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Design of the Flexible Buffer Node Technique to Adjust the
Insertion/Search Cost in Historical Index

Young Jin Jung" - Bu-Young Ahn™ - Yang Koo Lee™ - Dong Gyu Lee™ - Keun Ho Ryu™"

ABSTRACT

Various applications of LBS (Location Based Services) are being developed to provide the customized service depending on user’s
location with progress of wireless communication technology and miniaturization of personalized device. To effectively process an amount
of vehicles’ location data, LBS requires the techniques such as vehicle observation, data communication, data insertion and search, and
user query processing.

In this paper, we propose the historical location index, GIP-FB (Group Insertion tree with Flexible Buffer Node) and the flexible buffer
node technique to adjust the cost of data insertion and search. the designed GIP+ based index employs the buffer node and the projection
storage to cut the cost of insertion and search. Besides, it adjusts the cost of insertion and search by changing the number of line
segments of the buffer node with user defined time interval. In the experiment, the buffer node size influences the performance of GIP-FB
by changing the number of non—leaf node of the index. the proposed flexible buffer node is used to adjust the performance of the
historical location index depending on the applications of LBS.

Keywords : Location Based Service, Moving Objects, Historical Location Index. Insertion/Search Cost Adjustment, Flexible
Buffer Node
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Q4 | Dose’—f

(38 3) 71¥ BE =9 37| Bisjo) M2 == M of



74 RIK MO0 Z2/HEM HIE THE IS Vi HEH Z= 7Y A 229

(29 3)2 719 ¥ =& 37] Wl w2 =9
Fo 54 A AQl T Q) HE 8 dHdse
EES BYFED (a9 3@)dlM AHEARE A A 7EA el
Aol WH w7t AALFH evfo]l AR HYE Ha
g7 $is) A == FHEE 4 F A Ad
7t My =27 242 AFE e 92 x==7F B9 o
o, ¢ =28 HAs7] A§ Ay vEax Frigi
2y By =271 A <0 giEHE iy kE 4
7t HejA]7] W, A v &es w2 dHu &S H
d A o]E <X 29 §F v & 8 ddlN FY
ﬁJ T Atk (blAME AEa AA AR e] 128 £9
W3 x= A7]7F FopA A m=ze] 2B o] Fo
EE HE AN A8 Tags 4 F sl d

Qg v & Pan g e Sold ¥y ==
2 F7he

He

H

ROR

r'@I I T
-Jn' e

4. 718 HY k= Qu2F ¥ HE 24

7H8 W k= Y8 P4E AREA7} dYYE ¥H ko
co 2715 zEso #A YA M9 §l€/A4 v &g
S8 wet 24T ¢ 9A sEYD 8y =9 Azt
AALE JY &L FolxA, A4 A4TE FaH7
o &ol, $&o wel FFF 2718 FAEE R Fas
ot o] B g ofef dmIAFT HE A oA AR}

41 71 HE o¢ LualEF

HE cEdE YA k== AT A A1 HE
et dlolelE ¥, A" w¥ =28 GIP-FBY 7+%
FHt Aol @.‘%la&t]r. GIP-FBelA x==71 7}5A4, £
galx] @1 2E =2 AAert GIP-FBY iEEf
A7re] BEo] wet =E7t F Eojd Bgg Eﬁ A},

Ao A AZE AL Y& ¥e E WY =8 8
£ 4%, <18 ulge] OBO w4x} 12/50 ﬂ&% o=
' AL ¢+ AvH1l GIP-FBE AL GIP g o] =2
Al 2EAS} HH k= Alole] FHAE $Ee] 5F
Al 2 e 2o HeS EAth &, o =RelME Al
e Feetn, e fEsittn bgstn A4EE @)
o, 9] HAE A2 4 A% F9 PHE WA A
Atste] Adidoz BHUed =t AL ZArlh zgdn
BE ol AA dlojElE Azt o} A& o2 E097)
g Fol, o5 Ao #A L A AAE dFE= MU
A7 %22 F3 Aetdes & 13

42 71 HE C o H|® 24 o

My == Wl gt v =58 wol 4w s}
= ¥He2 N 79 da=E 718 ¥ K 719 do
HE fEgtn 713E o, ofeie) el 4 vlfeo] A
A oH27].

