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This study characterizes distributed XML processing on networking nodes. XML documents are sent from a

client node to a server node through relay nodes, which process the documents before arriving at the server.
When the relay nodes are connected tandem, the XML documents are processed in a pipelining manner.
When the relay nodes are connected parallel, the XML documents are processed in a parallel fashion. Well-
formedness and grammar validation pipelining and parallel processing characterization reveals inherent ad-

vantages of the parallel processing model.

1 INTRODUCTION work, we have also studied the migration of tasks be-
tween nodes depending on network congestion.
XML technology has become ubiquitous on dis- In this paper, we evaluate the two distributed
tributed systems, as it supports loosely coupled in- XML processing models - i) pipelining, for XML
terfaces between servers implementing Web Services.data stream processing systems; ii) parallel, for XML
Large XML data documents, requiring processing parallel processing systems - with regard to process-
at servers, may soon require distributed processing,ing efficiency, correlating performance with XML
for scalability. Recently, distributed XML process- document structure and processing task for well-
ing has been proposed and studied from an algorith-formedness and grammar validation tasks. The pa-
mic point of view for well-formedness, grammar val- per is organized as follows. In section 2, we describe
idation, and filtering (Dirceu Cavendish, 2008). In generic models of XML processing nodes, to be used
that work, a Prefix Automata SyStem is described, in both pipelining and parallel processing. In section
where (PASS) nodes opportunistically process frag- 3, we describe a task scheduler used to assign XML
ments of an XML document travelling from a client document fragments to XML processing nodes. In
to a server, as a data stream. PASS nodes can be arsection 4, we describe a PC based prototype system
ranged into two basic distributed processing models: that implements the distributed XML processing sys-
pipelining, and parallel model. The problem of al- tem, and characterize XML processing performance
locating specific fragments of an XML document to of the pipeline and parallel computation models. In
PASS nodes, in a pipeline manner, has been addressedection 5, we address related work. In section 6, we
in (Yoshiyuki Uratani, 2009). We leverage their re- summarize our findings and address research direc-
sults into an efficient task allocation method in this tions.
current work. Moreover, the problem of scheduling
tasks on streaming data that follows parallel paths has
been addressed in (Kazumi Yoshinaga, 2008). In that
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2

Distributed XML processing requires some basic
functions to be supported:

e Document Partition. The XML document is di-

tasks, according to their role in the distributed XML
system.

2.1 XML Processing Nodes

We abstract the distributed XML processing elements

XML PROCESSING ELEMENTS

EXML Doc@

StartNode |

_/{ Read/SendThread01 ‘ n

R
l

Read/SendThread02 ‘ m

vided into fragments, to be processed at process-
ing nodes.

‘\ﬁ Read/SendThread03 ‘ 0

To next|nodes

Document Annotation. Each document frag-
ment is annotated with current processing status
upon leaving a processing node.

Document Merging. Document fragments are
merged so as to preserve the original document
structure.

XML processing nodes support some of these

Figure 1: Components of StartNode (three next nodes case).

ment, checking and processing information, stor-
ing the data into a shared buffer. The TagCheck-
Thread attempts to process the data, if the data is
assigned to be processed at the node. SendThread
sequentially sends data to a next node.

Il T‘ ReceiveThread HTagCheckThreadH SendThread ‘ﬂﬂ’:‘>

RelayNode

C

add
From a|previous node ﬁ

Shared Buffer )

get/write remove

To ajnext node

into four types of nodes: StartNode, RelayNode,
EndNode, and MergeNode. The distributed XML
processing can then be constructed by connecting
these nodes in specific topologies, such as pipelining EndNode. EndNode is a destination node, where
and parallel topologies.

