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Abstract — We derive the throughput as a function of offered load in
the case of a single local area network in which up to three different
CSMA protocols (1-persistent, non-persistent and virtual time) are in
use simultaneously. Each protocol is used by a fraction of the total
pumber of stations in the network and ideally each station is atlowed to
switch from one protocol to the other fo maximize throughput. It has
heen found that under certain circumstances of traffic, propagation
time and mixfures of stations from different pretocols, the total
throughput of the heferogeneous petwork is greater than the
throughput of each singte CSMA protocol. Expressions have aiso been
derived for the contribution of each protocol type to the global
throughpaut of the network.

1. Introduction

Tn this paper we derive the throughput equations when up to three dif-
ferent Carrier Sease Multiple Access {CSMA} protocols are in use in the
same local area network at the same time, That is, we have analysed the
situation in which stations using the 1-persisient, non-persistent and virtual
time CSMA protocels share the same communications channel. The
analysis has been carried out for both the synchronous and the asynchro-
nous modes of cperation for the case without collision detection.

Throughput equations for each the above protocols have been derived
previousiy [1,4], and comprehensive comparisons of thronghput curves and
capacities have been issved {2,6]. Although it has been established in the
case of synchronous CSMA protocols that no protocel can achieve  higher
capacity than the best virtual time CSMA pratocol [3] (which we obtain by
optimizing m as a function of the message propagation time of
equivalently, the minislot size), fttie is known about “‘optimality”” in the
case of asynchronous CSMA protocols. And indeed, there are combina-
tions of traffic values, propagation delays, etc., where each protocol atiains
higher throughput than the others. For instance, the 1-persistent protocol
often has the highest throughput at smatl valyes of traffic ¢, and, in general,
the non-persistent protocol has the highest throughput under heavy teaffic
conditions,

Cur motivations for this study are as follows. First, heterogeneous
networles could easily arise in practice when two pre-existing local area net-
waorks ate joined together (o form an enlarged network, Furthermore, since
the relative efficiencies of the different CSMA protocols change 2s 2 func-
tion of load, ¢ne can easily imagine trying to optimize the pesformance of a
network by switching from one protocol to anolhes dynamically. In this
case, we would have a heterogeneous network during the switching tran-
stents.

Obviously, since the timings of events otiginating from different sta-
tions is critical in determining the performance of a CSMA protocol, there
will be some interactions between the different protocois on a heterogene-
ous network, Thus, a second reason for this study is to examine these
interactions: how does each group of stations fare in the presence of others?

* This research was partially supporied by e Malural Stieace and Engincering
Research Council of Capada under grant A5517.

Indeed, one interesting problem that we have tried o address is
whether there are any circumstances under which the mixed CSMA proto-
col achieves higher throughput than would bave been possible with any of
the single CSMA protocols alone. If this were the case, there could be
instances when a heterogeneous CSMA network would be preferable to
requiring al stations to follow a single protosel.

2. Throughput in fhe Synchronous (“Slotted”) Case

Under synchronous (slottedy operation, each station monitors the
channel during each slot. As a result, the duration of a slot depends on the
channel activity in that slet. ¥ a is the normalized end-to-end propagation
time, the duration of an idle siot must be a so that all stations can be sure
the channel is idle.

Busy stots include propagation tine and wransmission time. Because
we have not considered collision detection in this paper, both successful
and unsuccessful wansmission times are equal to unily. As & result, busy
slots fast for 14a.

The throughput, §, can be expressed as
E[H,]
ST E @

the ratic of the expected amount of useful work in a random slot, 1o the
expected duration of a random slot, respectively. Above expectations may
be obtained by describing the activity of the protocol by means of a Markoy
chain, embedded at the start of each slot, Here, we have three stales, where
state O corresponds to an idle period, state 1 corresponds o a slot that starts
with one packet transmissicn, and State 2 represents a slot that starts with
more than one transmission. Denoting £[T;] as the average time spent in
state i, i =0, 1, Z, we have

Ty

§ = g @
SET
i=0

where 1t = [Ty, 7, 7] 18 the stationary probability distribution for the chain
at the embedded points, and is cbtained from the solution of matrix equa-
tion % = 7 P, together with the constraint that

Ty T+ = b (3)

In Sections 2.1 o 24, the stationaxy probabilities and the average
times spent in each state are obtained for the 1-persisteat, non-persistent
and virtual time cases, and for the heterogeneous network where ail three
protocols above are present simultanzously.