Algorithm Insert_buffer_node(class node *root, class
node *entry, int interval)
input :  roct // node of a tree
entry // information of moving ohjects
interval // user defined interval
method :
if buffer node is full or entry ‘s time is beyond the
defined interval then
insert_node(root, the buffer node) I
insert the buffer node into GIP-FB-tree
make new buffer node
endif
insert the entry into the buffer node
end

[Algorithm 11 718 HE =0 Glojg] Akl

Algorithm Insert_node{class node *root, class node *entry)
input : root // node of a tree
entry // the buffer node
method :
if root is full then
// Put the new entry into new node and keep the
old one as it is
make new root for inserting entry and adjust tree
endif
find the latest T projection in root
if entry's boundary does not intersect the T projection’s
boundary then
make new T projection storage
endif

insert entry into the T projection
find the latest node in the T projection
if entry's level is the child node level of the latest node
then
insert entry into the latest node
make a link between last buffer node and new

inserted entry // for range queries
else

insert_node(the closest node, entry)
endif

end

[Algorithm 2] GIP-FBoil 7P HE = 9l

(E 1) Top-down SAITH M = wAlo| 3 H| A4t 4
33 Ul g A4
dTOD 9] H|& = 918 dlo|g A4 x Egle o)
;‘iln = Kx (]| log,N|-1)
A HE = Wy w= QJgug + Ed) QY u)§
W o = K+--—><( [ log,, N |-
Hj;— OB 9Y ug = 99 He wn A4 x B o
= %x{(llogmN\—l)—l}
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K = 100000, m =10, M =20, N = 1,000,000
llog N| -1= |log1000000 | -1= |1110°| -1= 5

Top down *HH

48 88 =Kx( |logn, N| —1 ) =100000 x 5 = 500,000

B3 xS M

K
A Hg =K+ = x( |logm N| -2)
= 100,000 + (100,000/20) x (6-2) = 120,000

W wE 4 27 M

(M3 == ¢ +2)

Wy k= A7) K
o me ?HHI%=K+mx([log,,,N| -2)
W3 e= $ e
M w= % /2) = 100,000 + (100,000/20/2) x (6-2) = 110,000
B = 37| 2K
Zkd B AG vg =K+ = x( |logn N| -2)

= 100,000 + (2+100,000/20) x (6-2) = 140,000
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we 8y kE i 128 Fadda Y 9, old o
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o] AWto g ZAHE 9, Wi == F7|7t 128 FiH
T YEHE Wy == 71 owlE Fbeoha shREd,
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A" 4% 4 gelM HE x==50 A2 28y
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5. alf X ¥t

o] FolME A¢g GIP-FB 9 A% vlastr] f3to
7129 R-T (R-tree, Top-down), R-B (R-tree, Bottom-Up),
GU-T (Gu-tree, Top-down), GU-B (Gu-tree, Bottom-Up),
GIP (Top-down), STR (Top-down), MP (Top-down), GIP'
L (Top-down), GIP" SL (Top-down)¢t dlole] 138 A9,
54 AA 2o, NF3 U9 FdE AHse v&E 49
HBrtstgiel A8 ALY GIP-FB: GIP' L (¥ 89 =
= A GIP' SL (A4 A7 7144 vy k& ALS) Ao
o HHxE 27|18 A9s7] 43 ¥y == AT 3F &
2 Q0B ATk MQel Aol A AL AYde A~
o] A, Fol wE g2t F eEmE o = IAE
A g ANEF o "ad x= HZ & AIZYd.

