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Temporal Hierarchical Data Management Based on Nested Intervals Scheme in Relational
Database

YANG Zhenkai, CAO Yibing,ZHAO Xinke and ZHENG Jingbiao

Institute of Geo-spatial Information, Information Engineering University, Zhengzhou 450052, China
Abstract Temporal hierarchical data is a kind of hierarchical data characterized by time dimension description and is used to
model the hierarchical structure that changes over time. Compared with management methods for common hierarchical data,there
are still problems in temporal hierarchical data management such as the complexity of storage scheme design and inefficiency of
query and update. To solve the above problems, a temporal hierarchical data management method based on nested intervals
scheme is proposed. 4 types of change in hierarchical data are firstly analyzed from the perspective of the node change, based on
which the storage and query capabilities of multi-version nodes in a rational database are then realized by extending the time la-
bels. Finally.the abundantly gapped nested intervals scheme(AGNIS) is put forward to solve the problem of data insertion ineffi-
ciency in common nested intervals scheme. Experiments based on the data of Chinese administrative division and its adjustment
from 2021 to 2022 show that the proposed method can implement the storage of historical hierarchical data and the query of hie-
rarchical snapshot at any time,with a high efficiency in data query and update operation.

Keywords Temporal hierarchical data, Nested intervals scheme, Relational database, Version management, Administrative divi-

sion
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Table 1

Types of hierarchical data modification

Modification types Node addition

Node deletion

Node moving Node updating
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Before modification Q o

After modification

N
@ J Q e F.s:60

2.1 TmEE

WU 8 N AR T AU IR AR A AR A R D
D) ASCHE w47 a5 BB 00 A9 95 s AR B AR E T A 2 4y
LEH L R F A EA G R - ERORE ., BT
TR R T N RS A MR R A, 2 G
1R T R0 S A A DR AT 4 S 485 ) 1 38 Jin B A6 S M e
JE YT A BMILZ T AR T R R R, T AR
OB iC SR A 3, o B A R R e R K
2.2 WEMEB

TR I S i A B T A S AR A [ RE £ A R
W ORI B 43 S 25 4 o v, 43 32 45 A0 N B 20K 5 T v
P TS 35 B o b 3, FT R LA AR S AR E T M R w2
TR i A B AR . Sy TS AR D [ 9, RS 8 i BR
ELA B 0 5% W R T S N R AR AT
2.3 TEBMA

TR A S R N BR A T A S R AT S R IR —
ASBT SRR AT A MR A R R SR B AR S

WINGRFFH SR SRR, WABAFEERZETER L
o1 KSR VT M B 5 OB A 4 S R AR S B
2.4 TREH

TREHRAE T A A SRR A T B, WA
BfE B CanmE—FR O FE AR R R LA, WAy AR —
A0 VUG, AR B A G AR B S A T AR AL L (R RT R AR )
AR o B B IE & A TR R TR S B . i
B PEAR B TR AR A5 55 ) 1Y A2 A Tl DUUH A2

FY b AT A A RO S I A TR RO 1 — R R R S B
AR T — B P 25 K (IR PR I 25 2 U a1 2>
AMUEEFT R H S RERZEL CEILFELX T A LR
AL, AT S W SRR R BA S E T
B RS A 05 2 B R T /DN o PRI T SR Y O AR R
HEATE

3 ETHRESSEINNSERYEEFEAREIT

A A S0 T 06 7 8 25 2 R 0 9 T L 56

220500290-2



W PREIL 55 5 TR B AR B A A I 22 OB A B O vk

B 200 J2 0 BB 1 v 2 A R R R R R B O R
YR 2 BR8N B O 3U B S B R AR AF
IR TR T ARSI EEGEUHFRE RN
TURTACEE DT A R 32 J7 58 16 AT 006 3R 5008 122 1 8 JH

3.1 ETHERENT SRAEE

R T RIS 2 OB R (R B 20 4 J2 UK 4 R R AIE , T B
WCSRITA T SR A A R . AR SOk F B B R] (create_time)
N B B[] Cremove_time) S 1 3 5 5004 A= i Jil 391, 3¢ 78 ol
(] 359 2 A6 S8 B[], BV S e 7 45 i I A 3R 00 5 0 AE B0 S th St iy
FETENS G . FER IO M0 2 J5 5 1 4790 sl R e i 3R
KT AR B AR IR T A 1 AR T S R R R
FHIRAS ARG . WRAS 387 45 05 7F 58 — B B A X A2 2 1 A7 A6 Ik
BT REDXRN 1A, ZHERE L 0" RR, W
TS 2 OB 1 AR AL 2T, Ay Sk AR T i 0 L AR 5 A
T .

(D S, PAT 4 A “Insert” 2 1 37 88 — &% A i
SR AR T ST AR 3 Y 8 S B e A A N A e IR 1 R
S I T 92 o i) A B A4 5 RS 1 1] A T A 83 i ) 8K
AR BT T B A% =X BE 2R 7R 19 B K H (AN yyyy-MM-dd T hi;
B9 9999-12-31),

(2715 MBS o X 2 WM B 0 79 A RRAS , 44T 328 “ Up-
date” BEAE T A IHAT M B3 “ Delete” ¥4 . B 7 558 %30 3% (19 11
(53 HoF T ) 5k EF ) AS R G A o U 2 B A S S AR B A 4y
G5 AR T JIT A T RS R A [ A NI B

W EBAL, KT KA ITA T 8 R I8 2%
B 5 2 G SRR ST PRAT (2) o B RRAS I R 2 1 L AR U e T
AH RGBT (L) Hh I RRAS 3 AR . Hovp BT I Bk 4 AR
) RS A M 3% B8] 55 PAOAT 4 A 3 4 108 R AR 1) 22 1sF ] A T

CONY ST . B S0 T A0 SRS TR AN A D i S
Il ARG W AR 5% .

