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Extensions and optimizations in the layer model

Is the layer model suitable for other data types? 

Labeling of XML tree nodes

Which node services are required?

How to support fine-grained XML locking?

Architectural extensions for XDBMSs
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Extensions and OptimizationsExtensions and Optimizations

New storage types, LOBs
Optimization by Moore’s law
• factor 104 , page size from 2K to 8–32K
• LRU + reference density (LRU-K)

New access paths?
• adequate and integrated access paths 

in addition to the ubiquitous B-tree?
• most important performance 

improvement by fine-grained locking

New algorithms
• hash joins, arbitrary predicates, …
• shared use of scans, reuse of results
• adaptivity to resource unavailability

Compilation and Optimization (SQL4)
• cost-based optimizers (histograms)
• dynamic QEPs
• “gambling”

SQL query

L4

L3

L2

L1

L5
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Is the Layer Model suitable for other data types?Is the Layer Model suitable for other data types?

Layer model 
• designed for declarative and set-oriented evaluation of 

records 
• layer architecture is comparable to a set of “abstract 

machines” cooperating in a “use hierarchy”
• hierarchical layers and information hiding guaranteed long-

term system evolution
• “self-*” properties require much more information flow 

across system layers

Important observation: 
The invariants in database management determine the 
mapping steps of the supporting architecture

Reuse and adaptation of
- storage system 
- access system
- data system?
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Example of an XML DocumentExample of an XML Document

• <bib>
<book year=“1994“ id=“1“>

<title>TCP/IP Illustrated</title>
<author>

<last>Stevens</last>
<first>W.</first>

</author>
<price>65.95</price>

</book>
<book year=“2000“ id=“2“>

<title>Data on the Web</title>
<author>

<last>Abiteboul</last>
<first>Serge</first>

</author>
<author>

<last>Buneman</last>
<first>Peter</first>

</author>
<author>

<last>Suciu</last>
<first>Dan</first>

</author>
<price>39.95</price>

</book>
<book year=“1999“ id=“3“>

<title>The Economics of . . . </title>
<editor>

<last>Gerbarg</last>
<first>Darcy</first>
<affiliation>CITI</affiliation>

</editor>
<price>129.95</price>

</book>
</bib>
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XML documents are to be stored in databasesXML documents are to be stored in databases

conceptual representation: trees with nodes and edges

document order must be preserved / recoverable: 
node order matters!

LOBs don’t enable fine-granular management, 
no content-based search and no multi-user operation

mapping onto relational tables?
• many solutions: “shredding”
• XML query language (e.g., XQuery, XPath, DOM, SAX) 

must be mapped to SQL
• use of the SQL optimizer!
• but: concurrency control (locking) very cumbersome, 

because a document is distributed over n tables
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A Native XDBMS ArchitectureA Native XDBMS ArchitectureA Native XDBMS Architecture

XTC – architectural overview
• reuse of the layer model is possible, but needs substantial 

adjustments and, in particular, new functionality in the 
higher layers 

OS 
File SystemTransaction Log Container Files Container Logs Temporary Files

XT
Cs

er
ve

r

Transaction Services

File Services

Propagation Control

Access Services

Node Services

XML Services

Interface Services

XTCdriver

Http Agent Ftp Agent DOM RMI SAX RMI API RMI

XML Manager XSLT ProcessorXQuery Processor

Node Manager

Record Mgr Index Mgr Catalog Mgr

Buffer Manager

I/O Manager Temp File Mgr

Transaction Manager

Lock Manager

Deadlock Detector

DOM

SAX
XTCconnection

Browser FTP Client
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Native XDBMSsNative XDBMSs

Improved solution needed
• fine-granular management and storage of the XML 

documents as native tree-like storage structures
• navigational and direct access to all document nodes
• indexing of nodes should accelerate declarative queries 
• modification of documents also required under multi-user 

operations (cooperative processing) 
• fine-granular locking: nodes, edges, and subtrees

How to store and address tree nodes,
which can be arbitrarily displaced by later insertions?
• how do XML documents appear at the user level?
• which storage structures are adequate?
• which labeling scheme 

should be used for the nodes?
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Example of a taDOM Tree: Conceptual Representation
(View of the Lock Mgr)
Example of a taDOM Tree: Conceptual Representation
(View of the Lock Mgr)

book

Stevens

TCP/IP...
1994

65,95

W.

