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Abstract  In this paper, we propose AST-AET(Average valid Start Time-Average valid End
Time) data migration strategy based on the storage structure where temporal data is divided into a
past segment, a current segment, and a future segment. We define AST and AET which are used in
AST-AET data migration strategy and also define entity versions to be stored in each segment. We
describe methods to compute AST and AET, and processes to search entity versions for migration and
move them. We compare average response times for user queries between AST-AET data migration
strategy and the existing LST-GET{(Least valid Start Time-Greatest valid End Time) data migration
strategy.

The experimental results show that, when there are no LLTs(Long Lived Tuples), there is little
difference in performance between the two migration strategies because the size of a current segment
is nearly equal. However, when there are LLTs, the average response time of AST-AET data
migration strategy is smaller than that of LST-GET data migration strategy because the size of a
current segment of LST-GET data migration strategy becomes larger., In addition, when we change
average interarrival times of temporal queries, generally the average response time of AST-AET data
migration strategy is smaller than that of LST-GET data migration strategv.

1.ME

Tt

Al
% 3 9 AEn AEsnIey s o
hwyun@silla.ac.kr ‘—:rL
FARY : FAUNE FREFHFGR wp lol 3=
gimgs@asadal.cs.pusan.ac kr Eﬂ’\o 9 lOJ O}] _14— 03__1_'_7]_ g_ ?S‘
HZ

=egs . 20019 149 319
ANgs: 0014 72 9% ”1 ]‘E A8 EelEhol s To2

o’: l‘lr' R

gO

A AYFx
a7

F2) 9 dlo]etu o) 2:(Temporal Databases)ol] gt
Az 1 A Cﬂ olg} B AZEAL Ajef[Le,
o 104 HAEE AAY He

Tf:



AAL dolehe] S4&

of7} =3 9AvH11,12,13].
AR wiolg Eea Azt Ao, TElm Al
A4 s Fxzol HE AT/ B dhde] AlkA
4 Holetey] A7 e Hlolgl o]% (data migration)
o Bg d+E BA ¥k 2 B FE"E A7AY 9
olEbdjo) 2 AlaEle F1ES] AFgo} AL wloje
Helz #e] Alxgld AR dolojg Ase A
Ae71g FE BAE 2 AR glen, AR Y
lolete] 548 aEdA] & 71Ee] dHolgh A3 %
Hil2 AA Y doles 7%‘3}" ATH14,15].
ojefH] o] W ool 2 A7
WA a4 &

& AA W) dREolRe 5‘41—? e W 574
71 B FEG doleE 2E% A7 I e
$TH15,16,17,19]. HZolE AW BE Al&E|Y i)
A AY A=y 59 $8o] gopAwA vl A
A dgshe welere] o) wWolAal, FR Jge de
Z QA vl tg F doluvh wo] TAsT
°‘E} AAF7AA AR Holeh o] 29 AHbE A7

A4
= vgdl FEF dojele] dishA vima f@ie] A
aitcﬂ B =idAs W veles zedich
AZEA welele] AlZEH BA&

& mestdE FHA #
P AA AL FA NIRES AFsa, A F
EF A Bde @A AawEd ARk, 2HI
ol FaF AA WAL ¥H AaREY AT
ek olg) o] ATAL wHolgE #HA AIRE, @
A AawE, a2 v AaUER 29 AY 7
GME AIZEAE Aol A weE e B B

opet15,18], «;H HA WBL WL LS ILE%
slef #dg A 3¢ A AAol 4G 5 ArHS.
A, ALAYD veleE A AadE, 87 *ﬂilrﬂ-E—,
a8 v AadEs ZdsiH Adske B A7
TFRAAE At Aste] wEd AZRE Afold)
ojele] o]Fo] dastA Hr.

