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Link: Connects two adjacent nodes, and allows packets to be

tranaferred between the nades.

Link cennectivity: The winimum number of nodes that nust be
removed to dizconasct twe nodes in the network.

Looping: Looping occure waan & packet circulates indefinitely
arour ; the network and does not reach it's destination.

Measages: The data at a node to be that i5 ta be transferred
to one or more nodee in the netvork. A meeesge may be brakan
in to one or more packets to be transmitted to tha

destination noda(s).

Noda: This {5 often referred to as an inter nasttage processor

and is bie for £ (date), relaying
messages to ather nodes and far consuming messages.

Packat: A ensemble of data (represented in bit) that im
trensfacred along a link.

Packet delay: Tha delay experiencad by = packat travelling
from the source node to the demtination nede in the netwark,
and ig eslculatad a5 the time the packet is consumed by tha
destinatian node minus the time at which the packet wam

created at the source node.

Protocol: A set of rulas that must be adharad by =2)) the
nodes in the netwark eo that data may be succesgfully
transferred between the nodez in the network.

Routing algorithm: Responsible for determining which output
path, ar paths, an incoming packet should be sent.
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Sink: The node responsible for censuming the data or packet,
that is the node for which the data i intended.

Source: The node rasponsible far the gansration of data to ba

transferred to a destination nades

Throughput: The number of packets per second successfully
arciving at their destinstion nodes in the natwork.

Traffic: The number of packats per second that, are
transmitied across the links in the natwork.

Virtual ecircuit: In a virtual cireuit the path from the
source node to the destination node remains constant
throughout tha duratien for which the user ls connacted to

the network. Ths packets are guarantead to be successfully
transmitted te the destinstlon.
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reprasants link from node { to node k.
the average service tate of node 1.

the marginal delay due to the traffic generated
at node 1.

the probability of a packet at node i, dastinad
for nade J being route via link {i,k).

The set of blocked paths k at node i for
dastination node 3.

represents the capaclty of link (i,k).

the marginal link delay of iimk (i,k) due to the
traffic flow in link (i,k).

tha average packet delay of link (i,k).

the tatal average packet delay of the network,
the traffie flow in link (i,k).

Current node number.

represents the destination node number.

Uanally represents the neimhbouring node to node
1.

ast 6f all links in the network.

The total number of nodws in the netwerk.

The number of packets over which the incoming
traffic is avaraged at a node.

The minimum number of remaining buffers in the
buffer poel of & nods { befors incoming packets
at node i, generated at node 1, are discarded.
teaffic eatering the network at node ! destined
for node §.

the total traffic passing through node i destined
far nade 3.
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B.i Literature survey: Routing algoedithms

Statis outing algorithes

™ Reter, | Descriptlon Mvantages Disudvantages toplications

Floois 3 431 | Packets are transaitted olang {Siaple, robust; easy to Iaple- [Gruat deal of wasted banduidth |Used In seall statie networks
every aut-guing qath at a node, |aent and allows broadcasting, [due to the cuplication of [where the traffic is low and
ercept e path on hich the packats in the nethork, vouains constant. sy be useg
packet arrived, as ¥ backup algoricha. Oftan

usel 35 a reference to which
the perforaance of other al-
gorithes are cc.gared,

Proport:wal  |(37) | Packets are sent o0 theautgo- (Simpla and shous & slight |Highly inetbicient, Use 1 saal) netwarks with 1oy
Ing llnks st a rode on an {Iprovesent compared to the trafic rates.
equiprabable basis, H1ooding alqoritha,

Randon (371 | Packets are sent on the vubgo- {Siagle and requives elnlaal [The slight feprovesent on the |Used in easll netwarks with jox
ing links ata mode with dit- |intelllgence, pevioraance compared to thu |to sedive traffic rates, aid
ferlng  peokabiMitins,  the groportlonal algerlthe does not [where the trafilc vanies ex
probabilitles being deterained usally justify the added cost |treesky slowly with tine.
by the routing control ceater of a ROE In Ghe netuark, .

{68 1o the netuork,
teast cosl U0 (farkets are rauted via the {Stugle, sost vldaly used and (s

lesst cost path to a desti-
nation. Can be sade adaptive {f
the costs of the Lints e sade
seopurtional ta the beadflc dn
the 1lnks,

used to minleize the cost of
running & network.

oas not adapt to changes 1o
traftic, unless it is adaptive,
where it adapts slonly.

