
 

  

Abstract — It is well accepted among the web community that local 

servers out-perform distant ones. This common knowledge dictates 

buying a local web-hosting plan for one's business. In this paper we 

show that, all other factors being equal, time zone influence on web 

traffic peak times might dictate migrating web-hosting plans. We 

performed simulation which shows that for entertainment, auctions 

and similar evening traffic sites - sites who's main clientele access is 

between 4:00PM and 2:00AM, distant servers actually outperform 

local ones and it's beneficial to migrate to remote hosts. The 

simulation suggests that moving web-hosted sites ±3 time zones away 

from local clientele decreases the total response times experienced by 

clients. 
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1. Introduction and motivation 

Common web developer's wisdom when setting up a 

website is to physically place the web server on a 

geographically local location to the population it services
1
. 

This intuition is based on the assumption that the latency 

encountered during the transition of data from the server to 

the client should be minimized. Payload from a geographically 

local server would traverse fewer router nodes to reach client 

machines than a geographically remote server. 

This common belief is obviously correct if one is setting up 

a dedicated server that only services the specific site in 

question. Thus, processing time for the client's request isn't 

influenced by the server's location; rather, that value can be 

taken as a constant. And with the minimization of transition 

time accomplished by a locally stationed server, the total 

request response cycle times will decrease as well. 

In a shared web-hosting environment, however, the question 

arises as to whether this practice is really wise. Here, there are 

a number of other factors that influence response times of 

servers. Allocation of processing time (CPU cycles) to other 

domains, cap on bandwidth and memory constraints will also 

influence response times – to name just a few. In this scenario, 

it might be wiser to buy a hosting plan on a server that mostly 

services its local constituents, but is geographically placed so 

as to utilize the "off peak" hours to minimize the total request-

response cycle. This must also add the increase in transition 

time incurred, as payload of a non-local server would 

experience longer transition times than local counterparts. 

 
*Listed in alphabetical order. 
1 This behavior is what leads Google's search engines to take into account in 

their point system the server location when generating answers to a localized 
query (such as one's submitted by www.google.co.fr). See [10] 

This paper is organized as follows: In section 2 we 

formulate the problem domain so as to set the ground work for 

further research. Section 3 provides a mathematical model to 

capture the relationship between variables influencing the 

question at hand. We identify known (easily accessible) and 

un-known (requiring extensive research and testing) 

information, so as to allow for an online tool to be built upon 

the information collected. In addition results of a MATLAB 

simulation
2
 are presented. Sections 5 and 6 provide future 

research venues and concluding remarks, respectively.  

2. Problem formulation and related work 

There are many factors that may influence the time it takes 

from the instant a client posts a request to a server until the 

response is displayed by the browser. Some of these factors 

include (in a web hosting server): 

• CPU speed – the speed at which the server CPU can 

execute commands 

• Memory allocation – how much memory (RAM) is 

allocated to the web application 

• CPU time sharing segment – size of segment allocated for 

processing request for application data 

• Transition / Transfer times  – time for a request to travel 

from point to point (client to server and vice-versa) 

• Router hops – number of routers on the route from end-

point to end-point 

• Hit rate of web host – number of requests a web host 

receives for a given period of time 

• Number of web clients – number of sites hosted on a 

particular server 

• Server time zone – where is the server located 

• Client time zone – where is the request initiated from 

• Time of request – when was the request initiated 

• Distribution of hit rate w.r.t. time – when is the server 

served with the majority of hits 

• Data size – size of page to be served 

• CPU requirements – amount of CPU cycles needed to 

process request 

• Others… 

 

Some of these factors influence each other while others 

stand by themselves. For example transition and transfer times 

are influenced by the number of router hops en-route from 

client to server, which, in turn, is influenced by the server and 

client time zones. The CPU time sharing segment length is 

 
2 Available upon request 
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influenced by the number of hosts sharing the server

distribution of request arrival rate and, the amount of CPU 

cycles required for the processing of each request

As it turns out, the total request/response cycle time is 

influence by all these factors in one way or the other. In 

relation to our work, we are not interested in factors that are 

constant (such as the CPU cycles needed per request and the 

CPU speed). Obviously a faster server would give better 

results than a slower one, all other factors being equal. We 

wish to model only factors that are influenced by the location 

of the webhost (vis-à-vis time zone differences betw

and server), and the fact that it's not a dedicated host.

There has been much research taking geo

account. Many algorithms were produced to accurately locate 

the geo-location of a web server given its IP address. See

3, 4, 5, 6], to name just a few. In addition, load balancing with 

utilization of distributed web farms was also looked into

13, 14, 15]. Recetly, Malet and Pietzuch

migrate virtual web application components "in the cloud", so 

as to minimize total response times. They too, however, 

assume that response times "can be minimized by placing 

application components closest to the network location of the 

majority of anticipated users". To the best of our knowledge 

this is the first work done to investigate a way of utilizing geo

location of servers and clients for the exploitation of time zone 

differences so as to achieve quicker response times.

