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ABSTRACT

This thesis 1is addressed to the designing éspects of a
number of- protocols, aimed to be used 1in " Local Kﬁea-

Networks.
< . . .

A Graphical method "is introduced t%yanalyze and develop

the proﬁocols. This graphicai apprOaéh éases the analysis

and design processes.

Several protoééls are developed and analyzed,that imprové
the performance of some well known protocols, sucb as

CSMA/CD and GBRAM.

_ ) _ o -

A new hybrid multiple access protocol, HYMAP, is
introduced. This protocol combines features of both CSMA/CD
and a collision-free protocol. The voice performance of:

HYMAP is studied using simulation.

Simulation analysis is. alse used to compare the

performance of all the protocols discussed in the thesis.

The results indicate that HYMAP performs better than most

of fhe protocols studied, including CSMA/CD and GBRAM.

- iy -
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' Chapter- I.

INTRODUCTION
- -

Local Area Networks (LANs)- ‘geneéally have the following.
characteristics [1,7}15,33]: . ‘
1- A geogréphical area of not more ' than a few squaré )
kilometers:. o )
2- A “total data rate exceeding .1 -Mb/sec and "
.3- bwnership by a.single_organization.

~ ¢

. LANs are evolving £from a need to interconnect local
mainframes with a number of minicomputers, microcomputers,

terminals ‘and pthér peripheral devices.

" The LAN's role is to. g;ﬁvide a "friendly" interface to
each of these devices, so that they may be unified.into a

more powerful set of tools, without unduly affecting the

performance of each individual device.

The functionality , of the LAN is determined both by the
network interface désign and the network interface protocol,

affecting ease of use,  transition capability, - vendor

- .

LN

independence, cost and flexibility of the network.

Another reason for the interest in LAN is the possibility -

of exploiting the advantages of functionally "distributeg
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computing. . In this case, some of the'devices. perfofm'

specific functions, such -as file stotage, data -base '’

management, terminal handling, ‘etec. By having different
devices perform different tesks, the- goal is to make the

1mplementat1on simpler or more efflc1ent. ﬂ' -

'LANs differ from long-haul networks in several ways;

Long—haui-networks,use the public teiephone network due to

economic or legal - reasons. LANsS generally use a high—

bandwidth cable, so bandwidth is no longer a ‘p;ecious

resource as it 1is in long~haul networks. Another major
difference is the ability of each station in LANS to sense
the state of the ‘bfoadcast channel before attempting to use

it.

In” thls thesis, we w111 be matnly 1nterested in 51ngle

" hop multlple access broadcast networks as typlfled by ALOHA,
SATNET and BTHERNET Here a single - transm1551on medlum is

shared by all dev1ces-1n the system. The medium is allocated

to each device for_the time’ requlted to transmit a single

_packet, Each 'station is connected io -the common channel

through a smart ihtenfaceq Whlch listens to all

transmissions and absorbs packets addressed to it.

So the probfem'is to share a high-bandwidth channel by a
number of independemt users, trying, at the same time, to
optimize the use of the medium. Short propagation delays and

high data  rates are the main characteristics that are

exploited in the design of multiple access schemes for LANs.

)
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Multiple access schemes are evaluated according to

various criteria: high bandwidth wutilization, low message

delays, the ability to support different types of traffic or

different priorities, robustness with respect to  errors,

etc.

Multiple access protocols are usually grouped into the

following classes [4]:
Y‘ .

l_.

2_

3_

Fixed ' assignment techniques, which allocate the
channellbandﬁidth to the users in a static fashion,
independeﬁtly of their acﬁivity. Examples are FDMA,
STDMA and CDMA. .

Random - access techniques, which pro;ide the entire
bandwidth' to the users as a single entity to be
accessed raédomly. Exam;les are ALOHA and CSMA/CD.

Demand assignment techniques, which require that
explicit control information regarding the users' need
for the channel be exchanged. The 'decision-making
process can be centralized@ or distributed, and each
user individually executes an algorithm based on
control iﬁformation exchanged among the useés.
Examples of centralized protocols are polling and

probing; distributed protocols are MSAP [34], BRAM
/‘

[18], GBRAM [15], etc?

4- Adaptive strategies and mixed modes, which include.

all techniques that c;:\hot be c¢lassified in the

previous classes.

it
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The thesis will discuss designing aspects of 2 number of

protocols of the second and third classes.

The main contributions of the thesis are:

'1- Utilization of a basic graphical approach that eases
the'anaiysis and design of protocols..

2- Development and simulation analysis of a number of
protocols that improve the performance of some well
known protocols.

3- Detailed description and simulation analysis " of
HYMAP, a_ oew hybrid multiple access protoceol that
combines .features of both CSMA/€D and a collision

free protocol.

The organization of the thesis is aé follows: In chapter
II, the_graphical abproach model is introduced and used to
analyze two well known protocols. The protocols, CSMA/CD [5]
and GBRAM [15], are Dbriefly presented together with

-

simulation results.

TN

f

In chapter III, a brief description of a number of:
protocols that we developed 1is made, together with
simulation results that show their relative advantages and

disadvantages.

In chapter' Iv, a detailed description of 'HYMAP is
performed.' The discussion includes practical implementation
aspects as well as simulation results. It also presents a

voice performance study of the protocol.
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Finally in chapter V, the conclusions o6f : the work done |

and provisions for-future work are presented.
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Chapte} II
ANALYSIS AND SIMULATION OF LAN PROTOCOLS

2.1 INTRODUCTION

- -

'In this chapter we introduce the model that we will use
to analyze the different protocols that we will discuss. We
also present a brief description of some well known

protocols as Carrier Sense Multiple Access with Collision

" Detection (CSMA/CD) and Group Broadcasting Recognizing

Access Method (GBRAM) [5,15].

Simulation analysis is used to describe the

-

characteristics of both .protocols.

There are some general assumptions we make in all the

protocols considered in this chapter and the rest of the

thesis. The assumptions are:

1- The packet size is considered constant.

2- No acknowledgement traffic is assumed.

3- Source-destination pairs.are not defined. -

4- The traffic is assumed unif&rmly distributed among
stations.

5~ The stations are assumed uniformly distributed along

the cable.
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¢ 6~ All gqueued packets in a station are delayed together

- and ﬁhg gueue is not limitedl '
7- The chagnel-is_assﬁmed noiseless.

~ 8- There is no capture effect an the channel , S0

" interference between packets is allways destructive.

2.2 - "MODEL OF ANALYSIS

We introduce here the graphical model that we will use to

analyze the di¥fferent protocols we. will discuss. The ‘model
assumes a cable BUs system to which N stations are connected

at difﬁé;ent points of its léngth L (see fig 2.1).

PPY - PR TP -

D .
JD .J] é] ) Jj gt 4] Stationsr—[:l Cable

-

Fig 2.1 Structure of thé Cable Bus System.

For simplicity and without loss of generality, we will

assume the stations are uniformly distributed along the

cable. ' Furthermore, we will also assume  that only five

-t
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stations are connected to the system in the examples we will

use'té'expléin how each protocol works.

The~' time-distance- diagram is . then a graphical

representation of what is going on the ‘channel (see fig.

2.2). L ) \
AN A 7771 .
. \ /A

B S FE

Fig 2.2 Time-distance Diagram. //"“\\\\\‘_—///,.

As we can see in fig 2.2, the y-axis represents the
distance along the cable. Each- station position is indicated
as a value of the distance axis. The x-axis represents the
time scale at each position of the cable. Arrows will be
used to represent information arrivals (packets) to the
channel. As soon as a packet 1is allowed to go onto the
channel (after a waiting delay tw)' it propagates towards

the ends of the cable, where it is absorbed by cable

N
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terminating loads. The packet length is assumed constant

and egual to tp sec. So we see from flg 2.2 the time whe{e,

at. each station position, the 1nteract10n 1s taking plad/

@pis model has the advantage of showing clearly at any
position on the cable the time of occurrence of the
. different events. This can be very useful in the analy51s of
the effects of 1nterference over the ?pformatlon and in the

-~
deszgn of protocols to meet certain objectives, as we will

show.

2.3 THE M/D/1 MODEL

We will define the approach for designing a LAN protocol
by first considering the ideal situation and then discussing
the different protocols and comparing them to that iééal
model [17,31]. ' |

The ideal situation in a LAN is that where each station,
if it has something to transmit, can use the channel without
delay, when the system 1is idle, or has to delay 1its
transmission for the amount of time just necessary for the
system to become idle. The situation is pictured in fig'2.3,
from where we can observé the channel ﬁtiiization is the

best possible.

The situation 1is ideal because each station knows

instantaneously the fact another station has started a

=~
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Fig 2.3 M/D/1 Traffic Characteristic.

P

transmission, that 1is, an infinite propagation speed is .

assumed. .

For the situation of fig 2.3, . where the arrivals are

" considered to be exponentially distributed and the service

time is constant (fixed-length packets), the waiting delay
in terms of the throughput (S8) 1is given by the well known

expression for the M/D/1 gueue: s

Waiting delay= Stp / 2(1-8) i (2.1)

-

the packet arrival rate in packets/sec and tu is the packet

length in sec/packet.

The M/D/1 delay-throughput characteristic is shown in fig

2.4. We can see there that even in this ideal situation as

where 'S= At is the channel utilization or throughput, Mis’
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1¥

the.thohghput éppréachés 1.0, the waiting delay approaches

infinity.

100 -

90
80
70
60
50
40
30
20

10

_waiting Delay

- Thrqgghput

L g w wl L] x 3 K ]

.1 .2 .3 .4 .5 .6 .7 .8

Fig 2.4 M/D/1 Delay-Throughput Characteristic.

.97 1.0



. 12
2.4 CARRIER SENSE MULTIPLE- ACCESS wx-m COLLISION DETECTION

'(_sg)

In this . scheme [5,8,9,16,11,20], a station ﬁishingpto
transmit ;é .s2id to contend for use of the common shared
communications channel until it acquires the channel; once
the chanﬁel is écquired the station wuses it to transmit a

packet.

-

The acguisition scheme 1is as follows: Stations check
whether the network 1s busy (that is, use carrier sense) and

defer transmission of their packet until the channel is

sensed idle. When quiet is detected, the deferring station

immediately begins to transmit. During transmission, the

station monitors its own transmission, checking for
interference from other transmissions (collision detection).

In a correctly functioning system, collisions occur only

~within the interval of time needed by each station to detect

the beginning of the transmission of another station. This

time interval 1is a function of the end-to-end propagation
delay. ) ‘ K . -

If no collisions occur during this time, the station has

PN

acquired the channel and can continue with the transmission
//,‘:‘—\_‘\'

of the rest of the packet. - ~
To ensure that all parties to thé collision have propérly
detected it, any station that detects a collision invokes a

collision consensus enforcement procedure that briefly jams

-,

-~
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the channel. Each transmitter involved inh the collision
then schedules its packet for retransmission at some later

time.

To minimize repeated ceollisions, each station inveolved in
a2 collision tries to retransmit at a different time by using
a random delay. After some mafimum number of collisions,
the transmitter gives up and reports a suitable error back

to the station (after 15 colligions in the Ethernet case).

The algorithm used in Ethernet is called Binary
Exponential Back-off and its objective 1is to obtain delay
periods, after a collision, that will reschedule each
station at times quantized in steps at leist as large as a
collision interval [5]. This time quantization is called the
rétransmission slot time., To guarantee quick use of the
channel, this slot “tiﬁe should bBe short; yet to avoid
collisions it should be larger than a collision interval.

Therefore, the slot time is usually set to the round-trip

" time of the channel and the real time delay is the product

. of some retransmission delay (a positive integer) and the

.slot time.

To minimize the probability of repeated collisions, each
delay is selected as a random number from an interval
between zero and some wupper limit. The length of -—the
interval is doubled with each successive collision. To avoid

undue delays and slow response, the doubling is stopped
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after 10 collisions. This is referred to as Truncated 3inary

T,

Exponential Back-off. | . <

The truncated bipary exponential back-off algorithm

approximates the ideal situation where the probability of

transmission of a packet is:1/M, ‘where M is the number of

ready stations. The interval is truncated after M equals N,

the maximum number of stations.

In Ethernet [25], the retransmission delay is'a positive
integer .chosen from the interval indicated in table 2-1 and

dependent on the number of collisions experienced.

No. of Collisions - ‘Interval
N [0,1]- - o
{0,3]
[0,7]
[0,15]

[0,512] |
10-15 - [0,1023] o .

Table 2,1 Retransmission intervals.

N -

We «» PWNH

The back-off algorithm restarts with a zero

retransmission interval after a successful transmision.

One of the problems of the binary exponential back-off is
that the prébability of th//stations, that have collided
between them for the first time, colliding again between

them is very high. After the first collision, each station

£



will choose an integer number, that is =zero or one, at

. ' | S .0 s,

random. So the probability of both statiors choosing the -

same number, and 5o colliding again, is 50 $. That is the
reason 'other back-off algorithms have been proposed that use
a linear incremental interval instead of an exponential one

[23].

L
o=

The gxpressions used for " the back~off  algorithms-

+

mentioned before are as follows (in FORTRAN IV notation):

a) Binary Exponential.Back—off.

. LBAKOF=INT[RAN(N,M)*1023] " K>= 10
INT[RAN(N,M)* (2**K~-1)] K_<' 10. (2.2)

b) Linear Incremental Back-off.

