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%w pmh’lbra[ion and variety of e-commerce services make the main-

tenance of the quality of the services (QoS) provided an essential feature
for successful sites. In this paper we propose an application-level -str.nl:-
egy for differentiating e-commerce services that is based on variating
the number of threads employed for satisfying a request. In order to
validate and evaluate our strategy, we implemented an ad server that
provides two levels of service. For sake of service differentiation, our
strategy showed to be effective, allowing high-priority requests to be
answered up to 60% faster than low-priority requests, although the dif-
ferentiation reduces as the workload that is submitted to the server in-

creases.
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I. INTRODUCTION

The Internet grew above all expectations in a short period
of time. Current Internet technology allows all kinds of in-
teractions and the execution of diverse tasks, including com-
mercial transactions. In particular, most of the companies are
discovering the Internet as a way to expand their market, tak-
ing advantage of the large number of potential customers in
the network. For instance, a recent research among Brazil-
ian Internet users pointed a current user population of almost
5 million, and 28 million potential users, which is greater
than the overall population of whole countries. In parallel,
'the amount of information available in the Internet is also
nereasing, making easier to get information hardly reached
before [Var95].
f}slmi]ar trend is also being observed in e-commerce,
:;:;czf;mf‘ been also growing. The strategy of the compa-
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: (e.g., discard new re-
quests or low-profit users). In all cases, the implementation

of Sllcb schemes is difficult because almost all commercial
operating systems do not support differentiated services and
guaraniees regarding resource allocation of processing time,
disk and network bandwidth. There are some recent work
towards supporting QoS primitives in commercial Unix Sy~
tems, which are discussed in Section LA,

This paper discusses the implementation of differentiated
services in e-commerce servers without employing any OS
support other than threads. Basically, we verify how effec-
tive a pure application-level strategy can be de§pile workload
and task complexity. Our strategy is tested in a electronic
ad server that has been parallelized, and provides two lev-
els of service. In Section II, we present the architecture of
ystems, including its modules and fu:}cuonal-
ows how QoS is being used to improve
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ure), Lhat combines the high pcnfurmuncc of single-
process event-driven servers with multi-threade Servers for
diskbound workloads. Although tl_u? results are VEry goog in ayr
terms of scalability, the use of’lr:_ld:lmna! event-driven maahs E:Commarce —ﬁ"_"*lﬁfl'tlgat;
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associated with requests to small files, Again, the use of Technologie Solutions =
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response-size variance is not as high as in traditional .
scrfcrs. and the size of the response is usually not k"::::: Fig. 1. Architecture of E-Commeyeg System
advance. Banga et. al. [BDMOYS§, BDM99] Proposed gey-
eral improvements in the implementation of OS primigve 5
that benefit WWW applications, such as resource -.:Fc)untairllcr:s. resource m_;magem;n;; TT{?SE S:T\"lces are the by, fog
Resource containers are a general Strategy that allows fipe- merce services, and should assure safety 54 l'Eliahim).T:h'
grain management of resources in servers, making possible {inal user. 0 e
the establishment of several service differentiation policies, -
Although resource containers provide all Primitives neces. B. Commerce Services
sary for mplementing differentiated QoS, they imply signif- This layer implements the business-relateq goe:
icant changes in the OS and are not available in any com- are provided by the server, such as search Paysrixsn
1al systems. A similar stratesy s : R ; il
;]36{31-35968}} but with the same draxfﬁacki:‘ro B Eclipss tion ana_:il authentication, that ls.the Strv1cc§ that implemm
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12 [RaOMOD], we Investipated the e cf interr:uP . ferentiated services provided in this layer, in Particy}
requests on e-commerce servers and verified that simple banner generation of an ad server. as doserisiss "_arihe
changes in the semantics of TCP protocols may result in sjg- Anucr g 10 Section [y
nificant improvements (reducing the server response time in )
up to ?'O%JPin the overall performance of the server We are G Lerond fences
not aware of any other work that target specifically ecom-
merce servers and one of our goals is to verify whether the

characterizations that motivated the aforementioned efforts
are still applicable to e-commerce services. Early results

[PMA*00] show that there are several aspects that should
be considered in e-commerce systems while supporting their entiated services, since the information

execution efficiently. One of the goals of this paper is to is used to determine the quality of servi
assess such aspects, which shall be used as basis for novel levels.
QoS-refated Strategies.

