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Fig.1 An example XML tree.
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Table 1 XPath axes.
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Table 2 Bit operation notation.

oo oo
sy 0000

+Sy |00000000000
z FEEEEEEE
z&y |0000000
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Algorithm 1

OO0 bitO DO-VLEIOOOOOOOO

O0: 00 bit 0 DO-VLEIO OO v,w
0000 (length(v)<length(w))

O0: v0w 000000000

1: I’ « length(w) — length(v)

2: v cv-1- {O}ll*1

3: if v/ > w then

4: return true

5

6

7

: else
return false
: end if
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ancestor, preceding, decendant, following

I
T
L

Fig.3 Code range for ancestor, preceding,
decendant, following.
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Table 3 Prefix encoding scheme for compressed-bit-
string ORDPATH.

L; Bitstring | O; length | O; value range
000000001 20 [-1118485, -69910]
00000001 16 [-69909, -4374]
0000001 12 [-4373, -278]
000001 8 [277 -22]

00001 4 [-21, -6]

0001 2 [5 2]

001 1 [-1, 0]

o1 0 1, 1]

10 1 12, 3]

110 2 4, 7]

1110 4 8, 23]

11110 8 (24, 279]

111110 12 [280, 4375]
1111110 16 [4376, 69911]
11111110 20 (699912, 1118487]

Ooooooo o;0bit000O0O0OCOOO0OOOO
ooooooooooooooooo o;0 L;oo0O
goooooooooo 2000000000000
goooooobooooooooo

00 bit 0 ORDPATH O OO bit 0 DO-VLEI O
000 Dewey Order 00 O0OO0O0O0OOO0ODOOO
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ooooooooobDo-10Dbo-300000000
00000000005 o00oooon
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0 30000000b0o00o0obo XMLOOO
INMmoo0D00000000o0O00o0o0o0o0on
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dant 000000000 OCOOOOOOOOCOCOIN
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/—RADQEMBDItFIDO-VLEII—R &
/—RADH / — RO EHEDItFIDO-VLEIO—R: p
a a-1 p-1

P A O

Y
following-sibling

preceding-sibling  child

0 4 00 bit O DO-VLEI 0000000 parent,
preceding-sibling, child, following-sibling
Fig.4 Code range for parent, preceding-sibling,

child, following-sibling.

04 00O bitD DO-VLEIOOOOOOOOOOODO
ooooooooooo
Table 4 XPath axis extraction methods.
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00o0o0o0ooUoooooooooOoOooooooo
O00oOOoo bito DO-VLEIOOOOOUOOOO
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0o0o000O00oo0O0D 100000000 DO0DOOD
0400000000000

5. DO0O00OO0OO0ODO

2.5.10000 DO-10DO-3 000000 bit
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EABbItFIDO-VIFIA—K  [__)delimiter

0 FHED1 7 8 HHEOL aljé
ojofi1(1f1|0fjof1(1(of1|1§1|0})1]|0

05 00 bitD DO-VLEIOOOODO
Fig.5 An example fragment of a compressed-bit-
string DO-VLEI code.
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0000 2Byte 000 bit 00002Byte 1000
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Algorithm 2 00 0000000000000 600
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0 8
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i K P "4 -
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Fig.6 An example of delimiter detection.

Algorithm 2
00 bitO DO-VLEIOOOOOOOOO

O0: 00 bit D DO-VLEIDDOO w»

00: » 000

: endPointOfOne « v&v < 1

delimiterEven « & (v+(endPointOfOne&0x5555))&0xAAAA
PRI vg>l

: endPointOfOne’ « endPointOfOne>1

: delimiterOdd «v/&(v’ 4 (endPointOfOne’ &0x5555))&0xAAAA

: delimiter « delimiterEven|delimiterOdd
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10000b00obO0oOobooOoboDoOooo 10000
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goooooooo,l---00DbO0OD0DOODO0O
010 boOooD0o00o0oOoooooobo ooOo 10O
og
020 ODOOooDOoO0oO0oOoooooobooboooo 1O
oo
gooooboOo1o0oboo0oboboooboooboo
goooboo0oboobooOobobOoobooooboon
01000000000 00oooooobooDoDboOo
0o0bo0o0oODDOO0000O0oO0O0oODOoOooooOoOo 1
O0ooooooDooobooboooooooooo
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Fig.7 An example label and pointOfDelimiter.

Algorithm 3
oNOOooooooog

O00: v (16 bit unsigned integer)

00: 00 ONDOOOOO

- v — ((v$1)&0x5555)

— (v&0x3333) + ((v$2)&0x3333)
« ((v + (v$4))&0x0F0F)

- v+ (vg>8)

- v+ (’U%>16)

: depth « v&0x001F

: return depth
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Algorithm 4

goooboo1ooooo
O00: v (16 bit unsigned integer)
O0: 00000 100

n < 16

c <38

repeat
T o~ vg>c
if z # 0 then
n « n—=c
V- T
end if
Cc « cg>1
cuntil ¢ #0

: return n —zx
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Table 6 XML documents.

size (byte) | elements | max-depth | avg-depth | max-fanout | avg-fanout
SwissProt.xml 114820211 2977031 5 3.556711 50000 2.034511
dblp.xml 133862772 3332130 6 2.902279 328858 1.943555
ebay.xml 35525 156 5 3.75641 380 5.391305
item0.xml (xmlgen SF=1) 118552713 1666315 12 5.547796 25500 2.10692
iteml.xml (xmlgen SF=0.1) 11875066 167865 12 5.548244 2550 2.103751
item2.xml (xmlgen SF=0.01) 1182547 17132 12 5.506012 255 2.102092
item3.xml (xmlgen SF=0.001) 118274 1729 12 5.717756 25 2.04965
lineitem.xml 32295475 1022976 3 2.941175 60175 1.941175
nasa.xml 25050288 476646 8 5.583141 2435 2.000728
orders.xml 5378845 150001 3 2.899987 15000 1.899987
part.xml 618181 20001 3 2.899905 2000 1.899905
partsupp.xml 2241868 48001 3 2.833295 8000 1.833295
psd7003.xml 716853012 | 21305818 7 5.15147 262526 1.818513
reed.xml 283619 10546 4 3.199791 703 1.809579
treebank_e.xml 86082517 2437666 36 7.872788 56384 1.571223
uwm.xml 2337522 66729 5 3.952435 2112 1.952276
wsu.xml 1647864 74557 4| 3.157866 3924 2.077534
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Table 5 Experimental environment.

CPU: Dual-Core Intel Xeon 5110 (1.60 GHz)

Memory: DDR2 ECC FB-DIMM 9GB (2GBx4,
512 MBx2)

Storage: D-RAID RAID 0+ 1

HDD: SEAGATE ST3750640AS (750 GB, 7200 rpm,
3.5inch)

O8: Linux 2.6.18 CentOS 5 (Finlal)

Compiler: gcc (Red Hat 4.1.1-52)

RDB: PostgreSQL 8.2.4
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Fig. 8 Execution time ratio of compressed-bit-string

DO-VLEI to compressed-bit-string ORD-
PATH (horizontal axis: depth of node).
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Fig.9 Execution time ratio of compressed-bit-string

DO-VLEI to compressed-bit-string ORD-
PATH (horizontal axis: XML document).
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