2.1. 1.Persistent CSMA (Synchronous Case)

In 1-persistent protocol, the rules are that if a chaonel is sensed busy
by a ready station, its packet is buffered for ransmission 2s soon s the
channel is sensed idie. However, if the channel is sensed idle by a ready
station, trangmission starts at the beginning of the next minislot. All pack-
sts generated in one slot are sent in nexi slot and the length of a slot
depends oa the outcome In that slot. This indicates that the sysiem evolu-
tion is Markovian and that the protocol behaviour can be described in terms
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of a Markov chain embedded at the start of each slot.

Figure 1 illustrates the possible wansitions among the three states.
Because of the infinite population assumption, the number of transmissions
at the beginning of a busy slot has no influence on the ransision probabifity;
therefore, the duration of slots starting with one packet or with more than
one packet are ideatically distributed,

So
Py=Py , 0sjs52 4)
EiT]=E{F,]={1+a)
E{Tq] is just the duration of & minislot (which is a). By using (3, the sta-
lionary probabilities can be shown to be
o = PIO
REREVY -y
_ BroPe=PoPyy+iyy
P =P

5

bS]

Transition probabilities Pog, Py, Py and Py are given as follows :
Pog=eC (6}
Py = aGe ™%
P= oG
Py = (La)e O e

By using (2) and (5}, the throughput becomes

_ ) _ PaoPo—~P P p+Py

amg+(Ha}l-ny)  al g+ {1-PyMlta}

5y (7

and by applying (6) we have
{I+a-e 0 Ge~Fl1a)

- ae CH ey (1o Py 14y |

which is the same as {{].

8§y )]

2.1. Non-Persistent CSMA {(Synchronons Case)

In non-persistent CSMA, only those messages that arrive when the
channel is sensed idie are transmitted (in the next slot). All otler messages
are rescheduled as if a collision had occurred. Each slot lengtir is equal to a
propagation time plus the message transmissicn time (if any). Thus the sys-
tem evolution for this protocol is memeryless, and the state transition proba-
bilities for the corresponding embedded Markov chain (Figure 2) simplify
to

Pio=Po="Pg )]
and

Pr=Py =Py
The stationary probabilities are then easily found 1o be

g =Py (10}
and

iy = Py

where transition probabilities P g and P, are given as in (6).
The throsghput then becomes
_ Bl Pg aGe ¢

§2= EILY T aP t(14a)(1=Pgg) ae™ %4 {1-e %) 1+a}’

(11)
which is the same as {17,

2.2. Virteal Time CSMA (Synchivonous Case)

In virtual time CSMA [4), each station is equipped with a **virtual
thme’* <lock. The station transmits each of its messages when the reading
of its virtual clock passes the generation time of the corresponding message,
When the channel is sensed busy, the virtual clock is stopped, whenéver the
chanrel is sensed idie, the visual clock is enabled to run at rate nm=n

times real time, if the virtual time is behind real time (and we say that the
algorithm is ‘backlogged'), and in lock-step with seal time, otherwise (in
which case we say the algorithm is ‘caught up’). Having the virtual clock
Tollow these two modes of operation lets the protocol achigve a constant
traffic Joad in each slot, namely an optimum window’s worth {of length
@=aT) whenever this is feasible, and a smal window's worth (of length @)
when this is infeasible because the virtual clocks have caught up to real
time. The virtual time protocel, then, looks like a combination of two
instances of non-persistent CSMA protocols, each with different traffic
values.

The throughput equations for virtual time CSMA are obtained by
weighting the throughputs of the two instances of non-persistent CSMAS.
The weighting is found from balance equations governing the averaged
advance of the virtal clock in a siot. So, for r {1,n}, we have

E[H| rl=arGe ¢ (12}
EfL | 1] = ae™ P4 (1-e" %) 14+a}
which are obtained from (11) by replacing G with rG. If fp and £, (= 1-13)
represent the equilibrium probabilities of being in ‘backiogged” mode or in

‘caught-up’ mode, respectively, then the vaconditional virtual time CSMA
throughput is given by

_E[H) B REHINRALEUL 1]
UUEILY T AELINRAEE 1)
The f, and f, are found by equating the average dgration of a siot (ie.,

E[Ly with the average advance of the virteal clock per slot (ie,
Jeam +fa). So we find

