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Abstract: Inthis paper we design amodel of a complex
process known as the WEB information retrieval. An open
queuing network represents the Internet. The TCP channel
delivery and multi-facility requirements to serve an
information retrieval request are incorporated into the model.
Wefurther use thismodel to determine andyticd solutionsfor
mean values of sojourn times needed to respond to an
information retrieval request.
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1. INTRODUCTION

The main purpose of this paper isto design realistic model of
acomplex process known as WEB information retrieval. This
model must allow evaluating the mean time that it takes the
Internet to serve arequest.

In this paper it is assumed that all requests are directed to one
server. Dueto limited processing capabilities, the server can
run a predefined maximum number of threads (processes)
simultaneoudly. Besides the limitation on the total number of
threadsis also limited in the number of threads of each service
application that can run but on the server smultaneoudly. Each
WEB request requires to run simultaneoudly a predefined
number of threads of different service applications (i.e., WEB

database server, http server, mail server, address trandation
server, etc.) Therefore, if areguest arrives that requires more
threads of certain type that are currently available then the
service is denied and the request rejected. Consequently we
consider the system to be amulti-facility propagation network
with blocking service.

Here we assume that all requests from the same
source require the same facilities

Apparently, a reasonable model of the service
process should incorporate the model of underlying TCP
sessions with a subsequent evaluation of a TCP sojourn time
and a given probability of connection establishment. The
system under consideration in this paper isgiven on Fig. 1.1,
i.e, a number of sources s,...,S, generate requests for an
access to a Threaded Server TS. Each source s generate
requests according to a Poisson process with therate | ;. Each
generated request must travel through the network cloud to
reach a Server TS where it will be served. A request may be
split into a number of different Transport Protocol Data Units
(TPDU’s) that could travel separately over different routes.
The number of routes available for a source s depends only on
a source. TPDU's are recombined into a request before
delivering it to the TS server. Therefore, recombined TPDU’ s
that form the request must be delivered in the order they are
transmitted. Apparently each route has its own propagation
time that is assumed to be exponentially distributed with the
mean service time of k" route being T=1/m. A TPDU is
directed into ak™ route with a probability py. In this paper we
assume that every source request is delivered to the
destination with a probability pythat isthe samefor al sources
and routes. Maximum of number of request retransmissions
Nmax is alowed. After maximum number of retriesis reached
TCP connection is dropped.

The server TS isamulti-facility server that can run
simultaneoudly c; threads of application A;, ¢, threads of
application A,... ¢ threads of application A, . Denote athread
capacity vector of the server TS by c={¢cy, ¢, ..., ¢ }. Each
request from a source s requires certain number of threads of
applications from the set {1,..,L}. This demand can be
represented by avector d;={dj,...,di.} where djisthe number
of servers of type j (threads of application A;) required to
serve the request from the source s.  Obviously D=[dj]1¢izn,
1gjzL iSademand matrix of the mix.



When arequest from the source s finaly arrives at
the multi-facility server TSit generates dis,...,d to servers of
typesAg,...,A (threads of corresponding applications) if the
corresponding number of serversis available. If the required
number of servers (threads) is not available for a least onethe
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types Ay,...,AL, the service is denied and the request is
rejected. The situation is not unlike allocation of channelsin
circuit switched systems. To extend the andogy, if aserviceis
denied to arequest from asource s, asource can try to repeat
the request with a given probability py(i) (ak.a. persistence
probability of asource) or it can abandon the request.

2. The Model

Each pair (source, the network cloud) is represented by set of
parallel queues with infinite capacity buffer each attended by
aseparate server (route in the cloud). Each queue represents
possible route through the cloud. For simplicity purposes we
assume that splitting of a request into calls (TPDU's) is
instantaneous, therefore, assuming that a request from each
source is represented by a set of calls from this source. Each
call from a source 5 can be directed into one of k; possible
routes. Upon arrival calls from the same source are re-
sequenced in accordance with the time order in which they
were generated. Again, for smplicity purposes we assume that
recombination of arequest from callsisinstantaneous. Hence,
the requests from the same source arrive in aserver TSin the
order they were transmitted. Requests arrive from asourcein
the according to a Poisson process with the rate | ;, and are
directed into a r™ route with a probability pr, 0<r<k;, S=1"
pi=1. Equivalently, arequest from ™" source join (j,r)" queue
with probability p,. The service discipline for each queue is

