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Abstract

As the e-commerce sites are being more securediathle in recent years
and the number of transactions is rising rapidirafielism can help us to
reduce response time and increase throughput éomamerce transactions.
This paper will investigate parallelism in on-litransaction processing. It
aims to specify those aspects of e-commerce traoeachat would profit

from parallel processing and analyze current parglifocessing techniques
to determine those which can be used for e-commeesesactions. The
parallel processing techniques proposed in thigipegn be easily applied to
B2C and B2B on-line transaction processing. AltHougpme parallel

implementations of databases have been proposedhetobest of our

knowledge, parallel implementations of on-line #action processing
specific to e-commerce are rarely existed.

Keywords: E-Commerce, Parallel Systems, OLTP, Business-to-ConsuB2C)
Business-to-Business (B2B).

Introduction
Electronic commerce (e-commeraeg)he use of computers and telecommunication

technologies to share business information, maintain business relgtsyresid conduct
business transactions. Its genesis is traced back to the Electedaitni2rchange (EDI)
activity in the 1960'sEDI refers to the set of activities that are related to thetrelac

facilitation of the transactions between venders and buyers (purctdess, wayhbills,
manifests and schedules). Currently, e-commerce depends mostly atethetlas the
underlying platform. Business transactions are events that deevenission of a
business. A transaction provides the primary means by which a busiterssts with
its suppliers, customers, partners, employees, and the governmentclicass are
significant because they capture and/or create data about andsfioesses (Whitten &
Bently, 1997). Examples of transactions include purchases, ordess, regiervations,
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shipments, invoices, and payment processing.

E-commerce began in the 1990's and was largely driven by the inventtbe of
World Wide Web. The adoption of e-commerce has led to many new businesss.
The most important models of e-commerce are business-to-bagB®#i), business-to-
consumer (B2C), and consumer-to-consumer (C22L e-commerceefers to the use
of the Internet by consumers to provide goods and information to other coasumer
offers an effective way to exchange goods and information between coasBat e-
commercemostly refers to the use of the Internet by a business to provide godds
services to customers; it offers consumers a fast and effisiay to access various
products and services from retailers all over the world witheaxihg homeB2B e-
commerceefers to the use of the Internet between businesses to order proeceiise
invoices, and make payments; it reduces production costs, accelerdwing
processes, and improves inventory management. By exploiting efficiency, ggonom
and speed of the Internet, e-commerce simplifies and reduces thef quecesses
involved in business transactions. The parallel processing techniques prapdbes
paper can be easily applied to B2C and B2B e-commerce systemgrdiotype e-
commerce system implemented in this paper maintains the A@OmM(city,
Consistency, Isolation, Durability properties of transactions. The transaction
processing system is a critical component of any e-commercensisie must manage
the transactions between thousands of concurrent clients and backstathss
Traditional sequential transaction processing techniques may faikéd @rcommerce
system requirements such as high throughput and high performance.

To overcome the limitations of sequential processing, such as poor paEnt@mnd
poor throughput, parallel processing techniques could be used to deal witmnihads
of e-commerce transactions. In this paper, we focus on using pgrediedssing
techniques to improve the performance and throughput of e-commercectiansa
processing systems. E-commerce transactions include both amnéhgical processing
(OLAP) and on-line transaction processing (OLTP) transactions. QlLEP of e-
commerce transactions manages data and processes orders. ThefG-éédmmerce
transactions analyzes historical data from OLTP e-comm&ystems and provides
reports in support of management decisions. In general, OLTP dealshe/iitomic
level of data, needs fast responses, and normally follows standard pescaddrwell-
defined workflows. OLAP focuses on providing analysis capability to managteamd
typically deals with billions or even trillions of transacticgcords spanning periods
from several days to decades. Although some parallel implementadfo@_AP
transactions (Goil & Choudhary, 1997/1999) and many parallel implementatfons
databases have been proposed, to the best of our knowledge, parallel implementations of
OLTP transactions specific to e-commerce are rarelyezkigturtado, 2004; Dewitt &
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Gray, 1992; Raman, Han, & Narang, 2005; Wolf, Turek, Chen, & Ya, 1994).