T

T
T

T

1

title

year id

author price

last first

bib

T

element
attribute root
attribute
text node
stringnode

book

Gerbarg

The E...
1999

129,95

Darcy

T

T
T

T

3

title

year id

author price

last
first

CITI

T

affiliation

book

Abiteb...

Data...
2000

39,95

Serge

T

T
T

T

2

title

year id

author price

last first

Bunem...

Peter

T
T

last first

author

Sucio
Dan

T
T

last first

author
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Node Labeling: Principal Approaches to a SolutionNode Labeling: Principal Approaches to a Solution

• representation of an XML document: ordered, labeled tree 
with nodes of type element, attribute, text (and attribute 
root, string)

• labeling scheme should be insensitive to insertions

• 13 different axes defined in XPath (sequence semantics) 

• support of the most important axes required: 
parent/child, ancestor/descendant, preceding-
sibling/following-sibling

• two classes: range-based and prefix-based schemes
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Range-based SchemesRange-based Schemes

• positions of nodes marked by (DocNo, LeftPos:RightPos, LevelNo)
• LP and RP describe the labeling range in each node with its subtree; 

generated by a depth-first traversal of the tree
• ancestor-descendant containment (DocNo is omitted): 

a node n1 (LP1:RP1, lv1) contains a node n2 (LP2:RP2, lv2), 
iff LP1 < LP2 and RP1 > RP2.

• additional condition for parent-child containment: lv1 = lv2 - 1
• supporting preceding-sibling/following-sibling relationship?

• simple example

2

1

3 4

5 76label template (LP:RP, lv, P_LP)

(1:10, 0, null)

(2:9, 1, 1)

(4:8, 2, 2)

(7:7, 3, 4)
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Prefix-Based SchemesPrefix-Based Schemes

each node is encoded with a unique string S such that
• S(v) is before S(u) in lexicographic order iff node v is before node 

u in the document order
• S(v) is a prefix of S(u) iff node v is the ancestor of node u

simple example:
- assign to the outgoing edges of each node a set of prefix-free binary 

strings in lexicographical order from left to right
- the label of each node is the concatenation of the parent’s label and 

the string assigned to its incoming edge
- record the level of a node
- add the edge string length esl to each node descriptor to derive the 

ancestor label

2

1

3 4

5 76

“0“

“0“

“00“

“1“

“01“ “10“

label template (S, lv, esl)

(“0”, 0, 0)

(“00”, 1, 1)

(“001”, 2, 4)

(“00110”, 3, 14)
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Node Labeling Scheme Node Labeling Scheme 

labels must
• be immutable for the lifetime of the nodes
• preserve the document order, when inserting new nodes 
• easily reveal the level and the ID for all ancestor nodes

DeweyID consists of several divisions separated by dots
• overflow mechanism: even division values

• level determination

• ancestor IDs: a0 = 1; a1 = 1.3; a2 = 1.3.17; a3 = 1.3.17.2.2.3

• ordering d2 ? d1

d1 = 1.3.17.2.2.3.4.9

d1 = 1.3.17.2.2.3.4.9

d2 = 1.3.17.2.3.7

d1 < d2    : 1.3.17.2.2.3.4.9 <   1.3.17.2.3.7
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Initial Assignment of DeweyIdsInitial Assignment of DeweyIds

• assignment of division values is affected by parameter 
distance (= 2)

• on initial loading, only odd division values are assigned
1

book

Stevens

TCP/IP...

1994
65,95

W.

T

T

T

T

1

1.3

1.3.5 1.3.7

1.3.5.3

1.3.3
title

1.3.3.3

1.3.3.3.1

1.3.1

1.3.1.3 1.3.1.5
year

1.3.1.3.1

id

1.3.1.5.1

1.3.5.3.3.1

1.3.5.5.3.1

author price

last first

1.3.5.5.3

1.3.5.3

1.3.5.3.1

1.3.5.5

1.3.5.3.3

1.71.5

bib

bookbook

. . . 
publisher

last

1.7.3

1.7.3.3
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book 1.2.9

DeweyIDs: Insertion of a SubtreeDeweyIDs: Insertion of a Subtree

Stevens

W.