Services in this layer are responsible for generating dif
ferent responses to users, depending on thejy profile, agty
conditions and criteries. As the the amount of information
about a user increases, the amount of personalized servicss

also increases. This layer is also essential to provide diffr
gathered at this level
ce provided by lower

L. QOs IN E-COMMERCE SYSTEMS

| In this section we discuss how the efforts mentored
Current e-commerce architectures can be divided in layers Section LA can be used for implementing differentiat

II. E-cOMMER CE SYSTEMS

[BM99], where each layer represents a different service pro-
: rese €commerg i roach.
vided by an e-commerce application, A taxonomy of layers s bas?:zrwces and Prcsentfour ii?;,iiding differcatiel
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rencios using the degradation of the quality of the €=
ewmaﬂy;:d both in terms of response time and lhmugh*
e Fm;: r c.;usc for QoS de gradation is the the increasing
P MD{ ericcs since the servers provide not only its own
e hsut a ran:ge of related services that, sometimes, are
e ted to the main ac tivity of the automated business.

oosely rela . mat
:’n all gascs supporting various levels of service is demanded
for a successful server.

A. QoS Using Thread Scheduling
Some of the proposals presented 1n Section LA modify
stem 10 support QoS, chang-

the kernel of the operating sy
ing scheduler-related criteria and parameters that are used to
ractice, the sched-

select which process will execute. In p !
sler should gnarantee that some process has the amount of
resource usage desired like CPU time or network bandwidth.

Our goal in this work is to provide QoS without changing
the kernel or being intrusive in the operating system execu-
tion. Our idea is to parallelize the services provided by the
site and to differentiate the level of service provided by grant-
ing a different number of execution threads to each service,
degendmg.on the level it is assigned to. Thus, high level re-
quests are performed by a greater number of threads than low
level requests. This strategy benefits high level requests by
reducing their elapsed response time, simulating a modified
scheduler. - ' =

IV. CASE STUDY; AD SERVER
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Fig. 3. Ad Server Architecture

From this short description of our operational scenario,
we can define three basic tasks that are performed by the ad

server:
Accept contracis:
placing banners,
sociated to the banners :
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' L
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g to be delivered and basic consis-

should not take lon
peated or paradoxal

tency criteria such as not placing re :
banners in the same page should be enforced. Tempo-

ral distribution of banners is also an issue while placing

banners. ,
Another issue in implementing ad servers is the server ar-

chitecture and how the components interact. In [DMAG_C']-
we describe, discuss, and evaluate three models to provide

outsourcing services. All of them can be employed for im-
plementing our ad server. In the current ImPlﬂmﬁnlﬂlmn: the
communication with the ad server initiates through a HTTP
request that specifies the generation parameters. The sc:_rver's
response provides the banner identifiers to be placad‘m the
client page. The number of panners in Ehe page, their type
and other parameters, as previously mentioned, are passed as

parameters of the HTTP request.

A. Algorithm Description

The ad server implements an algorithm to select a suitable
banner for the page associated with the ad request. When the
ad server is initiated, it loads the specifications of contracted
banners and keeps them in memory. As described in Sec-
tion IV, the banner information comprises its list of concepts,
the number of delivered impressions of that banner and the
number of impressions bought by the company that owns the

banner.
When an ad request arrives, the server parses it and creates

a structure representing that request. This structure contains
the number of banners required and the concepts associated
with that request. Once the server finishes this first phase,
that is, creating a request object to represent the request (and
thus the associated page), it starts the algorithm to determine
which n banners will be placed in the page, where n is the
number of slots in the same page.

