (1), H % £ DL I 25
patent Fl Z U 2K patent_simple Sy B A7 4T 5
72+ BEWS 52 BB I (0 SR RCR . iR A0 M & U T 5
PFELAPRZE patent A1 AL HEZS patent_simple
AN AT B, SE B 10 B9 R ARACR L B 10Ca) 2y
TOTEM 27 Hi b UL A7 fiff RCR , B 10 (b) gy R 5
TR

T
Bl '
patent 1 ' patent_common 1 Bl patent 1 3 patent_common 1
‘ :
patent 2 ' patent_common 2 patent_common 1 3 patent_simple 1
T
B2 ' o B2 '
patent_common 1 ' patent_simple 1 patent 2 ! patent_common 2
patent 3 3 patent_common 3 patent_common 2 3 patent_simple 2
i B3 !
1 .
B3 patent_common 3 ' patent_simple 3 patent 3 ! patent_common 3
! i .
patent_common 2 3 patent_simple 2 patent_common 3 ! patent_simple 3

(a) BENLAZGE

(b) RAEAEH

B 10 BEALAF A 7SR 1T 3 2 ZUEE 4 X G ]

4 £ W

AR SR H 110 2 QB S5G AR 10 R Iw) 4i5 # R A7
BTN EC 27 TOTEM % % & 48 b 52 8.
A5 3 3 AR Y S L RS SR H Y T AU O R
9 0L 1] 45 1 3% ho SR B0 AL 7 5845 IR 5 SN A i)
BRI S, B e TOTEM 2. 2 $udla 5 R 4e v 58
4.1 SLIGIREEANSLIGHHE

S 56 I 4K A 05 6 5 B B B R A0 B 85 7

Gy REFREERCE AN 4 GB NAE, 1 TB fifi i, Intel
Core i5-4460 3.20 GHz 4b F 2% . % 4 35 55 /i & 40
T :Ubuntu 15. 04 #:/E R & . M 2 E R 5
TOTEM 2. 2.

S50 R A0 0 3 A e — A R A B A 52
3 HCHE B ok A b I A R, BROHE 4R TR i L R B
P F BNk - 3 M. DA RORE RL A T 1Y) % A
5L BOUE B 4D UE 26 patent D M TR B H
difdi ] — 2% {0 ¥ 2% patent common., 1 g% {8 H 25
patent_five DA S+ AL PR patent_ten {E LK
TIPS PTG, 3 PR B R ET H
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JUAEAE e M) AR GE 0 i v BT BEA T 4 £ TR e i 1Y
SR R . U R 5 Bl AN [ 4 R a4 i
Frimal, 2 1 P BBl 378 T AN TR LR 1) 00 4 1Y
RS AU v I g2 AR 50 B Bk e B3t

ERe 3 S RENLEIRS SR e SR VE/TE SN AL
RIS AR BE IS A 10 YR 3 Bl S 30 2 HUE i 1Y
PALRCR. & 2 PRy o8 T UL 3 A 25
I 352 56 v A LD R /N R

x1 MABEE

. FEARL X ZH — AR AN Z L FLRARTEI N G5 TR IR G EL
size of patent size of patent_common size of patent_five size of patent_ten
D1 100000 100000 100000 100000
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£2 THBEHE I HLF 5 FiHi it 0 388 K DL AR B8R S W 2, A Rk
o e peT— P T AR d & 11Ch) [y T [ — A B
a iDl’DZ’D‘%’m'DS} ! 100 A JH PR T A Ta] 1) A ) i AR 2 OO [ B 25 AR
b (D1,D2,D3,D4,D5) 5 100 N I
C o - - FE YA » 1 T A1 15 B 2 P MR Bt L P
d D1 5 {100,200,300,400,500} R AR L R AL LS AL RCR A AR ] i (H 2

4.2 ZBWHERSHWN

AR 38 i S B 3 B A TR O AR 0 BT 5 B R
HA O G 1) SR AN HE SRR A A 9 Y R L S5 2 Bk Y
AT EON £ G AR 2 A 1R A9 B R

TESC K S B X TR — SRS H . 52
B P FEAT U oI A IR ] L SR S 2 R
%S RO AR 1 2 I ]

FESC R R HATA AT E MR Z
BT AT LG o AR ST AR T 325 A0 RAEE X X 1) 45 1 2 ) 4
T3 2 BOXE L. FEC A B RLUE 5 B R B et b,
BT H0 AR U1k 38 B R AT ik 7 108 BT R AP R
1 AEAR SO T T IS AU 2R i R T ik 5
AT R L. T A G AR BE A XL 1] 4 BT R AT 7
V5 H T R TR R RE RO S 1k RE A 4L FUE T
— U A R 7 A SC AP ol T 6 1 P A 0 AR
SRR T kS Z AT T,

TE 5 T IR I A B2 1 2R 7 05 vk i S i v o 52
B a5 AR 11 fr R (O AL AR O 2 i) i ), B 07 ).
TOTEM FUFRA i AL A A7k (9 &2 0 3], TOTEM-
pre 7 i FH 3k F 91 2R XU1a] 48 B R A7 Al 7 12 10 A
WIS, TOTEM-opt 2758 filf I 3 P8 28 A A B 28
A4 SR A% 5 ik B AT Ty P11 Ca) BT 1
TR ACHIE Y R T ik A A 1 BRI R 41 R P X 4
TE B b A7k 7 2 6 T AN TR B B 46 S BE A Rdle
B Wt i Y I G AL e G A I ) EE OIS R A
V) IRF ] T 2 sk /L 9 EL AN T 81 SR A O I AR L
ik P 2 T R SR A 8 ) 2R T 3 A [ B

HAHZ I Z L5 XU 48 B3 i B sl A 9
BT, BRI A LIS A I ] ] 9. R R T 8] 5
(M F7A8 7 IR A LG BE B AE — R AR i 2 T
PR AN ) SR A 7 6 i DL AR B8ORS W 2 L (2
— RS I B B D BT LUSOCR A 2 AR B
A R AR B SR ORI T 3 T 9 S A 4 7 ik
OV Aoy € N
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Background

Over the past 20 years, a large variety of data has been
generated, which includes structured and unstructured data.
We entered a big data Era. Traditional database management
system cannot manage those data effectively. Then, we need
a novel method to process those data. Object-deputy model is
a novel data model, which integrate the relational model and
the object model together. Many researchers adopted object-
deputy model into their researches and have achieved good
results.

Totem is a database management system based on
object-deputy model. The great effect of deputy is that we
can use it to model complex semantic relations.

In order to retrieve semantic relations, Totem uses a
bidirectional pointer table to manage the association between
the source object and deputy object. Some work has been
done to optimize the bidirectional pointer table storage only
considering one-layer-deputy. If we allow multi-layer-deputy,

for example A is a source object, A, is a deputy object of A,

and A, is a deputy object of A;, and so on, A, is a deputy
object of A,—,. So for a given deputy object An, we need
access bidirectional pointer table n times in the worst case that
we can get its source object A, which will be a performance
bottle neck of Totem. In this paper, we put forward a
bidirectional pointer table clustering method using schema
information. Furthermore we optimize clustering method
according to user’s query content and frequency. We apply
our method on synthetic data and real dataset. Experiment
results show that this clustering method can decrease 1/0O
cost effectively. In general, our work solves the bidirectional
pointer table storage problem more comprehensively which
will help to improve Totem performance.
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