_ min {0, EiL | n)~an}
T ELdWran-EL] [1+e

(13)

(14

2.3. Mixed CSMA {(Synchronous Case)

From the derivations of throughput equations for RON-persistent
CSMA and virual time CSMA protacols shown previausly, it is apparent
that these two protocols are both memoryless within a single mode of vir-
tual time CSMA. As 2 result, it is fairly easy to put them together and
obmain the combined throughput equations, by using the same expressions
with combined traffic load. On the other hand, the contribution of the 1-
persistent protocol is more complicated, and the interactions amoeng the two
memoryless protocols and the 1-persistent protocol need more.attention.
Probably, the best approach is to add the contributions of aon-persistent and
vittual tme CSMA 10 the I-persistent derivation o give the mixed
throughput equation. Similarly to the vinual ime throughput derivation, we
will show mixed protocol throughput equations for a given mode of virtual
time CSMA, and then the modified virtwal clock advancement balance
equations to get the vnconditional mixed protocol throughput.

For simplicity, we call the 1-persistent class of stations, Class 1, the
nor-persistent class, Class 2, and the virtual time class, Class 3. We follow
the assumption that the wtal waffic intensity G is given by the sum of the
raffic imensities generated by each class of stations. Hence -
G =G +Gy+Gy. We also define

G*wGl'FGg'i'T]Gg, (15)

the apparent total traffic intensity in the channel when the virtual Sme sta-
tiens are in ‘backlogged’ mode, and thus are contributing n times their
share to the total load.,

The general throughput expression for synchronous protocols is aiven
in (2), so we need to find expressions of the stationary probabilities and the
average time in each state for the mixed CSMA protocol. As mentioned
before, a good approach is 0 use the 1-persistent derivation and to add the
contribution of the other protocols. So, we maintain the same expressions
for the stationary probabilities as in (5), but we modify the transition proba-
bility expressions in (6} to account for the other two profocols present in the
same network. Again, siots starting with one packet or more than one
packet are identically diseributed, 50 conditions (4) are sli satisfied. The
new transition probabitities for the mixad CSMA protocol are:

Py = 270" (16
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Py = aGre™"
P gm0
Py = (G raG)e”
By using (5) and conditioning on the virtual time stations asing clock rate 7,
we have

e*{G,-i-aG‘} ’
Ty = Wﬁ {7
e &GN o000 (G 4aGF Y (-]
e~ (g™ 91-1)
and hence
EH ) =a (18)

EIL1 ] = anf (1+a)(1-nE

To find the unconditional throughput in equilibrium, we need only
find f, and f;, the equilibriuvm probabilities of being in ‘backlogged” or in
‘caught-up’ mode, respectively, These probabilities can easily be found
using (14) if we are careful to note that (18) instead of (12) defines the aver-
age duration of a slot in the mixed protocol.

We can also derive the contribution given by each class of stations to
the total throughput of the mixed CSMA protocol. To obtain such contribu-
tions, the transition probabilities Py, and Pyy may be split into three com-
ponents (one for each class) as follows -

Poy=PoitPoatPos {19
Py =FuatPustPugs

where
Poy = aG e (20)
Py = aGae™®

Pys=anGse™

Py = (14)G e )
P = aGae O
Pua=anGye @)

The stationary probability n; may then be split as follows

Ty = Wy, T 2 H L 21
where
PoPors-Posl 11,4 11,
= : - e g
i 1+P10“P00 { )
ProPoaPooF 112t
T2 ™
v +P 1P e
T PioPos—Puwf uatlfis
L3 1+P10—-Poo
and
§=8y+8 48y, @3
where
T1,i
8w 2
OB &Y

3. Throughput in the Asynchronous (“Unslotted’’) Case

The operation of the asynchronous algorithm are described as a
sequence of transmission cycles, each consisting of an idle period followed
by a busy period. We assume that the distance between any two stations is
constant and, therefore, that the propagation delay {also referred to as the
vulnerable period) is constant.

Under asynchronous operation, the throughput can be expressed s

_EW
S B

the ratio of the expected amount of useful work performed in a random
transmission cycle, to the expected duration of & wansmigsion cycle, respec-
tively.