1

LBACKOF=INT[RAN (R, %) *(4+6*K)] (2.3)
where K is the number of collisions experienced, N and ETépe

integers that determine a random number RAN(N,M).
Figure 2.5 shows the interval length in terms of the

number of collisions experienced by the packet. It can be

seen there that for a large number of collisions, . the

exponenﬁial back-off introduces larger delays as compared

with the linear back-off. . However, if the load 1is very
high, only the exponentfal back-cff will be stable because

at most N stations can be ready at one time. -
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Interval Length

£

?

{ - Binary Exponential
Back-off

4 | .- g\'

Iinear Incrementzl
Back-off
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01 2 3 4 5 6.7 8 9 101112 13 14 15

‘Fig 2.5 ‘Interval Length of Binary Exponential
' and Linear Incremental Back-offs.

S

A program was designea to simulate CSMA/CD. The program

'is written in FORTRAN IV and represents very closely what

CSMA/CD does. The program was written in that language
because a general purpose language provides greater

flexibility in the process of designing a simulation

No. of Collisions
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program. The flow diagram of the.program is bfesented in

fig 2.6 and the program listing is included in the Appendix.

After inputting the simulation parameters, the program
generates an event list containing both the arrival time of

packets and the station number identification.

The arrival times are taken from an  exponential

-~

distribution function of the form:
t(k+1l) = t{k)-log[RAN(N,¥™)]/XLAMDA (2.4)

where RAN(N,M) is a random number uniformly distributed in
the interval [0,1] and XLAMDA is the packet arrival rate in

packets/sec. k is the packe:t index in the event list.

With the event list ordered according to the arrival time

of each packet, the simulation starts.

+ The first thing the program does is to check if the

simulation has ended, by testing if the simulation time

allocated has passed. If so, the program prints the

statistics of the simulation and stops.

In any other case, the program checks if a collisiom will
occur between the first packet and any other packet o}\the
event list. That collision can only take place if the first

bit of the transmission of the first packet on the event

" list, arrives to any other station after those stations have-

started transmitting. Hence the unsafe period depends on the

"
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relative position of the stations. Note furthermore that, if
the second packet in the event 1list does not collide with
the first one, that is not a guarantee .that the third,

fourth or so on packet, will not collide with the first one.

' Now after detecting a collision, the program determines
the exact time when the collision 1is detected by each
station participating on it. Also the time where the channel

.becomes idle again (after the colliding gtatiqns jam the

channel) is determined. —

Folléying ‘that, the back-off algorithm is:applied to
determine the new scheduled timé for the -packe;
retransmission. However, 1if the packet has experienced 16
collisions, it will be-discarded by the program (the délay
so far introduced to thét packet is taken into account in
the final statistics) and a new packet will be introduced to
replace the deleted packet in-‘the -even;'list. After all
packets participating on the collision are processed, a
backlog routine is used in order to queue the packets of the

same sStation to preserve the original order.of arrival.

Also the arrivals that take place during the collision
and jamming period are deferred until the channel becomes

idle again.

After a perfaa\equal to one end-to-end propagation time,

no collisions a¥ \stsible since every station on the system
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Fig 2.6 .Flow Diagram-of the CSMA/CD Simulation Program.
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has alreaay sensed the traqsmissidn of the first packet.
However, ‘arrivals may occur during that transmission time,
so those packets must defer the time of their transmissions
until the channe; is sensed idle. So the program checks that

.event and executes a deference routine.

The aeferal. routine adjusts the : scheduled time of
packets in the.event list by calculating the exact time the
channel will be sensed idle at each deferriné station.
Again, a backlog process is necessary to Queue péckets of
the same station. After all deferring packets have been
processed, the program outputs the firs®¥ paéket on the event

list as explained below. t

———
™~

~ If neither collisions nor deferals are dJetected, the
packet is free to use the channel. So- the program cutputs
the packet, updating thé.statistical counters, discardés that
packet from the event list and generates a new arrival to
substitute the deletéd packet. Tée new arrival is placed at
the bottom of the event list or is gueued (in the same list)
if another packet of the same station haé a scheduled timej

(due'to delays) greater than the arrival time of the new

packet.

‘Finally, the event list is reordered (using a Shell-sort
algorithm)  Dbecause both the deference and collision

processes may alter the order in it.
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In figure 2.7 an example for five stations is presented.
The period of time covered co:respond$ to 35 msec and in
that period 24 packets arrive. We see there that packets
1-4 wuse the channel without delay. The packet size 1is
represéntéa by tp seconds. While station 3 is transmitting
packet 4, two packets become ready ( packets 5 and 6). These
packets. wait for the channel to become idle and  start

transmitting, generéting a collision (segment ¢l in fig

2.7). *3 is the minimum packet spacing.

- After the collision 1is detected by the participating
stations, ;hey jam the channel for tj seconds (the -broken
line represent the end of the jamﬁing peried).. After the
jamming 1is completed, each station chooses a random
retransmission delay (integral multiples of twice the
end-to-end propagation delay, taken from the intervals gigen
in Table 2.1) according to the bagk-off algorithm.
Unfortunately,in the example, both stations choose the same
number and c¢ollide again (segment ¢2 in f£fig 2.7). This is
dué; as we explained before, to the discrete nature of the
retransmission delay. After finishing the jamming, the
stations choose different numbers and so packet 5 can use

the channel without problems.

Now packet .6 defers to the transmission of packet 5 and
then starts transmitting, colliding this time with -the

transmission of packet 7 from station 1 (segment c¢3 in fig
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2.7).; Here we have an interesting problem: both stations,
choose different retransmission delays and yet.they-coilide
again (ségmeﬁt c4 in fig 2.7). This problem 1is caused by
the jamming process: because station 1 chooses ta for the
retransmission of packet 7'but at that time the channel is

*

busy (due to the jamming of station 5), the transmission of

packet 7 can only start at tb' thus causing the new
collision.
After that, both stations choose 1longer retransmission

delays (recall that packet 6 has experienced four collisions
so far) and station 2 finds the channel idle and transmits

successfully packet 8. Packet 7 also is transmitted after

.deferring to packet 8.

After that a new collision occurs between packet 6 and
packet 9 (segment c5 in fig 2.7). Note here that at the
moment of the collision station 5 has already two packets
ready in its buffer. Since packet 6 has experienced five
collisions, 1it chooses a very long retransmission delay and

in fact back-logs packets 13,14,22 and 24, so at the end of

the exémple it has six ready packets in its buffer.

The rest of the example is easy to £follow. Note the
triple collision occurring in segment clé4, among stations

1,2 and 4.
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The final results for the example show that only 14

packets were successfully transmitted during the period at a

throughput of 0.5123 and an average delay of 96.2

microseconds (for the successful packets),

This. same example will be used to compare éll the
proﬁocols discussed in this thesis. Figures 2.8,2.9 and
2.10 presents results of the simulatign concerning the
delay-throughput charactéristic, the delay distribution and
the distribution of the number of collisions for CSMA/CD,
for different.values of the end-~to~end propagation time to

the packet length ratio ( a/ty ).
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2.5 . GROUP BROADCASTING RECOGNIZING ACCESS METHOD (GBRAM)

»
~
{

This 'pr6t0c61 utilizes = information concerning thé
.distr;bution of the wusers along the bus system [15,18,27].
It is assumed that in most systems the terminals are grouped
forming clusters, so-all member of a.given' group' are
connected to the bus within a small-sggqenf of it. ( see

. fig 2.117).

R S
L X T T

Fig 2.11 Structure of the Cable Bus System in GBRAM.

-

~

It,followé then that the propagation delay aj within a

group j, i's smaller than the end-to-end propagdation delay a.
A virtual token passing scheme is then used, that gives

access rights to the members of a group using the group j

| propagation delay. After all the members of a group j have
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had the right ( which some of them may have not used ) to
utilize the channel, the token is passed to the following

group ( see fig 2.12 }.

Group k-1 ; Group k+l1 Group k
o i

from group
k-2 to group k+2

Fig 2.12 Token Passing Scheme in GBRAM.

So in GBRAM, the N users are divided into M groups

J- :
according to their physical locations. Each group gj, is

74

given a 'gréﬁirslot time of length egual to the end-to-end
propagation delay a for its intra-group token passing. The
transmission attempts from different users of a group are
separated at least one intra-grgup propagation delay a;, so

J

each group can accommodate a/aj+l nodes. Following the group

slot, GBRAM allows another a seconds for the token to travel
to the next group. Figure 2.13 shows the channel scheduling

for user (gj,nj)f where Iy

L
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PERIOD FOR THE

NODE WITH INDEX
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Fig 2.13 Channel Schedulirg for GBRAM,

is the node index within the group gj} following a
transmission of node (gi,ni).j, The scheduling function is

then given as:

aa((gj-gi+mjmddM)+aj(nj-l) g

384
F(gj,nj)= aj(nj-ni) §5=63 s0 >0y (2.5)
2aM+aj(pj-1). ' - gJ.:gi,njs;ni

The algorithm each user executes is as follows:

a) If node (gj,nj) senses the channel to become idle at
time tn' then the node schedules its, transmission at time

t=tn_+F(gj’,njy where tn is the end-of-text time of’ node

'(S;’ni)' If the channel is sensed 'busy on or -before this.

e
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Fig 2.14 GBRAM Prctocol at a Very High Load.

s

time t, then part (b) proceeds; otherwise, the user (ga,n.)
can start transmitting at time t.

b) If the channel is sensed busy, then node (g.,n.) waits'

for the end of current transmission, so that_ a new t,

originated by (gm,nm) ) _can be determined and then proceeds

with part (a).

Using fig 2.14 (representing the channel situation at a
-~ wvery high load), we can derive theﬂ maximum throughput for

GBRAM to be given by:

re -

Smax= Ntn / (N(tn+td)+((N—M)/(N-l))a+2(M+l)a) (2.6)

Using. typical values (tn=400 microsec,td=1.5 microsec),

we get (with a in microsec):
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- N=20 . N=1000 "
a= 5 Smax= .9896 Smax= .9952
a=200 Smax= .7844 Smax= .9507

A program was designed to simulate GBRAM. the.program'

considers all stations as uniformly distributed along the
cable. M groups were formed using M=INT(2(SQRT(N)), as given
in the reference [15]. The flow diagram of the pr&gram'is
shown in fig 2.15 and the simulafiog results in fiqures 2.16

and 2.17.

Figure 2.16 shows the simulation example for five
stations. We can'appreciate there that each packet must wait

until its scheduled transmission time arrives. In the figure

the segment of transmission before the arrival of packet 1

and packet p0 represent transmissions of previously
generated packets. Groups are formed using the following
relations; to determine to which group station k belongs and

what position it has in the group.

\“\\\ifoup(k) = int[(k-1)*M/N]+1 (2.7)

Position(k) = int[k-N/(M*(Group(k)-1})1 - (2.8)
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This corresponds to the worst case, where all the
stations are uniformly distributed, so in fact there aré no
groups in phe syséem. In the example, stations 1,2 and 3
belong to group 1 and station 4 and 5 to group 2. 'The

intragroup propagation delay is then a/2 (not a great

. . ) N
advantage in this case). te the round robin scheme

followed by packets 13,16,15,18/and 189.

The protocol transmitted 17 of the 24 paekets arrived,
reaching a throughput of 0.6576 and an average delay of
293.6 microseconds. This result compares favorably with the

one of CSMA/CD.
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2.6 COMPARISON BETWEEN CSﬁA/CD AND GBRAM

From the previous simulation results it is clear what the

main differences between CSMA/CD and GBRAM are.

The main advantage of CSMA/CD is at low and medium loads .
where tﬁe,average deléy remains low because many packets can
use the channel without any delay (see fig 2.8 and 2.17).
This advanfage becomés less and less obvious when the rati&
betweén.the end-to-end propagation delay and the packet size
increases; In those casés the maximum throughpdt CSMA/CD
can reach decreases to the slotted-ALOHA limit (1/e) and

furthermore the protocol becomes unstable at high loads.

On the contrary, GBRAM has a great advantage from medium
to high loads due to its collision-free characteristic. 'Its
throughput remains very high and stable ‘as the 1load
increases. However the characteristic at low load is not so
good due to the protocol overhead (each packet experiences a

delay, whichever the load is).

It is also clear from the simulation results, that at low
values o¢f the ratio a/tD the differences between both

protoc@ls characteristics are minimal and they perform close

to M/D/1.



. Chapter III
PROTOCOL IMPROVEMENTS.

3.1 INTRODUCTION:

In this chapter, a number of protocols,' that we

developed, are discussed. The protocols presented aim to

-

provide improvements to the performance of CSMA/CD or GBRAM,

3.2 DISTRIBUTED BROADCAST RECOGNIZING ACCESS METHOD
(DBRAM) .

We .developéd this ﬁrotocol lookihg for an improvement
over bBRAM. The protocol description is as follows:
1- Bach ;;ation‘ knows the geographical positions of the
other stations, for example in'a_ROM table, so it can
determine the propagation time it takes the signal to

go to {or to come from) each other station.

Each étation knows who is transmitting, by reading

the address field of each packet passing by.
2~ Thé right of transmission is passed in a round-robin
*fashion, that is, after station k has (or has not)
transmitted, station k+l has then the right to use
the channel. After all stations have had their right

to transmit, the cycle restarts agaih with station 1.

_38_
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3- After station j senses the end of the transmission of

station k, - it will wait one propagation time between
station 3 and k to seé if any station in between has
started transmitting. In other words, if kaj
represents the time when the end of transmission of
station k was sensed at station j, dk represents the
position of station k and v_ is the propagation speed

of the media, we have then thét_ the scheduled time

for the transmission of station j will be given by:

ty= 4Ty + (a4 /vy . i>k

where 1 and N are the index numbers of the first and

last station -on the network (see fig 3.1).