Used in netuoris where ainlaiz-
iy the cost o transferring
packets acrass the netork is;
essentlal, Only usefui i,
netuorks With 3 falrly constant
inpt traffic rate:




Adaptive routing atgorithes

[

Refer.

Description

Advantages

Disadvantages

Applications

Telta rauting

an

Cosbination of centraliaed and
decentralized routing. Dvesall
routing gaths are deterained by
the RCC in the network, I~
dividuel nodes may make local
rogting decisimns to prevont
congestions

Ntra-dynsnic and varies capi-
dly to changes in the tratfic
Ratterns in the nebwork,

Suffers fron the velnerability
and probless of a centralized
routing systes,

For seall natworks of less than
20 nodes. The performance of
the algorithe in larger nst-
wrks requires further inves~
tigation,

(23,261

Large nstworks reqeire large
routing tables at each node.
The algorithe ws developed to
Foduce the table lempths re-
quived.,

Reduced tanle lengths at each
node in the nstwork.

Only useful in Jarge netorks,
in ssaller netiarks the perfor-
cance degrades a5 the table
)< gths. required at each aode
are reduced,

For Jarge  distributed networks
consisting of aore than 100
nodes.

Relaxation
rousting

S8

Uil g relte. Fackirs sfomnd
congestad pegiots i - tie et~

Reacts capidly Lo changes in
trafiic patterns {2 the net~
k.

work and to sininize the packet | or

delays in the petwork,

Large aaaunt of routing infor-
sation must be  exchanged bet-
wean the odes in the network.

For  highly  interconnected
networks with eapidiy varying
traHic  rates. The perforaance

the algoritha in various
network  topolugies  requires
further investigation.

Bradient proje-
ction

1

Winiaizes the gacket delay in
the metwork.

fagid convergence and conparss
Favaurably With cther algarit-
s in saall networks,

Camplex cosputations poguired.

Suitable for seall networks
consisting of less than 20
nntes.

Miaiaue  delay
sistribated
algorithe

sl

Nininizes the TOTAL average
packet delay in the network,
rather than the individual
packet delays.

Gnly 2 suall amoust of routing
inforsation oust be exchanged
between the nodes in  the et~
work, Tterative and loop free.

Wy suitable for ‘quisi-
static’ networks. The perfor-
wnce of the algorithe dna
dyaanic networt is subject to
Jurther inyestigation.

Suitadte for  ieregular type
atbaarks. Tie size o the
netuork §s  lfsited by the
adaptability  required  and
weacey avallable at each node.




fefer. | Dexcription

Advantages Disadvantages Applications

fxtrzeal flow

(8] | Ninlwizes the packet delay.  |Guaranteed to comverge to an | Computabionally intensive, Due bo cosputational intensity
optiaal solution. Flexibie and the algurithe is. lsited to
aay be adapted to any type of sealler netwarks,

netwark. Perforasnce  cospares
favourably with other aigor-
ithes

and 1403

Second  deri- | [5) | Wininizes the average packet |Suitable for ‘quisi-static' |Cospler alyorithe and large [Seall networks, but the periors

wative delay, tut comutations are |networks. Cosputationst re- | asaory requirsaents., sace of bhe alorithe in
tased on tho second derivative | quirements are directly propor virious  nabyorks  requires
of the traffic flow In the | tional to the adaptability of further study,
netwark. the algorithe,

B.2  Litersture surveyr Networks

Hine Reference | Netword size | Description

APaNET E3,321 1100 sudes | The network was developed by the ‘Advanced Rusearch Praject Agency’ of the Unitad States departuent of defense.

The netvork siarted In 199 as @ four node netiork, Currently the netuork consists of more than 100 nades
distributad worldwide.

