
Homework	
  	
  

Chapter	
  2	
  Accessing	
  Networks	
  Randomly	
  

1.   (10	
  points)	
  Consider	
  the	
  following	
  WiFi	
  topology,	
  with	
  five	
  transmitters	
  (A,	
  B,	
  D,	
  E,	
  and	
  F)	
  
and	
  two	
  access	
  points	
  (C	
  and	
  G).	
  As	
  shown,	
  A	
  and	
  B	
  are	
  associating	
  with	
  C,	
  while	
  D,	
  E,	
  and	
  F	
  
are	
  associating	
  with	
  G.	
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Suppose	
  the	
  two	
  access	
  points	
  are	
  each	
  using	
  non-­‐overlapping	
  channels.	
  Each	
  station	
  is	
  using	
  
the	
  (slotted)	
  ALOHA	
  protocol,	
  with	
  a	
  40%	
  probability	
  of	
  transmitting	
  in	
  each	
  timeslot.	
  What	
  
throughput	
  does	
  Station	
  A	
  achieve	
  (in	
  percentage)?	
  How	
  about	
  Station	
  D?	
  

	
  (Note	
  we	
  do	
  NOT	
  ask	
  for	
  total	
  throughput	
  here,	
  which	
  would	
  have	
  required	
  us	
  to	
  multiply	
  by	
  
the	
  number	
  of	
  stations	
  in	
  each	
  case.)	
  

2.   (5	
  points)	
  Under	
  CSMA,	
  a	
  WiFi	
  device	
  sends	
  a	
  frame	
  to	
  its	
  AP.	
  It	
  waits	
  a	
  certain	
  amount	
  of	
  
time,	
  but	
  doesn't	
  receive	
  an	
  acknowledgement.	
  What	
  will	
  it	
  do	
  next?	
  Assume	
  the	
  current	
  
contention	
  window	
  size	
  is	
  8.	
  
a.   It	
  will	
  assume	
  the	
  frame	
  was	
  not	
  important	
  and	
  move	
  to	
  the	
  next	
  one.	
  
b.   It	
  will	
  immediately	
  re-­‐transmit	
  the	
  frame.	
  
c.   It	
  will	
  choose	
  a	
  random	
  number	
  between	
  0	
  and	
  7,	
  and	
  wait	
  that	
  many	
  timeslots	
  before	
  

re-­‐transmitting.	
  
d.   It	
  will	
  increase	
  the	
  contention	
  window	
  size	
  to	
  9,	
  choose	
  a	
  random	
  number	
  between	
  0	
  

and	
  8,	
  and	
  wait	
  that	
  many	
  timeslots	
  before	
  re-­‐transmitting.	
  
e.   It	
  will	
  increase	
  the	
  contention	
  window	
  size	
  to	
  16,	
  choose	
  a	
  random	
  number	
  between	
  0	
  

and	
  15,	
  and	
  wait	
  that	
  many	
  timeslots	
  before	
  re-­‐transmitting.	
  
f.   It	
  will	
  increase	
  the	
  contention	
  window	
  size	
  to	
  9,	
  and	
  go	
  through	
  another	
  wait-­‐and-­‐listen	
  

period	
  before	
  choosing	
  a	
  timeslot	
  between	
  0	
  and	
  8	
  randomly.	
  



g.   It	
  will	
  increase	
  the	
  contention	
  window	
  size	
  to	
  16,	
  and	
  go	
  through	
  another	
  wait-­‐and-­‐
listen	
  period	
  before	
  choosing	
  a	
  timeslot	
  between	
  0	
  and	
  15	
  randomly.	
  

3.	
  (10	
  points)	
  Consider	
  the	
  following	
  network	
  where	
  a	
  dashed	
  edge	
  between	
  two	
  nodes	
  
indicates	
  that	
  the	
  nodes	
  can	
  transmit	
  to	
  and	
  interfere	
  with	
  each	
  other.	
  