St art Node. StartNode is a source node that ex-

Rel ayNode. RelayNode executes XML process-
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ecutes any pre-processing needed in preparation
for piecewise processing of the XML document.
This node also starts XML document transfer
to relay nodes, for XML processing. We show
components of the StartNode in Figure 1. The
StartNode has one or more threads of the type
Read/SendThread. In Figure 1, StartNode has
three next nodes. The Read/SendThreads each
reads part of an XML document per line, and add
checking and processing information. The check-
ing information is used for tag check processing.
Processing information describes which RelayN-
ode shall process which parts of the XML doc-
ument.  Each Read/SendThread reads part of

Figure 2: Components of RelayNode.

XML documents must reach, and have their XML
processing finished. This node receives data
which contains the XML document, checking in-
formation and processing information, from a par-
ticular previous node. If the tag checking has
not been finished yet, the EndNode processes
all unchecked tags, in order to complete XML
processing of the entire document. In addi-
tion, the EndNode strips the document from any
overhead information, so as to restore the doc-
ument to its original form. Components of the
EndNode are similar to the RelayNode, except
that the EndNode has DeleteThread instead of
SendThread. The DeleteThread cleans the data
from processing and checking information, and
deletes the data from the shared buffer.

the document roughly of the same size. Then,

each Read/SendThread sends the processed dat
to next nodes. Read/SendThreads run concur-
rently.

QD

ing on parts of an XML document. It is placed as

\ MergeNode
HD@ ‘ Receive/SendThread01 ‘
([
Receive/SendThread02
Il To ajnext node
From previous npde!

an intermediate node in paths between the StartN-

ode and the EndNode. We show components of Figure 3: Components of MergeNode (two previous nodes).

the RelayNode in Figure 2. The RelayNode has

three types of threads: ReceiveThread, TagCheck- Mer geNode. The MergeNode receives data from

Thread and SendThread. The ReceiveThread re-
ceives data which contains lines of an XML docu-

multiple previous nodes, serializes it, and sends
it to a next node, without performing any XML
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processing. The MergeNode is used only in par- mar validation, defining the grammar that XML docu-
allel XML processing topologies. We show a ments must comply with. Each node executing gram-
component of the MergeNode in Figure 3. The mar validation reads DTD files, and generates gram-
MergeNode has more than one thread of the type mar rules for validation checking. We represent these
Receive/SendThread. Each thread receives datarules as a tree in the figure. Each processing node
from a previous node. The MergeNode fur- pops/pushes the tags from/to the stack, as represented
ther sends the data in order, so some threadsin the lower part of Figure 4. If grammar validation
may need to wait previous data to be sent be- is also executed, the node also consults the grammar
fore sending its part of data. For instance, in rules, in order to evaluate whether the tag is allowed
Figure 3, Receive/SendThread02 waits until Re- to appear at a specific place in the document, accord-

ceive/SendThreadO1 finishes sending its data re-ing to the grammar.
lated to a previous part of the XML document, be-

fore sending its own data, related to a subsequent2.1.2 Node Allocation Patterns
part of the document.

As mentioned earlier, the distributed XML system can
execute two types of distributed processing: pipeline

and parallel processing. We show pipeline processing
XML document processing involves stack data struc- in Figure 5, and parallel processing in Figure 6.

tures for tag processing. When a node reads a start
tag, it pushes the tag name into a stack. When a
node reads an end tag, it pops a top element from the
stack, and compares the end tag name and the poppe
tag name. If both tag names are the same, the tagg
match. The XML document is well-formed when all

tags match. In case the pushed and popped tags do Figure 5: Pipelining Processing (two stages instance).
not match, the XML document is declared ill formed.

2.1.1 Node Tag Checking Method

StartNode

RelayNode0O2=—> EndNode

o

XML Documents

Checking information is added to the document, In Figure 5, the distributed system has two stages
for processing status indication: already matched; un- pipeline. All data is transferred from StartNode to
matched; or yet to be processed. EndNode via two RelayNodes. The StartNode reads

the XML document per line, add some information,
Rond Sartiag A puantag | [FOTvelcaton-checking sectio ] and sends the resulting document to the RelayN-
Read *Starttag 8" pushtag B | || ELEMENT A (B)> ode01. The RelayNode01 and the RelayNode02 pro-
<IELEMENT B (C)> CrEea . . .
A><8> 100 (sace <IELEMENT C EMPTY> % cess parts of the received data, according to aIIoca_tlon
<ic> | o| [B] c determined by the scheduler. The EndNode receives
</Z></A> |00

data from the RelayNode02, processes all unchecked
data, and produces the final XML processing result.
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StartNode
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<A><B> 00 <A><B> |od 0 <A><B> [0S8E Read/SendThread02] R
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Figure 4: A Node Tag Checking Example.

