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Abstract Temporal databases manage time-evolving data. They provide built-in supports for
efficient recording and querying of temporal data. The temporal aggregate in temporal databases is an
extension of the conventional aggregate to include time concept on the domain and range of
aggregation. This paper focuses on multidimensional temporal aggregation. In a multidimensional
temporal aggregate, we use one or more general attributes as well as a time attribute on the range
of aggregation, thus it is a useful operation for historical data warehouse, Call Data Records(CDR),
etc. In this paper, we propose a structure for multidimensional temporal aggregation, called PTA-tree,
and an aggregate processing method based on the PTA-tree. Through analyses and performance
experiments, we also compare the PTA-tree with the simple extension of SB-tree that was proposed
for temporal aggregation.
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Algorithm: I-Insert(I-node N¢, Data D)

if Nc is an internal node
begin
find a sct of clements E that cach clement's
key-range R D.K
for cach clement X in E, call I-Insert(X.C, D)
end
clsc
begin
if3X in Nc which satisfies X.F=T and X.K=D.K,
insert D into the TA-node which is pointed by X.C
clse
find an clement X in E whose key-range XR 2 DK
insert D into the A-node which is pointed by X.C
end

Algorithm: A-Insert{A-node N., Record D)
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if there is no record in Ne whose key K equals D.K,
inscrt two rccords, {D.K, D.ts-1, 0} and {D.K, D.t,
D.V}, into N ;

else
begin

for cach record X in Ne whose key K = DK,

begin

if X.I covers DU,

begin
insert two records, {DK, D.ts-1, X.V} and
(DK, Dt., D.V}
goto EXIT;

end

clsc if D.I covers X, update X.V;

else if X1 S the start time ts of DI,

begin
inscrt {DK, D.ts-1, D.V} into Ng
update X.V;

cnd

clse if XI > the end time t of DI,

begin
computc aggregate value Vioew with D.V
and X.V;
insert {D.K, D.te, View);
goto EXIT;

end

cr}d

end

Algorithm: A-Split

calculate the number of records, num(K), for cach
distinct key K;
if there is a key K whose num(K'’) is greater than half
of the capacity of the A-node
extract a set of record whose keys cquals K’
and construct ncw TA-nodes using them;
clse
split the A-node into two A-nodes to have
approximately the same number of records;

I-node? A-node £ 93 AN
I-nodecll F7te] & AL o] dojuA o
I-node®] 8 WL Wi o FHsid koA 2
o7} Atk I-nodet W 7|2 7|9te & B -treedl] 7]
whate] AgEnE R esoxe] £ e JE
o] B -treed| A1} #& Wiz fASILL @, FE ==
7t A2 AARE Ao N2 == B8 2 7 #%
S Ee YAE 2 29 dAE REE
tot A3 [-noded] E@oME Flagzt TQ, & 4
U&E 123t BEE 3o} 3t}

e

ofy ok



436 ARIASE =EA  wole ol A 20 A A 6 (2A0212)

H3lT I-nodedM= A-nodeE 7171 949 TA-
nodeE 7H7le A4 9471 d4A ZAskA B F
sid kEdA e davt EAE AS o] ¥4t 7t
A7l d4E 719 ¥AE I¥shs Yo vEA Ex)
glof o}t mElA, HID [-e=9 EoMEe J2FH
022 B-treeol Aot #Zo] B WHES 85 AJRo]
£3E koo FFE viAE davt ds 44 A%
A2 vlde Hd4E FRIN oz, dEshe
A-nodedlE 283 o2 G [-noded] Hz vl
A&7t 71E)7)E A-noded] HolelE& E¥EA Hoh
&5 £}, [-node X§ 34 Y, X 9 ¥ =E2
2853 Yo vtz 94 Egh 4+ 940l X9
Hzx B35 447t EQ AS, Yole Az uds
Ad EE FUsHA g9 o] ml, B NEE A-node
E 7l87le #HE 7 3L EKE 7RG %3, 9
A-nodedil= ErC7F 718715 A-noded] dlolglollA &
# 7] @&l EuK olsi]l 9458 2319 AHSA
Aok & A2 F71E s 949 71 gl ZiElle
T 3EE dolElEe AMEE A-noded AHAE

Aoty ¢az]Z 1-Deepest-Splite Hdtd I-node
2 ¢1u8EE Ve

Algorithm: I-Deepest-Split

split node N into N, N’ to have approximately same
number of rccords;
if the last record X in N is a promoted record,
begin
insert a new unpromoted record E into N;
allocatcs a ncw A-node and sct E.C as the new
A-nodc;
set EXK to XK;
seleet first unpromoted record E’ from N';
extract records from an A-node that is indicated
by E'.C;
insert cxtracted records into the A-node that is
indicated by E.C;
end

3.5 H9o| X2| ¥n2E

] AIZE "A |ake A7F 72 s ol o
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Algorithm: I-ComputeAgg (I-Node N, attribute interval
R, time interval 1)

if Nc is an internal I-node,
begin
for cach record E in N. whose key rangc intersccts
with R and time interval intersects with I,
call I-ComputeAgg(E.C, R, I) and acquirc a partial
resultimerge partial results into one result and return
it;
end
else
begin
for cach record E in N. whose key range intersect
with R and time interval intersect with 1,
visit the A-node pointed by E.C and acquirc partial
result;merge partial results into one result and
retwrn it;
end
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