2(a,~6.) /%

. 1 D .
Station o __1—'3 - _ . time
1 / \\ . \\ \\

2 A Y . ~ \

\ A \
/ \ ‘
k N\ N
k+1 \\‘ \\ \\
\ . \
N \\ \\ \\
Y

Fig 3.1 Channe]rAccess Scheduling Scheme for DBRAM.

asuelsLp
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We observe from fig 3.1,that the maximum time to.pass the

token ié equal to‘h(dN—dl)/vp, that is, two round trip delay

-

times.

-

One problem; of préctical natufe, is that *the propagation
time between two néighbou:ing stations can be smaller than
the bit-time d;ration.In that cése; there is no way of
-detectihg the start or the end of a transmission. The
problem is solved by adding to equa;}on (3.1) a time tyr

which accounts for the time needed for detecting the start

or the end of a transmission and processing the information .

internally (the minimum packet spacing).

The advantages of this protocol are:
1~ Is a collision free protocol. Although collisions are
'possible when the system is turned on, it is a matter
of sof;ware to provide synchronization with the
transmission of station 1 (or a successor; which
should be on at .all times, tfansmitting some
indicator packet from time to time.

2- The protocol is stable at heavy loads. Because there
is no collision anﬁ each station has at least one
opportunity to transmit every N packets, . the
throughput remains very ﬁigh as the lcad increases.

3- The delay obtained is smaller than the one of GBRAM
or BRAM, because the propégation delay time between

stations is used instead of the end-to-end

propagation delay time.

V)
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The disadvantages of DBRAM are: _

1- Adding or . moving a station implies changing ROM
information in all stations.on the network. This
makes the system too inflexible. One solution to this
_problem would be sending the position information of
each station instead of its address. With four bytes
dedicated to this function, a -highly accurate
position information would be available at, each
station. -

2- The station complexity in terms of software is

greater.

A simulation program was *designed to simulate DBRAM.
Results of that simulation program are shown in fig 3.2 for
the delay-throughput characteristic. We observe that DBRAM

performs better than GBRAM (see £fig 2.17).

-
B

The five stations example diﬁgram for DBRAM is shown in
fig 3.3. If .we compare it with the one.of GBRAM (seé fig
2.16), we can see tﬂat the throughput increases to 0.6668
from 0.6576 in GBRAM and the average delay is now 231.9

microsec., compared with 293.6 microsec. in GBRAM.

The maximum throughput for DBRAM is obtained from fig 3.4

Sggx= th/(N(tp+td)+Aa) - {3.2)
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Using typical values (tﬁ-&OO microsec,fd-l.s microsec),
we get:- '

. —
N=20 _ N=1000 A
a=.-5 | Smax= .9938 | Smax= .9962°
a=200 -.| .Smax=..9060 Smax=- .9943
Station C time

NV, -/////// \\//

: AN NN S N
NN NS LS ) :\\\\

AW N WA T \\\\
Fetedl 1 dF %t+a+4 :

, a/(N-1)
Fig 3.4 DBRAM Protocol at a Very High Load.

[ 5 TR - 7% T S ]
/
I;
]

. . | / *
We can appreciate the high performance possiﬁle with this

protocol.
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3.3 . PROTOCOL C .

This protocol is. easily derived from the DBRAM protocol.

as-follows. Recall that in DBRAM, after station j senses the

end of the transmission of station .k, it waits one

- propagation time between station j and k to see if any.

station in between has started transmitting.

-

Let us consider now fig 3.5. We see there that 1if the
transmission of station k ends at time t , that information
will arrive.at station j at time tj=tk+(ﬁj-dk)/vp , where d_

- i .
is the position of the station k on the cable and v is the

propagation speed.

Station : ’ ' . time
Kk *k / &
\ -
. tj \ .\“ - ,.f : ‘ dj
‘\ 1 ¥
— ' .
t

d

Fig 3.5 Time Relations on the Channel.

} -
If decisions could be taken/gnstantaneously, then station

i could start transmitting immediately at tj (we assume. that

3JueysLp
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j>k for the time being);_ That would creéte problems because
many stations could jump onfo ‘the channel colliding among
them. Fdrtunately, decisions can not be taken
inétantaneously, so each station will take té seconds, £from
the time it senses_fhe end of the transmission of station k,
until it can put the first "bit of its packet onto the

channel {the minimum packet spacing).

Hence we can define td as the minimum decision time. So

tg

process of determining whether or not-<to use the channel and

seconds after tj' station Jj will have completed the

-

started the transmission if'so.

It follows then that +t. can be used as the separation

d
time between transmissions, 1In other words, 1in protocol C
every station waits the time 3just necessary to know whegher-
the previous stations have declined their right to use the

channel [26,28].

The scheduling aigorithm for protocol C is shown in fig’
3.6 and 1is defined as foliows:

1- The systém is assumed in the steady state And station

L haS»been the last one to use . the channel, en@i%@

.its transmission at time t This event will be

1
sensed by the other stations at times given by the

following expression:

tj=t1*(dj"dl)/v§ - . ) (3.3)
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Fig 3.6 Channel Access Scheduling Scheme for Protocol C.

After sensing the occurrence of t, (at time tj),

station j schedules its transmission (by loading

appropiate counters) (j-l)td seconds after tj’ If at

that time station 5 has something to transmit and no

other station has started transmitting, then station

j can begin transmitting immediately. If station j

has nothing to transmit, it 2a + Nt

wi;; wait a

seconds to try again.
If station k, with k<j, starts transmitting before

the scheduled time for statior j, then each other

~station in the system will stop its delay counter and

wait until sensing the end of the transmission of

station k to resume the counting.

3jue3sSLp
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Note that station 1 should synchronize the system

by transmitting, . from time to time, its own

information or some dummy packets (also called
locomotive backets in the literature).

We can appreciate how simple the protocol Clis, as
compared with CSMA/CD, GBRAM or DBRAM. Each station has only
to manage counters and sense the channel. Furthermore, 1if
the distribution of the stations- is not uniform, the
schedﬁling function remains unchanged since the décisions
are taken considering only the value of td, which only

depends on the hardware used.

////\X///////f\\

N NN/ / /)]
[/ NN NN\ /] /]

|
]

1
/

|
1

A A A N VA,
i Ftod4 AFta
NQtp + td) + 2a

5

Fig 3.? Pfotocol C at a Very Eigh Load.

At a very high load, the channel will look as in fig 3.7.
From that figure, we can obtain the maximum throughput of

the protocol C to be:

'M‘
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‘Using typical values (tp=400 microsec,t

49

Smax—rth/FN(tp+td)t2a) . (3.4)

d-l.S microsec),

we get the following results for Smax in terms of N and a :

N=20 N=1000
a= § Smax= .9950 Smax= .9962
a=200 Smax= .9490 Smax= .9953

A program was designed to simulate Protocol C. The flow

diagram of the program is shown in fig' 3.8 and the program

listing is included in the appendix. The example for five

- stations is shown in fig 3.9. Figure 3.10 presents the

simulation results for the delay-throughput characteristic.

By comparing fig 3.10 with fig 3.2, we observe that the

performance of protocel C is better than the one of DBRAM.

-

- —crm———

-
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.3.4 PROTOCOL D

The next protocol we developed was lcalled protocoi ‘D.
Tpis protocol huses a rese%vation period before the
‘ transmissﬁon perfod “din a similar way to the bit-map
protocol [33]). The protocol works as follows (see fig

3.11).

F 2a + Nty 4/‘0

NI IS NI TN T
/7 NN\

™~
/f’“\\

[ L) [/ NJ)
[/ \\\\\\ [/ . N[/

| [/ A\VA
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Fig 3.11 Protocol D Scheduling s$héme.

We have there a reservation period that consists of .
exactly N slots (N being equal to the number of stations-on
the systemi. If station 1 has a packet to send, it transmits
a "one" bit during the first slot.

No other station is allowed to transmit duriﬁg this slot.

Regardless of what station 1 does, station- 2 gets the
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opportunity to transmit a "one" during its slot, again only
if it has a packet ready to go. After all N bit slots have
pas§ed-by, each station has a complete knéwledge of which
statiéns wish_to. transmit. At that point (to - in fig 3.11)
they begin transmitting, in numerical order. Since every one
agrees.on who goes next, there will never be any collision.
‘After the last ready station has transmitted its- pa'cket,
another reservation period is begun. Note that if akétation
becomes ready just after its bit slot has passed by, it is
“out of luck énd -mustwremain silent until the reservation -

period starts again.

ﬁe can appreciate in fig 3.11, the lack of symmetry of
the reservation period due to the finite propagation speed.
It is also ‘clear that the reservation period will last for

1

2a+Ntb seconds, where tb is the time duration of a bit. At a
very high 1load, the reservation period will consist of a
sequence of ones, followed by the transmission of N packets
(separated among them by ty seconds, the interpacket time).
So it follows that the maximum throughput for this protocol,

considering fixed size packets, is given by:
Smax= th/(N(tp-:-td-o-tb)-i-td-i-Lx.a) (3.5)

Using typical values (tp=400 microsec,t =1.5 microsec,

tb=1 microsec), the following values result for S:
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N=20 N=1000
a= § Smax= .9911 | Smax= .9937
a=200 Smax= .9038 Smax= .9918

-

.The simulation results for this protocol are shown in fig

3.12 for the delay-throughput characteristic.

shows the simulation example for five stations.

-

there the reservation periods (RE 1 to RE 9) f

transmission periods. For instance,

period RE 4

, backets 4,5 and

6 become ready

Figure 3.13

We can see

cllowed by

during the reservation

and their

originating stations send indication bits to inform that.

After the

reservation period

ends, the packets are

transmitted using the station ordering, that is,

followed by packets -4 and 6. Pac

during the

transmission of packet

reservation period RE 5.

packet 5

ket 7, that become ready

4, must wait

until the’
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3.5 THE HOLE FILLING CONCEPT: PROTOCOLS E AND F

As we have shown, protocols C and D perform very well.
The next step would be to think in improvements to these
protocols. By using the graphical model, it was easy to

discover how to improve both protocols.

Let us consider fig 3.14. We show there the pattern as
seen on_the chadpel in a system with five stations at a very
high 1oad: We can appreciate how both protocol € and
pfofocol D do not make full use of the channel by leaving
the "holes"™ indicated in fig 3.14 (a} and (c). L those
"holes” are due to the round-robin characteristic of the
protocols, that is, after station N ( the last in the
system) has finished its transmission, station 1 will-
transmit next or will -initiate the reservation period

depending on the protocol.

Considering protocol D, the "holes" can be filled by
reversing the order.in which the station transmits, that is,
after station N sends its feservation bit it will start
transmitting immediate;y, as shown in fig 3.14 b). This
variant of protécol D, was named protocol E and was also
simulated, - the results being presented in fig'3.12_for the
delay-throughput characteristic and fig 3.15 for the

simulation example for five stations. Again the reservation
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periods are denoted by RE1 to RE 9. The throughput
increases to 0.6810 from 0.6360- in protocol D, whereas the

average delay decreases to 299.5 ‘microseq from. 351%.2

*microsec in protocol D.

In protocol C, the "holes" are filled by reversing the

order in which stations transmit in an alternating pattern, .

‘that is, station k transmit after station k-1, then the next
time it follows séation k+1 and so on (see fig 3i34 (@)). In
this case- thé; variént was named protocol F and the
simulation results are preéented in fig 3.16 for the

delay-throughput characteristic. . Fig 3.17 shows ' the

simulation example for five stations.. ~ Note that the:

terminal stations (station 1 and 5) are allowed to transmit
two successive packets (if they' have two or more reagy
packets). That allows a fair distribution of the average

delay among stations. The thfbughpuf is 0.6960 and the

average delay is 166.9 microsec. .

From fig 3.14, we can derive ther maximum troughput for .

protocols E and F to be given as follows:

[ . hel

Protocol E

. —

Smax= N‘tp/(N(tp+td+tb)+td+2a) (3.6)

+

Protocel F

Smax= ZNtD/(ZNtD+2(N;l)td+2a) (3.7)

61
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Using tYpﬁcal values (tp-400 microseé,td=l.5 microsec and

get the following results:

-;\.\

JFor protocol E,

- N=20 N=1000
a= 5 - Smax= ,992¢4 Smax= .9538
a=200 Smax=s .9466 Smax= .93828 .
For protocol F,
Q N
N=20 N=1000
a= 5 ~ Smax= .9958 Smax= .9999
a=200 Smax= .8722 Smax= .9994 i

As we can see from the above results, protocol F has the
highest throughput of the studied protocols. However,
the performance of all these protocols at very light loads
is not very.good as compared with the one of CSMA/CD. That

is because each packet in those protocols is delayed by a

—_—

certain time,. as given by the scheduling algorithm [14,25].

«
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These facts were used to define a hybrid approach tﬁat
functions ' as CSMA/CD at light loads and chanées to a
collision freé.protocol as the load inc;eases. That apprdéch

will be discussed in the next chapter.

-~

-?



Chapter IV
THE HYMAP PROTOCOL

-
-

4.1 INTRODUCTION

In this chapter we describe HYMAP, a new Hybrid Multiple
Access Protocol'fof Local Area Networks. The protocol
combines features of both CSMA/CD and a collision-free
protocel. Control is being transferred froﬁ one protocol to
. the other.,according to state information sensed on the
channel. The performance of HYMﬁ? is evaluated, for both
data and voice lpacketsp using simulaﬁion and compared
favorably with ofher protocols already discussed before in
this thesis,.

e

4.2 "PROTOCOL DESCRIPTION [35]

The protocol we will describe wutilizes the best features.
of both CSMA/CD and a collision-free protocol. Each station
is assumed to take full advantage of all the information

that 1s available on the channel.