T I T) A 28 X e B AT RS A BB BT A T
IRABR AT — AR, R/ T RO Ak % T kAT
DL S B0 AT: 2 220 (00 2 UK 35 vl P R e 30 R AR AR 5 48 B K, ot
TIE 2 IR Y B A 2 R B A AR e
3.2 ETHFETEHNBREESREERIRIE

AR T AR 4 R AR DL K HA 2 R B s A7 7 2 i B4R
& RS LT DR Y A0 55 O FR AL 2 IR 454, 18 o5 PR HE =
] JE R RECRE 2 AN R AR R R FT . Hk,
T ARE 2 WA 2 R B AR BOR AR SCR iR B G R
Y ) ST B A AR I SR AT AR I

TEAR 2 3k Tk B4 A BRI 2 I S0HE B 3 O ik b
T 7 B4 38 7 8% B ( Modified Preorder Tree Traversal Scheme,
MPTTS) & s # FHI k., N TRk MPTTS £ s 4 A 8¢
O 5 i 9 S X B A S T (PR (B R T 2 B R Y 50 I8
SREPAT T T B A TIT 5 30 T T A8 R AV A IR R b A R P
SRENER R T -METHAESHAREE SR
(Abundantly Gapped Nested Intervals Scheme, AGNIS) , JH] T
i 25 )2 R B A A A R T[]

X T MPTTS A0 745 5 M St o 49 3% BT 26 A X TRl
FRich s AGNIS SR FHZE (8 1 FIX [a] 25 5 s X 50 e e AT A iE .

Ho 0 FR W ST S s FoR ol NN JE AR B CE
TEAR , LR AMKEFRR N+, HFRT A
WP 5 Y0 F R X A2 N . AR AT A5 LRSS 7719 0 X ] 54
PO % S DU T3 A s edad A . Bt X B A
P/ JRAR DG R ) — X 7 A A A R 2 =0 (D)

Lo <<ls<<l;+s,<l,+s, (D
Horbog, AL, S BRI R AL RS AR SR ZE(E s, A s, S B
FoRMHEAER M A R, EHIERL B, A S04 1 AGNIS
R AR T

(DRTERYE L e B2 AnibsEs S, K
i€ (1. L], KBTI MK A 0 s, S, BE 2 &, i+
WIEAL s LR s BT 2., N T8 — BRmT S, e —
AANFAL BT ST A EUE C L AT RR T S X
AR, BRKZWESRH LR EFEZNZS N L,
EEZRT HANWRLER S 3 k) fis .

Si=1, i=1
(2)

Si=S1C+1, i#1

(2O A 1T PP 7 36 0 0 P 5. B R o TS

B RHAW S v, S AT, TR A
SRR 2 ME A S, BRI SR A I3 1 AR 8 AL S T 5
L, T F W 575 L () FR .

L=1,+S G—D+1 (3)

(3D 4 AT A5 I A A7 AT A5 1 U2 O S T R P A
5,5 B s, =S, AR A 224 i S8 55 71 A DX JR] A5 {8 A e KAE 8 2 Lo
A L AANTF AN S R A (E L W 1 S 48— iz s LG
WY Sopy S BVIX A LBRYK S, s SR E X T ZEE AN T
L, BT SR ZE (BB Sy o B DX 0] i) BB IR SRR S s RS
PATHT AR AR

A T B3 71 5B S vl B30T AR A0 T 1 A I e
57 NP Y (R EOS =

25 E A, AGNIS 5 MPTTS ¥4 4 X ) 4, & 6 2 f g
R RGO A A AL RS AR AU R —
FEAR AT S T S8 W R AR AT AR (E S A0 A X I A
B R /INIG F o A AL 719 A5 HY X I) 38 A 25 2k W) T L B4 AL 45 )
T BAE A T ST IR SR A S AE L ORTAE S A X TR]
s, MET MPTTS, AGNIS JG75 4 U I A #5857 H Al 15 5
PIRRICAE s ST BN AL S it 85 i 3 o Ja S2 797 s R
MLAETT 88 o B )28 — M 2 75 S8, R P b 5 3k
R e (P N N

4 KBS

AR S B 1) T 4 PR 8 Sy R AELBR P ES , Ab B 2R Core i7-
10510U @1. 80 GHz, M £ 24 GB. % 4 i & Windows10
19044, il C++ENERIFEIET 45H Q P RHELR L
B ODBC, 45 £7 it 15 7 47 1 ¢ R B0 & SQLite,

ST B SR BT 2021 — 2022 4RI H X LA FATELIX
R R AR R . P, L 2021 SRR Y R -4 G- - B %
4 AT DK R BOHE O DGR 2 FOBOHE L 33T 3200 R4 B 2021
AP R A AT B IX S0 R R 1 2 48 S B A T AR DK T A 4L
B S R R BN (A R SE G v T AR A B A AT X R AR 1Y

220500290-3



Com puter Science FFEHLEI2: Vol. 50, No. 6A, June 2023

7Bt 2 mal.
F2 I ZSAT DR B Y R B

Table 2 Database table fields of temporal administrative division

Field name Field Type
id Int,primary key
name string
ad_level int
code int
create_time long
remove_time long
left long
size long
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Table 3 Administrative division adjustment and corresponding

operation in database

Adjustment events Codes
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as an example)
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