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Efficient Indexing Method for Massive 3D Geological Block Models Based on Inverted-B+ Tree
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Abstract The prevalence of zero or null values in three-dimensional geological block models raises maintenance costs and effi-
ciency issues due to frequent splitting and adjustment of the B+ tree-based attribute index structure. An indexing method based
on Inverted-B+ Tree(IBT) is proposed. This method minimizes structural adjustments during data processing by constructing an
IBT index structure,creating inverted nodes for duplicate keys inserted into leaf nodes. It accelerates queries by storing interme-
diate index values in internal nodes and establishing bidirectional links between leaves and inverted nodes, enabling efficient range
queries via sequential access to the dataset from any leaves nodes. Six geological block models after voxelization,interpolation,and
dimension reduction of geological structural models are mainly used in the experiment. Comparing the traditional B+ tree,results
show that IBT has great performance in terms of index construction, spatial usage,and querying efficiencies. Especially for ma-

naging large amounts of data.index construction,and information query efficiency are improved by 71% ,with 83% spatial usage
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being reduced,which is relatively stable and scalable for information queries of 3D geological blocks.
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Input: The node to be queried and the key for the search

Search Key

Output:return the set of query results
1.1 < binarySearch(key,node)

2. result<- newEmptyList()

3. if node is a leaf node,then

4. if getKey(i) ==key then

add the value at position i to the result

1321

6. if the inverted head node at position i is not empty then
7. invertedNode <— getInverted HeadNode(node, 1)

8. do

9. add all values from invertedNode to the result

10. invertedNode<— getNextInvertedNode(invertedNode)
11. while invertedNode is not empty

12. else

13.  childNode < getChildNode(n, 1)
14. return searchKey(childNode,k)
15. return result
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&% 2 Range Search
Input: The upper and lower bounds of the query range, maxKey and

minKey,along with the inverted B+ Tree object to be queried

Output:return the set of query results
1. root<— getRoot(tree)
2. result<- newEmptyList()
3. minleaf, minl < searchKey(minKey, root)
4. if leaf node is not empty then

5. while getKey(minleaf,minl) <<=maxKey do

6. add the value at position i to result

7. if the inverted head node at position i is not empty then

8. traverse all inverted nodes and add all values within the
nodes to result

9. minl<— minl+1

10. if min]= = getCurrentCapacity (minleaf)

11. minleaf<— getNextLeafNode(minleaf)

12. minl <= 0

13. else

14. maxleaf,max] <= searchKey(maxKey,root)

15.  while getKey(maxleaf, maxI) >>=minKey do

16. add the value at position i to result
17. if the inverted head node at position i is not empty then
18. traverse all inverted nodes and add all values within the

nodes to result

19. maxl<- maxI—1

20. if maxI << 0

21. maxleaf < getPrevleafNode(maxleaf)
22. max] <= getCurrentCapacity(maxleal)

23. return results
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Table 1 Experimental data
Datasets Data scale Valid blocks File size/kB
D32 32X 32X32 16406 673
D64 64 X64X64 126067 5377
D128 128 X128 X128 983021 43009
D256 256 X256 X256 7743278 344065
D512 512X 512X512 61452258 2752513
D1024 1024X1024X1024 489555817 22020097

4.1 RSB MERITME

ST H Ay S A IBT 5 B+ W e R 51 M E Pk g Ay 22
S TR R R R BN, S0 A AR R A SR
fii Fl D32 = D1024 A [l #4019 I3 44 4% . 41 X5 Stratum,
Fault, Pb, TS M Ag &5 J& ¥ #E 47 R 71 ¥ 2, LA 56 7 ik 78
Aab ORGP A - skBE . ME AR H R A H R
W2 H I (D ok R R IBT A X T B+ #4119 1 4
PERE L £

ratio= P, @)

Wl 5 R T WG 7 1k 7 AS IR B0 MR (9 R 5 1 R B ]
FEE . AEE/NECHE ML (4 D32, D64, D128) R, B R T ik 1Y
g Sl B T 652 4, AL I 6 SR RS A 3G , R 5| Ay I ] 1 T
B, 7 BT IR R MU R L IBT AR 51k gt A ¥ T
B8, 38T 3 0 71 %, 85 R R, IBT 78 b 35 K A0 A5 450
i i B T m AR

K 6 s T IBT 5 B+ 4 75 A [a] £ 48 MU T 0y 23 i) oy
2R, IBT 72T A i AR T = | &5 18 W& N T



150

Com puter Science I HEMLEL2:  Vol. 52,No. 8, Aug. 2025

B R AR AR R B BT 2 R U W,
[F) ki 5 A0 LA 08 s b HL IBT A 194K R
] & 4R T R 2 5 1
IBT i &t 78

Tk A

AR, B 6D R, IBT 1Y 23
83 % » 2% W H AL W 48 =5 (| 7 1 B A W W AR
8 HE 5 b o AE % T B Key XF WY Value, B 80 4 T

TR B ERTT R WEME WYCR, W EA

IR /s

KGR /s

4.2 BETHHEEERE

A BAEA LT 1000 A~ BE AL AR M 2 1 3 4L JF I
SR T I 18] F) 34700 . Oy i s 3 8 506 R ) KA 7 BE AT BL(EDR
4 A5 I A7 R RS B DT E 1) AL, SR T BRI AT DT k. BT R