-
Each station is assumed to have the capability of doing

e

the following tasks:
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-

1- .Sense its own -<ollisions. BEach station compares
bit—by:bit the inforﬁation it sends with the one that

"+ ' it senses on the éhannel.

2- Sense collisions of other packets on the channel. The
.station detects irregufSEities in the. information

- passing through it. The irreqularities are _things

N such aé‘packet'incompleteness, groups of bits without
any order, etc.

3- Determine the source and destipation addresses. The
station reads this information from the packets
passing by. '

4- Detefmine the stgrting and ending time of a packet
transmission. In tﬁis sense, stations shéuld also be
capable of detecting very short transmission lengths
( down to one bit). =

5- Defer to outgoing transmissions before using the

channel.

We also assume that the channel is noiseless and there is

no capture effect on the packets.

In order to have a better understanding of the protocol,
we will explain it through an example. In the example (see
fig 4.1), we have a cable system with five stations

connected to it, The protocol is as follows:

1- Bach station, if' it has something to transmit, can_

start the transmission of a packet immediately after sénsfng
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Fig 4.1 HYMAP Protocol Example.

that, the channel is idle. In the example shown, packets 1

and 2\follo§@that péttern. The packet duration is t, sec.

2- If the channel ts sensed busy and if no collision is

-

detected on the channel, then the stations ready to transmit
defer the time of their transmissions until the channel is

sensed idle.

In the exgmple, packet 3 defers to packet 2. The minimum
separation time between packets is denoted by td sec. After
that, packets 4 and 5 go onto the channel without problems.
ﬁp to tﬂis point the é&stem follows a CSMA/CD protocol. Note
that at the time packet 5 1is going through the channel,
three packets become-ready (packets 6,7 and 8). The stations
with ready packets will wait until they sense the end of
transmission of packet 5 and then they will transmit their
packets, generating a collision, as shown in fig-é.ll o ¢

-
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The collision will Dbe “detected by the stations

éarticipating in it by comparing what they trahémit with

what they sense Sn the channel. The rest of the stations

will use the irregularities detection capability described
before t§ detect the collision, |

. Y

-~

3- 1f a collision is detected, then each station in the
system {with the exception of -station -.l1) enters to a
wait-while-listening state. - In this state, sStations wait to
héér an’ indication t;ansmitted by station 1 and then follow

the procedure indicated below.

_4—‘S£ation. 1 after sensing a "collision on the channel
waits -until it senses the channel idle and starts: a
éynchronization procedure. The procedure consists of sending
a bit (or grdup of bits)"to indicaté whether or not station
1 will transmit a packet .fclléwing the synchronization bit.

tb is the duration of this synchronization bit (or bits).

Note that it 1is possible that station l'detects the
channel id;g,:_ while there is still collision produced
information on the channel travelling towards gtation 1. In
thaéﬁ case, a -new collision will occur and it will be
detected by the system, forcing station 1 to go back to

point 4 of the protocol.

In the example, station 1 ‘senses the channel idle after

the collision at t then it sends a "one" as synchronizing

1'
-bit and transmit packet 7.

4 - T ! i
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5- Station k, “after sensing the indication bit or bits
from station 1, will schedule its next transmission using

the:algorithm described below.

NI T T IN ] Q
Wy 7 ——3
4 \\\\\\_// // \\ Z/Bit indicatio'n 5
s LN/ N 2
et T

Létvgs consider fig 4.2. We see there that each station
waits t& see the indication bit of station 1 pass by its
location. After seeing that indication, station k schedules
its*transmission (by starting decrementing counters) using

the followi7g’ﬁéjpression (assuming N stations in the

system):

ts(k)=(k-l)(td+tb) . for k>1 (4.1}

This synchronization sequence is repeated after T sec,

where:
[

(%]
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T = Ntgrty) + 2a | (4.2)

—

- Note that just béfore station k starts transmitting, ié
sends a bit indication to inéorm the other - stations of its
. intention.  If a station j with j<k' has already Set its bit
iggicq;ion to "ecne"™ and started transmitting, then all
stations, after sensing that, stop their counters until they

sense the end of the transmission of station j.

The schedulingrscheme could also work without requiring
from stations (other than station 1) to send a- bit
indication. We'will comment more about this later. In that

case the scheddling function is the same but with t,=0.

In the example (fig 4.1), after station 1 sends packet 7,
station 2 sends a Mzero” bit indication to inform the system
it will not use_its fight to transmit. -Then station 3 sends
a "one" bit indication and packet 6 and after thét'stgtion 4
does the same. Note that up “to titis time three packets
(backet5‘9,10 and 11) ﬁave become ready, so they also go to

~ the channel using the Same préﬁedure (éee fig 4.3}).

Wy

6~ If no station has packets ready to send, =then each
station will see negative bit indications passing by. So
after counting N of those negative indicaﬁions each station
assumes the load has décreased and the procedure returns to

the CSMA/CD mode (point 1 in fig 4.3)..

e

»n
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In the example after packet 11, five "zero™ bit

indications go to the channel, so the protocol changes to

i

CSMA/CD and packet 12 goes without delay.

—_—

Note that if we do not use bit indications, a time-out
counter can be used at.each station to detect that the load
has “decreased. ‘After that time-out, if no packet
transmission is sensed, - the system returns to CSMA/CD mode

of operation.

It is not difficult to see from the protocol description
that it should perform better than CSMA/CD at light loads.

The reason is that a packet is allowed to collide only once.

‘After that collision, the packet will be delivered using a

collision-free protocol, whereas in CSMA/CD that packet,

after eiperiencing a back~off delay, has - a certain -
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probability of Eq&}iding again. On the other hand, teygn.at
high ;oads‘there'is a probabilify 'of having gome periods of
time without requests 6n-fﬁ;‘i;hannel. In those periods.ﬁhe.
proé?col jumps to CSﬁg/CD and the mnext request :is.served
ﬁithouf aelay. Soltie-protqcol jumps back and forth f}oﬁ one

" mode of opg¥tion to the other at all levels of ldading.

The schematic diagram of operation for station 1 is shown
in fig- 4.4. 1In fig 4.5 the corresponding scheme for each

other station is_ shown.

-~
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4.3 PROTOCOL FEATURES _ .

-

We will comment on some of the protocol features with

respect to a practical application.
a. Simplicity -

As we can see from the schematics shown in figs 4.4
and 4.5, the actions each station.is requijred to perform are

very simple.

There 1s no problem in reading packets since this is a
task each station must perform 'ahyway. As we explained
befof;, the collision‘ detection procedure £for packets
generated by other stations requires just checking certain
properties of a packet. &Among these properties we have the
presence of a starting flég character, control characters,
address field,_ information field, CRC field ané a.

termination flag. -All these processes just require very

'simple bit storing -and manipulation.

Other processes involved only‘ réquire the loading-and
management of counters, which do not need any complex

mathematical calculation.

b. Robustness
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At light loads the protocol is identical to CSMA/CD,

~
-

so if-a node fails, this does not mafe any difference in the

system operation. _ . ‘\2

At medium and heavy loads problems may arise due to
timing inaccuracies in the stations or due to line errors

produced by noise and generating incorrect bit patterns.

These problems can be avoided by making the stations
from time to time, synchronize their clocks with the

transmission of station 1.

>

-In the case that -station 1 fails, then ‘after a
time-out the following station (i.e. station 2) can assume

its job. . .

In the case that any other station fails or is
off-line, the operation-is not complicated. For instance, in
a N station system, each  station after sensing the
indication of station 1 or its successor, schedules 1its
transmission using equation (4.1). Thaf scheduling 1is
totally independent ofnthe stateh§f the otﬁer stations. The
only information from the other stations that 1is uéed, is
the negative indication each station transmits, which is
counted before transferring the procedure to CSMA/CD. This
operation can.be realized by using time-out counters in the

case that a sﬁation fails. -

c. Optimality

oi
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For light loads the access to the channel is granted
immediately. If a collision occurs, the packet delay will be
bounded since no more collisions are allowed after the first

one.

For heavy %oads. the protocol wuses a fast access
method, that is waiting the time just " necessary to be -
certain the previous station has declined its right to

transmit.

For these reasoms the protocol 1is expected to perform
better .than other protocdls, including the adaptive tree

walk and the urn protocols [6,21,33].. .

-

4.4 PERFORMANCE OF HYMAP

@
i N

fo
Due to the complexity of describing analytically the

-Jump, back and forth, process .from CSMA/CD. to a

collision-free protocol, ~we, will only present results

obtained from a simulation study.
‘ '

The maximum throughput for HYMAP is easily obtained from
fig 4.6, which represents the channel situation at a very

high load.
It follows that:

'Smax:th/(N(tp+td+tb)+2a) (4.3)

P
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Fig 4.6 HYMAP Protocol at a Very High Load.

W

Using typical wvalues (tp=400 microseé, t ,=1.5 microsec

d
and tb=l microsec), we obtain the following results:
°
N=20 N=1000
a= 5. Smax= .9926 Smax= .9938
a=200 Smax= .38468 Smax= .9928

Comparing these results with the results obtained for the

. = other protocels, it follows that HYMAP has a very good high

load performance.

A program was designed to simulate HYMAP. The flow .
diagram of the program is shown in fig 4.7 and th% program
listing is included in the appendix.

!
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The simulation example for five stations i§ shown in fig
. 4.8. We observe that the collision of packets 5 and 6, after
the transmission of packet 4, makes the system to jump to
the collision-free procedure. After tHe channel is sensed
.idle by stat%ﬁ: 1, it starts sending the bit indication and
the procéere

~.

reached is* 0.6767 at an average delay of 180.5 microsec.

ontinues as described before. The throughput

These results compare favorably with .all the previous

examples shown.

Figures 4.9,4.10 and 4.11 show the delay-throughput

characteristic of HYMAP, together with the characteristics

of other protocols such as GBRAM, CSMA/CD and SDMA. It is

clear from the figures the advéntage bi KYMAP over those

-protocols, botipat light and heavy_loads.

} .

Table 4.1 shows the 95% confidence intervals of. the
simulation, expr;ssed as a percentage of thg mean Qalue of
the waiting delay. It follaws .then that the iimulation
~results are reliable enough, especiélly considering that
thesg confidence intervals were obtained using only 8

"samples for each point [32].

-
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THROUGHPUT . 95 % CONFIDENCE INTERVALS

a/tp=0.5 | a/tp=0.1 | a/tp=0.0125 |

0.1 + 4.56 | £ 4.28 | + 4.04

0.2 £ 4.37 | = 3.60 | %= 3.45

0.3 + 4.09 | + 3.91 |+ 3.89

0.4 bz 4.31 t 3.83 t 3.66

0.5 £ 4.29 | %+ 4.95 | + 4.52

0.6 |+ 3.67 |+ 3.86 | = 4.06

0.7 t 4.5 | + 5.40 [z 5.56 )

0.8 + 7.69 | = 8.08 |. & 8.21. -

‘ x -
Table 4.1 95 % Confidence Intervals for HYMAP

( £ % of the Mean Value).: o —

The delay distribution per station 1is shown in fig 4.12,
for both a low and a high throughput. It is observed that at
low vélues of S, low numbered stations have lower meaﬁ
~delays, but the spreading is not important, . especially

- =
considering the large value of a/tn.

The distribution of the duration of the delays for
CSMA/CD and HYMAP is shown in fig 4.13, for two values of S.
It is seen that HYMAP has a lower spreading in the values of

the delay duration, especially at S=.7. . Over 103 _of the.
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packets in CSMA/CQ experience delays longer than 4.5
milisec, whereas only 1% of HfMAP packets experience such -
delays. Furthermore, B86.6% - of HIYMAP éackets experience
delays shorter thén 1.5 milisec, .as compared with~5?.9% in

the CSMA/CD case.

From the figures, it is clear that HYMAP performs better
than the other protocols, especially dgfn the propagation

delay 1s comparable with the packet lengtﬂ{\‘_“\\\
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4.5 VOICE PERFORMANCE OF HYMAP

A simulation analysis was done to evaluate the voice

performance of HYMAP [2,4,12]. We assume that 2N voice
stations are connected to a cable of  length L (km). The

stations are uniformly distributed along the cable.

The voice information 1is coded using a 64 kb/sec PCM
scheme at each terminal and the voice information is framed
into fixgé length packets of 100 bytes ( 590 bytes correspond
to voice information and 10 bytes to control information).
So the voice'infp;;atibn in each packet is 720 bits long and
to feed the receiver with 64 kb/sec, each voice terminal

must then transfer 89 béckets/sec. It followsr then that the

interpacket arrival time equals ll.24£%ilisec.

The statistics for voice conversations [19]; indicate the

following averages‘}a a typicéllcéll:

Talkspurt duration= 1.366 sec.

Silence duration = 1.802 sec.
Talking = 43.53 %
Double Talking = 6.58 %

18.97 %

1]

Mutual Silence
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We can then assume that, in a 2N voice terminal system,
only N voice stations are active, at any given time, talking

to the rest (all this at the peak.hour).

Let us now consider a 10 Mb/sec cable system. Depending

on the multiplexing scheme we can conclude the following:

- A classical time division multiplex (TDM) system is
able of supporting up to 156 half-duplex 64 kb/sec voice

circuits. This®translates to 78 full-duplex voice circuits.

- A synchronous packet system can suprrt fewer
hglf-d;plex voice circuits because of the control overhead
on each packet. For 100 bytes ﬁackets, as defined beforé, a
_ synchronous packet system can support up to 140 hélf-duplex

voice circuits.

