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an institution’s access link to the Internet. By reducing traffic, the institution (for exam-
ple, a company or a university) does not have to upgrade bandwidth as quickly, thereby
reducing costs. Furthermore, Web caches can substantially reduce Web traffic in the
Internet as a whole, thereby improving performance for all applications.

To gain a deeper understanding of the benefits of caches, let’s consider an exam-
ple in the context of Figure 2.12. This figure shows two networks—the institutional
network and the rest of the public Internet. The institutional network is a high-speed
LAN. A router in the institutional network and a router in the Internet are connected
by a 15 Mbps link. The origin servers are attached to the Internet but are located all
over the globe. Suppose that the average object size is 1 Mbits and that the average
request rate from the institution’s browsers to the origin servers is 15 requests per
second. Suppose that the HTTP request messages are negligibly small and thus cre-
ate no traffic in the networks or in the access link (from institutional router to Inter-
net router). Also suppose that the amount of time it takes from when the router on the
Internet side of the access link in Figure 2.12 forwards an HTTP request (within an
IP datagram) until it receives the response (typically within many IP datagrams) is
two seconds on average. Informally, we refer to this last delay as the “Internet delay.”
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Figure 2.12 ! Bottleneck between an institutional network and the InternetFigure 1: TCP window size as a funtion of time

1. Consider the Figure in the above, for which there is an institutional network connected to the
Internet. Suppose that the average object size is 850,000 bits and that the average request rate
from the institutions browsers to the origin servers is 16 requests per second. Also suppose
that the amount of time it takes from when the router on the Internet side of the access link
forwards an HTTP request until it receives the response is 3 seconds on average. Model the
total average response time as the sum of the average access delay (that is, the delay from
Internet router to institution router) and the average Internet delay. For the average access
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delay, use ∆/(1−∆β), where ∆ is the average time required to send an object over the access
link and β is the arrival rate of objects to the access link.

(a) (2 points) Find the total average response time.

Solution: The time to transmit an object of size L over a link or rate R is L/R. The
average time is the average size of the object divided by R:
∆ = (850, 000bits)/(15, 000, 000bits/sec) = .0567sec.
The traffic intensity on the link is given by β∆ = (16requests/sec)(.0567sec/request) =
0.907.
Thus, the average access delay is (.0567sec)/(1 − .907).6seconds. The total average
response time is therefore .6sec+ 3sec = 3.6sec.

(b) (2 points) Now suppose a cache is installed in the institutional LAN. Supposethe the miss
rate is 0.4. Find the total response time.

Solution: The traffic intensity on the access link is reduced by 60% since the 60%
of the requests are satisfied within the institutional network. Thus the average access
delay is (.0567sec)/[1(.4)(.907)] = .089seconds.
The response time is approximately zero if the request is satisfied by the cache (which
happens with probability .6); the average response time is .089sec + 3sec = 3.089sec
for cache misses (which happens 40% of the time). So the average response time is
(.6)(0sec) + (.4)(3.089sec) = 1.24seconds.

2. Written questions (essay, computational) Consider distributing a file of F = 15Gbits to
N peers. The server has an upload rate of us = 30Mbps, and each peer has a download rate
of di = 2Mbps and an upload rate of u.

(a) (2 points) For N = 100 and u = 700Kbps, find the minimum distribution time for client-
server distribution.

Solution: 51200 seconds

(b) (2 points) For N = 100 and u = 700Kbps, find the minimum distribution time for client-
server distribution, find the minimum distribution time for P2P distribution

Solution: 15616 seconds

(c) (2 points) Suppose the number of peers increases to N = 1000, find the minimum distri-
bution time for both client-server and P2P distribution.

Solution: Client-Server: 512000 seconds
P2P: 21525 seconds