However, we observe that there are many opportunities to applyeparaltessing
techniques to OLTP in an e-commerce system. Hence, in this papeigcus on
proposing parallel processing techniques for e-commerce OLTP dtanmsa To
elaborate, typical architecture of an e-commerce systerhrée-tiered client/server
architecture consisting of the GUI tier, the business logic &#nd the database tier. In
the business logic tier, one could use a single processor server wdiitigr@ading or a
multi-processor server to process many transactions concurrenthe bratabase tier,
the database could be fragmented horizontally and distributed toplautkatabase
servers or simply replicated over a number of servers. When arassadtion is
processed, the transaction could be processed in parts across mialiiiase servers
simultaneously. For instance, when a user wants to find a particaldngdy he/she
could submit the search criteria to the server. The samntbeibusiness logic tier could
then transform the search into a query. The query could then be forwardiirent
systems for processing. For each system, the query could be execust @ayallel
databases in the database tier. E-commerce systems goxo# single transaction
may include several logical steps. Some of these steps have depesdeetween
them, while others do not. The steps that have no dependencies can bedexecute
concurrently. As described above, there are opportunities to apglifep@rocessing
techniques when an e-commerce system processes e-comnesaetioas. ldentifying
what to parallelize and which parallel techniques to use and inctrgpthem into a
flexible and scalable design for a parallel e-commerce syistéme focus of this paper.
Thus, the aims of this paper are to:

1. Characterize e-commerce transactions with a view to find thepects that
would benefit from parallel processing.

2. Evaluate current parallel processing techniques to determine thdseiques
that can be applied to e-commerce transactions; and

3. Provide a reliable, flexible, and scalable design of an e-coocamesinsaction
processing system that uses parallel processing techniques toitthedhta intensive
transactions and process those transactions faster.

This paper describes an e-commerce system design that idi¢neelearchitecture
(the GUI tier, the business logic tier, and the database system using different
parallel processing techniques. The design helps e-commerce syb@ndeal with
large dataset to get faster response. This paper also desumib@plementation of a
prototype e-commerce transaction processing system as a case study th&peddoe
demonstrate the feasibility of the design. We compare our implenoentaith the
implementation of an e-commerce system that uses tradits@plentialprocessing
techniques, and highlight the performance improvement brought by our design.
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Opportunities that Can Apply Parallel Processing Techniques

The three-tiered architecture separates an applicationdifferent blocks and
makes the application easier to maintain and upgrade. A three-diet@tecture system
can be easily deployed on a distributed environment, which provides oppostdoitie
applying parallel processing.

In following sections, we will explore some opportunities where car apply
parallel processing technigques. Most of these opportunities are buiiness logic tier
and the database tier. An e-commerce system contains some gyg@cations such as
product search, product comparison, payment processing, and order processing. All
these operations can benefit from applying parallel processing technidugeeparallel
processing techniques proposed in this paper can be easily applied todBB2E e-
commerce systems. Figure 1 indicates the various steps invdb&Citransactions and
Figure 2 indicates these steps for B2B.

Parallel search and comparison

The search operation can be divided into several steps. Fir$te iprésentation
service tier, a customer provides some search criteriattaamd submits the search
criteria to an e-commerce system. The business logic tielvescthe search criteria
from the customer and converts the search criteria into datahasies, and then
submits the queries to the database tier. The database tiesggsdhe queries and
returns the result to the presentation service tier. Then, tiveebadogic tier may apply
some business logic to the data and returns the result to the customer.