Agd Al&g dolelE GSTDS #AHsHA 100719 2
Z dole & o 102vit APSA AAse dely A
718 AHgstgied, Z Aol A 2x[40,000 x
4000012] FzkellA [0 T 3019 HSlE WA A
Ao 429 94F u& HIE Y&, AF A
dlo] & [100,000 ~ 1,000000074A] AZHAI7|x, 54 AH
Ao 9 Y Aol F HA(%), AH(%), AT HH
(%)l wet Aol v &L AU & B9, AT H
9 YA Az w7t 5%, 7 HY7E 10%EE, A
el Az A WY F FTT 6% HWHAE AAsx, 10%
A 2gd 3 @sivit H4 Aog Fstn, 2o o
3 HE g 7estdrt
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(B 3 oY Tt o=

HZ ol W4 A% dojd ¥4
dlolE} §1¥ A9 A& delg A 100,000, 250,000, 500,000, 750,000, 1,000,000
=4 A4 T 89 (%) 1,35 17 10, 25 50, 75, 100
A A A9] A4 (%) 10, 25, 50, 75, %0
REPRTE T 84 (%) 1, 3,5, 7, 10, 25, 50, 75, 100
44 2 A EH (%) 1, 5, 10, 25, 50, 75, 90
The Insertion cost
20,000.000
§  16000.000 .
é 16,000,000 o + BT (lopdown)
B 14000000 /,' ®REB (Botom-Up)
§ 12,000,000 — = _H::: m_
% 10.0090.000 —+-GIP  (Top-down)
i T ~-5TR  (Top-dows)
——MP  (Topdown)
H 6,000,000 —GIP-L (Top-down)
4,000,000 = GIPr SL (Top-down)
2,000,000 sl
0
Thenumberof insert records (s unit : 10 thousands )

(38 4) G0l il MHE 23 | HD

5.1 Hlole 23 H|E 24

Ao <y Hg AL fA&, 94 dolE9 AFE
Hatatd A, HeolHE dHa7] A% == A2 FE HA
.

(29 4= 4FdA dlold d44 H &S wn d34E
RAEr olF, MP-E2l7} wj¢ £2 949 H&& BEi=
o, ol FA4 u&g d3e ZRAH 2EA7} dolH
PHEAA F7HHA == HZE 8= 57 fFeltt 1
231, GU-T$ GU-B2717} 7185 B == §4E A
&3t 7% @ 9y v gL 7ISH W k25 2y
A4 22eAE HHstA #EE GIP, GIP' L, GIP" SL
o Hed GU-EZEH ot X v 3Aw R-T, R-BELd
F2 AHeg Bk 7P ey ==8 883 GIP-FBE
GIP" L3t GIP" SL Ato]9] 452 B3lad, 60% o4 2
@7t GIP" Lol 747he 918 v&& B3ich 949 dolg 7
Fo ;& x= HFZ H]&L GU-T = GU-B <= GIP =
GIP' L <= GIP-FB < GIP' SL < R-B < STR <=
R-T < MP ¢|t}.

52 AM Hof v|& 24
HFEe AAE0] 4 vl&3 HA G Apeld dta
Altrade-off)7F 91 2.5, 3-&of wet HAsA o AAE =

d3le 8% U4 (19 5t 54 Ad F95 F9
AR T ANE ASAATIEA v S-S EA G Aol
t. g =9 STR, R-T, R-BollA == HZ 9 W3z}
Agtg o] o] AlEo] F7 AEE 1HFY LEF F
&3l7] wiol, ddG 2P AA veolHE 2 F 0, =
zo B¥yl m2x %L Rog wath

GU EZ[27], GIP EFEL U5iE ==& Bgsla ¢
I A we ARE =2F A7 dEed, dFE
REE0 Azte] &AM wt Fold e vy FFa)
A xzzl #Xxd a8m, GIPE 39 =258 sy
Aste Z2AH ~2EdRNE TEed, 5 AF AdE
2o A Hgor AT 5 gk AA € GIP-FBE GIP
Ho ozt GHAE A% HolFE
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