B =RME AT doleluo]iedx Aol of
o AN EmE A7) A8M 'Y A TRE

12 gt AIZEA dlolEr olF WHg AN

f”l

r°"

l‘

o AYAE o5 PHANE 2 AaHES] AARE
Bl A A2dEd ARHT AA WAL 3
o E#, AARE FHE PES o5 el N )

% Fohe H4e no a9n 4

2 a4 % v‘z—oam AeE BlolEt o5 st
&9 dol% oIF BH ol 5 e Ead

AHE AST-AET ®loJel o]% 7]H 386

e A% Fxo dlolgt o]53 #d€d 71E9
Aol oisiA ARl 3FelAe AlAE slejekd]
i F TFEE VNS st dHole olF THEE

AQsliL, 48X 71&9) LST-GET dojgt o] 4t
W B =R A¢rels AST-AET dlo]g o5 4
Hol disA 2o dig Aes Hosk sfATe g,

SRelMe BN FE A7 HAd dsiA Aol

F T2 o H"ﬂ ’%vﬂi—ﬂ A Hojele] o]F
w3 712 AFol] HsiA o ‘
Aln# Snodgrass= A|7ER ¢ dlolele] gk 7y
L PP FNE EEFoR B8] HsiA
AzEAY golete A FAE A AZL9 g A
AR FL, ol ALY Tz e o A9
A2 g4E, F2Hd, &9, a9a 48y A F
oA 71 A F2E AeedrH20].
Sarda= HDBMS(Historical DBMS)7}
23 o)¥ Yol M(historical relation)E A, A,
azlm v MovER £ #geizte Uk A
HHoz AkslHri[21]. Sardag] A<tel &, 1A
AZREAE & FTRAZO) A ANE Fe 7
A WA AT @A AanEds FE A7
o #xl ARG ZAY T fFE FRAIZTC] A
AZRT ZAY 2L A WA AR £E, 7
g AZNESE FE A=AZI] @A AR 2 7
A HHE AAge ‘
Kouramajian< [8]ollA A7t dHojgty A& 2
4% % tazs A7) gzaz FRE4 edd 44
o fFEYW A HEL F 23 AT Sk
HAe] FEHD AA HAS A FES AA WA
A7) taze] AR Kouramajiand F Tazw)
A7) B3] AF"E AA HADE FRI] A8 E
A S5 A WA FAM M e FE AR
& AAZLE AgET -
Yun [1518181)41 Al7kx14 Holgle] E4%
gt AamEZ 2sled Adees AT WHE
AsAh Yund ¥£2) AF FxodA wojg olF
AL Helels olF3ly] g AZIE Agshe W
Ha delets o)Este HBE ALIAen, LST-
GET dloJe} o]F e wlojgl olF LxnuFH #A
AaHE, 8 AIdE, 2z v AahEd A%

S 4



386 4B = A

= ZRA WA A A LS 19].
Ahn# Snodgrass’} Alerst AR TFREL 2F
Aol FEPA A @A QA FET A HAT

_V,.‘t re rulo i)

sk glom Pl e Aot 4% gom
A B £ Qe vFHd Fad AN HHe 1
1Al gtk Sardats FHA AIHE, A MIHE,

a3 " AaREd] AZE AA WHE £
A dA Az AEshE AEAR] wWUelks AtE)
Sk e, FA AOEE, dA) MaYE, i w
P MadEe By FRE FEFE FAEY PHe
AFEA &sitl Kouramajiane A7EAD d)o]
ZEEA BA FEYE A AR EA) -rrif_i 7N
A AR nHstEem vdd fEG A WAL
TR AT
Sarda® [21]91A A|7EAE Hoele] o]Fe] thsiA
dFetar gled o AT sy, Y HHEdA
A A2NEZY Hog o5 dAl Aol mE Al
IRMEs] Eole A HAHY fFHE Al AlzEg Zol
AW gofdrt AR #@A) AaTEY Sole
AR WA FAM FE F8AZE] FA A Zolx
d AR AIWENA HA AIYUEZ dHolg o]F ]
=
Kouramajian& # tl&=:s} 2p7] tize AFE
AA HAS FEshe BARS AAST ed, A
FET A WA S 7}%} e fE AFRATE
74]7L°i shal QAvH8]. FAGEY AL fa FEA
= A wAe ‘:H-rldr & HxFe AAsta
AAZET *rrl‘i A FAIZEE BT, fE 8
WAL 3 dazer A
FE BT Zﬂ’%OFL Azt & AlFAIZE
o] BAFRG & MA HHL A7) daze] AAsa

r—{n:

Yund AZEAE deolekd] fa ARE ﬁdH A2k
o} BA wt A FEIAD AA ¥H, d4 {5
o AA HM vl FEE A HWOE e
A AZFe ANFEoz Holels =4 o]Fsh= HhE-S A
Skl THI5,18). E3 HA A7k SES AH BAY
FE AL AGA vg W ESONFIS 7}7¢ e A
WA fa AFA L, A A7l frES AN WA
o FE A JABAM fE %—EM{ 3 & AR
we #u *Ex\]{% Aoz dh= LST-GET
HlolE oF WEE As }95‘\‘:}[19.
A Holete] Ed AAGL EAS