Griginatiy @ distributed algurithe bosed an i shartest path couting algureitha s used, The elgoritha displaped
nukerous probiess. The maln problar of the algoriths tas the poor adaphability to changes In traffic In the
natiark. Packet frequentiy looped indefinitely around the network, The algurithe alsu adapted ectroasty slunly tn
changes in the topology of the network. The eigorithe was replaced by @ kore dynaslc distributed slgorithe,
Priarity is given to rauting pickets. Rosting packets are transferred icross th netwerk using & flooding
algari the, The new algorithe reacts fairty rapidly to changes in traffic in the network,




Referance

Hetuork Size

Testription

THRET

tel

300 nodes

The TMET nstwork of Tyssnare incorgorated was developed in 1970 and consists of more than 300 nades. Routing is
perioraed by ane of four routing competers present in the nebwark, & wirtual clrcuit (s set up for each suurce
destination node pair in the network. The virtual circuit is set up using a least cosk algoritho, The cast of the
Links are progortional to the 102 on each link. The probien with tee netuork occurs when a vistual ciecult Is
set up during 3 busy period The virtusl circuit sliucated eay then hza long delay path, The path renain
unchanged even §f the teaffic in Lhe network changes. The netvork cperates effectively under 1ightly i
sitvations. The delay {ncraases dramatically as the fumber of users in the ‘tetwark ncresses.

TRANBPAC

(53]

300400 nodes|

The network Nas developed in France, & distributed routing algapithe is used tn route packets in the natwerk, The
netaark perfores satisfactorily, The performance of the aetwork under ful’ load conditicns is not know,

TIDAS

3]

20 nodes

The TIOAS netuork s a Swedish network, The netwark consists of 200 nulnals comected to 20 nodes. futer
batween the nodes are established using the public telephone system, “he rokting algorithe used is siailar to
that of the RPANET aetwork, The algarithe used is vell suited to the TIDS netmk consisting of only 20 nades,

DECNET

The DECHET network was developed by the Digital Equipsent Corporation. De etk allos stal. rivae delois
tobe Lmplusented. The network sperates on a datagrie based systs aode in the netvork contains the path
Teagth and cast to each destination node i the network. Congestion it s provided by tiaiting the nuaber of
packets that siy be beansferced for exch source destinstion nofe gair. A hop counter is used to resove
clrcutatiog packets in the network. The algorithn operates fairly efficizatly except foe the follostng problemss
- The alqarithe does ot adapt to any changes (o teafdic in the network,
ackets say loop in the setwork, and
= The slgiritha adapts slowly to changes in the topatogy of the astcrk.
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c.1 R G Gallager's minimum delay routing algorithm

A description of R G Gallager’'s routing slgorithm is
provided. The reader is referred to reference [11) for a mere
detalied derivation of the algorithm. The veader is alo
referred Lo Appendix A for an explanstion of tha terminology

and notation uged in the report.

The oblect of the algorithm 1s to winimize the total expected
packet delay for the entire network. The total expected
packet delay Dr is defined as the sum of the packet delays on
the individual links of the netwark. To minimize the expected
delay Dx each node i nust incrementally decrease the
probabllity @cw¢ss 0f a packet being sent on a link for which
the marginal dalay (dD/dfim + 3Dz/3%mcss), 16 large and
increase the probability for which the marginal delay is
Emall. The algorithm nay be divided into two partss A
protocel for exchanging the marginal delays hetween the nodes
in the netwark and an algerithm for updating the routing
variables.

C.i.1 Calcutation af marginal delsys

Each node can as a time average estimate dD/4f... Thit is the
marginal delsy on link {i,k) ax a result of the flaw {fin) on
link (1,k). The algorithm adapted estimate the value for
dD/dfsw i= based on an estimation procedure devaloped by
Segall [3B) snd is described in detsil in section C.3.

To calculate the valus of 3Dx/dru¢s» each node i in the
network walts until it has teceived 30x/3rw¢a) £rom emch
neighbouring node for which @4, > 0. Using the fact that
$Dz/Ardesy = O node 1 then calculates iDr/3rica; and
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broadeasts this to all it's neighbours except dastination

nade j. The following formula is used to calculate IDc/#rzcss
[EXS ]

#Dx/¥0xc3r = EBasy23[dD/Af44 + Br/bewlar]

dD/ag.. ic the marginal dejay of link (i,x), and

iD/3Fw¢yy L5 the macginsi delay received from each
netghbouring node k, for which @uwca; > 0 and k not
aqual to 3.

€.1.2 The 'update' algoriths

Onee all the necessary routing dats for destinstion node 3
has been received at node i the routlng variables O,w.cs) are
updated.

Fipstly a set of hlocked paths By(s) must first he defined in
order to maintain loap freedam. Tha &£t B.cs, contains the
set of nodes k for which the value Biu(y, cannat be increamed
from zerc. The algarithm for determining the set of blocked
paths 1% given in section C.2.