An alternate approach (which is especially useful with 1-persistent
CSMA) is to define a Markov chain embedded at the start of sub-busy
periods. Here we let state O corresponds to an idle period (i.e., sub-busy
period starting with zero iransients), state % corregponds to a sub-busy
period starting with exactly one transmission (i.e., one that will be success-
ful if no others begin in its vulnerable pericd), and state 2 corresponds to &
sub-busy period starting with at least two rransmissions (1.e., a collision that
is “‘doomed from the start”’). Denoting the average time spent in state £,
i=0, 1,2, as E [T}], we have -

3 @5

n ev-aG
§ = i (26)
YEIT =
ity
where Tt {%g, 70y, T ] 18 the stationary probability distribution of the chain.

Similarly to the synchronous derivation in Sections 2.1 to 2.4, we are
soing to show first the thxoughput equations of 1-persistent, non-persistent,
and virtual time CSMA protocols, and then obtain the throughput eguation
of mixed CSMA,

3.1. 1-Persistent CSMA (Asynchronous Case)

The derivation of the throughput equation for this protocol is
described in [5), and only a few relevant points are discussed here.

The possible transitions among the thiee states are iliustrated in Fig-
ure 3. As in the synchronous case, the durations of sub-busy pericds start-
ing with one packet, or more than one packet are identically distributed, 80
EiTi=E{T,}, E[To}=1/G and the wansition probabilities cbey the fol-
lowing condition

Pyij=Py 0£j=2 2h

By sclving the stationary probability matrix equation m=1 P, the stationary
probabilities wy and x; are found to be

Pip
L . 21
o 1+P 0 ( 8)
. PigtPyy
1 1+P 10
The transition probabilities P and Py are given as foliows:
P g5 = P [no arrival in 1, seocess] + (29
P [no amrival in 1+, collision]
=eFe™ + Lae”G(”y)Ge"“G(““ﬁdy
= (1+aG)e 00
Py =P lone arrival in 1, success)+ [€1h)]
P [one arrival in {1+¥), collision}
= GeCe 0+ Lﬂ G (1+y)e NG TNy
2
= {%«w {(iral ~ 1]+ G] PR
Finally,
E[T\1=E[T, success]+E [Ty, collision] (31
=1+a+Ei¥]
1_e-aG
=142a -~
&
To conclude
—a
R €
S = - 32)

75 f G +(1-mg)E [T]
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and by substituting (29), (30 and (31)
G sy Gy aG 141G +aGr2)]
0 1426) ~ (1-e =) (1aG)e S )’

which is the throughput equation for I-persistent CSMA with infinite popu-
fation as obtained in [1).

{33)

3.2. Non-Persistent CSMA (Asynchronous Case)

In non-persistent CSMA protocols, a ¢yele can have a maximum of
one successful transmission, and successive cycles are independent and
identically distributed. If we approach the problem as in l-persistent proto-
col (Section 3.1) by making using of Markov embedded chains, we observe
that the only possible transitions among the three possible states reduce to
{Figure 4):

Pu=FPg=1 FPyp=Pyz=Pp=Py={ (34}
As a result expressions (19} become
1
=7y = 35
T =%y 5 ( )

Recalling that EiTy]==1/G and that E [T} is given by (31), we have from
(26) that

1 (¥
S,_,_ = T__L._%_._m (35)
"Z"EIT()]"?““Z‘ E[Ty]
e—-aG
UG + 14 2a ~{1~e"%YG

L G
G {142a)e™C’

which is the throughput equation for non-persistent CSMA with infinite
population as obtained in {1].

3.3, Virtual Time CSMA (Asynchronous Case)

Virteal Time CSMA in the asynchronous case is meated very simi-
larly to synchronous viriual time CSMA. The throughput equations are
oblained by weighting the throughputs of two instances of asynchronous
non-persistent CSMA [4]. So, forre {1,1},

EH,|r)=mne? (37

T pmatG
ElL,lrl= —{-;3 (1) (142a - Lfaw—)

which are obtained from (36), by replacing G with rG. If f, and f,
represent the egquilibrium probabilities of being in ‘backiogged’ and
‘caught-up’ mode, respectively, in a cycle, then the unconditional
throughput for agynchronous virtual time CSMA is given by

LB I+ LEM | 1)
T B LB 1)
The f, and £, are found by equating the average advance of the virtual clock

per cycle (e, fulmg/G + (I~moma]+f.[mo/G +{1~mg)a]) to the average
duration of a transmission cycle {ie., LEIL I N1+ £EL] 1)), So we find
min {0, E{L.{ nl-an-1/G}

Je= BTG ~an-Ell,] D4 39

(38}

3.4. Mixed CSMA (Asynchronous Case)

In order to derive the mixed CSMA asynchronous throughput, we add
the contributions of non-persistent and virtual time CSMA to the 1-
persistent derivation. As for the mixed CSMA synchronous protocol, this is
probably the best approach due to the fact that both non-persistent and vir-
tual time CSMAS are memoryless prototols, and that the contribution of the

L-persistent protocol to the total throughput is the most complicated.