The algorithm then determines the candidate banners for
each concept, that is, banners that fulfill all requirements as-
sociated with the request, such as size and other slot features.
All candidate banners are grouped in 2 common set and each
banner is assigned to a weight that expresses its placement
probability. In the current implementation of the ad server,
the placement probability is proportional to the difference
between the number of impressions contracted and the num-
ber of impressions delivered. In summary, the server tries
to deliver all banners contracted hﬂmﬁgen&ﬁusly, given more

weight to those banners that demand more impressions for
contract completion. The last step is to select the banners,
which is performed through a “roullette” strategy, where the
space associated with each banner is its placement probabil-
ity. A high level description of the algorithm is presented in
Figure 4. ; ;

The implementation of the banner selection algorithm em-
ployed an array where we store, in each position, the difer-

entry contains the probability of the first p|

1 foreach concept in regue

) bc_gin =

3 if there |5 bannerg With ¢

4 begin R

5 :

: find banners matching Com
merge banners ipyq o W

: o l'tml:n H\l

8 end

9

select banner from COMMmom |;
L

Fig. 4. Banner selection algorithm

ence between the number of impressions COntrac

number of impressions delivered of the hanne[';ted and g,

this diference, thel larger the placement anua'h-Pm gy

banner. The array is created cumulatively, thy i'i1l1t:} of
g S the g

T ond
and so on. Affer creating this array, we cﬁg:ip‘“*‘ahru-.g.
ically generated number greater than zero apg qn?a?f"l““:‘
the sum of all weights, that is equal to the pr{:h\abﬁithr afh_.—i:.
of the last position of the array. We then determine ir‘f l‘:u.-:
position of the array the generated number helg nas, Thl:-l-.l!
sition will be the index of the banner to be selecieq o8

For example, assume that there are five banners contract)
by, ba, ba, bs and bs, at a given time, their state (i.c,, imye,
sions contracted and delivered) is presented in Table EI.1E[;,1

some client requested two banners, we would select the b,

ners as follows:

Banner | Contracted | Delivered | Diff |

by 10,000 3240 [ 6760 |

ba 8,000 2,560 | 5440 |

bs 20,000 4210 | 15790

b4 30,000 1250 | 28750

bs 25,000 6430 [ 18570]
TABLEI

STATE OF BANNERS AT THE TIME OF A REQUEST

; , bet of
With the values of the diference between the nm;ﬁcwli :
: < ot

impressions bought and the number of 1'11*113“35*"'“’““.m il
i!'é]iivered, we build the array of weights. The resultite ="
for the example given is presented in Table L.

[Pos. [0 1 ) 3
[Val, | 6,760 | 12,220 | 27.990 | 56
TABLETI
EXAMPLE OF AN ARRAY OF WEIGHTS
o ali'\"ﬂs' h[ﬂl

L1

;- |
We should observe that the values are acumy



oose a randomically generated number between
0. For example, suppose that we choose 10.534.
we determine that the number is between
0 and entry 1, indicating that the banner

case, we ch
.D ﬂnd ?53 I
Chccki"g the array,
the values of entry
selected is entry 1. .

This algorithm is efficient because, thcoret?cally. it
chooses the banner that has the larger weight. Dcasmnallj_,f. it
may choose a banner with less weight, but as requests arrive,
¢” that previously delivered banners use decreases,

the “spac o) :
a5 well as their weight in the array. We evaluted this algo-
rithm through some tests and experiments, and the result was

catisfactory, that is, it distributed the banners evenly across
ime. In spite of being statistical-based, the algorithm pro-
vided real gains because of its adaptative nature.

B Parallelized Algorithm

By observing the algorithm presented, we can identify
some parallelization opportunities, which would allow us to
employ mechanisms such as threads and differentiate the ser-
vices provided. We parallelized the banner selection algo-
rithm by distributing the per-concept banner selection (lines
3to 7 in Figure 4) so that all threads select candidate banners
in parallel, one concept per thread. The tradeoff is between
the number of threads allocated and the number of concepts
in a request. In our implementation, as mentioned, we pro-
vide two levels of service. The high priority level is assigned
to several (in fact a pre-defined number) threads while Tow
priority level is always assigned to one thread, regardless the
number of concepts.

As each thread takes a concept to process, if the number
of concepts is lower than the number of pre-defined threads
that will serve a high priority request, some threads will be
idle and the gain will be smaller. This way, as the number
of concepts grows, the high level requests will have smaller
response times than low level ones, because in case of low
f“"e! requests only one thread will be responsible for pro-
cessing and in case of high level requests the execution will
be shared among the available threads.