T

T

author

last first

1

book

TCP/IP...

1994
65,95

TT

1

1.3

1.3.5

1.3.5.3

1.3.3
title

1.3.3.3

1.3.1

1.3.1.3 1.3.1.5
year

1.3.1.3.1

id

1.3.1.5.1

price

1.3.5.3.1

1.71.5

bib

bookbook

. . . 
publisher

last

1.7.3

1.7.3.3

1.3.3.3.1

1.3.4.3.3.3.1

1.3.4.3.5.3.1

1.3.4.3.5.3

1.3.4.3.3 1.3.4.3.5

1.3.4.3.3.3

1.3.4.3

distance = 2

worst-case considerations:
distance = 8

book 1.2.3 1.5

1

1.9

bib

bookbookbook 1.3book 1.2.5book 1.2.2.9
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Benefits of DeweyID UseBenefits of DeweyID Use

• Existing DeweyIDs allow the assignment of new IDs without the 
need to reorganize the IDs of nodes present. Relabeling only in case 
of violations of implementation restrictions

• The DeweyID of each ancestor node can be determined in a very 
simple way

• Comparison of two DeweyIDs delivers the order of the respective 
nodes in the left-most depth-first stored document.

• Checking whether node d1 is an ancestor of d2 only requires to 
check whether DeweyID of d1 is a prefix of DeweyID of d2.

• High distance values reduce the probability of reorganization. They 
have to be balanced against increased storage space

but: DeweyIDs may become very long
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Encoding of DeweyIDsEncoding of DeweyIDs

Fixed length field 

Fixed- and variable-length length fields

TL L0 O0 L1 O1 Lk Ok. . .

TL = total length
Li =length of i-th division value
Oi = value of i-th division

TL Lf0 Lv0 O0 Lf1 Lvk Ok. . . lf = length of Lfi
Lfi = length of Lvi
Lvi = length of the i-th division

Li = 6 :  LOi < 64 : Oi < 264 bits 

length of Lvi < 2Lfi    :    value of Oi < 2Lvi

lf = 2  : Oi < 216

lf = 3  : Oi < 2256

but penalty for small division values: encoding for Oi = 7  needs 3+2+3 bits

encoding for Oi = 7  needs 6+3 bits
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Encoding of DeweyIDs (2)Encoding of DeweyIDs (2)

k-based representation

• m = log (k + 1)

• reserve one code of length m to represent the separator “.”

• interpret a sequence of m-bit codes as a number with base k

k = 3:    “0”: 00,  “1”: 01,  “2”: 10,  “.”: 11

1.7.11   :   TL 01   11 10      01   11 01      00      10

1*30         2*31 + 1*30 1*32 + 0*31 + 2*30

good space efficiency: Oi = 7 needs 6 bits, but no adaptation to value distributions

is there a better k: k = 1 or k = 7?

k = 7:    “0”: 000,  “1”: 001,  “2”: 010,  “3”: 011, …., “.”: 111

1.7.11   :   TL 001  111 001     000  111 001    100    

1*70              1*71 + 0*70 1*71 + 4*70

encoding of Oi = 7 needs 9 bits
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Encoding of DeweyIDs (3)Encoding of DeweyIDs (3)

Huffman Codes

Degrees of freedom
range weights and
length assignments

3

0 1

1

64

0

0 0 11

128

0 1

2016

0 1

0 1

3124

0 1

0 1

1

128

0

0 0 11

2016

0 1

3124

0 1

64

0 1

TL C0 O0 C1 O 1 Ck Ok. . .