- IBT - IBT % IBT
80000 4 —#— B-tree 80000 4 —*— B-tree 80000 —fe— B-tree
2 <
60000 A g 60000 - g 60000
W W
40000 4 £ 10000 - £ 0000
> >
% &
20000 | 20000 - 20000
01 0 0
D32 D64 DI28 D256 D512 DI1024 D32 D64 DI28 D256 D512 D1024 D32 D64 DI28 D256 D512 DI1024
BB BEAH B
(a)Stratum J& £ % s (b) Fault Ja& ¥ %5 s (o) Pb J& %5 s
080
- IBT -%- BT
80000 1 —*— B-tree 80000 { ~*— B-tree 0.78
» 076
S
60000 | g 60000 g on
W # 072
40000 1 £ 40000 1 2 0
n> ﬁ:
£ 068 —®— Stratum
20000 20000 A ~#- Fault
066 —&—Pb
—e— TS
o ol 064 o hs
D32 D64 DI28 D256 D512 D1024 D64 DI28 D256 D512 D1024 D32 D64 DI28 D256 D512 D1024
B BEAH B
(TS Jm & di (e) Ag J& T H (D4R AR L
B 5 R ) %) ke
Fig.5 Comparison of index construction time
%10’ %10’ %107
YT s mr YT s Br M1 e mr
12 | —A— B-tree 12 —— B-tree 12 | —*— B-tree
m 10 A @ 10 o 10
- = =
= 08 = 08 = 08 7
2 06 A 2 os 2 06
04 04 04
02 A 02 02
0 0 0 1
D32 Dé4 DI28 D256 D512 D1024 D32 Dé4 DI28 D256 D512 D1024 D32 D64 DI28 D256 D512 D1024
B BEAM BEHM
(a) Stratum J& P £ 4 5t He (b)Fault J& k#0408 %t 1 (o) Pb J& 1 #ds %t L
%10’ %107
30 4 —%— IBT Y1 s mr 850
|| —&— Btree 12 11 —A— Betree
25 1 825 |
10
g 20 3\‘; & 800
i o % ms
= 151 i 06 =750 —®— Stratum
10 1 04 £ —#— Fault
725 —&— Pb
05 02 —e— TS
700 Ag
0 0
D32 Dé4 DI28 D256 D512 D1024 D32 Dé4 DI28 D256 D512 D1024 D32 Dé4 DI28 D256 D512 D1024
HAEAAL HAEAA FAEAA
() TS Ja& P X L (e) Ag J& PR B X L D T L %) 1
6 KB HAs [ 5 XL
Fig. 6 Comparison of space occupation in index construction
P TE T A B R R R B T PR BB . R N R B A 4K

JEAE X P D

B+ 435 1 P AL AT i o —

EAE-3 N & EPRRE
Key B & B AL, HOR K 2=

B 6CH AR,

B Key., k2> 7 17 fiff =5
FEJRMER G TR b, b )2 R 2 45 B A JE M B Key
% 2 WJE P a0 Ph, Ts M1 Ag 1Y
Toa) ) TS A0 L 5
KT, IBT 7EPE g LA b B+ R 03, B 5D Al

AT IBT 5 BHRITE S H A il PERE L A9 e 45 2R

s Hoop IBT

WL B A B, I AR 7 CD TRy 1 R
— kS,

o 48 MURE Y 388 O, TBT B9 PE RE 9 1 58 O S8 25, 4 90 1
R[] B 4 K B B e X TE R T () — B T A H
e IR AR T



151

PRAR YR , 55 . 36 T Inverted-B-4 1 i 1 i = 2k b 07 AR BT i 20 R 51 07 1
6 1 -%-Stratum-IBT ~#- Stratum IBT ~#-Stratum-IBT
—#—Stratum-BT 35 | —*—Stratum-BT 250 { —*—Stratum-BT
5 | ~#-FaultIBT ~#- FaultIBT ~#-Fault-IBT
@ —*—Fault-BT s 30 1 —* Fault-BT ” ~#—Fault-BT
5 ~#-Pb-IBT g ~#-Pb-IBT g 200 { —-Pb-IBT
> 41 -—~PbBT > 25 { —+—PbBT S —*—Pb-BT
= -#-TSIBT = ~#- TS-IBT = ~#-TSIBT
® 5 | %-TSBT ¥ 20 { - TSBT % 150 1 4 TSBT
= —#- Ag-IBT = ~#- Ag-IBT = -9 Ag-IBT
§ . Ag-BT § 15 |+ Ag-BT g 100 | —*AgBT
i " K/.—-"‘ : A—o/"
1 50
20 4 — Y 5
0 —T 0 0
0 2500 5000 7500 10000 12500 15000 0 20000 40000 60000 80000 100000 0 200000 400000 600000 800000
W5 R il 45 R W 45 R
() TEHHEAE D32 rxf He (b TEHHE4E D64 3 He (o) TEH 4 D128 hxt 1t
~#- Stratum-IBT 0000 T e Stratum IBT 100
—*— Stratum BT —*— Stratum BT ! o 9 |
w 4000 { % Fault-IBT » 40000 | —% Fault-IBT 98 °T,
5 ~#— Fault-BT 5 —#— Fault-BT
= ~#-PbIBT = ~#-PbIBT °
& 3000 { —*—PbBT & 30000 | “*—Pb-BT S %18
= —%- TSIBT = —%- TSIBT P
ﬁ ——TSBT g —*—TSBT 2 °fl ©
~%- AgIBT -st- AgIBT
2001 T Ae BT g 20000 1 A0 § S
ol ol 92
1000 10000 % 5
—TN o
0 = b 0
o 1 2z 3 4 5 6 7 o 1z 3 4 s ESRPIEIEPRE IR FESENIESRA D
28 2= 2= 2= 2
N N 7 SN BE EE e mmgﬁﬁ
5 R xac® 5 RA x10 5§8Q85x)§§§§5§§§§:vﬁ%%%;ﬂnaa
8 § § a gn aa
A a a 8
Ce) 7E 4R 4 D256 rhxt L Ce) 7ERUHR4E D512 ot L CD $& T 2% 53 A1 1 0
B 7 B{ER S TEREXT L
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