In an e-commerce system, it is quite common to divide a largbakd into several
partitions and distribute these partitions to different databagerseWhen the database
is divided and distributed to different database servers, dssilple to perfornparallel
search on these partitions. We can perform search in different datatiguasti
concurrently and merge the search result, and then return the result to csistomer

To provide broader selection of products, some e-commerce systems provide
services to let customers search for products from the e-cammsgstems of their
partners. Inthese cases, when an e-commerce system receives a sgaest, ri¢ will
perform a search on its own local database servers. At thetsaeehe system will
forward the search criteria to its partner systems, andetipartner systems perform
their searches. The search in the local e-commerce systéntha searches in the
partner systems can be executed concurrently. When all searehmsgleted, the e-
commerce system will collect and merge search results fliffierent systems. The
merged search result will then be returned to the customer. FSgowes the activity
view of a parallel search.

A customer sometimes needs the search result in a certhin The e-commerce
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system needs to compare the search result and return thle mesarit in that specific
order. It is also possible for an e-commerce system to applylgbapabcessing
techniques for comparison. Thparallel comparisonis very similar to the parallel
search. The difference is when the system merges searchfm@suttifferent partitions
or from different systems. The parallel comparison must comparsearch result from
different partitions or from different systems and return the search iresutter.

Parallel payment processing

The payment process consists of processes in at least twemlifleccounts: the
first process withdraws money from the bank account of the custontetha second
process deposits money to the bank account of the e-commerce dpsteme cases,
an e-commerce system may allow a customer to withdraw moneynaltiple bank
accounts. In those cases, the payment process consists of more than two processes.

User E-Commerce Sitel E-Commerce Site2

Specity Search Criteria

\ 4

Submit Search Criteria
to E-Commerce Site

Pass Search Criteria
to other sites

-

Search in Search in Search in Search in
fragment 1 fragment 2 fragment 1 fragment 2

e N

v

Merge result from
different fragments

Merge result from
different fragments

A4

Send search result to
E-Commerce site

V/

Merge result from
different sites

Y

[ User view search result ]4—/‘—(Send search result to user)

.

\ v

Figure 1.Activity view of parallel search.
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The withdrawal procesgonsists of three sub-steps. The bank will first validate the
customer's bank account, then check the available credit of thaindcead finally
withdraw money from that account. THeposit processonsists of two sub-steps. The
bank will first validate the merchant account, and deposit money toatizatunt.
Because the withdrawal and the deposit processes can be operattentcaccounts
or different banks, it is possible for us to apply parallel prongs&chniques in the
business logic tier. When the e-commerce system receivesuitemer payment
information, the system initiates two threads. The first thread deposney to the
bank account of the e-commerce system, and the second thread wstinalvaey from
the bank account of the customer. These two threads are executed concurrently.

In the context of parallel processing, it is important to keep thi®ACoperties of
a transaction. If one thread fails in one of its sub-step#jrabds should roll back their
changes. If all threads are executed successfully, all themges should be committed.
In either payment processing, if one of the sub-steps fails in the withdravea thréhe
deposit thread, both threads should roll back their changes. Only when both #reeads
executed successfully, all their changes will be committegur€i2 shows an activity
view of the process of parallel payment. If the e-commerce syatews a customer to
pay from multiple accounts, multiple withdrawal threads should be created.

Figure 2.Activity view of parallel payment.
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Parallel order processing

The order processing is the core service of an e-commerce syBtemorder
process consists of several processes: the inventory checksptbeegayment process,
and shipping process. For an e-commerce system, there are many cing@ere and
the inventory is updated dynamically. For each order, the system shoubdnpenf
inventory check against each product in the order iihhentory check processyhe
payment processvas described before. Th&hipping processonsists of shipping
information confirmation and the shipping arrangement. For theseetitferocesses,
we can apply parallel processing techniques. We can initihlige tifferent threads for
these processes. The first thread checks and updates the inventosgcdhé thread
processes the payment. The third thread processes the shippingthifeads are then
executed concurrently. If any of the threads fails in any of its ®gs.sall the threads
should roll back their changes, and an error message will be gaharat returned to
the customer. If all the threads are executed successfulliheathreads will commit
their changes. Finally, the system will record the detailed ardermation, and will
return an invoice to the customer for future reference. Figuh®®ssan activity view
of order process in parallel.