3. Model and simulation 

3.1 Model 

In the model presented, see Figure 1, the network consists 

of four nodes. Two nodes model the web server, and two 

nodes model the internet communication network as well as 

linear modeling internet traffic. The low

HTTP and TCP/IP protocols are purposely ignored. We use a 

simple file server over the internet, as every web page, image, 

etc. is actually transferred over the internet as a standalone 

file. We assume a single server multi

adhering to the M/M/1 model [11]. 

Justification: The only difference between a server 

servicing requests and the standard M/M/1 model is the 

initialization time which is always present. It is common 

practice, however, to ignore initialization times if the

minute with respect to the processing time. Here to, we 

assume the initialization time for processing each request is 

proportionally insignificant with respect to processing time; 

hence, it's ignored. In addition, in a web

company environment, it is typical to have only one server 

servicing the site; hence, M/M/1. It is possible that the web

hosting company is using co-location and load balancing 

techniques, but for the most part a single server is used for a 

specific web-hosted site. 
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Figure 1: Jobs arrive at the Web server with rate 

time initialization processing is performed at node 

job proceeds to node μ, where 

to the network. At node S this block of data is travelled via 

the Internet at constant velocity and is received by the 

client browser, represented by the node 

 

The total time for the request

 

T = T response + T 

and each of the equation parts is defined as follows:
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where: 

• Frequest/Freply – the average file size being transferred for 

the request/reply 

• C/S – the bandwidth of the client/server

• λ – request arrival rate at the server (assumed Poisson)

as a function of max arrival rate

Percentage (ITP(trequest

λ = λmax * ITP(trequest). 

• μ – service rate of requests (assumed exponentially 

distributed) 

• ρ – ratio of arrivals to service 

• I – initialization time per request at the server

 

and, 
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: Jobs arrive at the Web server with rate λ. All one 

time initialization processing is performed at node I. The 

where it is processed and passed on 

to the network. At node S this block of data is travelled via 

the Internet at constant velocity and is received by the 

client browser, represented by the node CR. 

The total time for the request-response cycle is given by: 

+ T transfer (1) 

and each of the equation parts is defined as follows: 
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(2) 

the average file size being transferred for 

the bandwidth of the client/server 

request arrival rate at the server (assumed Poisson) 

as a function of max arrival rate and Internet Traffic 

request)) for a given time zone: 

 

service rate of requests (assumed exponentially 

ratio of arrivals to service 5/ � 6
78 

initialization time per request at the server 
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as a function of distance between client (x) and server (x0), the 

speed of transfer (#$%) [9]. 

Although [8] stated that data travels through fiber optic 

cables at almost exactly 2/3 the speed of light in vacuum (C), 

experiments of [9] exhibited point-to-point (i.e. client to server 

and vis-versa) speeds of at most 4/9 the speed of light 

allowing for delays such as circuitous paths, packetization, 

and other similar delays. Thus, we used this latter measure for 

the equation 3. 

We use the ITP to allow for the change of arrival rate and 

bandwidth usage throughout the day. It is a measure of traffic 

as a percent of peak usage measured. Values are extracted 

from [7] for North America – see Figure 2. 

3.2 Simulation 

In this section we provide the assumptions the simulation is 

built upon, the results of the simulation and, the conclusion we 

arrived at based on these results. 

Assumption 1: In order to implement the theoretical model 

we assume that usage patterns are uniform around the world. 

That is, that at 6:00AM local time (for every time zone), 

internet usage is approx. 50% of the peak usage reached at 

10:00PM.  

Assumption 2: We assume that servers compared are on 

the same latitude. This assumption is placed so as to minimize 

the distance / time zone ratio. Having servers on different 

latitudes would allow for increase of transfer time without 

change in time zone, which is counter-intuitive to what we are 

trying to measure.  

Assumption 3: Although possible that realistically a client 

will be closer to a server across time zone "boundaries", we 

currently assume that servers are strategically placed in the 

center of the time zone slices. We classify a server as local to 

its clientele if they are both in the same physical time zone. 

This, of course, can later be modified by re-creating "time 

zones" around the placement of servers. 

 

 
Figure 2: Daily internet traffic for the eastern cost of 

North America (EST – Eastern Standard Time) as the % 

of maximum usage. Thus, 50% at 6:00AM depicts half the 

requests within the system when compared to 10:00PM. 

We used the above equations 1-3 to generate Figure 3, 

where: '+' is Ttransfer, '*' is Tresponse, and '
∆
' is T, when placing the 

server in each of the 24 time zones given the client is in a 

specific location (EST) for a specific time of the day.  