So, we maintain the same expressions for the stationary probabitities
as in (28), but we modify the wansition probabiliies in (29) and (3L o
ageount for the other two protocols present in the same network. The new
Py tansition probability is obtained similarly to (29). However, in the
case of mixed CSMA, if the sub-busy period results in a successful
transmission, the condition for moving from state 1 to state 0 is that there
are no arrivals from the L-persistent stations during transmission time equal
to k. Any artival from the non-pessistent stations during the same intervat
Is simply rescheduled for the future, while the virtual time stations refrain
from scheduling any transmissions until the end of this interval and the sys-
tem always switches from state 1 to state 0. Similar considerations are
made in the case of a coliision in the sub-busy period, So,

P 1o = P {no 1-persistent arrival in 1, success}+ (40)
P [no T-persistent arrival in 1+Y, collision]
= ew(G,MG*) +Lde'“*m’j§,(y}dy
= e"(Gx-mG‘) {1-{- G*f lmewc(g'ma.) }}
G~G*
and
Py =P one 1-persistent arrival in 1, success] + 41)
P lone i-persistent arrival in 1+7, collision)
= GG (1) TP )y
Gje—(cmoﬂ o] 1T
St 1k . ~a GG
Gor GG [ GG (I+a)e ]
where [5]
#0y= LU - gre-sren (42)
Y

is the starting time density for the last colliding packet in the vulnerable
period,

The equilibrium probabilities %y and m; are given as in the 1-
persistent derivation, namely

_ P _PwtPy
T vy @3
50 that
EiH | ri=g}) =" (44)
=l
ElL)ri= o F{a+E Y I ~nfh
where
B =a-t000 i) @s)
Gr T )

To find the unconditional throughput in equilibrium, it remains to find
fo and f,. Once more, this is done by equating the average duration of a
cycle

FLE(L I+ AEL, n] {46)
to the average advance of the virtual clock per cyele
FAmBYG + (1-ala) 4 £, (716 + e imal. 7
Hence
B min{0, E (L} nj-nf¥G ~ (LnlVna}
o= (f-mf)
ELni-ELi 1]+ G + (L= ma ~ (1-nfihne

Similarly to the synchronous protocol, under asyachronous operation
the amount of useful work performed in a random ‘transmission cycle’ may
be expressed in terms of usefal work generaled by each station type, As for
the synchronous protocol, such expressions provide a measure of the contri-
bution of each protocol type to the total throughput. To obtain such
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contributions, we try to split the transition probabilities F o and Py, into
three components {cne for each class), However, the {ransition probability
Py s different from zero only for stations usting the -persistent protocal,
50 :
Pyg=Py
Pia=Fa=0

On the other hand the transition probability Py must be welghted by the
probabiity that the sub-busy period in state 1 starts with a transmission, gen-
erated by a protocel of type L. That is

(48)

Pro= Pigi+P 102t 103 (49}
where
G Py
Pros= 5 (50)
GoP
Pigp = G*w
nGsP
Py = ""“""é:—l'a‘
It foliows that
Ry =Ryt 23 (51
where
FroatP
POl Al 2
i1 1P 1 (32
I Pioa
L7 4P g
= Piea
13 §+Pm
and that
S=Sl+82+53 {53)
where
PO (56)
"TEIL]
4, Results

Figures 5 and 6 show the throughputs of all the protocols described in
{his paper under asynchronous and synchronous operations, respectively.
Each figure contains curves of throughput, § versus offered traffic, G for ¥
persistent CSMa, non-persistens CSMA, virtpal time CSMA, and three
mixed CSMA. protocols. Synchroncus curves were derived for end-1o-end
propagation time equal to 01 and 7 =14, whereas asynchrofous curves
were obtained for =01 and 7 =10, This value of 1) represents the optimai
value for virtual time protocols to achieve the same capacity as nogn-
pessistent protocols {4]. The thres mixed CSMA throughput curves
correspond to:

curvel: G VG=3, G2G=125 G3G=15
curvel: GLG=3, G2G=35 G3G=35
curved: G1/G=1, G2G=45, G3G=45

Notice that the virtual time curve and the three mixed CSMA curves have 2
discontinity in their first derivatives at the point where f; becomes 1. This
is visible in Figures 5 and 6 for G =1. The throughput at these conditions
of traffic represents the capacity of the protecel at the chosen end-to-end
propagation time.