The algorithm used to update the routing variables Buwcy> ik
dufined as follows:

For a'l nelghbouring nodes ki

1 k is an element of Byi(ss
then
Quicesy = O and

Biucyy = 0
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If k {5 not an element of Baicx,
then
aikcsy) = AD/Afsk + 3Do/dlwccs)
- minldD/dfim + 3Dr/30mcar 1y
Bruia) = BMAR[Boecar  n8ux105/tacsn]) and
kisw = the value of m that achieves
mintmization

Finally
Buncas = Bawcar = Binear £ K & Kogn
Binray = Bumezs + Dhaseesy £oF K = Kmuno

The algorithm reduces the amount of traffiec sent on the non
optimal linke and increases the traffic sent on the best
link, The valus of g« determines tha convargence of the
algorithm. For small values of @ the convergence of the
algorithm {s slow but guaranteed. As a 1s incressed the
convergence rate of the algorithm increasss but then the
probability vf no convergence alZo increases. Using a
simulation’program suitable valuas for « may be determined.

c.2 Calculation of blackad paths

The marginal delay  De/8tw(y; decreases towards the
destination node, end therefore if the marginal delay
increases along a path the path cannet be m valid path to the
destination. An improper routing varisble 4is therefore
definad if Pukesy > 0O and 3Do/d3rccsy € Dx/BTiccs) e

The set of hlocked paths has bean fully defined by R G
Gallager ss follows:i The Bet By(s) contains the set of nodes
k for which the 1lipk (1,k} 1E not =& set of L. A nede k is
blocked relative to destination node § if k has & path to j

180




APPENDIX C

containing seme link {Ll,m) £or which @sm(sy i8 improper and
satisfias

Qumes> 2 [dD/Afim + 3Dr/3Cmcar= 3De/3bacsr )it

The derivation of thiz definition way ba found in reference
(113,

The protocol adapted to calculate the set of blockid paths is
ag fellows:

Node I when it caleulatas 3Ds/3ficsy determines £or any
@amcsy > O if m is a blocked path, using the farmula given
above.

If a plocked path is detected node 1 adds a speclal tag to
1t's broadeast of $Dx/3Pxcas-

If node i receives the value of #Dz/3ra¢s) which is taggad
‘then node 1 is added to the blocked path set Bicas.

If node i receives the value of 3Dr/irac¢s> which ls tagged

then node 1§ also adds » specisl tag to 'it's broadcast of
Br/brecass

Using this protocol and assuming that the (nitial values of
Rimcsy ara loop free the algorithm is laop free st each
iteration. Tha derivation of ths algorithm is given in detail

in referenee {11).

€.3 Ratimation of incremental delays dR/dfimisr

The sstimation of the {ncramental delays i performed using
an algorithm developed by Ssgail {38). The procedure has bean
adopted since it requirer no assumptions ahout the nature of
the traffic, im recursive and therefore requires little
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memory and may be implemented In a totally decentralized

mapner. The algorithm msy be summarized ax follows:

If a, represents the arrival of the nth packet an link
{i,k} in the network snd d, represents the departore of the
nth packet grom link (L,k} then the following recursive
formula may be defined.

Can fae m < n,
Can for m s n, and
Cam = MiN{Cacs™,dams = @m) £or W > 0+ L and,
whare Tuua® = .dn = max(ansspda-s)

and  do = 0.

During the same perlod consisting of N packets the quantity
dD/4r iz estimated ast

ajae = 8, B cwmisn

This formula has baen used in the simulation program ad shown
in the program listing given in Part II, hppendix D.

e.d Calculaticn of avent timas

Another important sespect that must be considered is the
calculatiens invelved in determining +the time at which the
various svents occur during the simulation. The times which
have to he calculsted are the arrival times, wervice times
and departure times of the packets in the network.
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Consider the pair of nodes iliustrated below:

Figure C.i Diagram of a typical pair of nodas in
netvork.