Figure 3.Activity view of parallel order process.
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Prototype Implementation & Case study

This Section describes the implementation of our prototype e-corartransaction
processing system.

To discuss how to apply parallel processing techniques in a morécspentext,
we implemented a prototype e-commerce system in this paper, ishrachubset of an
online bookstore. In the system, a user may log in as a custorassh der favorite
books, add books to cart, check out books, and make payment.

User login

\ 4
\ 4 View
Login as cart
Customer,
\ 4
v Provide several
Define search different payments
criteria information
\ 4 v \ 4 \ 4
Check and Check bank Deposit money Record order
v v update information and to merchant detail
Perform parallel| | Perform parallel inventory withdraw money account information
search or search or
comparison in comparison in
local database partner site

\ 4
Combine search
or comparison

If all processes
success

result yes na
Commit all the Rollback all the
A changes changes
Add search
result to cart
4
Return an order y
ID for customer Display an error
refrence message

4
Logout

Figure 4.System flowchart.

Figure 4 shows the flowchart of the prototype e-commerce systpiamented for
this paper. As shown in Figure 4, a user must log in to the systamwsomer to buy
books from the online bookstore. If the customer's login is succedstutustomer
could specify the search criteria to find books. If the custonasrtsvthe result in a
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certain order, he or she could further specify the ordering erit€hen, the customer
could press the search button to perform a search operation. In ttie gearation, the
system initializes several threads to perform concurrentlses in several different
sites. One of the threads performs a parallel search in desabfa local system, and
other threads perform parallel searches in databases of rparboenmerce systems.
After all threads finished their searches, the e-commercemysbtmbines the search
results from different systems and returns the combined restitet customer. The
customer could then choose books from the combined search result and add the books to
a shopping cart. The customer could add more books to the shopping cart, or remove
books from the shopping cart. If the customer wants to check out, he sialid first
provide the payment information. The payment information may include maoretiea

bank account information. After the payment information is provided, tséomer

could then press the checkout button to check out. The checkout process tuse

phase commit mechanism. The two-phase commit splits a corpenaton into two

parts: the prepare phase and the commit phase. preépare phasef this system, the
system initializes several threads to perform several diftgobs. One thread checks

and updates the inventory. Several threads check bank accounts of the ccastdme
withdraw money from those accounts. One thread deposits money to thecbankta

of the e-commerce system.

One thread records the order and detailed order informationthédle threads
perform their operations concurrently without committing their changdise prepare
phase. In theommit phasethe system first checks if operations of all threads have
been successful. If any error occurs in any of the threads, the eecoengystem will
roll back changes made by all those threads and will display ran message. If
operations of all threads are successful, the e-commercamsyatl commit all the
changes and give the customer an invoice for future reference.yFithall customer
could log out by pressing the logout button.

Metrics Used to Evaluate Performance

Metrics such as run-time, speedup, and scale-up are often used to tgauge
performance of a parallel implementation. We used these threesmte analyze the
performance of the parallel implementation in this paper.

* Run-time: Run-time is the most primitive metric to gauge the performahce
parallel application. We compare the best sequential algonithmiime ts with the
parallel run-timep.

» Speedup: Speedup is a metric that captures the relative benefit ofngoklvi
problem in parallel over using a single processor system for the same problem.

Speedup is defined as:
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S(P) = W/Te
WhereT; is the time required by the algorithm on one processorTargthe time
required orP processors.
» Scale-up: Scale-up is the ability of an application to retain response &mthe
job size or the transaction volume increases by adding additional resources.

The Performance Analysis Environment

The BookStoredatabase contains 6 million records (approximately 380 MB in size).
Each of theBankl, Bank2, Bank3, SaveBad&tabases contains 1 million records
(approximately 306MB in size). The performance test was based on kimee of
frequently used e-commerce transactions: the search, comparisardang@rocessing
(Because payment processing was included in the order processing pbtbiype
system, there was no performance test made for payment proceSsingach kind of
transactions, the speedup and the scale-up analyses were perfeométe speedup
test, theBookStoredatabase was partitioned using a range partitioning algorithm on the
BookNofield and evenly distributed to each node. Table 1 shows how data in the
BookStoredatabase were partitioned and distributed.