It can be concluded then that HIMAP will support fewer
than 140 " half-duplex voice <c¢ircuits, due to the

non-synchronous nature of the protocol.

The program designed to simulate the voice performance.of
HYMAP, 'genera;es 89N packets/sec using an exponential
distribution. This is a wvalid assumption if silence
detection is being performed at ‘each voice terminal. All
packeﬁs with delay greater 'than 11.24 millisec.  are
considered lost. Hence, depending on the cable capacity and

the number of stations, a different loss .is obtained.
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Usually a voice information loss of 2% or less 1is well

tolerated by an average listener, so that value was used to
determine the number of voice terminals that can be actively

using the system.

——

Loss (%5 ' s
30 9
20 1 . I
+
1 Ngjsec . 10 Mb/sec 4£

10

5 ] /+

2 ' S _:;;74;"— ~ Tmber of Stations

10 11 12 13 14 15 135 137 139

Fig 4.14 Voice Packets Loss Rate for Hymap.

The simulation résults, shown in £ig 4.14, indicate that
for a system with a capacity of 1 Mb/sec. up to 11 voice
terminals, at a throughput of .78, can be supported. at 10
Mb/sec., up to 137 voice terminals, at a th;oughput of .97,

can be'supported by HYMAP.

The actual number of voice terminals connected to the

syétem, can be increased by considering the fact that no

!
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station uses the channel 100 $ of its active time, due to
silences among words. So it 1is possible to connect roughly

up to 2.5 N telephone circuits to the system, that is; 340

telephone c:rcuzts approxlmetely at 10 Mb/sec. Furthermore, .

using concentrators at each voice terminal, around "1000 °

telephones - could be operated with a low bloéking
probability. [16]

"These results compare favorably with the .ones reported

for CSMA7YCD and GBRAM [15,16].. Those results indicate for:

CSMA/CD a capacity of 84 voice circuits at §= .66 and for
GBRAM a capacity of 125 voice circuits at S= .85, both in 10

Mb/sec systems.

-



ChapterV
CONCLUSIONS

The thesis has. addressed the problem of desiéning bus
. protocols in Local Area Networks. We have made extensive use
of a "graphical approach, introduced in chapter III, to

develop tﬁeée protocols and also to analyze others.

The graphical approach allowed us to understand very

closely what the different protocols do wher used in a cable

system. It also helped us to design very reliable simulation

programs, since an extensive use of practical information

such .as finite propagation delays, non zero turn-around

time, uniform dis¥ribution of stations, etc., has been
ey v .

L3

utilized on the proérams.

In chapter II we analyzed and simulated CSMA/CD and
“.GBRAM,‘ two well known protocols that served us as starting
points to déveiop the protocols described in Ehapter III and
Iv, It was'concluded that CSMA/CD has a better performance
Qbah GBRAM at a light load; whereas GBRAM leads at high
vakﬁeé'of ‘thé load. In terms of complexity, CSMA/CD 1is
simplér-to *implement and haé the advantage of not reguire

from the stations to be on §t all times.
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The 'protqc ls we developed chapter III: DBRAM,
protocol C, protdocol D, protocol E and~protocol F/ greatly
improve the performance of GBRAM by using m efficiently

the information available on the channel.
[~]

Protocol F is without guestion Ehe best performer of all
those protocols, if the delay-throughput cha;acterisaiq-is
considered. However its ;o&plexity, particularly the problem
of syn;hroni%ation at lightlloéds, is also bigger.

One particular disadvantage of most of the protocols
described in chapter III (especially protocols D and B), 1is

that' all stations in the system, having or not ready

-

packets, must be active all the time, sending reservation:

information. DBRAM, on the other hand, " must have available -

at each station the position of all stations in the network,

preventing so an easy change of the system's configuration.

Protocol C is an attractive alternative, since is a very
simple scheme that only requires-from the stations to wait
the amount of time just necessary to determiné' if another
station has started transmittihg. It does not require that
all stations be active at one time. Only fhe first station

in ‘the network must be active at all times, sending dummy

packets, in order to achieve synchronization in the network.

All the previous protocols share a common disadvantage,
with respect to CSMA/CD, that is their delay at light loads,

is greater due to the .scheduling scheme used.

K
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HYMAP, the protocol analyzed in chapter IV, solves the -

problem mentioned before, by sharing the best features of
CSMA/CD and‘the collision-free protocols. At light load it
has even a better response than CSMA/CD, whereas at medium

and heavy traffic it closely performs like protocol C.

It should be clear that the collision-free procedure is
not protocol C, but a modified vetsion of it that inﬁroduces
bit indicatﬁon'sequences. As we cémmented in chapter IV, the
main problem of HYMAP 1is for the stations to éynchronize
with the transmission of station 1 after a collision has
taken place, and also when the traffic has decreased, to
return to the CSMA/CD mode éf oberation. This is the reason

bit indication seqguences are used.

The performance of HYMAP shéuld,improve by first deleting

the bit indication segquences -in all but station 1

(by using a time-out counter to return to CSMA/CD) and -

secondly by ‘using a protocol F modif i

épproach would * also free all stations : burden of

being on at all times. The approach mentioned Nas been left

for future work.

The voice performénce of HYMAP was studied considering a
sysiem - with only voice stations. The simulation results
indiééte an improved performance as compared with the one of
CSMA/CDw‘Ef GBﬁAM. Future work will hizg to deal with
combined voice and data traffic and the use of a more

accurate voice traffic model.

[ cdure.  This .
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. Summing up, the main contributions of this thesis we
think have been:

- Use of graphical methods -as an -aid in the design of

/

Local Area Networks protocols;

= . Improved simulation analysis of CSMA/CD and GBRAM;
Y \ . -
- Development and simulation analysis of five other

protocels and

- Development and simulation analysis of HYMAP, 2 new

Hybrid multiple access protocol.

}




in the event list.
’

Appendix A
PROGRAM LISTINGS

?

A.l DEFINITIONS OF TERMS AND VARIABLES

“A.1.1 Packet and Channel Times
TJAM = Jamming ti;e after a collision in CSMA/CD.
TSLOT = Slot-time, equals twice the end-to-end prop. time.
TPACK = Packet size. |
TDEL = Turn around time.
‘ TBIT-= Bit-time duration.
TMAX = Simulated time.
TINI = Initial time,
TTRU = Final time
TFIN = Time of the last packet arrival.

]
TTDELY = Time window for obtaining the delay distribution.

AJ1.2 Station and Event List Parameters

NDEVIC = Number of stations connected to the system.
ND(k} = Array containing the station number of packet k in
the event list.

T(k) = Array containing the time value of packet k in the

0

event list.

DELAY(k) = Array containing the delay value of packet k

NCOLLI(k) = Array containing the No of collisions
.—97.—




A.l.3

98
of packet k in the event list.
NPACKT(k) = Array coﬁtaining.the No of packets outputeaf
by station k. | |
TC(k) = Array containing the collision detection time
of packet k'in the event list. ' |
STIMGE(k) = Array containing the summation of packet
arrival times of station k.
STIME(k) = Array containing the summation of“packet
transmission times of station k.

LBUFF = Length of the event list.

Random Number Generator Parameters

M5,M6 = Random number generator seeds for the
arrival process. .
M?,MS = Random number generator seeds for the backoff

process.

ipSEED = Random number generator offset.

JAL2

CSMA/CD SIMULATION PROGRAM

The following pages show the program listing of the

CSMA/CD simulation program. The other programs share most of

CSMA/CD routines, so those routines will not be presented

for sake of saving space. However, the organization of the
‘ A : _

program§ will be included.

-
b

LA



666 FORMAT (¢ TJAM='>F12.8y° TSLOT=,F12.8+" TFACK=',F13,8s" TUELZ y

J I

3

Li

RS Y- A P —

0K K K 3K K S K K3 K KK K 3K K KK SR KK K KK ROICK KK R RO KO R OK R KKK
KKK CSMA/CD 2.1 SImULATION 21/LEC,, KECKK
*************X****************X**X*X**k***x*k**x*
TIMENSION TGL100YNICL100) s NFACKT(100)

UIMENSION DELAY(I10Q)»NCOLLIC100) +LFCOLCLI00)LFD
DIMENSION TCC100) s NUPACLO0)Y »STIMBE (‘1 00Q) + STIME(
NIMENSION SQUARE(100)» NDEL (100)»TS{100)

CDHHON TyNDy DELAY ¢ NCOLDI s SWISTC ‘

-~
.

ZEF‘lOO)
1O0)Y ¢ STIELAT (100D

KKK KORAOK KK X INFUT SIMULATION DATA **X***XXX****

KSIM=1

KMAX=2

TYFE S

FORMAT(’ INFUT TJAMsyTSLOT»TFACKs TOEL M3y M&»SEEL )
ACCEFT & TJAMy TOSLOT TFACK s THEL »MT» M« LSEED
FORMAT(EL2.3+F12.3+E12.3,E12.3s18916216)

TYFE 666 TJAMy TSLOT - TFACK s TREL » LSEED

N F12.8:‘ LSEEI='s14)

" TYFE 1 S
FORMAT( / INFUT NDEVIC,LBUFFsNFACsL1 (O=FRIJsNINTER»BACK. TLEL')
ACCEFT _rNDEUICyLrUFFyIN/rLlyL~;hS-*TﬁELY

FORMAT(I4»I4r16»14714,14,F 2.8) .
TYFE 222sNDEVIC,LEUFF KRS . - s
FORMAT(/ NOEVIC='s14:’ LBUFF=’,14, RACKOFF..LIN=QEXF=1",137
TYFE 3 i ‘

FORMAT (¢ INFUT ARRIVAL RATE (FAC/SEC)» NUMEER OF ITERATIONS)
ACCEPT 4»XINICsLSTEF . S -
FORMAT(F10,07r16)

UF=TSLOT/ 2/ SRIEVIC-1) - - .
NINTER=LZ2 ’ . . ) Tl R
TOIST=TTHELY/NINTER : _ -
LSUF=LEBUFF-1 .

£y

POOR COPY -
R COPIE DE QUALITEE INFERIEURE

Tp—————

- " (%
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e el 0
o N

190
125

170

Q0 2550 LO=0sLSEEDN

M7=0 | o
ME8=0 _ .
IF(LSEED.EQR.O)GOTO 90

X=RAN{HS s Mo )
CONTINUE

XLAMDA=XINIC

TMAX=IN7/XLANDA

SWI=0 ‘

TYFPE 91»XLAMDA TMAX _
FORMAT (7 XLAMDA=’sFP.2+7 THMAX='»F12.48)
TYFE $1sXLAMDAYTMAX '

XkX GENERATE THE EVENT LIST XXX

-II0 135 KA=1sLEBUFF )
CCALL GENERA(RA:Y NDEUlbrO.vLinHAA-XLﬁhDQquvHo)

STIMGE(NI{(RKA) )=STIMGE(NI{KA)I+T (KA

CONTINUE

NGPAC=LEUFF :
TINI=TC1) - | ..

¥kK STORT THE SIMULATION. STOF AT THAX XXk

IF(T(1).GE. THAX) KSIM=KMAX
IF(T(1).EQ.999)GOTO 10 .
TF=T(1)+TFACK - .
IF(T(2) GT.T(1)+TSLOT/2)G0OTD 175
IF (ND(2) EQ.ND{1))GOTO 175
IO 170 K=2sLRUFF
KCOL=K
IF(TCR) . GT.T(1)+TSLOT/2)60T0 172 ,
IFCTOR) JLT.TC1)+ARS (NINCK) ~NLi( 1) )XUF+1 . E-8)LFCOL (K =1
IF(LFCOL(KJ,ER-1)LCOL=1
CONTINUE .
FAUSE ‘EBUFCOL”
GOTO 70
IF(LCOL.EQ.O)YGOTO 175 /
LCOL=0
GOTO 70
IF(T(2).GT.TF+TSLOT/2)G0TO 4%
[0 180 K=2yLEUFF
KDEF=K
IF(T(K)GT.TF+TSLOT/2)GGTO &0
IFCTCRY WLT . TE+AES SND (K ) —NII (1) 3 KUF+1.E~8) LFDEF (K) =1

\\SDNTINUE

FAUSE “RUFLDEF'
GOTO 60

=== STATISTICS FDR QUTFUT FACKET===

o .

POOR COPY -
COPIE DE QUALITEE INFERIEURE

‘
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49 LGAF=0
50 - NF=NLI(1) .
X= T{1L)
STIME (NF)=8TIME (NF)+X
KSEG=INT{(DELAY (L) /TRISTY+1
IF(KSEG.B3T.NINTER)RSEG=NINTER K
NDEL (RSEG) =NIEL(KSEG) +1 ' - :
NFAC=NFAC+1
T NPACKT (NF)=NFACKT(NFY+1
. IF(DELAY(1).LT.0)FAUSE ‘LEL-0"
NSUMCO=NSUMCO+NCOLLI(1)
SUMDEL=SUMLEL+LELAY (1)
SHELAY (NF)=SHELAY (NF)IFIELAY (1)
X1=X-LELAY (1) '
IF (NFAC.BT.KLXS00)30 T8 7
IF(L1.EQ.1)GC TO 3%
GO TO 58 ) -
TYFE S71sKL:INTCINTXL./S500) <.
1 FORMAT (' FROGRAM IN PROGRESS. SEGHMENT # “sI4s’ OF “sI4)
KL=KL+1 )
GOTO 572
58 TYFPE S5y NFyNFACKT(NF)Y s T (1) «DELAY (1) y NCOLLI ¢1) s NUFA(NF ) =.
55 FORMAT(’ FA. 79Iy’ #FA. 515y  QUT. »F12.8+7 DEL. sF1Z.8»
N7 ECD.’sI4y QUEUE SIS - -
59 NCOLLI(1)=0
DELAY(1)=0 N
54 KTOF=1
-~ CALL UELETE\LBUFFyh|DF> , :
516 IF(KSIM.ER.KMAX)GOTO 56 ] :
NSFAC=NFAC ‘

8}
~j
!