1.7.11: TL 0001 0111 1000100

encoding of Oi = 7 needs 4 bits

encoding of Oi = 7 needs 6 bits

1.7.11: TL 000001 000111 001011 
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SwissProt.xml

10.0150013.935115000153788458)
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2.7924356.6210563174766462505028
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nasa.xml

4.439555.258474232242317848256) mondial-
3.0.xml

17.0601763.9651102297
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3229547
5
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lineitem.xml

5.0124.7670156355624)
ebay.xml

8.9915013.9251135015156603)
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3.9926252
76.291290647213058
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7168530
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psd7003.xml

2.33563858.97381243766
6

8608251
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treebank_e.xml
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fanou

t

∅−
dept
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attribut
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of XML 
nodes

size 
(bytes)
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University Website

DB of protein sequences

Orders from TPC-H
Benchmark

Astronomical 
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Geographical DB 
of diverse sources

Line items from
TPC-H benchmark

Ebay
auction data

Customers from
TPC-H benchmark

DB of protein sequences

Encoded DB of 
English records of Wall Street 

Journal

descriptionfile name

Characteristics of XML Documents ConsideredCharacteristics of XML Documents Considered
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Encoding of DeweyIDs (4)Encoding of DeweyIDs (4)

17895768-21474836463111111

1118552-178957672411110

69976-11185512011101

4440-699751611100

344-4439121101

88-34381100

24-876101

8-234100

1-730

value range of OiLiHuffman 
code

Optimization potential
- cut prefix 1.

this may change the optimal Huffman code assignment
- virtualize taDOM extensions
- apply prefix compression for DeweyIDs used as keys and pointers
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Avg. Sizes of DeweyIDs Grouped by the Documents Avg. DepthAvg. Sizes of DeweyIDs Grouped by the Documents Avg. Depth

influence of the distance parameter
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Levels of AbstractionLevels of Abstraction

abstraction level

processing
model

language model/
interface

logical 
access model

physical
access model

storage
model

XDBS RDBS

declarative
sequence based

XQuery

physical
algebra

operators

XTC document index,
XTC element index

XML query 
algebra

declarative
set valued

SQL

physical
algebra 

operators

storage 
structures

relational
algebra

navigational
node oriented

DOM

Scan, FC-Impl., NS-Impl.,
PA-Impl., …

node services

stream based
node oriented

SAX
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XTC Document IndexXTC Document Index

1.3.1.3
1.3.1
1.3
1

1.3.3
1.3.1.5.1
1.3.1.5
1.3.1.3.1

1.3.5.3
1.3.5
1.3.3.3.1
1.3.3.3

1.3.5.5.3
1.3.5.5
1.3.5.3.3.1
1.3.5.3.3

1.3.7.3.1
1.3.7.3
1.3.7
1.3.5.5. 3.1

DeweyID node data (byte representation)

1.3.1.3.1

1 1.3.5.3.3

1.3.5.5.3.1

1.3.3.3

do
cu

m
en

t i
nd

ex
do

cu
m

en
t c

on
ta

in
er

prefix compression works!
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XTC Element IndexXTC Element Index

author

book

price

1.3.5 1.3 1.3.7

each of them sorted  in document order

name directory
(B-tree)

node-reference indexes
(B*-trees)
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Example: DeweyID Support for a Navigational 0perationExample: DeweyID Support for a Navigational 0peration

Expressiveness of DeweyIDs allows derivation of ancestors
Navigational axes
• parent
• first/last child
• next/previous sibling 

Context node: 1.5
• previous sibling without scanning the container pages

1 bib
.3 title

1.3.5 price

1

1.3.1.5.1
1.3.5

1.3 book
1.3.1 ...

1.3.1.5 id

...

1.3.4.
3.5.3.1 W.

... 1.5 book ...