Figure 6: Parallel Processing (two path instance).
In Figure 4, we show a simple example for well-

formedness checking and validation checking. When In Figure 6, the distributed system has two routes
the distributed XML processing system checks well- from StartNode to EndNode. The route via Re-
formedness only, the upper right box of the figure is layNodeO1 relays a first part of documents, and the
not executed. When the distributed XML processing route via RelayNode02 relays a second part of docu-
system also executes grammar validation, each nodements. The RelayNodeO1 and the RelayNode02 pro-
processes validation and well-formedness at the samecess parts of the received data, according to the sched-
time. In this case, each processing node has avail-uler’s allocation. MergeNode receives data from the
able DTD (Document Type Definition) files for gram- RelayNodes, merges it, and sequentially sends it to
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the EndNode. The EndNode receives data from the
MergeNode, processes all unchecked data, and pro-
duces the final result. Parallel processing mod-
els have an extra node, the MergeNode, as compared
with the pipeline processing models. Notice that the
MergeNode executes only extra processing overhead,
needed for merging parts of the document, in the par-
allel architecture, not executing any XML processing.
We could also have integrated such merging capabil-
ity to the EndNode, an hence obtaining an exact same
number of nodes between pipeline and parallel mod-
els. We have decided to create a specific MergeNode
in order to keep the EndNode the same across both ar-

chitectures, and the number of nodes executing XML Task Schedul i ng GU Mbdul e.

processing the same in both processing models.

3 TASK SCHEDULING

Task Scheduling System is a platform for parallel dis-
tributed processing. Itis implemented in J#and is
constructed by several modules, as illustrated in Fig-
ure 7.

algorithms such as (Kazumi Yoshinaga, 2008) or
(Manimaran G., 1998), before starting distributed
program execution. However, we use a static
scheduling algorithm which assigns all tasks be-
forehand to avoid the affect of scheduling algo-
rithms in this paper. Tasks communicate with
each other via streaming connections in the ex-
periments of this paper (Section 4). The tasks are
allocated to workers by the scheduler beforehand.
Once the tasks start, they will run until the pro-
cessing or all data is finished. Also the scheduler
does not migrate tasks to other workers, even if
some worker is idle.

Task
Scheduling GUI is the GUI module front-end of
the Task Scheduling System (Figure 8). We can
easily define a specific distributed system and edit
nodes configurations by using this module. In
Figure 8, boxes represent specific tasks. Arrows
between boxes represent connections between
tasks. Tasks communicate data such as arguments
and processing results.

Scheduling Server
U Scheduler CIassHTask Controller|- Task Scheduling GUI
Worker1 Worker2 \
o R 1
Task Manager Task Manager
EEEEENI

Figure 7: Task Scheduling System.

Task Controller Mdul e. Task Controller
module runs on the scheduler node. This module
allocates tasks to Task Manager Modules, which
run at worker machines, executing them. The
Task Controller implements a scheduler for deci-
sion where tasks should be allocated, and when
they should be executed.

Task Manager Modul e. The Task Manager

Figure 8: A Screenshot of Task Scheduling GUI.

4 DISTRIBUTED XML

CHARACTERIZATION

In this section, we characterize distributed XML well-
formedness and grammar validation processing.

4.1 Experimental Environment

module works on each worker machine. This \ve yse a Sun SPARC Enterprise T5440 Server (Or-

module executes tasks assigned by the Task Con
troller module.