L

TTRU=X4TFACK :
G2 CALL GENERA(LBUFFSNDEVIC»TCLEBUFF - 17L1,THAX s XLAMIA»HMI » M&ED
IP(T(LRUFF).EQ. 999JGDTD Z50
NGFAC=NGFAC+1
TFIN=TI{LBUFF)
N1=ND(LEBUFF)
STIMGE(NL)=STIMGE(NIL+T(LEUFF}
00 245 KE=LSUFsl,~1 ’2
IF(ND(KE) JEQ.NITAND.T(RE? .GE.T(LEUFF »GATO 24¢
245 CONTINUE :
) GOTO 250
249 X=T(KB)-T(LBUFF)
T{LRUFF )=T(KE: TTFQCRTTDEL
DIELAY(LBUFF )=X+TFACK+TIEL
GOTO 2% . R
06 T{LBU 1=999
. GOTD 17
250 IF(IB.NELCIGDTO &01
IF(LFLAGL.EQR.1)G0T0 251 .,
7 GOTO 17
251 LFLAGL=0 . ’

_—— "

POOR COPY -
COPIE DE QUALITEE INFERIEURE
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L

[

1020
1010

1000

1001

1003

1004

GOTO 254

CONTINUE )

k% QUTRUT FINAL STATISTICS XXX

TRUFUT-xNSFAC*TFﬁCh JCTTRU~TINID
AVIFAT=(TFIN=-TINI}/NGFAC"

AFACSE=1/AVIFAT

00 1010 KG=1yLRBUFF
TRELT=STIME(KRG)-STIMGE (KRG
TOTLDEL=TOTDEL+TDELT
IF(NG.EQ.NIEVIC+1)LP=1

IF(L?.EQR.1)G0 TO 1010

TYFE 1020sKGyNFACKT (KG)» TOELT ySIELAY (KS)
FORMAT (" DEVICE’»Iés’ OUTFUT yIds’ DELAY »F12.8,F12.87
CONTINUE '

CL9=0

—FE 1000 NFAC SUMIEL TRdFUT

~

FORMAT(* NFAC=’,16s° CHOEL=+F12.8s7 TROUGHFUT='sFo.4)
TYEE 1001yAVIFAT»APACSE :
FORMAT(* AV.ARRIV.TIME  +F12.8y’ AUV.FACK FER SEC. »F12.2)
X=TOTDEL/NGFAC
Y=SUMDEL/NFAC
TYFE 1003sXsY '
FORMAT (' AV DELAY sF12.8,° CHAN/TCOT DELY .8)
TYFE 1004sNGFAC:NSFPAL
SORMATC’ OVER A TOTAL OF *+I&s° FAC. “+1I4.° FAC. QUTFUT
nQ 1050 K=1sNINTER ' .
TYFE 1055sK»NIEL{KD
FORMAT(/ INTERVAL “sI4»’ FREQUENCY “:I4)

J=INI}H§ES(K)*100./NPQC)
FORMAT (P42 SJ+15)

NDEL (K)=0
CONTINUE .

%x¥% CLEAR COUNTERS ANI CONTINUE %kx

I8 22 LOo=1LBUFF
NCOLL.ICLOI=0
LDELAY(LO)=0
CONTINUE

KL=9

D0 93 L7=1NIEVIC

"NUFPACLYI=0

STIME(LY)=0

STIMGE(LY =0

NFACKT(L7)=0

CONT INUE

TF=0 r
KSIM=1

NFAC=0

POOR COPY - - _
COPIE DE QUALITEE INFERIEURE
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1009
100

I

-~

L

70

SHEL=0

TYFE 3333!”47Hé

FORMAT (" MS=‘'ys1dy’ ME="»18)

TYPE 3333sMSsHo

TOTDEL=O . —

SUMDEL=0

LETEF=LSTEFR~1 ' ‘ . :
IFCLETER.EQ.0)STOR "END OF RUN’ -
GO 7O 99 . '

===EFERENCE ROQUTINE===

00 120 J=2yKDEF

. IFCLFLEF(J) L EQ. 05070 100
TX=TE+ABS(NOCD) -ND (L) Y RVF+TREL
DELAY (D)= DtLAY(J)?TX =T4d)
T{J)=TX
LFOEFCS)=0
IF(LILEQ.1IBOTO 100
TYFE 1009y Jds NIy TOD)
FORMAT(’ DEFERENCE »I4,I14,F12.8)

CONTINUE

LINDIC=KDEF

LFLAGL=1

GOT0 3000

w

===COLLIEION ENFORCEMENT ROUTINE===

00 500 L=1,RCOL
IO 510 J=LsKCOL
IF(J.EQ.LIGOTO 5190 ’ ‘
IF(LFCOLC) WEG.O)GOTD 510 '

IF(ABS(T(I)~T1 ) . 6T, Q:U\NUnJ)—ND\]' XUF+1.E*E

X=ABSIND{J)-NI(L ) » XUF
TCLI=TL(LI+X
TC2=T(H+X .
IF(TC() JEQR.C.OR.TCL.LT.TCC) 3 TC (I =TCL
IF(TC(L)Y.EQ.G.OK. TCZ.LT.TC'L);TCaL)—xC°
TS1=TC(L)+TJAMEX
TS2=TC(JI+TJAM+X
IF(TSL.GT.TS(I» 0TS (d)=TS1
IF(TS2.6T.TS(L»)TS(L)y=TS2
IF(LLI.EQ.1)BOTO S10
TYFE S21:LsJsTCL1»TC22»TS1»T32

FORMAT(Y L=/yI4, J= 314, 'TCi="yF12.8, "TC22"»F12.8y iTSl TyF12.8,

‘TSE2=7yF12.8)

CONTINUE
IF(TC(LY BT T(134+TSLOT/2060TE 350
CONTINUE

06 600 J=1,LRBUFF -

IF(TCC LER.OXGOTO 650

POOR COPY . : -
COPIE DE QUALITEE INFERIEURE T
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IF(NCOLLICJ) NE.1Z)G0TD 4605
KSEG=INTI(DELAY(J)/TLEST)+1
IF(RSEG.GT.NINTERIKSEG=NINTER

NIEL (KSEG) =NDEL (NSEG) +1

X=T(Jy-DELAY (D)

C SUMDEL=SUMIEL+DELAY (D) v

SIHELAY (NINCD) ) =BDELAY (NDC YFHIELAY (J?
STIMEIND(I» ) =8TIME(NDI(I)I+TC ()

TYFE 806 XsNIICI) s TC\J)rNUFA\Nﬁ\I')

FDRMAT(’ FACKET “»F12.8+BY LEV.’ AT FLlZ.8»190
GOTO H15 . *
VCDLLI(l\ NCDLLI\J)+1

L TX1= TC(JJ&TJAMTTSLOT*LﬁQhOF\NU\J¢rNCDLLI\J)-KH-m +3)
IF(TXL.LE.TS{II X TXLI=TS(JI+TIEL ’

DELAY (D =DELAY(J)+TX1-T-(J)

ﬂ[_i'\‘_

;F\UELAY(J).LT 0YFAUSE

7COL DEO”
TCH=TX1
LLFLAGL=0
, IF(L1.EQ.1)GOTG 600
T TYPE 6889y JsNDCJI) » TEJ) s NEOLLI () |
FORMAT (7 —— :',14,l«,r13737Tu; '
CONT INUE .
FAUSE “ERROR 1°
LINDIC=LEUFF -
BOTC 254 ' '
CALL DELETE(LEUFF~J)
18=18+1
GOTO 416
I8=I8-1
BOTO 400

=z=zANDITIONALDEFERENCE ROUTINE=

LFLAGS=1

GOTO 20006
LFLAGS=Q

g 800 M=2s LEBUFF

IF(LFCOL(M? sEQ.1.OR.T(H)BT.T

TX=T (M)
LUF=KCOL
o 850 L=isLUF
- IF{LFCOL<(L)

== N

(13+TELOTH+TJAMIGOTT 800

LEQ.1I60TO 850

TI=TC(LI4+TIAMTAESINDIIM) NI (L ) 3 kUF+TDEL

) IF{T1.BT.TX)7X=T1
CONTINUE
DELAY(HI)=DELAY (M) +TX=T (M)
T(H)=TX

CONTINUE

D0 2510 KB=1+LEUFF
LFCOL(K8)=0
TS(KE)=0

LIN

POOR COPY -
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7 TCI(K8) =0

 CONTINUE
- LINDIC=LBUFF

G070 254

28]
(A
Py
O

]

C ===ARSOREING ROUTINE===
[: .
3000 L0 3010 KD=1,LSUF
\ DO 3020 KE=RD+1sLBUFF .

IF(T(RE) JEQ.99F . ORNI{RE ) SNENIIRIDIGOTE 3020
IF(T(KE)Y .6T. T(KIWIGOTO 3020
Xa=T(RE)
T{KE)=T(KINALEACK+TIEL :
- DELAY(KE)=DELAY (KE)+T(RKE)=-X4
3020 CONTINUE
3010 CONTINUE ™-_

IF(LFLAG3.EQ.1)G0OTQ 630

IFC(LFLAGL.ER.1)G0TO %0 ) '

@
o
)
o«

===REDRIER ROUTINE SHELL SORT===

i

LEAF=LINDIC
IF{(LGAF.LE.1>50T0 2690
LGARP=LGAF/2

270 NSWIT=0
MAXEEENIIC-LGAF

Pk O 02

&5
A1

IR LLE.TCI+LGAFI IGOTE 290
CTEMF=TC(ID

T(I)=T(I+LGAF)

T(I+LGAF ) =TEMF

LTEMP=NII(I)

NI ) =NI{ IALGAF)

NO(I+LGAEA =L TEMF

TEMF=LELRY (1)

DELAY (D) FIELAY (I+LGAF)

DELAY (I+LGAFR) =TEMF

LTEMF=NGZOLLI(I)

NCOLLIAT »=NCOLLI(I+LGAF) Y

290
200

TF2WIT.NE.CH)GOTO 270
5070 255
RED CONTINUE ¢
IF(KSIM.EQ.RMAXIGOTO 168
GOTD 17
END .
L. N
SUEBROUTINE DELETE(LBUFF»I1)

‘pgshipopv - L
|COPIE DE QUALITEE INFERIEURE



COMMON T(lOO);ND(lOO),DELAY(loo)yNLOLLIklOO)vS&IyTC(lOO‘
D 700 J=I1yLEUFF
DELAY(J)=DELAY(J+1Y
NCOLLI (J)=NCOLLI(J+1)
TC(I)=T(Jd+1) -
TC(JI=TC(J+1)
NINCJ)=NI(J+1)
700 CONT INUE

© RETURN

END >2 : ‘ .
SUBROUTINE GENERA(LEUFFNIEVIC X3 vL1s TMAX s XLAMDA s M5y 1&) -

COMMON T(10G) - ND(IOO)-HELAY(lOO)-NCOLLI(lOO)yQUI
IF(SWI.EQ.1)G0 TO &7
X1=X3
SWI=1
&7 CONT INUE
X=RAN{MS» M&)XNIEVIC
xX=X+1.
NICLBUFF )Y =INT (X)
X=RAN (M3 MS) ‘ ‘
X2=X1-ALOG (X)) /XLAMIA
X1=X2
T(LEUFF)=X2
IF(TCLBUFFI LGT.THAX) T(LEUFF ) =599
IF(LI.EQ.1IRETURN ' :
TYFE 43y LBUFFyNDILBUFFY»T(LRUFF) 2
43 FORMAT(IA4»I6F12.8)
RETURN
END

FUNCTION LEBAKOF (JO>KO»KSyM7+M8)

IF(RKS.NE.Q:GOTD 210
o .
" ==|_INEAR BACKOFF===
C .

IF(RO.LT.BIGQTO 220

N=50

GOTO 930
220 o N=2+&XRK0
P30 LPQRUFwINT(RﬁNkH7rH8)XN) )

RETURN P15 N=2X%kK0-1
(i T GOTO %30
C ===FXFONENTIAL BACKOFF=== END

710 IF(KO.LT.8)GOTD 915 ™

N___'jnz'

GOTO 930

P

POOR COPY s
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A.3 GBRAM SIMULATION PROGRAM f

The simulation program . for GBRAM consists of the .

f;llowing routines, some of them have already been presentgf_//,\
in the previous sectiqn:. : b : —
- Input Simulation Data; . -
- Generate the BEvent List; '
= Group and Position Routine;
- Start Simulation, Stop at TMAX;
- Qutput Final Statistics;
~ Clear Counters and Continue; S,
- Subroutine SCHEDU; ’ .
- Subroutine DELETE; |

~ Subroutine GENERA.

A.d DBRAM SIMULATION PROGRAM

In thig c#sé the organization of the program is:
- — Input Simulation Data;
- Génerate\the Event List;
- Start the Simulation, Stop at TMAX;
- Qutput Final Statistics;
- Clear Counters and Continue;
- Subroutine SCHEDU:; < .
g-- Subrout}ne DELETE and
- Subroutine GENERA.