£ =EAME A7
°]8% AST-AET Hlo[g} ol& WH(£4, AST-AET

i

tejetd o]z A 28 A A 3 320019

ol Wyelzgtn FEEUHE A¢tet}:. Kouramajian ©]
A dolel o)F H“}.ﬁ% A=A vl HojetE A
gk LST-GET dlolgl °ls WH(F9A, LST-
GET ol% drgelgta R-2ohe) BA3E AAsx, 3

A, AA, a2z vy AaNEE TR AAges
AHERlE ASTSY AETE A ojgith diojgt olgdM &
A% FAL tide] He A o dﬁr t ol
g5& Ao, ¥A AaHE, A AaYE, Jdn

13}] AaRed AA=s AA #HHE A3t w3

=EA Agtels AST-AET o5 ¥W# 7]&¢
LST-GET o} "ol tiahr AR dejof %
T SHAZE Blagicl

olF ¥il

3. HE Tx0l 7idtst AST-AET OIS

0F HI

oE o

o] FoAe AIZAY dHelete] A7Hd EA4S 1
3 2E AA FFRE Holil LST(Least valid Start
Time)-GET(Greatest valid End Time) ©)% Wi
FAEE AnET LST-GET ojF e EAde
Astr] siM fFE AFAZY B fE5 84
7k B ARk AST-AET olF #HH& At
o} WA, AST(Average valid Start Time) $AET
(Average valid End Time)E stz dlog} o]%
HAL Bl Hell, & JaRE HFH= AA WAL
Aol

3.1 B2l §& 7=

AZA Y wlolete] Al7kd B¢ meEslA A A
OHE, A AIHE, Y MIHER Bg [F
TEE 39 139 2tk 9 A F2AM DBRH A=
24718 BsiA vlolgl o)F W AIUE Aoy
AARE A IS 49T 5 gk A9

A= HolE olF WY
]

AST-AET olg WHe| glom, AAZRS AFs
He Zb oly ot} AINEE Adsle Wy
ol&% sk Wyel ik DBREAZ Al Ud
A e JAEd Agde AP 84 ouE
v AaUEZ AASEE olF Wl uhet 737%‘%
7414%}1 HelEe #Azxse Wie 4498 39de
717y & AR G5 FRATE TEE
01% wiel ot AAE ANgh 2A77F o)F Al
712 2738 AAGE AFste Wy wet g
Ee FEVIE RIS AAGS 2a dojg olFg
AeM ABANE YA, Adre gole o W



AZAQ Felehe) SAE

Wl wheh AR Aelol AA WHE §71AY Ba}
B},

DB =}
47
Ar e o] 2 £
247 L | B4
) A1 7]
A HAA ] 2
AZRE AaME Ao¥E

¥ 1 29 A 7=

3.2 LST- GET Ol o] =x=a AST-AET
0lS gieiol 712 Iy

LST-GET ©l% whHeA AA g LSTS GETE
NEoZ A #HA AIAHE, 4 AzWE, a2z
g MaRER TR | Qola 2= g= =
7 BAAEE thed 2o

AR, T 7 B A A Aaded AR A
t@e=z #& A7ke] 71 LLT(Long Lived Tuples)7}
god ggd d4 ¥4 Wt AAAM A Mz
Ed Eojrkz Hlolete] 471 AuxA Bold 4= gl
o AL Al AR FEF dolgd] td Fejr} vim
2 gohe Ao B HiFo] Hy Ao tia &
o Alzre] Zoid & gk

=5, LLT7} 2lod 34 AIdE Sode E‘ﬂo]
B} wolAnz golgs oJEse Aldd e 4o
HERZ o]Eso} sz A Hiolel 47 AHA o)
A dolg o]Fe wE Hore BEAFA] Balm

G

<

FA7 e EAIEE 7IAE itk
LST$} GETZE ©]43 o] WS Aggozi §
A MAHEL] Z7)7F AFA A =

AAe AL @] 9
A ZF A WA@el ZEAI ' FE AIFAS {8
ZEATY] Hag 47 olgshs WHE A B
A=, o]Aol AST-AET ol wge] 71E sjdejrh
FE AR HEe FA AavEe @A Haw