1.3.1.5.1 1 1.3

1.3.5.3.1 ...
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XQuery – XPathXQuery – XPath

Problem: XQuery is really complex
• order-preserving joins, implicit grouping, 

result construction …

therefore at the moment “only” XPath

doc(“sample.xml”)//autor
[count
(parent::buch/preceding-sibling::
element())>3]/vname[../nname = “Adams”]

• still complex

• concentration on path steps

Axis::name_test

basic processing units, sequence of path steps, 
evaluation order: bottom-up, top-down, starting in the middle
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XPath AxesXPath Axes

1. parent
2. child
3. ancestor
4. descendant
5. previous-sibling
6. following-sibling
7. previous
8. following
9. attribute
10. namespace
11. self
12. ancestor-or-self
13. descendant-or-self
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Axis OperatorsAxis Operators

For each of the 8 relevant XPath axes an own operator

Input
• name test
• duplicate-free sequence of DeweyIDs in document order

Output
• duplicate-free sequence of DeweyIDs in document order on specified axis: 

each referenced node satisfies the name test 

Chaining of  axis operators to evaluate XPath expressions 
of the form

axis1::name_test1/…/axisn::name_testn



© 2005 AG DBIS 31

DBAG
2005

Support of fine-
grained locking
Support of fine-
grained locking

Labeling of
XML tree nodes

Labeling of
XML tree nodes

Adaptation to
XML documents?

Adaptation to
XML documents?

Node
services
Node

services

Extensions &
optimizations
Extensions &
optimizations

A new revolu-
tion ahead?

A new revolu-
tion ahead?

Child AxisChild Axis

n

nn

n n n

1

1.3

1.3.3 1.3.5 1.3.7 1.3.9

1.3.5.3 1.3.5.5 1.3.9.3

1.3.5.3.3 1.3.5.3.5 1.3.9.3.3 1.3.9.3.5 1.3.9.3.7

input node

node satisfying name test n

insertion of the input sequence 
into a hash table

HT(1.3)
HT(1.3.5.3)
HT(1.3.9.3)

element index access for name

HT(1.3) 1.3.3
HT(1.3.5.3) 1.3.5.3.5
HT(1.3.9.3) 1.3.5.5

1.3.7
1.3.9.3.3
1.3.9.3.7

„probing“ of the parent DeweyIDs

HT(1.3) 1.3.3
HT(1.3.5.3) 1.3.5.3.5
HT(1.3.9.3) 1.3.5.5

1.3.7
1.3.9.3.3
1.3.9.3.7

result

1.3.3
1.3.5.3.5
1.3.7
1.3.9.3.3
1.3.9.3.7

input sequence: dark nodes observe level information

1.3.5.5
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Descendant AxisDescendant Axis

n

nn

n n n

1

1.3

1.3.3 1.3.5 1.3.7 1.3.9

1.3.5.3 1.3.5.5 1.3.9.3

1.3.5.3.3 1.3.5.3.5 1.3.9.3.3 1.3.9.3.5 1.3.9.3.7

merge method

input descendents
1.3.5 1.3.3
1.3.5.3 1.3.5.3.5
1.3.9.3 1.3.5.5

1.3.7
1.3.9.3.3
1.3.9.3.7

result

1.3.5.3.5
1.3.5.5
1.3.9.3.3
1.3.9.3.7

document order avoids duplicates in the result

1.3.71.3.3
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Following-Sibling AxisFollowing-Sibling Axis

n

n n

1

1.3

1.3.3 1.3.5 1.3.7 1.3.9

1.3.5.3 1.3.5.5 1.3.9.3

1.3.5.3.3 1.3.5.3.5 1.3.9.3.3 1.3.9.3.5 1.3.9.3.7

creation of a hash table

input HT
1.3.3 HT(1.3) = 1.3.3
1.3.5
1.3.5.3.3 HT(1.3.5.3) = 1.3.5.3.3
1.3.5.3.5
1.3.5.5 HT(1.3.5) = 1.3.5.5
1.3.7
1.3.9.3.5 HT(1.3.9.3) = 1.3.9.3.5
1.3.9.3.7

„probing“ of predecessor nodes

HT following-siblings
HT(1.3) = 1.3.3 1.3.5.3.5
HT(1.3.5.3) = 1.3.5.3.3 1.3.9
HT(1.3.5) = 1.3.5.5
HT(1.3.9.3) = 1.3.9.3.5

1.3.9.3.3

all processing steps avoid duplicates: O(n)

1.3.9.3.3
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Test CaseTest Case

test document:
Xmark
3257 elements
each

query

doc(...)/descendant::item/child::name
/parent::item/child::name/...
/parent::item/child::name

early duplicate elimination avoids exponential behavior of algorithms
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Concurrency Control – Node Lock CompatibilitiesConcurrency Control – Node Lock Compatibilities

Node locks and compatibility matrix

Read lock on non-direct 
child node

IR (intention read)

Read lock on entire subtreeSR (subtree read)

Read lock on context node 
and all direct-child nodes

LR (level read)

Read lock on the nodeNR (node read)

effectlock

Write lock on non-direct
child node

IX (intent. excl.)