A.5

PROTOCOL Q.SIMULATION PROGRAM

Here the organization of the program is:

[

Input Simulation Data;
Generate the Event'List:
Start the Simulation, Stop at TMAZX;

Qutput Final Statistics;

-

Clear Counters and Continue;

Subroutine SCHEDU:
Subroﬁtine‘DELETE:
Subroutine GENERA.

by

108
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[mw'ﬁ"::.-*:zm'r I AT AR T TN T

-

XXX START THE SIMULATION. STOF AT THMAX ki

083

GBRAM
NF =1 <t ) |
CALL SCHEDL(l:lyTWEL) g S~ .
IFCTOLY LT TSINDC(L)) RO TO L3330 \
XTI -TSIND(LO
00 1340 K=I-LEBUFF
YT (RY=TS{ND(R)?
IF(Y.LT.X)X=Y
1340 CONTINUE
LX=INTOXSTRFERD
LY 1300 K=1.NDEVIC
TTEIRI=TSINISLXRTPER
CONTINUE
LoX =
'I.':r'{n‘l.,.‘_.‘.'.:-_:,“-\-\lnuj_- SRV
TROT (LY JBEJTSCNDCL Yz 72
OELAY (L d)=TS(ND Ly -7 000
- TF=TS(ND(LY 3+7FA0N
NF NIONgL s )
TIME(NF =STIMEINF HTEONED ‘
NFAC NFAC+1 . N\
NENCNT'NT‘—NpGCNT’N¢)¢1
SUMDEL=CUMDEL+TELAY {1
X1=TSI(NF)~DELAY (1)
IC(NFAC.AT.KLKSQC: G0 T2 &7 -
TE(LLLEQLENE0 TO me
GG TO e
IFINFAC.GT, N‘*°“O+“‘“““_
TYEE STLNFTSIMF Y DELAY (L
FORMAT O DEM., 7 I3« QUT 4
NOOFLZ2.ES
Call DELETES
ITF(RSIM.EQ.
NSFPAC=NFAT
TTRU=TF
Gé Call GENERACLEUFFSNIEVIC,» TILRUFF-1D -:._17 FMe s XLaMling M3 e
IFCT(LEUFE Y JEQ.S99 G0 TO 224
NGFAC=NGFAC+T . .
TFIN=T(LEBUFF)
STIMGE (NI (LEUFT 1 ) =8TIMEE ! NlnL?.WF)?+T(!BUFF)
LGROUF=LARINF
LFPOSIT=LEOINFD
catl SCFEDLf‘LlUU:-‘CDLW’ ToEL:
NE=1
0 1410 =21 BLUF?
IFOTCL) 0 GT.T (lﬁ(J A TO ia
TF(TS(ND(J):.LT.zc(hﬁxNSFEWNE
1410 CONTINUE
: TEATS(L) JGE ., THAX RS IM=KHAX
IF(TCL) L ECGLRROIGR TO 1¢
IF(NS,EG.1Y60 7O 132¢
TTEMF=T/{NE)
NTEMP=NIN(NE?
1430 TING)I=T(NS-17
NOCNSI=NIN(NS-11]
NS=NE-1
IF(NS,.EQ,1)XG0 T 1420
_GD TO 1439
1420 T(1LY=TTEMF o
' NLD (1) =NTEMF —_——

10 CONTINUE {COPIE DE QUALITEE INFERIEURE
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1410

wkk START THE &

IF(NFAC.GT . SLXG00 KL =KL

CONTINUE

% % DBRAM LA X ]

»

IMULATION, STOF av

NF=1
CALL SCHETULL.TDEL)
IF(Tﬁl\.LT.TS&ND(lﬁ)E%D
X=T{I-TSINDCOL YD
00 134C K=l BUFF
YT R =TS ONINCR YD
TF(Y.LY.XYX=Y
CONTINUE _
LX=INT{X/TFERY -

it

-
?J
il
0!
-

SO0 L300 R=LAMDEVIC

TEIRI =TSN TLXKRDFER
CONT INUE
LX=1
IFAY(LY JGELYSINDCLM 0G0 70
'rkT(L).GE.TS(Nﬁil???E T
DELAY (L =TS (NT {1 v =T 1
TFaTSINDCLI )+ TRACK

qi
!'1
s ]

STIME (NFY=STIME(NF ) &TEINE

NFACKT (NF ) =NEACKY (NF 341
SUMTIE mSUMDEL = NEL Y (1
X1=TS(NFI-DELAY (1,

IF (NEAC. BT, RLXTONVED TQ S7
IF(LLLER. LGB0 TO =¢ .
GO TO 5S¢

TYEE 5?-N:-7¢(NF}~IF|HV
FORMAT(TA-F12.8+F12.6+158
CalLl GELETE(LRUFE 13
IFIRSIM.EQ.RMAXYED TO Sa
NSPQC=N?QC

TTRU“

Call GENERACL ?t..rNDbJ C-TiLE
:F('\ZBUFrn.EQ FRLIGE0 TN 2S¢
NGEFAC=NGFRFaAC+L
TELIN=TCLRBUFED

STIMGE (ND(LBRUFE) )=ETY
Call SCHEDUNF,TIEL)

o
)

D0 1410 J=2.LBUF¥
TFCTOSYBT.TSNDO I 260 70 1avd
IF{Te NI L LT LTS ONDINE Y I NE=

CONTINUE

IF(TEOL ), BE,, THAL I KET M= MAX

IFCTOL Y EG,R9950 TR 10

IF(NS.ER,13B0 70 1326

TTEMP=T(NE) .

NTEME=NII(NT) A

TINSI=TI{NG~1

NOINS =NDH(ME -1

NE=NS~1

FENSLEQ.LE0 TO 1az0 -
GO 7O 1430

TTCLY=TTEMP

NOCL)y=NTzMF . . . o
50 7O 1330 -

1) NEATET LUF
~

PP AN

THAX %X

‘Pooa COPY -

LE?PIE DE QUALITEE INFERIEURE



T Ty

bt ot
L3

tn L3 Lh
[ BRI N

*¢x  PROTOGOL D **%-

XXX START THE SIMULATION. STIAF AT THAX XxXx

NF=1 S

CALL SCHEDU(TEITs TOEL) ‘
TFCTCL)LLT.TFIGO 70 1330
X=T (1 1-TF

LX=INT (X/DFER)

IFCOPERYFRACOX/UFERY JET L OND L - YR OUFETRIT Z L= (5]

TF=TF+L XKDFER
[0 1300 K=1,NLEVIC
TS (K =TSR FLXXDFER

CONTINUE
DD %100 RK=NOEVICs1s-1
D0 S110 J=1s+ BUFF -
TF(NTIC Y LNE L RYBED T 51y

IE{T(d) BT TR+ RK=1 )X UF+TRIT; 260

-~
S0 a

DELAY () =TR (R Y=T (.

TOUT=T8(KD

OC S290 LaRK-1+1s=1

: CTS(LNETE R A TEACK S TIEL &0 K-,
CONTINUE s
NE =K
STIME(RIESTIME (K STS (KD
NFAC=NFAC+: '

CNFACKTONF  =NFPACKTINF 3 21
QUMGEZL=SUMOELLTELAY (K
Ki=TQINFI=DELAY (N
IFCNFAC. BT KLYXSOSIED T
IF(LL.EQ. 16D T 9
GO TO 58 :

tOIE(NFAC BT WKLXSOO YR =R &1
"'VDC SS.NE. 1Q|1~JF...|51 oY 0R ..:\J
FORMATY DEV. 137 CUT a7 Q
I4:512.8) '

CalLlL DELETE (L BRUSE, I
CIF(RSIMLERWKMAX)IBD T8 Sé
MSFAC=NFAC

TTRU=TE.

Cail GENERA(LBUFF.NIEVIC.T (L
IF(T(LBURRY ,EG.999:60 T4 fo
NGFaC= NGF404“

TEIN=T(LBUF

ih

h=3
=

Tl

I

SAUARE LRI =SRUARE (KO FHELAY (K e DEL

VT

Ure -

]
b
(]
(o]

1 ol THAK s XL AMD

ulTﬁGLEN“(LnLFc')=C7TMC:’Mﬂ’L UFF s +T L BLFE
IF(TS(1) . GE, THAX I KSIM=KHAX
CIF(T(1),ER.999)60 TO 10
50 TO $10C

CONTINUE , :

CONTINUE ' -

TF=TOUT+TFACK+TUEL+ (NF =1 ) %UF

GO TO 1320 |

CONTINUE

POOR COPY -
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. ;:;“BPUUP SNT FOSYITION RO 0T sk

[0 1200 F=1.KDEVIC :

LER(KI=INTCCR=-1NGRY L, -1l J0 100+ L '
LEOIR) =K~ NUEUIC/NGF*thF'r“-L)

1200 CONT.INUE

&

o2

SUBROUTINE SCHEDU(S3.LF, TREL) : ;

COMMON NDEVICHNGRsNFyUF s TE 3 TELOT W TSLE 71 LARIIA0 S LEG{100)
COMMON T(100) +NI{100),S¥ITS 10 T
D0 2100 K=1sNDEVIC
IF(LGR(NY JEQLLEIGO TO 7i1s
TSOR)=TFHIATRIONF—RD ¥UF D TELOTeORpD (LT 0 Saa3e o],
N TELOTIRLED =7 - Ity
G0 YO 2100 '
IF (LFD(KY .GT.LFIGO TO 2134
TSR =TF+IARS (NF =K 3 RUF 4 TSLOTRNERS TS T 1w (L5210 b1 V2 T e
G0 TO 2100

I
j
o

2520 TSCHISTAHIARS (NF =N« wUR 270 L QT Sw L8R 05 =10 3 0 gy
2100 CONTINUE

RETURN

END
#%%%  GBRAM ROUTINES ***=
s . .
. o SUERCUTINE €THENUC LAST TnEL
COMMON NOEVIC,NBR:NFEHVE-"7y SIOT-TSLLT L0300 0% - J80 150,
COMMON TC100) sMI(L003 - GWT- (17t
U0 2100 K=1:MDEVIC
IF(K.LE.LASTYBCG 70O 2i:¢
TSR =TF+2%UF R (R-L&sT 24 TREL
G0 TO 240 .
2110 TS RKI=TF+ M INDEVIC-1 3 +3 2 (K- A5 T) JAVFFTIEY
2100 CONTIMNUE
RETUEN ¥
ENTI
*#*#%*x DBRAM SCHEDULING ROUTINE ****
0 , .
SUBROUTINE SCREDUCTTIT TTRL

COMMOM NUEUTC e MER o piF s v, TS T TE DT s BRI T s A LI 00
COMMON TO100 s D (200 a8l s 1
TD ’}100 '—-'1,.\,,.uE‘H"(".

TS (I = RANDEYIC=Jm L 3wy F SO I IS T [T 10 2 7s
200 TONTINUE ) —
RETURN

END
ol PROTOCOL D SCHEDULING ROUTINE ****

4

POOR COPY "
COPIE DE QUALITEE INFERIEURE

-t




L o L P e o i P e = ST TP T = T S et mems = e m e o e i, emr =

.

A

REzant st it

. . : : | 113

A.6 PROTOCOL C SIMULATION PROGRAM

- Here the program i§ as follows: -
- iﬁput Simulation Data: .
- Generate the Event Lisﬁ; ‘

- Start the Simulation, Stop_??rfMAx;‘ Qf

- Outbut Final Statistics;

- Clear Counters and Contihue}i

- Subroutine‘SCHEDU:

- Subroutine DELEfE;

" =‘Subroutine GENERA.

A.7 PROTOCOL F SIMULATION PROGRAM

This program differs from the previous one only in the

main body (Start the Simulation, Stop at TMAX) and in the

“/i: Subroutine SCHEDU.
A.8 HYMAP SIMULATION PROGRAM
The organization is as follows:
& - Input Simulation Data;
- Generate the BEvent List:
- Start the Simulation, Stop at TMAX;

Deference Routine;

Collisicn Enforcement Routine:

1

Start Collision-Free Procedure;
-;\Reorder.the Event List:

- Subroufine SCHEDU;

/

m
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Subroutine DELETE; . T

Subroytine GENERA,
4



1

- 3*** PROTOCOL C =w++ N

¥Xk START THE SIMULATION. STOF AT THAX XXX

RSy

NF=1
CaLL SCHEuu\z,.na
) IFCT(1Y.LT.TSINDIC1)Y))GD 90 1339
1310 x=T(1>—Ts<Nn(1)>
D0 1340 K=2sLERUFF
Y=TCRY=TSI(NI(K) )}
2IF(Y LT XOR=Y
1340 CONTINUE
X=INT (X/DFER)
1350 00 1300 K=1s«NDEVIC
TS(R)=TS (N )HLXKDFER
1300 CONTINUE
LX=1
IF(T(1) . GE.TS(ND(LYYIBR TO 1
IF(TCLY .BELTSINDC1Y )G TO 1310
DELAY (1)=TS(NI(1))=T(1)
SDUQRE(NU\l))—SQUAnE\ND(l)‘*D&LéY*LJ*UtLH.k]’
TF=TS(ND{(1))Y+TFACK -~
NE=NII{1)