1f ona amsumes a server with a constant Eervice rats the
timas can be walculated as follows:
Let:
Ax(s) . veprasent the abrival time at node i,
$:¢s) represent the sarvice time at node &,
Dr(us represent the departure time at node 1,
3e(s) be the time reguired to sarvice all the packets in
the input queue of the node i,
3Tace) be the fraction of time reguirad to insert the
packet inte the input gueue,
$Ta¢s; be the fraction of time ~wyuired to insert the
packet intas tha output gueue,
be the service rate of node i,
be the number of packets in the input gueue of node
i and,
be the numbar of packets in the output guaue of
node i destinad to node k

The service time (represants and of servics time}:

Steer = Rucay 4 n/n v L/e b BTacas
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The departure time:

Drcesr = Sxesy + {m¥bits par packet/capacity of link (i,k))

The arrival time:

Aecwr = Drcsy ¢ transmissien deley.

If random =ervice rates for esch packet are assumed for

indglvidual packets serviced at node i then the end of service
time Szcas may ba calculated as:

Sweay = Arcay + 3TE¢ay + §Pacsy + random time for servige.

The ealculations defined above detarmine the delay

exparienced by

a packet moving across a network.The delay is

related to tha number of packetm pre<ent in

tha network, the

sarvice rate of the nodes, the langth of the packets and the
capaclty the link® in the
defined nay ba modified to include extrs delsys to
improve the sccuracy of the simulation The formula
sufficient and the delays
experienced by a packet travelling acress & natwerk.

nf network., The calculations
ahove
program.
include most af

are however

QB Qther calculations
The most significant calculati{cne performed in the simulation

program heve baen explained. Other (mpertant caleulations
performed by the simulatlon program are the egtimation of the
traffic at
network performance results obtsined from the gimulatien. Tha
agtimation of the traffic at a node l& axplainad in chaptex €
of the report. The caleulations involved in determining the
£ina) results from the previded in Part II,

Appendix €.

& node in the network and tha calculatien of the

eipulation are

g
Aulotonind
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Memory snd computacional requirements

The memory and camputational requirementz of the routing
algorithms ipplemented in  the wimulation program are
specified. Only the gignificant memory and computational
requiraments are listed. :

D.1 Momory requirements

Firstly the memory reguired by each algorithm is discussed.
Memory ls required to gtore variables such as the topslogy Gf
the network, the ligt of paths +to each destination node and
other variables taquired by the specific routing algorithm.
Thege variables must often be retrieved, examined and updatad
frequently and it is therefore of essential that the
varisbles reguired by a routing algorithim be stored in random
access memory (RAM}. This usually 1limits the amount of memory
& routing algerithm may use. It has been assumed {n the
calGulations given bmlow that all tha variables used by the
variaus routing algorithms require the same apaunt of memary
of one unit. The nemory calculated below is the amount of

memory reguired at each nods in ths tetwark.

D.1.1 Plosding algorithm

The memory required by the flooding algorithm iz negligible
compared to the other routing algorithms empioyed in the
simolstion program. The flooding algorithm requires only iist
of the output pathe at each node in ths network, and for a
fully inter-connected netwark, the maximum memary required {s
(N-1), where N is the number of nodes in the natwork.
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Memory and computaticnal reguirements

The memory and computational requirements of the routing
slgorithms implemented in the simulation program ‘are
specified. Only the significant memory and computational
requirements are listed. |

p.1 Memory regulrements

Firstly the memory required by sach algorithm is discussed.
Memory is raguired to store variables such as the tapology Gf
the network, the list of paths to each destination node and
ather variables reguired by the specific routing algorithm.
These variables must often he retrieved, examined and updatad
frequently and it 1s therefore of essential that the
variablse required hy a routing algorithm be gtored {n random
access memory (RAM}. This usually limits the amount of memory
& routing algorithm may use. It has been assumed in the
¢alculations given below that all the varlables used by the
various routing algorithms reguire the same amount of nmemory
of one unit. The memory calculated below is the amount of
memory reguire. at each node in the network.

D.1.1 Flooding algorithm

The memory required by the flooding algorithm ls negligible
conpared to the ather routing slgarithme employed in the
simulation program. The f£looding algorithm reguires only list
of the output paths at each node in the natwork, and for a
fully inter-connected network, the maxinum memory required iz
(N-1), where N is the number of nodas i{n the network.
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B.1.2 Least cost routing algorithm
The following data is required by the least cest al srithm:
- A cost matrix consisting af N(N - 1) entries,
- A list of the output path for each destination node
3, conslsting of (N - 1) entries.

Using this data the total numbar of memory units reguired (s

Total memory required = N(N - 1) + (N = 1)
= N® - 1

Therefore the smount of memory reguired by the least cogt
routing algoritim {5 directly proportional to Na.