Schedul er C ass. Scheduler Class imple-

“acle, 2010) server machine as an experimental envi-
ronment. Server specification is described in Table 1.
This server has 4 CPU sockets, a total of 32 cores, and

ments a scheduling algorithm, which decides al- can concurrently run up to 256 threads. In this server,

location of tasks and timing when tasks start.
We can install not only static scheduling algo-

we configure hard disk storage as RAID-O0 striping.
We also use Solaris Container, which is an operat-

rithms such as (James E. Kelley Jr, 1959) or ing system-level virtualization technology, to imple-
(Tarek Hagras, 2004) but also dynamic scheduling ment distributed XML processing nodes. These vir-
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Table 1: T5440 Server Specification.

CPU Sun Ultra SPAR®
T2 Plus (1.2GHz) 4
Memory || 128G bytes (FB-DIMM)
oS SolarisM10
JVM Javd™1.5.017

tual environments are called zones. The zones can
directly communicate with each other by a machine
internal communication mechanism. We illustrate the
structure of the experimental environment in Figure
9. The Solaris Container treats one operating system
as a global zone which is unique in the system. We

can dynamically allocate resources to the zones, such

as CPU cores and memory space. We implement the
scheduler at zone 01. Each RelayNode executes in-
dependently, since the number of CPU cores, 32, is
larger than the number of nodes.

Non-global
Zones
(O]
Global Zone Solaris 10 (Global Zone)
SPARC Enterprise T5440 Server
Hardware (cpy)[cpU) [cPU) [cPU] (Memory]

Figure 9: Zones in T5440 Server.

4.2 Node Allocation Patterns

We use several topologies and task allocation pat-
terns, for characterizing distributed XML processing,
within the parallel and pipelining models. We vary
also the number of RelayNodes, within topologies, to
evaluate their impact into processing efficiency.

Two stages pipeline (Figure 10).

Two path parallelism (Figure 11).
Four stages pipeline (Figure 12).
Four path parallelism (Figure 13).

In Figure 10-13, tasks are shown as light shaded
boxes, underneath nodes allocated to process them.
For two RelayNode case, (Figure 10 and 11), we
divide the XML documents into three parts: first two
lines, fragment01 and fragment02. The first two lines
contain a meta tag and a root tag. In Figure 10,

oving XML Processing from Servers to Networking Nodes

StartNode | RelayNode02 RelayNode0: EndNode
zone01 zone02 zone03 zoneQ7
M [fregmento2
firsif2llines RelayNode02 checks fragment02,
fragment01 RelayNode03 checks fragment01,
fragment02 EndNode checks first line,
second line, and all unchecked tags
XML Document

Figure 10: Two Stages Pipeline.

StartNode
zone01

EndNode

zone07

first 2 lines

( RelayNode02 checks fragmentmw
S S

MergeNode
zone06

first 2 lines

fragment01

RelayNode03 checks fragment02,
EndNode checks first line,
econd line and all unchecked tag:

fragment02

fragment02
XML Document

Figure 11: Two Path Parallelism.

we configure two stage pipeline topology. Data flow
from StartNode to EndNode via two RelayNodes. Re-
layNodeO2 is allocated for processing fragment02,
RelayNode03 is allocated for processing fragment01,
and the EndNode is allocated for processing the first
two lines, as well as processing all left out unchecked
data. In Figure 11, we configure two path paral-
lelism. The first two lines, fragment01 and related
data flow from StartNode to EndNode via RelayN-
ode0l1 and MergeNode. Fragment02 and related data
flow from the StartNode to the EndNode via RelayN-
ode02 and the MergeNode. RelayNode0z2 is allocated
for processing fragment01, RelayNode03 is allocated
for processing fragment02, whereas the EndNode is
allocated for processing the first two lines, as well as
processing all left out unchecked data.