 
Figure 3: Total response time, T, for each time zone offset 

(±12 hours) from EST (set as 0 time zones differences 

between client and server). Each '+' represents the delay 

based on transition of distance between client (EST) and 

server location. '*' represents the total time for the server 

to produce the reply to the client's request. And '∆' is the 

summation of the two. 

 

Generalizing Figure 3 for all 24 hours of the day, we 

generated Figure 4 in which we show via a 3-dimensional 

graph the time required for the client to receive a response 

(color coded) given the time of day at the client's location 

(assumed EST), and the time zone differences between client 

and server. 

 
Figure 4: Total response time (s) for each of the 24 hours 

of the day when the distance between the client and the 

server is a number of time zones apart. The circles in the 

figure, depict the minimum time needed for the client to 

receive a response. 

30
40
50
60
70
80
90

100

8
:0

0
 P

M

1
0

:0
0

 P
M

1
2

:0
0

 A
M

2
:0

0
 A

M

4
:0

0
 A

M

6
:0

0
 A

M

8
:0

0
 A

M

1
0

:0
0

 A
M

1
2

:0
0

 P
M

2
:0

0
 P

M

4
:0

0
 P

M

6
:0

0
 P

M

%
 o

f 
to

ta
l 

u
se

 (
IT

P
)

Time of Day

Daily Internet Traffic



 

Figure 5 and Figure 6 further refine the information in 

Figure 4 to include only the minimum times from a side view 

and a bird's view, respectively. 

 
Figure 5: Minimum total response times for each of the 24 

hours of the day. These values are the minimum values 

found in a collection of pre-generated values when 

executed for each of the 24 hours. This shows us the 

minimum possible response time when taking into account 

both time of day and distance (measured in time zone 

offsets) between client and server. 

 
Figure 6: A bird's view of Figure 5, allowing for simpler 

understanding of time zone significance disregarding the 

actual response time values. 

 

Examination of the graph (especially Figure 6) shows that 

indeed a local server (having the client and server in the same 

time zone) would perform better than off-shoring one for a 

better part of the day. If, however, one's clientele is primarily 

between 4:00PM and 2:00AM (such as a movie streaming 

sites, auction sites and other sites primarily geared to the 

evening crowds), it would be wise to off-shore a web-hosting 

plan to a location between 1 and 3 time zones ahead or behind. 

This would be true even if one doesn't expect peak usage of 

his server, as web-hosting allows for peak usage based on 

other sites hosted on the same server. 

If, however, one's clientele primarily access the web-site 

during the work day (between 3:00AM and 4:00PM), the 

common notion of localizing servers still holds. 

4. Future work and conclusion 

4.1 Future work 

Currently, we are engaged in further expanding this 

research venue towards testing our hypothesis that given 

today's common practice it is better to set up a hosting plan in 

a location where one's peak usage hours are the "off peak" for 

the majority of other sites hosted on the particular server. Our 

test plan includes building a benchmark website that will be 

either heavy on processing need, memory usage, or bandwidth 

requirements and any combination thereof; setting it up in 

different locations worldwide with comparable server 

capabilities; and, executing the request response cycle from 

different locations worldwide on different times of the day 

(through proxies or otherwise).  

In addition, there are many other directions in which this 

work can be build upon, including: finding the real 

distribution of request arrivals and tie them to the above 

equations, developing a local/foreign host threshold ratio such 

that determining whether migrating hosted sites is 

advantageous, tying in the ratio of server to population savvy 

density (are servers in third world countries, where user 

bandwidth requirements are minimal, better than servers on 

backbones where requests are enormous. This might allow for 

off-shoring servers within the same time zone and while still 

gaining the "off peak" usage advantage. Further expansion of 

the model towards more complicated architectures such as 

multi-server (M/M/N), geographically distributed servers, web 

farm and/or web garden is also possible. 

It is also possible to change the way co-location servers are 

spread out. Intelligent agents can predict (for a given time) 

where the best location for each of the servers might be, 

allowing for the slow migration servers (rather than 

redirecting requests via load balancers) so as to minimize total 

response times. This can be done as an augmentation to load 

balancing techniques, especially when load balancing reached 

equilibrium but is just not good enough. 

Lastly, one can building a tool that will suggest to 

perspective hosting plan buyers where they should place their 

sites based on their perspective user location. 

4.2 Conclusion 

In this work we tried to give an initial model for calculating 

web response delays due to time zone differences. This allows 

us to come to a knowledgeable decision as to where to geo-

place a hosted site. It was determined that buying a remote 

web-hosting plan can be beneficial and is desirable for sites 

that have clientele at evening hours. In addition, a max 

distance threshold of ±3 time zones from expected clientele is 

discovered. 

Obviously, this work is assuming the fact that current 

practice doesn't encourage migration of sites. If all site owners 

of a specific geo-region were to migrate to a second geo-

region, the conclusion would be quite different. Thus, the 

decision as to where to buy a hosting plan is a dynamic one, 

and the tool we hope to develop will give online answers. 
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