D.1.3 Adaptive routing aigorithm

The following minimum d&ata is reguired by the adaptive
routing algorithm used in tha simulation pragranm:

The network - topology or link capacities in the

ER A

B2

St

network reguiring N(N - 1) units of memory,

a list of output paths, or output probabilitiss
Burcss vhich requires a maximum of (N - L}(N - 1)
smount of memory,

a list of marginal delays dD/dfs, utilizing (N - 1)
untts of memary,

a list of marginal delays 3D/3rsw(a), reguiring

(N - 1){N - 1} entries,

a met of blocked paths Bicyy using (N - )N - &)
units of memory, and
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~ & met of routing data received from each
neighbouring node for each destination node in the
network reguiring (N = 1)}{N - 1) units of memory.

The total amount of memory required ¢an easily be calculated
to he:

Total memory required s N{N-1} 4 4[{N-1)(N-1)] + (N-1)
© N7 - N+ dN% - 8N ¢ 4+ N - 1
= BN® - BN 4 3,

The total memory is therefore, for large vslues of N,
directly propartional to N2. The maximum amount of memory
required has been calculatad, The smount of memory required
can be reduced by defining a nmaximum number of nodes each
node ‘in the natwark may be copnected to. Above a fully inter-
conniectad netwerk has been considered. The exact amount of
memory requited by the adaptive routing algorithe s slso
diractly dependent on the actual implementation of the
algorithm,

D.2 Computation reguirements

The computation reguirements of a routing algorithm is
directly dependent on the rate at which the algorithm is
apdated, the smount of varishbles that must he processed, the
computational complexity af the algerithm and the aceuracy
required by the algarithm. 3 rough estimation on the order of

the computations raguired at each node in the network is

given.
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D.2.1 Fiooding algorithm

For the flooding algorithm revting pathz are selected each
time & packet is to be routed to a destinstion hode. Than the
packet {s simply transmitted along each outgoing link af the
node except the link an which the packat arrived. No sctual
computations are performed hy the ficoding routing algarithm.
Far this resson the implemantation of tha flooding routing
algorithm is extremely simple requiring very littie mamory.

D.2.2 Least cost algorithm

Each time the least cost algorithm is updated a path far sach
destination nade In the hetwork is calculated. Eor a network
consigting af N nodes of which each node 45 a possibla
destination node the number of computations pacformed by the
least cost algorithm is af ths order N® (Df the order N3 may
ba written as O{N%)}, The least cost algorithm need only be
updated if the topology of the network or the cost of 2 link
in the network changas.

D.2.3 The adaptive routing algerithm

The adaptive routing algorithm is made up of reveral

independsnt algorithms, for example each time a pachet

arrives at a nade i in the natwork from a neighbouring node k
a naw velue for dD/df:x must be calculated. Also if routing
information 15 obtained from & neighbouring nods the routing
tables at the mode must be updated accordingly. The number of
computations required for a single iLteration of the adaptive
routing algorithm {5 O(Nj, and the number af computations
required to establish & new set of routing pathe at a node
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D.2.1 Flooding algorithm

For the 2looding algorithm routing paths are welectad each
time 8 packet iz to be routed to a destination node. Then the
packet iz Eimply tramsmitted along each outgoing link af the
node except the link on which the packet arrived. No actual
computations are performed by the flooding routing algorithm.
Far this reacon the implapentation of the flooding routing
algorithm is extremely simple requiring very little memory.

D.2,2 Least c¢ost algorithm

Each time the lesst cost algorithm {5 updated a path for sach

dastination node in the natwork is caiculated. For a nstwork
canslsting of N nodes of which sach nede ts & possible

dastination node the numbar of computations parformed by the
least cost algarithm is of the order N3 (Of the order N® may
be writéen as O(N3))}, The least cost algerithm need only be

updated 1f the topology of the network or the cost of & link
in the netwark changes.

D.2.3 The adaptive routing algorithm

The adaptive routing algorithm i5 made up of several
indspendent slgocithms, for exampla each time a packet
arrives at a nede i in the natwork from a neighbouring node k
a new value for dB/dfi, must be caleulatad. Also if routing
ingormation 18 obtained from & nefghbouring node tha routing
tables at the node must be updated accordingly. The number of
computstisns raguired for a single lteration of the adaptive
routing algerithm {8 O(N}, and the number of computations
reguired to establizh a new set of routing paths at a node
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for mach destination node in the network is O{N2). The
fraguency at which the routing paths are updated is directly
dependent on the rate at which routing information isg
axchanged between the nodaz in tha network, tha traffic flow
in the network and the convergence rate of the algorithm. In
& raal network it is necessary to ansure that the algerithm
i§ not updated to freguently as to consume a large propartion

@f ths valuable processing time available at the noda.