StartNode | RelayNode02Z,_RelayNode03 [RelayNode04, RelayNode0:
zone01 zone02 zone03 zone04 zone05
—J— lfragment04 \fragment03 \fragment02 \fragmentm \

first 2 lines
fragment01 RelayNode02 checks fragment04,
RelayNode03 checks fragment03,
RelayNode04 checks fragment02,
RelayNode05 checks fragment01.
EndNode checks first line,
second line and all unchecked tags

EndNode
zone07
first 2 lines

fragment02

fragment03

fragment04
XML Document

Figure 12: Four Stages Pipeline.
EndNcde

zoneQ7

first 2 lines

StartNode
zone01

MergeNode
zone06

first 2 lines

fragment01

fragment02

RelayNode02 checks fragment01,
RelayNode03 checks fragment02,
RelayNode04 checks fragment03,
RelayNode05 checks fragment04.
EndNode checks first line,
second line and all unchecked tags

fragment03

fragment04
XML Document

fragment04

Figure 13: Four Path Parallelism.
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In four RelayNode case (Figure 12 and 13), we
divide the XML documents into five parts: first two

. XML Count of - File size
lines, fragment01, fragment02, fragment03 and frag- file lines | Width | Depth |y tes]
ment04. Figure 12 shows a four stage pipeline topol-  ~55c0T T 10002 | 10000 1 340
ogy. Data flow from StartNode to EndNode via four doco2 15002 | 5000 2 347
RelayNodes. RelayNodes fragment allocation is as [ doc03| 17502 | 2500 4 342
shown in the figure. The EndNode is allocated for docO4 || 19902 100 100 343
processing the first two lines, as well as process- | docO5| 19998 4 2500 342
ing all left out unchecked data. Figure 13 shows | doc06 ] 20000 2 5000 342
four path parallelism topology. The first two lines, docO7 ]| 20001 1 | 10000] 342
fragment01 and related data flow from StartNode to
EndNode via RelayNode02 and MergeNode. Frag-
ment02 and related data flow from the StartNode to [doco1]  [doc02]  [doc03 [doc04]
the EndNode via RelayNode03 and the MergeNode. : E - %
Fragment03 and related data flow from the StartNode = s
to the EndNode via RelayNode04 and the MergeN- =
ode. FragmentO4 and related data flow from the E — S [
StartNode to the EndNode via RelayNode05 and the %
MergeNode. RelayNodes fragment allocation is as N
shown in the figure. The EndNode is allocated for éﬁ
. " . . doc05 doc06 doc07

processing the first two lines, as well as processing all A T A A
left out unchecked data. Notice that, even thoughthe | / [\
the parallel model has one extra node, the MergeN- ‘
ode, as compared with corresponding pipeline model, = g
the MergeNode does not perform any XML process- o i
ing per se. Hence, the number of nodes executing
XML processing is still the same in both models. \/ v

deéth=250¢ depth=5000 depth=10000
4.3 Patterns and XML Document Types R s S i

The distributed XML processing system can exe-

Table 2: XML Document characteristics.

Figure 14: XML Document Structures.

cute two types of processing: well-formedness check- gystem performance indicators characterize the pro-
ing, and grammar validation checking of XML docu-  cegsing of a given XML document. Node perfor-

ments. Efficiency of these XML processing tasks may mance indicators characterize XML processing at a
be related to: processing model, pipelining and paral- given processing node. The following performance

lel; topology, number of processing nodes and their jyicators are used to characterize distributed XML
connectivity; XML document characteristics. processing:

We use different structures of XML documents to
investigate which distributed processing model yields
the most efficient distributed XML processing. For
that purpose, we create seven types of XML docu-
ments, by changing the XML document depth from
shallow to deep while keeping its size almost the
same. We show the XML document characteristics in
Table 2, and their structures in Figure 14. Each XML
document has 10000 tag sets.

We combine four node allocation patterns, two
processing patterns and seven XML document types
to produce 56 types of experiments.

4.4 Performance Indicators

We use two types performance indicators: system per-
formance indicators and node performance indicators.