	
  

a.   Suppose	
  node	
  1	
  is	
  transmitting	
  to	
  node	
  2.	
  Which	
  node(s)	
  can	
  cause	
  the	
  hidden	
  
node	
  problem?	
  

b.   What	
  about	
  node	
  1	
  transmitting	
  to	
  node	
  4?	
  
c.   What	
  about	
  node	
  1	
  transmitting	
  to	
  node	
  5?	
  

	
  
4.   (10	
  points)	
  Consider	
  the	
  following	
  network	
  topology,	
  where	
  three	
  solid	
  lines	
  represent	
  

three	
  intended	
  transmission	
  sessions,	
  A	
  (from	
  1	
  to	
  2),	
  B	
  (from	
  3	
  to	
  4),	
  and	
  C	
  (from	
  5	
  to	
  6)	
  
and	
  dashed	
  lines	
  represent	
  interference	
  as	
  well	
  as	
  sensing	
  between	
  nodes.	
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The	
  following	
  figure	
  shows	
  the	
  activities	
  of	
  sessions	
  A	
  and	
  C	
  in	
  time,	
  where	
  grey	
  areas	
  
indicate	
  the	
  time	
  when	
  a	
  session	
  is	
  transmitting	
  a	
  frame.	
  Draw	
  in	
  the	
  figure	
  the	
  range	
  of	
  time	
  
when	
  session	
  B	
  can	
  transmit	
  without	
  colliding	
  with	
  other	
  sessions.	
  Also	
  explain	
  why	
  session	
  B	
  is	
  
disadvantaged.	
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Figure 18.15 A simple network to illustrate hidden nodes. A dashed edge between two
stations indicate that the stations can transmit to and interfere with each other.

18.2 Flow in the middle ?

Consider the “flow in the middle” topology in Figure 18.12(a), which has three
sessions A, B, and C.

(a) Figure 18.16 shows the activity of sessions A and C in time. Draw in the
figure the range of time when session B can transmit without colliding with the
other sessions.
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Figure 18.16 A session activity diagram. Gray areas indicate the time when a session
is transmitting a frame.

(b) Figure 18.17 shows the activity of sessions B and C in time. Draw in the
diagram the range of time within which session A can transmit without colliding
with the other sessions.

(c) Explain why session B is disadvantaged.

18.3 Sensing asymmetry ?
Consider the “asymmetric sensing” topology in Figure 18.12(b), assuming

RTS/CTS is enabled. Session A starts from station 1 to station 2, and session B
from station 3 to station 4.
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(4) Varying L (Figure 18.11). The payload size relative to the overhead size
also matters.

• Increasing the payload size helps because less overhead is incurred.
• But this model does not capture the e↵ect of a frame with a larger payload

having a larger collision probability. In reality we expect the throughput
to increase until it reaches an optimum value, and then decrease.

18.4 Advanced Material

18.4.1 Impact of interference topology

We saw that the DCF deploys several smart ideas to enable a reasonable medium
access control with a small amount of message passing overhead. But it is also
well-known that the DCF can sometimes be ine�cient and is often unfair, as
will be shown in a homework problem. We have encountered quantification of
fairness many times by now, and in Chapter 20 we will focus on fairness metrics.

Part of the reason behind DCF’s ine�ciency and unfairness stems from the
tough reality of sensing and interference in wireless networks. The hidden node
problem arises from the di↵erence between sensing range and interference range,
as we saw. Sensing range is also asymmetric: one (transmitter, receiver) pair
might be able to sense and interfere with another, but not the other way around.

An example is the “flow in the middle” topology in Figure 18.12(a). The
session in the middle can sense the other two sessions on each side, and has to
be polite in waiting and listening to both. In contrast, either of the side sessions
can only sense the middle session, and has less waiting and listening to do. A

(a) (b)

A

B

Figure 18.12 Two more important topologies, where solid lines represent intended
transmission and dotted lines represent interference as well as sensing. (a) flow in the
middle and (b) asymmetric sensing. In (a), the middle session has to wait for both the
left and the right flows to be silent, and is often starved to near-zero throughput in
practice. In (b), session A is interfered with by session B, but not the other way
around. Session A sees much less throughput as a result.
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