D.3 Conclusions

The vapidly decteasing costs of memory allows slgovithme
requiring numerous variables to be implemented in large
modern @ ks The tational efficimncy of a
routing algorithm may be greatiy impraved by implementing a
large portion of the algorithm {n hardware (or even in a low
level progranming language) rather than implementing the
algorithm in a high level langusge =uch as PASCAL. The
dimadvantage of lmplemsnting 5 vouting algorithm in hardwars
ie the increasad complexity, reduced flax{bility and the
limited nodifications that may be nmade to the routing

algerithm,
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INTRODUCTION

Part I of the raport dealt with the selsction of a particular
network topology and routing algorithm. The routinyg algorithm
wag then optimized, for the particular network selgcted,

subjact to varlous input traffic loads. The performance of
the algorithm wag established with the aid aof a simalatien

program.

Part 11 of the project deals wmpecifically with the natwork
ccuking mimulation program. Provided in thim part of the

report ist

« & user manual,

= the program design,
= a iigt of the cslculaticns performed in the pragram,
~ a list of the program variables, and

- ‘the entire program ligting.

Part 1I of the report ig impartant to the reader wiching to
uge or medify the mimulation program in any way.

1.1 The network routing simulation program

Before demcribing the actual design of the simulation program
tha purpose of the program is summarized. The network routing
simulation program ie designed tu simulate tha routing of
packate around any type of digival network. The packets may
be routed using any one of threa routing algorithma:

- a flonding routing algerithm,

-~ @ least cost algorithm, end

- an adaptive routing algarithm based on R G Gallager's
minimum delay routing algoritha.

S




The objective of the simulation program iF to be able to
@valuste the oversll performance of the network gubject to
various input traffic loads. The performance -of the netwerk
iz established by observing the average packet delays, the
number af packets blocked and the overall throughput of the
network. The performance of each - routing algorithm in &
particular netwark may be compared using the simuiation
peogram. The simulation is a relatively gquick and inexpensive
methad of analysing the parformance of a network.

1.2 Layout of Part IL

Chapter 2 includes a detaiied "User Manual® af the simulatien

program. The inputs required ae well as the outpute provided
by the program sra described in this chapter.

Chapter 3 is devoted to the design of the program. A

description as well as & program descriptiva langusge (PDL)

I3 lon of each used in  sisulation program

is provided. Chapter ¢ econcludes Part I} af the raport with
same ©f the: more important uses and limitatlons of the
regting algorithe. For a detall explanation on the uses &nd
limitations of the program the umer is raferrsd to Part I of
tha report.

The appendices of Part II of the report include the follawiag
information: .
- Simple flow vharts of the nmore important processes
inciuded in the Srogram,
5 list and descriptien af &ll the varisbles used in
the program,
a ligt of the calculations used in ohtaining the
outputs and tesults from the program, &nd
the entire program itisting.
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ROUTING SIMULATION PROGRAM UZER'S MANUAL

The "Gser Manual provides the reader with a step by s*ep
guida on how to use the nstwork routing simulation program.
Each input required by the program is explained. The
significance of the outputs to the program sre algo
axplained.

2.1 Introduetion .

The netwerk routing simulation package i used to determine

the performance of a dis 31 network subject to various types

network statistics. The program

allews any

@f routing algorithms. The performance of the natwork Im
determined by obmerving the ‘packets delays, number of packets
blocked, average percentiys use of the network and other

netwark topolagy

subject to input traffic load conditions to be

simulated.

various

2.1.3 Program requlrements and specifications

The various iaputs required by may be briefly

liwted

the program
as follous: ’

The duration of the simulatien,
the network topology,

~ the ecost and capacities of the links in the
netwerk,

- the expected traffic for each source destlination
pair in the natwork,

- the avarage sarvice rete of sach node in the
network,

.

the mize of the data packets in hits par sacond,

the buffer mizes present at each node snd,
the rauting algorithm to be simulated.