46

e Job Execution Time.Job execution time is a sys-
tem performance indicator that captures the time
taken by an instance of XML document to get
processed by the distributed XML system in its
entirety. As several nodes are involved in the
processing, the job execution time results to be
the period of time between the last node (typi-
cally EndNode) finishes its processing, and the
first node (typically the StartNode) starts its pro-
cessing. The job execution time is measured for
each XML document type and processing model.

e Node Thread Working Time. Node thread
working time is a node performance indicator that
captures the amount of time each thread of a node
performs work. It does not include thread waiting
time when blocked, such as data receiving wait
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time. It is defined as the total file reading time, mance indicators data over seven types of XML doc-
data receiving time and data sending time a node ument instances. Figures 15 and 16 report job ex-
incurs. For instance, in the MergeNode, the node ecution time; Figures 17 and 18 report system ac-
thread working time is the sum of receiving time tive time; Figures 19 and 20 report system process-
and sending time of each Receive/SendThread.ing time; Figures 21 and 22 report system paral-
Assume the MergeNode is connected to two pre- lelism efficiency ratio. On all graphs, X axis describes
vious nodes, with two Receive/SendThreads. Fur- scheduling and processing models, as well as well-
thermore, one Receive/SendThread spends 200formedness and grammar validation types of XML
msec for receiving data and sending data, whereasdocument processing. X axis legend is as follows:
the other Receive/SendThread spends 300 msec
for receiving data and sending data. In this case,
the node thread working time is 500 msecs, re- PARwel : Parallel and Well-formedness checking.
gardless whether the threads run sequentially on" py p | 4
in a parallel manner. We also deriveSystem

thread Working time as a System performance PAR val : Parallel and Validation CheCkiﬂg.

s o s o syt i dnotes sah peromarce ndcaor o
. eraged over 22 XML document instance processing.
e Node Active Time. Node active time is a node
performance indicator that captures the amount of
time each node runs. The node active time is de-
fined from the first Receive Thread starts receiving 3 o n
first data until the last SendThread finishes send- Eiioo
ing last data in the RelayNode or finishes docu-
ment processing in the EndNode. Hence, the node
active time may contain waiting time (e.g, wait a
time for data receiving, thread blocking time). |I
Using the same MergeNode example as previ- ,
ously, assume two threads, one having 200 msec FIF el PAR el FIF vl PAR val
node thread working time, and another having 300 Scheduling 2ncl Processing Type (2 Relaylodec)
msec node thread waiting time. If one thread runs
after the other, in a sequential fashion, the node  Figure 15: Job Execution Time (Two RelayNodes).
active time results to be 500 msecs. However, if

Pl P_wel : Pipeline and Well-formedness checking.

: Pipeline and Validation checking.

|Ildm:01 B doc02 Odoc03 OdocOd Mdoc05 Edoc0f chOT‘

Tim
o D
S o
S o
S o

8000
6000

{SS{S{SSSSS{SSS{SSSSSSSSSS{&;"-

<ob Execution Time

[
[= 3=l
[= il
[=3=1

by
F
t
A

o

bOth threads run In para”el, the nOde aCthe tlme |DchO1 B docl? Odoc03 Odoc0d Mdoc0s Bdoc0f chOT‘
results to be 300 msecs. We also defBystem (8000
active time as a system performance indicator, by "? 16000

averaging the node active time of all nodes across El;‘ggg
the system. =

e Node Processing Time. Node processing time
is a node performance indicator that captures the
time taken by a node to execute XML process-
ing only, excluding communication and process-

T
f}
=]
=]
=]

8000
6000
4000
2000

o]

Job Execution Ti

h ! : FIF wel PAR wel FIF_val PAR_val
|ng Overheads We aISO deﬂ@stem pI’OCGSSIng Scoheduling and Processing Tvpe (4 RelayMNodes)

time as a system performance indicator, by aver-

aging node processing time across all nodes of the  Figure 16: Job Execution Time (Four RelayNodes).
system.