Table 1
BookStore Database for the Speedup & Transactidariv® Scaleup Tests
Test name| Nodes | Records in each Data size Total Total data
involved node in each records size
node

Testl 1 6M 380MB 6M 380MB
Test2 2 3M 190 MB 6M 380MB
Test3 3 2M 126.7MB 6M 380MB
Test4 4 1.5M 95MB 6M 380MB
Test5 5 1.2M 76MB 6M 380MB
Test6 6 M 63.3MB 6M 380MB

For the scale-up test, two different tests were performedhé¢lfyansaction volume
test and (2) the response time test. Tla@saction volume tesheasured how many
transactions the system could process per minute when the numbereassprocodes
increased while the amount of data in the database remained tomk@BookStore
database used in the transaction volume scale-up test is shown in Table 1.

The response time tesnheasured the response time for a transaction when the
number of processor nodes increased in proportion to the amount of d#ta in
database. Th8ookStoredatabase used in the response time scale-up test is shown in
Table 2.
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Table 2
BookStore Database for the Response Time Scalaip Te
Test name | Nodes Records in Data size in Total Tota'l data
involved each node each node records size

Testl 1 1M 63.3MB 1M 63.3MB
Test2 2 1M 63.3MB 2M 126.7MB
Test3 3 1M 63.3MB 3M 190MB
Test4 4 1M 63.3MB aM 253.3MB
Testb 5 1M 63.3MB 5M 316.7MB
Test6 6 1M 63.3MB 6M 380MB

These two scale-up tests are related. Because the transagiione could be
computed usingransaction volume = one minute / response time per transagctiba
transaction volume test could be considered as the responsesimehen the number
of processor nodes increased while the amount of data in the databss@ed
constant.

Test Results on Searches and Comparisons

The search and comparison transactions are similar. Comparisosctiams first
perform asearchoperation, compare the result from teearchoperation, and then
return the reordered result to the client. For both search and gsamp&ransactions,
different numbers of database servers and different criteriasad for the speedup and
the scale-up tests.

Searches based on one criterion
Table shows the search criterion and result set size off8eand Comaprel for
the speedup and the scale-up tests.

Figure 5. shows the run-time for different queries in the speedup test for Searchl.

Table 3
Search and Compare Criterion for Searchl and Compar

Query Name Criteria Result set size Ordering field
(for compare only)

Searchl-a Title contains "java" 19 Title
Comparel-a

Searchl-b Author contains 4 Title
Comparel-b "Chris"

Searchl-c Publisher = 6 Title
Comparel-c "Microsoft"

Searchl-d Price>10 60 Title
Comparel-d
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igure 6 Relative speedup chart for the searchl

Figure SRun time chart for searchl speedup tes't: speedup test

Figure 7. Scaleup chart for the search Figure 8 Response time chart for the searchl
scaleup test scaleup test

The run-time of a sequential search transaction (i.e., when the nofimfes = 1)
can be computed using:

Tseq—search= tss

whereTseq-searcrStands for the run-time of the sequential searchtsgstinds for the
time that used for the sequential search. Similarly, the run-tivee parallel search
transaction (i.e., when the number of nodes > 1) can be computed using:

Tpar-search: tstart + tps"‘ tcomm

whereTpar-searchStands for the run-time of the parallel seatghy stands for the time
used for initializing the parallel search in different nodgstands for the time used for
the parallel search, angmnmrefersto the communication time between nodes (e.g., the
time for each node to send result to the originating node). As #érehseme in each
node may be differentys is the longest time among all the nodes performing the
searches.