STIME(NF)=STIME(NFI+TSINF? '
NFAC=NPACEHL -

NEACKT (NF ) =NFACKT (NF) +1 % \
SUMDEL=SUMDEL+DELAT{L) -
X1=TSINF)Y-LELAY (1) :
TIF(NFAC.GTRLXS00YG0D TO &7
VIF(LLL.ER.L1080 TO 9
* 30 70 S8
IF(NPAC. BT RLXSOO+2) RKL=RL+1
TYFPE SSsNFsTSINF)» DELA(al;,hFACNthF)-,l .
FORMAT(’ DEV,. I3y’ OUT AT ‘»F1Z2.827 AFTER ’“»F10.8»7 35EC
CALL TELETE(LEBUFFs1J .
IF(KSIM.ER.KMAXIGO TO 358
NSFPAaC=NFAC
TTRU=TF
36 . CALL GENERA(LBUFFsNDIEVIC»T(LBUFF-1Y L1 THAXyXLAMDA TG 1SS
IF¢(T(LBUFF).EQ.999)GD TO Z50
NGFAC=NGFAC+1
TEIN=T(LEBUFF
ISRIR) ﬂGL\NU(LEUFFJ)mbTIHGE\NU'LfUFF.JT:RLDUF”)
250 Catl SCHETU(NF,TIREL?Y
NS=1
00 1410 J=2sLRUFF
IF(TC)Y WGT. TS(Nﬁ\J)))GO TO 141¢
TFCTSINDCI) ) W LT TSINDINS )y NS=J
1410 CONTINUE :
IF(TS{1) .GE. THAXS KSIM=KMAX .
IF(T(1Y ,EQ.999)6G0 TO 10 ’ ;
IF(NS.EG.1)60 TO 1320 . d .
TTEMP=T(NS) '
NTEMFP=ND{NS) .
1430 T(NS)=T(NS—-1) . : N
NII(NSY=NII(NS-1) '
NS=NS-1
IF(NS.EQ.1)60 TO 1420
GO0 7O 1430

LE R

—
[P 7Y
O O

& R FTR
G 000N

-3

- L1420 T(L)=TTEMF

TNDC1) =NTEMF o _ : ——
GO TO 1330 POOR COPY ..
10 . CONTINUE COPIE DE QUALITEE “INFERIEURE

[41]
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X**rSTéRf THE SIMULATION., STOF AT THAX XXX

0O

. PROTOCOL F

CNF=1
LOIRJ=1
1320 - CALL SCHEDUILDIRJyTRIT,TDEL)
S IF(T(L).LT.TS(LFINX)GO TO 1330
1310 X=T{1)-TS(LINI) .
LX=INT (X/DFER) ' s
1350 IO 1300 K=1:NOEVIC :
TS(K)=TS(K)+LXKXIFER
1300 CONTINUE
1330 IF(LDIRJ.EQ.0)GO TO G100
LINI=1

LEIN=NIDEVIC

G100

LS8TE=-1
5129 U0 9110 K=LINIYLFIN+LSTE
IO 5120 J=1rLBUFF _
IF¢NDCY) JNELKYBO TO S1Z20 ' oY
IF(T(J).BE.TS(K)IGT TO 5110
DELAY(K)=TS(K)=T{J4) ’
SRUARE (K)=SQUARE (K)+DELAY (RIXDELAY (K™
TF=TS(K)+TFACK
NE =K
'STLHEuh)=ST1ME\h)+TS(N}
NFAC=NFAC+1
NFACKT (NF)=NFACKT(NF ) +1
SUMLEL=SUMIEL+DELAY (KD
X1=TS{NF)=DELAY ¢(K)
¢ - IF(NFAC.GT.KLXS00)50 TO 57
IF(L1.EQ.1)GC TO %%
: - G0 TO 58
57 : : IF (NFAC.OT .KLXSCOIRL=KL+1
58 ~ TYPE SS+NF»TS(NF)>DELAY(KY s NFACKT{NF) » X1
55 FERMAT(’ DEV. sI3s° OUT AT “sF12.8s° AFTER “+¥10.8s7 SEC
x5 " N 14yF12.8) '
59 IF(LDIRJL.EQ.0YGO TO 5210
- LFN1=NDEVIC
LSTi=1
, G0 TGO 5220
5210 LFM1=1
. Z - LST1=-1
5220 0 5200 L=KsLFN1sLST1
} TS(L)=TS(LY+TFACK ' <o
5200 CONT INUE
CaLL DELETE(LEBUFF+J}
IF(KSIM.EQ.KMAX)BO TO 56&
NSFAC=NFAC
TTRU=TF
56 CaLL GENERA(LPU?F,NDEUIC,T(LBUFF 1701 THAX XLHﬁnHrﬁuyﬁo}
IF(T(LRUFF).EQR.999)63 70 250
NGFAC=NGFAC+H1 : - . .
TEIN=T(LBUFF) .
STIMGE (NIN(LRBUFF ) )= TTIMGE(ND(LbUFF))+T(LPUFFJ
CIFC(TS(1) .GE.THAXOIRSIM=KMAX )

I
(&}
Lo

IF(T(1).EQR.999)G0 TO 10 -
GO T0 5110 GG TO 1320

5120 CONTINUE < 5130 LDIRJ=1

5110 CONTINUE : - G0 TO 1320
IF(LDIRJ.ER.0)G0 TO 5130 1 1o CONTINUE
LIIRJ=0




.

2100

SUEROUTINE SCHEDU(LAST;TDEL)

COrtiON NIEVIC NGRyNEyUF»TF»TSLOT» TSLOTL»LGRLCO
COMMON TCL1O0yNOCI100)+SWITS(100D
DO 2100 K=1,NDEVIC
IF(K.LE.LASTI)BQ TO 2110
TSR} =TF+ (K~ LA‘1)XUF47UEL&(R“LHHT)

G0 TO 2100

TSR TEH (NDEVIC-LASTHR=1)h CUFSTOEL 4 e pdLEWT - 0 0 a8 T i
CONTINUE
RETURN
EN
*##%*x  DPROTOCOL C SCEEDULING ROUTINZ **n»
-4
SUBRGUTINE SCHEDULDIRGTRIT»YDEL

COMMON NDEVICsNERsNF e UFs TR TSLOT TS0V JGR 1O

COMMON T(100) »nND(100) rEWTTS(100)
IF(LOIRJ.EG.0)60 TO 2150
[0 2100 J=1sNIEVIC

TE(U =TS+ (=13 X (VF+TEITHTIEL)
CONTINUE
RETURN - §
D0 2160 JSNDEVIC:1,-1

TS( ) =TS (NDEVIC) +(NIEVIC~d) 4 UF+TRIT-TIEL )
CONTINUE
RETURN -
EwND

***  DPROTOCOL F SCEEDLLING R0UTINE *#%*

\PooR COPY . : .
COPIE DE QUALITEE INFERIEURE
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*ws®’ ° HVMAD DROTQCOL  **** - -

XXX START THE SIMULATION. STOF AT THMAX XixX

IFCTOLY .CE. THAXINSIM=KMAX

IF(TOLY.EQ.999:G0 TO 10

¥xx CaALCULATE FREE TIME FOR NEXT FACKRET XxX
TF=T{1)+ABSNI(2)-NI{ 1) ) XVF+TFACK .

¥%X IF SUCCESS FRINT STATISTICS OF PACKET XxX
IFCTFLLT.T(2Y) 30 TC &9

k¥ IF DEFERENCES OCCUR MANAGE THEM XXX
IFCT(2)-T(1) BT ABRS(NDI2)=NR(L) ) RUF) GO TO &0

L KXX ELSE A COLLISION HAS TAKEN FLACE %%

GO TO 70 .

¥kk STATISTICS ROUTINE FOR.FPACKET- KX

R=nNII(1)

X=T (1)

STIME(R)=STIME(K) X
SQUQRE(N)ﬂSGUQREtﬁ)+DELAY(1)*DELQY(l1

XXX UFPDATE COUNTERS XXX

KSEG=INT(HELAY (1) /THIST)+1 .
IF(RKSEG.GT.NINTER)KSEG=NINTER

NIOEL (KSEG)=NIEL(RSEG+1

NFAl=NFAaC+1

NFPACKTCR)=NFACKT (K +1

SUMDEL =SUMDEL+OELAY (1}

X1=X-LELAY (1)

IF{NFAC.GT.RLXSOCIGO TO &7

IFCLLLEQR.IIG0 TO 39 :

GG TO &8

TYFPE S71sRKLs INTCINTXRL, /500 .
FORMAT(” FRDGhﬁﬁ I FRUGRFUQ. SEGMENT 4 “+I4s’ 0OF “+14)
RL=KL+1

GO TO 59

TYPE SSsReT{1isDELAY (L) ¢ NFACKT(RK y»X1

FORMATC(Y DEV. I3, QUT AT “»F1i2.8,  ABFTER “sF10.8s° SET’»
fNF=‘I4y ORI HF12.8)

DELAY(1)=0

Xk¥ DELETE FPACKET FROM EVENT LIST #®xx

CALL DELETEC(LRUFFs1)

IF(KSIM.EQ.KMAX)BO TO 5& -

NSFAC=NFAC

TTRU=X+TFACK

Xk¥ GENERATE A NEW EVENT #%x

CALL GENERA(LEUFF NIEVIC» T(LEUFF-1)sL1s THAX XLAMDA M5 1id )
IF(TCLBUFE) LJER.299)60 TO 250¢

NGPAC=NGFAC+1

TFIN=T(LBUFF)

STIMBE (ND(LBUFF ) y=STIMBE (ND(LEBUFF) )+ T(LEBUFF)
GO TO 250

T(LRUFF 1=999%

T—— N

POOR COPY -
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HE ]

a0

i
= k2
o0

1osE NG
[EHR & I &)
b GF

750

740

¥k DEFERENCE ROUTINE XXXk

0 610 Jd=2+LEBUFF
TR=TCIY+ARSINDCI I -ND (L) SR VFE T TEALNS
IFCT(YLGT.TFIGO T &0
X¥X UFDATE COUNTERS XXX
DELAY ¢ 2 =DELAY (D) FTF-TCD
TCI=TF
CONTINUE
0 TO 250

XXX COLLISION ENFORCEMENT ROUTINE k¥

..d

i
it
—

00 710 K=1rsLEUFF .

Lo 720 J=1yLEBUFF : T
IF(JLEQR.KIGRTO 720
IFCABSCT(IY=TO) Y JOGTABRSINT(I)-NIL1)IXUF GOTL 7108
TEIT=T(K)FARSINDI(J)Y ~NTH{R) y kUF
IF(TCULY JEQRLOITECILI=TFIT
IF(TFIT.LT.TC(JX2TCCLy=TFIT

CONTINUE

CONTINUE
IFCL1 . EQ.1¥50T7T0 751

L0 752 K=i,LBUFF \
IFCTC(R) LEQ.OHYBATO 751
TYPE 733 KsNO(K)-TCLR}
FORMAT(I4yI4F12.8
CONTINUE

U0 EPCcRRL1EEY  savo 740 : \_

TXNI=TCIK)+ABRS (NIN(K) -1 ) XUF
IFCTXNDGT. TENDD TEND=TXNL
IFCLL.EQR.1IBOTO 736
CONTINUE

k% START FROTOCOL C XX

CALL SCHEDU(TEND, TEIT, THEL,NIEVIC,VF)
LCOUNT=0
D0 7410 K=1,NDEVIC
00 7420 J=1yLEUFF
IF(ND(J) WNE.K)GD TO 7420
IFCT(L) GT.TSIKY )60 TO 7410
DELY=TS(K)=T(J)+DELAT ()
SRUARE (K ) =SQUARE (K +UEL Y RDELY
TE=TS (K)+TFACK
ik KSEG=INT (LELY/TDIST)+1
f. IF(KSEG.GT.NINTER)KSEG=NINTER

T2 G NDEL(KSEG)=NDEL (RSEG +1 -
T chouerLcouwT+1, o _

[
LJ .‘.
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STIME(KY=8TIME(RI+TS(RKY | °
NEAC=NFAC+HI

NEACKT (K) =NFACKT(K)+1

SUMDEL=SUMDEL+ZELY

Xi=T& NI -DELY

IF(NFACGT.RLXS0C0)IG0 TO 74320

IF(LLI.EQ.L)GBO TO 7432

GO TO 7431

7430 TYFE 7435 KLs INTCINVXL.A/A300) :
7435 FORMAT (7 FROGRAM IN RROGRESS. SEGMENTE “+T4-7 OF 7140
KL=KL+1 -
G0 TO 7432~
7431 CTYFE 7434+K»TS(K) »DELY «NFACKT (K Y X1
7434 FORMAT(. DEV. "« I3s° OUT AT +F12.8+° AFTER “F10.8s " SEC v .
Ny TONPETsI4s OR.TeFL12.8)
432 0 7440 L=Ks+NIEVIC
TSI =TS(L)+TFACK
74490 CONTINUE
CalLlL LDELETEC(LRUFF-.J)
CIF(RSIMGEQ.KMAX B0 TO 74590 - ~
NSFAC=NFAC ’
TTRU=TF
7450 CALLL GENERA(LBUFFNLEVIC \LDUFF“])!h]'!ﬂAA XLAMIR s MS s M)
IFCTCLRBUFFY WEQ.299060 70 7480
NGFAC=NGFAC+1
TRIN=T(LEBUFF:
STIMGE(NICLEBUFF ;) =STIMGE (NI (LRBUFF ) )4 T(LEUF
7460 IF(TE(L) W6E. THAXINSIM= RrEX
IFCTCL) LEQR.999360 TO 10 .
GO 70 7410
7420 CONTINUE
7410 CONTINUE
IF(_COUNT.NE.C)GO TO 793 ‘
00 7300 K=1,LEBUFF ) .
TCI(KI=0
7300 CONTINUE
TEND=0
GD_TO 17
7ah TEND=TS(NIEVIC+(NDEVIC-1)¥VUF+T2IT
GO TD 740
END ’
C .
SUBRROUTINE SCHEDUC(TEND» TEIT»THEL  NIEVIC s VF
C
COMMON T(100)sT75{1002
N0 2160 J=isNIEVIC <
TS(I=TENDFTRITHTOEL +(J-1 ) X (YF+TRITHTIEL
21090 CONTINUE
RETURN
END
POOR COPY “ :
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