e Parallelism Efficiency Ratio. Parallelism effi- Regarding job execution time (Figures 15 and 16),
ciency ratio is a system performance indicator de- parallel processing is faster than pipeline processing
fined as $ystem thread working time / system ac- for all docs. Moreover, comparing Figs. 15 with 16,
tive time”. we see that job execution time speeds up faster with

increasing the number of relay nodes in parallel pro-
4.5 Experimental Results cessing than in pipeline processing. In parallel pro-

cessing, StartNode reads concurrently parts of XML
For each experiment type (scheduling allocation and documents and sends them to next nodes. Hence,
distributed processing model), we collect perfor- each RelayNode receives/processes/sends only part
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Edoc) Bdocl? Odocls O dodld Wdoolt Boocdd B docd? HeocO! BdocD? OdocDd Odoc0d Mdoc0S Bdoc0f B docO7
2
"2 10000 218
£ <16
2 E14
= g12 =
E = &
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I =06 &
2 T 04 5
& £ oz o
0 F=
PIP_wel PAR wel FIF_ual PAR val PIP wel PAR wel PIP val PAR val
Scheduling and Processing Type (2 Relayhodes) Scheduling and Processing Type (2 Rslayhlods)
Figure 17: System Active Time (Two RelayNodes). Figure 21: Parallelism Efficiency Ratio (Two RelayNodes).
|Dd0501 Bdoc? Odoc03 DdocOd Mdoc05 EdocOd EdncO?| |I]dm:01 Bdoc? Odoc0d Odoc0d Wdoc0s Bdoc0f dncOT‘
- 2
5 218
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i = T oz
7 il im L
PIP_wel PAR_wel PIP_val PAR_val FIF wel FAR wel FIP val FAR val
Scheduling and Processing Type (4 RelayModes? Scheduling and Processing Type (4 RelayModes)
Figure 18: System Active Time (Four RelayNodes). Figure 22: Parallelism Efficiency Ratio (Four RelayNodes).
of the XML document. Likewise, MergeNode re-
|E|duc:01 B doc02 Odoc03 Odoc0d Wdoc05 Bdoc0f BdocO? | .
3 3000 ceives only part of the XML document at each Re-
B oo ceive/SendThread (Figure 3) and sends them in order
z o to a next node. Each thread in these nodes run con-
w currently, resulting in reduced system active times for
g 1o parallel processing in Figs. 17 and 18.
£ 1o Regarding system active time and document type,
£ . .
g o0 the higher the document depth is, the larger the sys-
@ g tem active time. Grammar validation task is less
FlPwel  PARwel PPl PARa sensitive to document depth for parallel processing.
Scheduling and Processing Type (2 Relayblodes) N 3
Useless processing is more pronounced at each Re-

layNode for documents with higher depth, because
the RelayNodes are not able to match too many tags
within the document part allocated to them. Hence,
|E|duc01 Bdoc02 Odoc03 Odoodd Wdocl5 Ecoclf ducOT‘ the EndNode iS |eft W|th a |arge amount of process_
3 3000 ing to be done. We may reduce useless processing if
£ we divide the document conveniently according to the
document structure and grammar checking rules. In
addition, node activity is more sensitive to the number
of RelayNodes in parallel processing than in pipeline
. processing. Regarding task complexity, node activity
= H B results are similar in pipeline processing regardless
—_— PR el FIP sl ARl of the task performed. Parallel processing induces
Scheduling and Processing Tyce (4 Releyhodes) less node activity if the task is simpler, i.e., for well-
formedness checking. Figure 23 and 24 further show
Figure 20: System Processing Time (Four RelayNodes). node active time for each node in the system when
it processes doc0l. In these graphSN* means
StartNode, RN” means RelayNode,MN” means

Figure 19: System Processing Time (Two RelayNodes).
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MergeNode and EN” means EndNode. Figure 23
shows two RelayNode processing case, and Figure 24
shows four RelayNode processing case. We can see
that the active time of each node is smaller in parallel

as compared with pipeline processing.
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Figure 23: Node Active Time for Processing doc01 (Two

RelayNodes).
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Figure 25: Node Thread Working Time for Processing

doc01 (Two RelayNodes).
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Figure 26: Node Thread Working Time for Processing
doc01 (Four RelayNodes).
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A

PIP_val with PAR_val, there is more processing at
the EndNode in case of pipelining processing. So
pipelining is less efficient than parallel in distributed
processing XML documents of type 01. This is also
true for other types of documents, whose results are
omitted for space’s sake.