Figure 6 shows the relative speedup for different queries in theligpeaest for
Searchl; it shows that linear speedups (i.e., the time takemrdorhéng transactions
decreased in proportion to the increase in the number of processorwedesrhieved
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for all searches using one criterion.duar test, since the data for search was large and
the result set of the search was small, the communication overhead wa$small

T t +t +t » t

par-search —  ‘start ps comm ps

Moreover, the number of records in each node lfasf the original data (whene
= the number of nodes involved in the test). Therefore, the scan timpavéllel search
: t »t./n
wasl/nof a sequential search (i.& = " ). Hence,

T =t /n

par-search — + tps + 1

» tpS » T

start comm seqg-search

and
Speed UQarch = Tseq-searc.‘t/ Tpar-search » N

This explains why linear speedup was achieved (whseult set was small and the
data for the search was large). However, whendkeltrset is large, the communication
costt.ommWwill increase, which will then cause a sub-lingaeedup.

The transaction volume of a sequential search angphrallel search can be
computed, respectively, using:

VOltran-seq:]- / Tseq-search

and
VOltran-par =1/ Tpar-search

So, the scale-up can be computed using

I'T

par-search

Scaleup,,.., = Vol I VOl eq =T. »n

ran-par seg-search
This explains why in Figure 7 linear scale-ups.(ithe transaction volume was
increased in proportion to the number of processaoies was increasedpere achieved
for all searches using different one-criterion gggem various tests for Searchl.
Figure 8 shows the response times for the response timie-gpatest. In the
response time scale-up test, because the numbecafds in each node was constant,
the scan time of parallel search was almost theesasnthe sequential search in one

node(tSS ” tps) . So,

t t

segsearch » par-search

This explains why linear scale-ups (i.eearch times were sustained when the
number of processor nodes was increased in praporo the amount of data in the
database)vere achieved for all searches using different@tterion queries in various
tests for Searchl.

For the scale-up tests, linear scale-ups were @@thiehen result set was small and
the data for search was large. However, when thmiltreset was large, the
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communication cost..mmincreased. The increased communication cost thesedaa
sub-linear scale-up.

Comparisons based on one criterion

The run-time for comparing transaction can be cdegbbased on the run-time for
searching transaction. The run-time for handlingusatial comparison transactions
(i.e., when the number of nodes =1) can be compuget):

Tseq-compare:Tseq-search+ tcompare:tss+ tcompare

whereTseq-compareStands for the sequential compare transactioninu@-andcompare
refers to the time used to compare and order theelsed result. Similarly, the run-time
for handling parallel comparison transactions ,(mehen the number of nodes> 1) can
be computed using:

Tpar-compare: Tpar-search"' tcompare: (tstart + tps+ t comn) + tcompare

where theTpar-compare Stands for the parallel compare transaction rumstignd
tcomparerefers to the time used to compare and orderdaecked result.

Here, the data for search was large, and the restulbof the search was small.
Therefore, the time used to initialize the seatih,time used to communicate, and the
time used to compare and order the result set aleshort. Hence,

-I-seq—compa\alr :Tseq—search+ tcompare :tss + tcompare» tss
and
Tpar—compae :Tpar—search + tcompare :(tstart + tstart + tcomm) + tcompare» tps

The number of records in each node Wamsof the original data (whenestands for
the number of node involved in the speedup test), the runtime wad/n of the
sequential search (i.et.F’,S > tSS/n) Hence,

Tpar— compae » tps » tss/n » Tseq—compaar /n
and
Speedugmpare = Tseq compare/Tpar—compae »N.

This explains why linear speedup was achieved (whemresult set was small and
the data for the search was large). However, when result set was large, the
communication cost,,mm increased, and the time used to compare and rethnder
search resultcompare increased. These two increased-costs then causad-near
speedup.

Test Results on Order Processing
For the order transactions, two sets of order t@st® performed. Ithe first set,
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each transaction includesmall number of distinct books; in the second set, each
transaction includekrge number of distinct books. For each set of ordemdaation,
we recorded the run-time, and computed relativedynes and scale-ups.