Read lock with intended update 
operation on entire subtree

SU (update)

Write lock on direct child nodeCX (child excl.)

Write lock on entire subtreeSX (exclusive)

effectlock

Read locks

Write locks

Compatibility matrix

--------+SX

----+++++SU

--++--+++CX

--++-++++IX

----+++++SR

---++++++LR

--+++++++NR

--+++++++IR

SXSUCXIXSRLRNRIR-
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Concurrency Control – Node Read LockConcurrency Control – Node Read Lock

NR 
• Requested for reading the context node
• Requires IR locks on the ancestor path

T

bib

book

title author price

Tlast first

TT
The Title

Lastname Firstname

49.99

Transaction T1 is reading <title>

NR

IR

IR
Transaction T2 is reading <author>

IR

IR

NR



© 2005 AG DBIS 37

DBAG
2005

Support of fine-
grained locking
Support of fine-
grained locking

Labeling of
XML tree nodes

Labeling of
XML tree nodes

Adaptation to
XML documents?

Adaptation to
XML documents?

Node
services
Node

services

Extensions &
optimizations
Extensions &
optimizations

A new revolu-
tion ahead?

A new revolu-
tion ahead?

Concurrency Control – Level Read LockConcurrency Control – Level Read Lock

LR
• Requested for reading the context node and all nodes

located in the level below (all direct-child nodes)
• Requires NR locks on the ancestor path

T

bib

book

title author price

Tlast first

TT
The Title

Lastname Firstname

49.99

Transaction T1 is reading <book>
and all direct-child nodes
(<title>, <author>, and <price>)

LR

IR

Transaction T2 is reading <price>

IR

IR

NR



© 2005 AG DBIS 38

DBAG
2005

Support of fine-
grained locking
Support of fine-
grained locking

Labeling of
XML tree nodes

Labeling of
XML tree nodes

Adaptation to
XML documents?

Adaptation to
XML documents?

Node
services
Node

services

Extensions &
optimizations
Extensions &
optimizations

A new revolu-
tion ahead?

A new revolu-
tion ahead?

Concurrency Control – Lock DepthConcurrency Control – Lock Depth

T1: IR

NR

IR

IR

SR

bib

topics

topic0

book

title author price history

first last lend

person return

TT

T T
...

... ...

...

chapters

chapter

title
summary

...
...

T2: IR

NR

IR

IR

SR

T2conv : IX

CX

IX

IX

SX

T1 reads this book with lock depth = 4: 
options SR on bib, topics, topic0, book, or on each children of book

T2 reads the history subtree (SR) 

and decides to attach a new lend subtree
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Concurrency Control – Subtree Read lockConcurrency Control – Subtree Read lock

SR
• Requested for reading the context node and all nodes 

located in the subtree below
• Requires IR locks on the ancestor path

T

bib

book

title author price

Tlast first

TT
The Title

Lastname Firstname

49.99

Transaction T1 is reconstructing
<author>

<last>Lastname</last>
<first>Firstname</first>

</author>

SR

IR

IR

Transaction T2 is reading the
value of the text node in <first>

IR

IR

IR

IR

NR

NR
Transaction T3 is reading all
direct-child nodes of <author>
(<last> and <first>)

LR

IR

IR
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Concurrency Control – Node Lock ConversionConcurrency Control – Node Lock Conversion