C. Metrics of QoS

_ Inorder to validate the strategy sugested in Section IV.B,
IL1s necessary to define some metrics of QoS that will be
Rathered during the experiments. We employed two metrics:
Response Time: It is the elapsed time between the client
starts requesting the banner and it is received, By as-
sessing this metric, we can verify whether high 1.‘rric:n:.it3,i
;f:;ll::litsare sepred t;metter'than lower priority -Eequest‘.s._
Sﬂcia{a](]iltyf lf is variance among the response times as-
Esseasing“;]tiz ;leq;fasts frgm a given service level, By
es; . me : : dictable the
ot ic, we determine how predictable the
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B. Experiments Description

cii;[:te workload submitted to the ad server is generated by a
program that reads a file containing HTTP requests and
submits them to a server. The intensity of the workload gen-
erated is controlled by the number of simultaneous requests
that are submitted by the client. The client program receives
as parameters the address of the server to make the requests
(IP number), the number of simultaneous clients and the to-
tal number of requests that each client will submit. For each
request, it computes the response time and stores the request
information and its response time in an output file.

By using this workload generator, we ¢ould vary the num-
ber of simultaneous clients that sent request to the ad server.
We performed experiments that empioygd 10, 20, 60 and 100
simultaneous clients, each of them sending 300 requests. We
also evaluated the ad server regarding the complexity of the

¢ submitted, that is, the number of concepts (keywords)

ok We varied the number of concepts by general-

in the l'BQuf:Sl- - kloads, where all requests comprise 3,

ing three different workloads, ey, we verified the impact
: respeciwel}’- inally, :

pls, f threads that are employed to satisfy

7 to 8, which we call the priority

Its and Analysis |
: described experiments, We verified that
was succesful. As detailed next, wWe

4 i en requests by sim-

¢ POPO*™" ¢ e service between t |
manl;ged % dlfferﬂnm:ltfreads to high priorty requests. For
o ultaneous clients and 6 threads (o
. i ed by 50%, on av-

C. Res



_." ul::irll
ol in Figure 6 and Figyre  ©an see thatthe response time fop o . s
- L1 . 2h prioe:
: & threads is half the response time g, 11}1::?? ey,
C2 Simult - L, |
aneous Clients iy

tric dﬂsﬂﬂb&d in Section C is p"ﬁi
nanlleesand in Table TII that the
ty requests did not vary as much  We verified that an increase in i
" In fact, the response time was  clients minimizes the effectiveness , "
le low priority requests.  system gets saturated. However, ye

The other QoS m¢
time of high pr

We can con

for providing
s of predictability. E -
B, we verified the impact ﬂgﬁ: ures 6 and 7.
congepts and tHEREE

better response time, OUL S
the priority level, the

number of

the sections that

mber of G
ST,
L our aPDFt’:achu .T'm"-t";;

. o5 T
vide a better service 1o high S Were alwqy & e g,

= ok : I : ty 1 i Ely
¢Eemn11até§!:f- gains are much smaller when we se Y Tequess, althg, ik

: TVICE mpye
be observed in Table IV and by com paring [:;Z Cliens, iy
T . |
ETaphs i, Fiy

o

'C.3 Number of Concepts

‘The number of concepts in each request hoyng

- gain, since it limits the potential paral S the )

10 Concepts = _ : lelism, Fy in
o [ _ .Jf we employ 8 threads 1:9 satisfy high priority ftquﬁ 2,
31.0 -_‘fhe-l:.nl;mbﬂl‘ of concepts is always less than 2, Winur by
7635 system resources with idle threads. o
e EETE We can observe such problem in Figures 6 and i, Figae?
€90 _g_m_:-the gains for requests comprising 3 concepis decreqy,
'" - a e number of threads increases, while the same could pgy

e : 3 _4'3 be observed for requests with 6 and 10 concepts.

1783 2 Concepts 6 Concepts | 10 Concepgs |

Low | High | Low | High | Low [Hig
0.124 | 0.071 | 0.184 | 0.073 | 0251 | 017
0.136 | 0.113 | 0.260 | 0.163 | 0.366 | 0269 |

0.350 | 0.317 | 0.675 | 0.571 | 1.066 | 05|

0.806 | 0.738 | 1.123 | 1.014 | 1.759 | 1.642]
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