Small orders

For small orders, we used three different transaajueries with one deposit bank
(i.e., one bank for customers to deposit money) @ging number of withdrawal
banks (i.e., banks for customers to withdraw mon€)ery Smallorder-a uses one
withdrawal bank for the e-commerce system, quergliomder-b uses two withdrawal
banks, and query Smallorder-c uses three withdrhasks. Table shows distinct banks
involved in each transaction. In each transactiorthie test, 60 different books are
ordered. All distinct books are evenly distribuietb different partitions in different
nodes.

Table 4
Banks Involved in Different Queries in Smallorder

Query Withdraw bank No.|  Deposit bank No
Smallorder-a 1 1
Smallorder-b 2 1
Smallorder-c 3 1

The run-time of a sequential order transactionlEnomputed using:

T seq :Tseq—update+ Tp1t ...+ Ton + Torder

whereTseqstands for the run-time of a sequential order &etsn, Tseq-updateStands
for the time used for inventory check and upd@e.... To, Stands for the time used for
communicating with different banks, afig.q4er Stands for the time used for recording
the order and detailed order information. The ioretof a parallel order transaction can
be computed using:

T par =Max (Tpar-update Tb1, --+» Ton Torder)

whereT par Stands for the run-time of a parallel order tratisa¢ Tpar-update Stands
for the time used for performing inventory checldifferent data nodeSy;.... Ton; and
Torder are same as above. Since all the operations (ionenipdate, different bank
processing, and order generation) in parallel orttansaction are concurrently
performed, the processing tirigy is the longest processing time of all operations.

Figure 9 shows the run-time for different queries ispeedup test for Smallorder.
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Figure 9 Run-time chart for the smallorder Figure 1Q Relative speedup chart for the
speedup test smallorder speedup test

Figure 11 Response time chart for the Figure 12 Scaleup chart for the smallorder
smallorder scaleup test scaleup test

Because the number of records in one nodeMragf original data, the update time
was1/nof original data. Therefore,

Tpar-update:Tseq-updaté n+ Tcomm+ Tstartup

where Tsaup Stands for the time that the originating node trtstip the update
operation in different nodes, afdomm Stands for the time that the originating node
sends the ordered books information to other ntmletbhie update operation.

Hence, the run-time of a parallel order transacti@m be computed using:

Tpar = MaX(Tseq-updatd N+ Tcomntt Tstartup To1s - Ton, Torder)

For the test for small orders (shown in Figure J@hen the involving nodes
increased, the communication cost increasedlad@pdatd N decreased. SiNCBeqg-update
was very small, the increase in the communicatmst was more than the decrease in
Tseq-updatd N. Therefore, Tpar-updateinCreased. Moreover, the speedup test was performed
using a local network, th&,, ... Ton, Were very small, and can be ignored. Thus, when
the order was smalllpar-update tOOK longer thanTseq.updateWhen node increased. This
means that the performance of parallel order psicgavas worse than sequential order
processing. However, in reality, the communicatiost with bank§y;.... Ton; was high,
and was much greater th@ighr-updateOr Tseq-updarfOr Small orders. So,

Teeq = T. (Tt +To) T T » T+ +T,,

eq = seq¢ update rder
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and

T par = MaX(Tpar—update Tbl’ ! Tbn’ Torder) » Max(-[ﬂ’ -En)

Comparing to the sequential order transaction,piduallel order transaction took
less time(Tpa<Tseq becauseMax(Tyi, ..., Ton) < (Toi+ ... +Tpn,). However, using more
nodes did notead to high speedup for small orders, because usore nodes did not
affect the communication cost with banks.

Figure 11 shows the response times for differergriga in the Smallorder's
response time scaleup test.

Figure 12 shows that sub-linear scaleups were aethidor orders have small
number of distinct books.

When the involving nodes increased, the commuminatost increased. Hence,
Tpar-update INCreased as well. Because we used a local netWgik,., Ton; Were very
small, and were ignored. Moreover, when the ordes small,Tpar-updatetook longer
than Tseq-update (i.€., Notlead to high scaleup). Figure 12 shows such atrédaivever,
in reality, the communication with banH$;,...,Ton; was long, and was much greater
than Tpar-updateOr Tseq-updarfOr small orders. So,

+T) + Toger » T+ + Ty,

Tseq = Tseq update + (I—bl +

rder

and

T par = MaX(Tp Tbl’ ' Tbn’ Torder) » Max(-l;l’ -En)

Compared to the sequential processed order, tladlglgrrocessed order used less
time. However, the scaleup wast high because using more nodes did not affect the
processing time. Thus, the number of transactioosgssed per minute did not increase
when the involving nodes increased.