¥ AST-AET dHl ol |5 71| 387

i
4

32
H
=2,

o
X
5}'4

o
2:
op
b
rir
on,
o
=2
o

WS A Yu H
A7 WA AA%E 7 o

Ag dT7t ofF 20 5
o}F 21 R Holg B4z

|o
st
il
o
2
Y
|
e
u
19
LI
N
N
5
;\1

wom
filo

).
¥o
I

3.3 ASTS AETS| He|
A AawES HA AIVEE ve AAFeE
AHEEFE R AR BEgE ASTE st @A
AaHEe} nl Hl:l?iE% e AAwRL=E AMEs
= FE FEANY Boas AETE F2r12 3
A A FaF AA HAY JFge cF s o

C={Ej| Ep.Vs now < E;V, }
RS 3 AlZFAIZEe] #A Al Bl Za
A7l FA AR Z A H’V*% Lce} &)
Aztel WA ARG AAY 2T HE
ARt Z A WA HEE Reg)
OPL, dpas %ﬂr Zeo] Azt
Le={E; € Cl(EypVs<now) A (E;Ve> now)}
Re={E; & Cl(E;Vs < now) A (EzVe> now)}
Ledl Eo7le BE (A wAY §F A7 7139
At MAE T(Le)Etn &t JF Rcoﬂ 2017& EE.
A WA fE A 7HE9 ]7J 2 T(ROHT
3 2ol Pegtt,
(L= ULV, Vil

[us, 25l =Le

T(R)= ULV, V]

[os, 5] =Re
ASTE Fat=d date] ®& A4 u{;qo] 7FA 5
= & AFAgE JES s st1, AETE
st iadte] HE A #de| JIXm gle FA
A9 J¥E EO=R2 8k1, SO ENE 957
2ol Aelgirh
S(D={V,| 3V,eT(Lc) such that [ V,, V.]=Lc}
ED)={V,| AV,eT(Re) such that [ V,, V]eLd
Sel Bol7ke EE & AR §& SUM(S)
2 s thga 2] AejE)
SUM(S) =

33, olAE 27

OPN—Uzo

s
S8 A=AZre] BEe Jehlls ASTE E}~

2

i



388 ArAsts=5A  olgh o] Al 28 | Al 3 20019

3} 2
AST— -SUM(S)
n
ED Eorle RE #85 23ATY & SUM
()2} 3d o2t 2o) FojHu,
SUM(E) = UE(D

2E 2 F8A2]

BEE Jefe AETE ths

AET— SUM(E)
V]

BAZ ASTE HA ADHES dA AIHEY &
o] Z A WAL TR BAGel =i, AETE @
A AaRES wH AIWEE FESE AAgeR
ARgETE ZH A Hde] AT sle fE AR RS
FE F2AE A} Blass ddshe Aade
o A7gstA Hoh.

GetAST()
begin
/% for all E; in Future Segment and Current Segment */
ASTpre <- AST, AST <- Null; ASTsum <- n <- 0;
while (not eof (EntityVersion <- read (FutSeg))) do
if ( EnitityVersionVs now < EntityVersionVe ) A
(EntityVersionVs > ASTpre) then
ASTsum <- ASTsum + EntityVersionVs
n <-n+1;
end if
end while
while (not eof (EntityVersion <- read (CurSeg))) do
if ( EnitityVersion.Vy now < EntityVersion.Ve ) A
(EntityVersion.Vs > ASTpre) then
ASTsum <- ASTsum + EntityVersionVs
n <-n -+l
end if
end while
if (ASTsum = Null) then
AST <~ Notfound;
else AST <- ASTsum / m;
end if
return AST;
end
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GetAET()
/¥ for all By in Future Segment and Current Segment »/
AETpre <- AET;, AET <- Null;, AETsum <- n <- 0;
begin
while (not eof (EntityVersion <- read (FutSeg))) do
if { EnitityVersionVs now < EntityVersionVe ) A
(EntityVersionV. > AETpre) then
AETsum <- AETsum + EntityVersionVe
n <-n+l;
end if
end while
while (not eof (EntityVersion <- read (CurSeg))) do
if ( EnitityVersionVs now < EntityVersionVe ) A
(EntityVersion.V. > AETpre) then
AETsum <- AETsum + EntityVersion.Ve;
n <-n +1;
end if
end while
il (AETswm = Null) then
AET <~ Notfound;
else AET <- AETsum / m

end if
return AETS
end
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