Lock conversion in
the ancestor path
of author

T

bib

book

title author price

Tlast first

TT
The Title

Lastname Firstname

49.99

Transaction T1 is reading <book>
and all its direct-child nodes

IR

LR

Transaction T2 is reading <book>,
the first child node <title> and its value

NR

IR

NR

NR

NR

Transaction T1 is deleting <author>
and its entire subtree

X

CX

NR NR

CXNR

IX

Conversion matrix

SXSXSXSXSXSXSXSXSXSX

SXSUSXSXSUSUSUSUSUSU

SXSXCXCXCXSRCXNRCXCXCXCX

SXSXCXIXIXSRIXNRIXIXIXIX

SXSRCXSRIXSRSRSRSRSRSRSR

SXSUCXNRIXNRSRLRLRLRLRLR

SXSUCXIXSRLRNRNRNRNR

SXSUCXIXSRLRNRIRIRIR

SXSUCXIXSRLRNRIR-

IX
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Compatibility Matrix of taDOM3+Compatibility Matrix of taDOM3+

SXSXSXSXSXSXSXSXSXSXSXSXSXSX

SXSUSXSUSXSXSXSXSUSUSUSUSUSU

SXSXNXNXNXNXNXNXNXSRNXNRNXNXNXNX

SXSUNXNUNXNXNXNXNUSRNUNRNUNUNUNU

SXSXNXNXNRCXNRCXNRCXNRCXNRCXSRNRCXNRNRCXNRCXNRCXNRCX

SXSXNXNXNRCXCXNRCXCXNRCXSRNRCXNRNRCXCXCXCX

SXSXNXNXNRCXNRCXNRIXNRIXNRIXSRNRIXNRNRIXNRIXNRIXNRIX

SXSXNXNXNRCXCXNRIXIXNRIXSRNRIXNRNRIXIXIXIX

SXSRNXSRNUSRNRCXSRNRCXSRNRIXSRNRIXSRSRSRSRSRSRSR

SXSUNXNRNUNRNRCXNRNRCXNRNRIXNRNRIXNRSRLRLRLRLRLR

SXSUNXNRNRCXNRCXNRIXNRIXSRLRNRNRNRNR

SXSUNXNUNRCXCXNRIXIXSRLRNRIRIRIR

SXSUNXNUNRCXCXNRIXIXSRLRNRIR-
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Contest of Lock ProtocolsContest of Lock Protocols

benchmark: 3 groups of lock protocols
• *-2PL and MGL* groups
• taDOM* group: taDOM2, taDom2+, taDOM3, taDOM3+
• meta-synchronization allows identical runtime env.

0

100

200

300

400

500

0 1 2 3 4 5 6 7

taDOM* group

MGL* group

Node2PLa

0

20

40

60

80

100

120

140

160

180

0 1 2 3 4 5 6 7

Node2PLa

taDOM* and
MGL* group

transaction throughput deadlocks
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Levels of Abstraction – The Next StepsLevels of Abstraction – The Next Steps

abstraction level

processing
model

language model/
interface

logical 
access model

physical
access model

storage
model

XDBS RDBS

declarative
sequence based

physical
algebra

operators

XTC document index,
XTC element index

declarative
set valued

SQL

physical
algebra 

operators

storage 
structures

relational
algebra

navigational
node oriented

Scan, FC-Impl., NS-Impl.,
PA-Impl., …

stream based
node oriented

XQuery

XML query 
algebra

DOM

node services

SAX
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Horizontal Distribution of XDBMS ServicesHorizontal Distribution of XDBMS Services

Similar to RDBMSs
• distributed DBMS (SN/SD)
• federated DBMS
• Multi-DBMS, …

Vertical distribution of XDBMS services also possible
(DB caching of XML documents)

access services

compilation, optimi-

storage & buffer

communication/adaptation/mediation

. . . 

management

zation & evaluation

access services

compilation, optimi-

storage & buffer
management

zation & evaluation
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Revolution in the DBMS Architecture?Revolution in the DBMS Architecture?

(O)RDBMS architecture is exhausted
• Extenders, DataBlades, …
• extensibility infrastructure, …

XML services require substantial changes
and new services in the upper layers
• but: VITA, streaming, external files, …
• cooperation of individual architectures in a DBMS ecosystem?

relational

relational

storage system
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XML access 

compilation, 
optimization & 

data system
evaluation of XML

access system services
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storage system

access
system

data system