For convenience, we organize our performance
characterization results into a summary Table 3.

Figure 24: Node Active Time for Processing doc01 (Four
RelayNodes).

Processing time is similar for both parallel pro-
cessing and pipeline processing (Figure 19 and 20),
which shows that the extra activity time in the pipeline
processing is due to extra sending/receiving thread
times. In addition, well-formedness checking has less
processing time than validation checking, which is ex- 5 RELATED WORK
pected. Also, the average processing time is much
affected by whether we can allocate XML data effi- XML parallel processing has been recently addressed
ciently or not.  Efficient scheduling of XML docu- in several papers. (Wei Lu, 2007) proposes a
ment parts to a given processing model and topology multi-threaded XML parallel processing model where
requires further investigation. threads steal work from each other, in order to sup-

Regarding parallelism efficiency ratio (Figures 21 port load balancing among threads. They exem-
and 22), parallel processing is more efficient than plify their approach in a parallelized XML serial-
pipeline in every case, because in parallel case, moreizer. (Michael R. Head, 2007) focuses on paral-
threads are operating concurrently on different parts lel XML parsing, evaluating multi-threaded parsers
of the document. performance versus thread communication overhead.

Figure 25 and 26 show node thread working time (Michael R. Head, 2009) introduces a parallel pro-
when the system processes doc01 for two and fourcessing library to support parallel processing of large
RelayNodes, respectively. In these graphs, we canXML data sets. They explore speculative execu-
see that there is more XML processing in valida- tion parallelism, by decomposing Deterministic Fi-
tion than in well-formedness. Moreover, comparing nite Automata (DFA) processing into DFA plus Non-
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Table 3: Distributed XML Processing Characterization Stanym

Two RelayNodes Four RelayNodes RelayNode increase
Pipeline | Parallel Pipeline | Parallel Pipeline | Parallel
Job execution time Parallel is better No change Reduces
- - L Smaller than
_ Well-formedness and | Active time of validation Similar to two
System active time lidati imil does not depend on RelayNod two No effect Reduces
validation are similar document depth elayNode RelayNode
System processin .
‘y P 9 Parallel is better Reduces
time
Parallelism . T Slightl Significantl
. . Parallel is better Parallel is significantly better onty 9 Y
efficiency ratio better better

Deterministic Finite Automata (NFA) processingon REFERENCES
symmetric multi-processing systems. To our knowl-
edge, our work is the first to evaluate and compare Dirceu Cavendish, K. S. C. (2008). Distributed xml pro-

: inalini iotri cessing: Theory and applicationdournal of Parallel
ip;]aé]rallel against pipelining XML distributed process- o Digtributed éonputi?]g’ 63(8):1054.-1060,
' James E. Kelley Jr, M. R. W. (1959). Critical-path planning
and schedulinglRE-AIEE-ACM ' 59 (Eastern), pages
160-173.
6 CONCLUSIONS Kazumi Yoshinaga, Yoshiyuki Uratani, H. K. (2008). Uti-

lizing multi-networks task scheduler for streaming ap-

. . . plications. International Conference on Parallel Pro-
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tr_lbut.e(.d XML document p.rocessmg: _par.allel, an(_j Manimaran G., M. C. S. R. (1998). An efficient dy-
p_lpellnlng. In general, pipeline processing is less effi- namic scheduling algorithm for multiprocessor real-
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of distributed processing depends on the structure of less Computing, Communication and Applications,
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timal partition of XML document for efficient dis- lelized xml parser optimized for multi-core proces-

tributed processing is part of ongoing research. So  sors.SOCP'07, pages 17-22.
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