Large orders

Similar to the queries used for small orders, ve® alsed three transaction queries
with one deposit bank and varied number of with@lawanks (where Queries
Largeorder-a, -b, & -c uses one, two, & three widlweal banks respectively) for large
orders. Table 5 shows different banks involvedanhetransaction. leach transaction
in the test, 6060 distinct books were ordered.

ar-update

Table 5
Banks Involved in Different Queries in Largeorder

Query Withdrow bank No. Deposit bank No
Largeorder-a 1 1
Largeorder-b 2 1
Largeorder-c 3 1
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Figure 13 shows the run-time for different queriesthe speedup test for
Largeorder.
For large order, the communication cost with bacds be ignored. Hence,

TSeq = Tsec- update + Tbl + + Tbn) + Torder » Tsec— update + Torder
and
TPar = MaX(Tpar- update? Tbl’ 'Tbn'Torder) » MaX(Tpar- update? Torder)

Because in our implementation, the order table nedartitioned and distributed,
Torder femained the same and no communication was invoMegeover, in most cases,
Tpar-updat«;> TorderSO,

Tbl’ ’Tbn’Torder) » MaX(T T ) »T

par- update’ ' order

Tpar = MaX(Tpar— update par- update

In the large-order speedup test, when the numbenaafes increasedlcomm
increased an@seq-updatd N decreased. Since the decreas&sig.updad N Was more than
the increase iMcomm a sub-linear speedup was achieved (as shown inrd-itt) for
orders having large number of distinct books.

Figure 15 shows the response times for differendriga in the Largeorder's
response time scaleup test.

Figure 13 Run-time chart for the Figure 14 Relative speedup chart for the
Largeorder speedup test Largeorder speedup test

Figure 15 Response time chart for the Figure 16 Scaleup chart for the Largeorder
Largeorder scaleup test scaleup test
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Figure 16 shows the scaleup for different quenabe scaleup test for Largeorder.

We can see that sub-linear scaleup has been adh@verders have large number
of distinct books. Here, when the number of noaeseiased]commincreased andseg-
update/ N decreased. Since the decreasdsig-update/ N Was more than the increase in
Tcomm the number of order transactions processed perteningreased. As shown in
Figure 16, a sub-linear speedup was achieved.

Conclusions

The wide acceptance and use of the World Wide Wasbdgnificantly expanded
the horizons of commerce, and has changed thedhcemmercial transactions we
used to know to a new form of transactions (namelgpmmerce transactions). An e-
commerce transaction processing system, which psesee-commerce transactions,
requires high throughput and high performance. ilicdhl sequential transaction
processing techniques fails to meet these e-conarsrstem requirements. However,
parallel processing techniques could be used tbwiéa the demands of e-commerce
system. Inthis paper, our goal was to (a) investigate typeabmmerce transactions,
(b) identify the aspects in those transactions ¢batd benefit from parallel processing
(c) apply parallel processing techniques suitabletliose transactions to e-commerce
system, and (d) provide a reliable, flexible, acdlable e-commerce transaction system
design.

We analyzed some typical e-commerce transactiools as the search, compare,
payment, and order transactions. Each of thesesdctions can be benefited by
applying parallel processing techniques in theirplementations. Each of the
transactions was analyzed using the UML activiggdam to isolate opportunities that
are amenable to parallel processing techniques.

Finally, we implemented a prototype e-commerce esysthat applies parallel
processing techniques designed in this paper. Peaftce test results of the prototype
e-commerce system showed that applying paralletga®ing techniques results in
better performance and higher throughput than ugimg sequential processing
techniques.
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