FCFS. A single server (route) R; has a exponentia service
time distribution with the mean 1/m. Upon the arrival from
route R; acall from the source § joins the buffer RB; to await
for a service completion of all calls that entered the system
beforeit. With a probability py acall isdelivered to the plain
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Cfig. 2.1. If acall isnot delivered then it is retransmitted. A
maxima number of retransmissions Ny are alowed. We
assume that arequest from the source s; could be split into at
most sp; calls. Then with a probability 1/sp; anumber of cals
d {1...,Usp} from asource s are recombined to receive the
original request from this source. When a request is finaly
discharged from the buffer RB; it generates { d;i} 1. callsto
each of the sets of servers

{Tl:---:Tcl} ,...,{ T(Sizll"lci)+1'1'""T(Sizll"lq)"'l'dL} . If the servers
{Tipt Tinsds o Tip o1 Tisa } @€ @vailable these calls are
served. Each of these servers has exponentially distributed
service times. The mean servicetime for servers{ Ty, ..., T¢;}
is m?, ..., for servers {Tsg1s - Tseivey} the mean service
time is 1/m®. If no servers are available the request from a
source s is repeated with a probability py(i) or it is dropped
with a probability 1- py(i). If necessary the request from a
source may be repeated indefinitely or until the retrieved
information isreceived. After the last server from the set { T;;
e Tigsdgs oo Lipsdoes Tisa ) COMpletes the service the
response is forwarded to the source s aong one of the routes
that were used to deliver the information retrieval request. We
assume that a length of a response depend linearly on the
length of the request. Therefore, if the request was splitintog
calls then the response will be split into ag calls that are
forwarded back to the source along the same set of routes that
. Hereaisamode parameter. Once these calls arrive at the



source they are re-sequenced, instantaneoudly recombined and
delivered to a source.

3. Mean reaction time: retrieved
information delivery.

Since thinning of a Poisson process by a Bernoulli process
resultsin a set of independent Poisson processes (see[1]), the
set of queues between planes A and B fig 2.1 behave as a set
of independent M/M/1 systems. Therefore, if we denote T;/(t)
the distribution of sojourn time for arequest from the source
5 directed into i route (queue) at the time when it reaches
plane B itissimply (see for example [2])

(3.1) Ti(t)=1- & ™

Asit was shown in [3] at the time when a call from a source
5 reaches the plain C the distribution of sojourn time becomes
weighted sum of its components

K;
(32) TIt)=a pT'(t)

i=1
and the expected time to reach plain D for request from source
§is
i
(3.3) E[T!]= é’l P
iz M- pil j

At this point TPDU is either delivered or dropped. If a
delivery probability for request is the same and is equal pqy
then with a probability 1-pq retry is needed.

The probability of exactly K retriesfor delivery of the request
is

(3.4) P(K)=(1-p)"" pa.

Therefore the mean number of retriesis

(35)  E[N:]=Si=1"™iP(i)=Si=1"™i(1-pe) * pa

We assume that the travel of rejection notification takes one
cal and travelsthrough the cloud the same time. Therefore the

mean timeto reach plain C fig 2.1 is computed as

Elty] = E[N,]" 2E[T'] =

(36) Nénax, ) Kj p
1- i-1 i 2 2 i
8 (- Py 2@ )

Finaly, when a request is recombined from its calls at the
plain Cits mean delivery time to the server TS becomes

1
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Consider now the multi-unit multi-facility server TS as a
separate entity. L et us describe the state of the TS by a vector
n=(ny,...,n.) where an; isanumber of busy servers of typei
(i.e., the number of active threads of service application i.)
Then the dtate space of the system is defined by
State(c)={ n|0OE£n£c} . Here the 0 denote all O's vector. For such
asystem under the following assumptions:
- Theservicetimefor each type of server is exponentially
distributed with amean servicetimet®.
The request inter-arrival timeis distributed according to
a generd digtribution with the mean time between
arrivas of calls of thetyper being T2,
the equilibrium probability distribution is given by a well-
known product form (see, e.g., [4]):

p(n)= : PIL:1 n
(3.8)