Figure 5 (asynchronous operation) shows that there are wraffic condi~
tions at which each of the mixed protocols achieves higher throughputs than
any of the single CSMA protocols. This result is indeed very interesting
because it proves that under appropriate traffic conditions we can achieve
higher throughputs if the network stations are spiit among different protocol
classes,

In Figures 7 and §, curve 2 has been split into its three components as
shown in (24) and ¢54). Each component shows what contribution each
protocol gives to the total throughput compared to its share of the traffic
ioad. The stations using virtual ime are clearly winners, due to their ability
of maintaining a constant traffic load during a slotor & cycle. Their fragtion
of the total throughput is larger than their share of the traffic generated in
the network,

We have seen in Figure 5 that there are instances when the mixed’
protocoi throughput is higher than each single protocol throughput. In order
to find out when that happens, and what is the best mixture of stations
governed by different protocols, we have computed the total throughput of
the netwotk in the following cases: (i} I-persistent and virtual time stations
only, (i} virtual time and nom-persistent stations cnly, and (&) non-
persistent and 1-persistent slations only, Cases (i), (i) and (iif) have been
computed for values of traffic G e {.1,.3, 6,1}, and g € £.01, .5}

Figures 9 and 10 are for asynchronous operations, Figures 11 and 12
for synchronous operations. Each Figuze has been split into three sub-
pictures: one each for (i), (i) and {iif), respectively. Each curve in each
stb-picture corresponds to a different, fixed valie of the offered traffic G
and the abscissae of each sub-picture vary from 0 to 1 to give the fraction of
wraffic load generated by each protocol in these two-class systems.

Any cogve with a maximum represents a situation where a mixed pro-
toco] peiforms better than any of the two single protocols. This happens
quite dramatically in Figure 10 when @=.01, G=.6 and G /G =.6 (asynchro-
nous operation). A more modest peak alse occurs in Figure 12 (synchro-
noas operation) when a=01, G=1. and G /G=5.

5. Conclusions
In this paper, we have studied heterogeneous local area networks

~employing up to three different protocols: 1~persistent, non-persistent and

virtual time CSMA, respectively. Eapressions for the total throughput, as
wel as the contribution 10 the throughput by each protocof type, have been
obtained, assuming either synchronous (slotted) or asynchronous (unslotted}
protocol operation. From. these expessions, one can see how effective each
protocol is in the presence of the others.

Not unexpectedly, we fourd that some protocols fair better than oth-
ers in a heterogeneous simation, In particular, the contribution to the total
throughput by stations using virtual time CSMA was generzlly far greater
than their share of the Ioad. However, we were a little surprised to find that
in certain situations, the interactions among different protocols resulted in
higher values of throughput than would have been possible using any of the
protocols individually. This effect was most pronounced under the asyn-
chronous operation, in the presence of some 1-persistent stations.

An explanation for this complementary interaction may be found by
contrasting the way these protocols operate. The 1-persistent protocol, by
scheduling the transmission of as many messages as possibie at the end of
each busy period, is atempting to minimize the channe! idle time in the
presence of waiting messages. This strategy tends to concentrate the load
within a fraction of the time, resulting in an excessive number of collisions
under heavy load. Conversely, both the virtual time and non-persistent pro-
tocols try to reduce the number of collisions by scheduling transmissions at
a constant rate whenever the channel is e, As a result, successive busy
periods are separated by an exponentially distributed channel idie period.
‘As a result, the stations using 1-persistent CSMA. tend to utilize the channel
idle pericds left by the ciher stations, while the other stations, having waited
for the 1-persistent stations to finish, tend 1o have the channel largely to
themselves when they do transmit.
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Markov Chain Representation ¢f 1-Persistent CS5HA {Asynchronous)
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