Here r;=t%/(T). Based on this result (see [5]) blocking
probability for acall of typei can be computed as:
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Herel;=(0,0....,0,1,0,...,0) isavector pointing in the direction
i
The TS subsystem (the subsystem on fig. 2.1 between plane
C and plane D) adhere to the definition above:
Each server has exponentialy distributed with
tS=1/n7’,
We argue that we know mean inter-arrival time
because the mean time between departure of two
calls from a system with exponential arrivals and
service (time of generating responses) isthe same as
mean time between arrival of cdls. The re-
sequencing do not change this relation. Hence
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Therefore, formula 3.9. Apply.

Asin circuit switched systems the rejected request
can be repeated with persistence probability Py(j) or it can be
dropped with a probability 1-Py(i). Let Ps(j)=1-Po(j) be the
probability that a request was after al delivered. Obvioudly
the probability that the request was served in exactly m tries
is

(3.10) Pen(i)=(Po(i)Po(i))™ (1-Pof())

Therefore the mean number of attempts due to thee fact that
server isbusy is computed as

EN()=BIRORA) - RO)=
=(- RO)B(- IRIRG) +ARHRGY 1=

inf inf

=0 RO)B iRIRAY +aRIR)]=

_ 1R()
(- ROR()Y

(3.12)

Therefore, the mean time T;"™ between the request of type
arrival in the system and completion of service of this request
in the server TS can be computed as follows:

T = E(N,, (j)E(, ) +max

rtr

1 _
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Here max;; {r|djr10}[l/nﬂ isamaxima mean servicetime of al
services that are required (i.e., have nonzero d;;).

At this point the retrieved information is traveling beck to a
source along one of the same routes it traveled to the TS
server. The only difference is that the inter-arrival time
between responses to server s requests is no longer
exponentially distributed. The sojourn time distribution
problem for a system of n paralle Gl/M/1queues with re-
sequencing buffer was solved in [6] where it was shown that
for such system has mean time computed as

2-r1,(1-s°m?)
Z(mi - %)

j

Here t; is the

mean inter-arrival time of the call from thejth source, misa
servicerate of thei™ GI/M/1 queue, s; isits standard deviation
and rj=pi/mt;. Thisformulawould apply if we knew the mean
inter-arrival time. Again one can argue that thistime isknown
because the mean time between departure of two calsfroma
system with genera arrivals and exponentia service (time of
generating responses) is the same as mean time between
arrival of calls. Therefore, taking t=1/1; and s;=2m and
applying (3.13) we get the following time at the plain F of fig
21
i o Z-1.(1- 4m
E(T) =4 p T

(3.14) i=1 2(m- pl;)

Finaly, a response to a cal from a source § generates
anywhere between a and asp; calls. The number of calsisa
random variable that takes values {a,..., asp;) with a

1

a( ;- 1)
probability
Therefore, after recombination the mean delivery time from Ts
toasources is

rec 1
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complete our investigation we need to take into account both
(3.12) and (3.15) to receive mean sojourn time of a request
from the source 5 in the system
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4. Conclusions

As gated in the introduction we in this paper we obtained
mean sojourn times for an Internet information retrieval. The
importance of this result comes from the fact that to the best
of our knowledge thisisthe first attempt to model the system
in its entirety. However, in conclusion we'd like to mention a
number simplifying assumptionsthat are fundamenta for this
model but do not always hold in a system under consideration:

All distributions that are model parameters are
exponentia which is not always or even predominantly the
casein redity;

A source is expected to generate more requests before
receiving a retrieved information. The latter assumption
allows us to use open queuing network as a system model as
opposed to more realistic model of closed queuing network;

The assumption of the negative confirmation TPDU
travel time from a re-sequencing buffer to a source being the
same asaorigina call travel timeisasimplification that only
hold if aserver re-sequencing policy is FCFS which isusually
not the case.

Therefore, further work is needed to remove the
aforementioned limitations.
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