The simulaticn package is currently sble to simulats any one
of three routing slgorithme:

- A simple flooding algorithm,

- A static least cost algorithm and

- an adaptive ninipum delay algorlithm based on R G
Gallager's minimum delay routing algorithm.

At the end of the simulation numerous aversges Aand results
sre ealculated. The results are used to determine the oversil
performance of the network. Tha basic outputs raquired from
the program arei

Tha average delay of the packets in the natwork,
the total traffic in the network,

the percentage use 1t the links in the natwork,

the number of packets hlocked in the network,

the number of vouting packets genarated in the
network,

the averaga cast per packet in transfercing packets
across the network and,

the sverage hop delay in the network.

The output data ls caleulated and dimplayed at discrete
intervals of time during the simuiation. The performance of
the network as a function of time or traffic £low may be
abserved. Long term averages for the entire simalation are
also calculated and provided in the output of the program.

2.2 Program operation

A step by step user'm manual on how to use the program is now

providad. The program is im ‘emented an an AFOLLO domain
computer and it im sssumed that the user has gufficfent




£41ms and to execute programs on this

knovledge to edit

computer.

2,2.1 Getting startad

3afore the Fimulation package can be executed the user must
!irsl create an input °/.e for the program. The input file is
v normal ascii text file which may bs entered using a
wtandard edit window, A template on the reg ‘:° format of
the input file is given on page 13.

The first entry in the input file is a brief déscriptien of
tie network to be simalated. A maximum of 680 characters may
b used for the description and if & longer demcription is
e ternd ic is simply truncated to 80 characters.

Tae next entry in the file is the nunmbar of nodes K in the
retwork to be simuiatad and must be an intager value {n the
Lange 0 < N ¢ 20.

the next set of entries in the input file is the capacity of
the 1iaks in tha network. The capacitier are entersd 83 a
matcix ss shown on page 13 whera the entry Cus represents the
capacity of link from node i to node 3.

If L represants the get of all possible links in the network
then the following applies:

Qus = 0 for all i, and
€y, » 0 for link (i,3) not an element of the sst L.

Tha subsequent sst of entries reprasents tha cost af
trangmitting & packet across the links in the network. The
datas ls enterved in the same format sam that for the link




capa- ‘ties, where D.; represents the cozt of limk (i,3). Note
thaty

Dis = © for all i, and
Dij = 0 for all (i,j) not an elament of the set L.

The next met of entries in tha input file rapresents the
expected traffic for each source dastination pair in the
network at various time intervals, The input format is as
follous:

Source Dastination Yo Yi Ya Ya ¥4 Yu evese- Va

Source represants tha number of the &Eource node
destination represents the number of the destination node

Yo 1§ the ewxpected traffic for the time period To
Y: i5 ‘he expected traffic for the time period T,

Y« i5 the expected traffin for the time period T..a <

whers T, = (Duration of simulation/x)n and

% = number of intervals simulation fs divided Into.
‘The source destination pairs may be entered in any order. Any
source destinatian pairs not entared will he assumed te have
2ero traffic for the entire duration of the simufation.

The £inal set of data to be entered is the noda number,
service rate, input buffer length and output buffer length of
each node in the network. All the nodes in the network must
be entered.




2.2.2 Running the program

Once the input file has been entered and maved the Network
Routing Simulation Package <can be executed by typing
'NRSP.BIN' and then return. The user im then prompted am

fo)lows:

Enter the duration of the simulatien:
A value batween 0 and 1000 is reguired. One must
cemember that the simulation 16 divided inte time
increments of 1/1000 and & duration of say 1000,
rasults in 1 000 000 increments which requires a great
deal of time to complete.

input filename (default INPUT.DAT):

The user must enter the nama of tha input file. The
default file name is "INPUT.DAT'. If the input file
does not exigt the error message ?
Error>> Fila not found

is displayed on the scregn and the program is aborted.

& gead for the random numbar generator:
Any value real or integir may he entered. Thiz value
is used to generste random arrivals of packats at the
nodes.

events manually (y/n) ? ¢
This option allovs the user to enter individual
arrival of packets at any node in the network destinsd
for any other destination node in the natwork. If tiis
option is selected randem arrivals are not gensrated

by the program. Thie aption is useful for debugging

purposes a5 a single psckat can ba entered and traced
through the network.




Select routing algorithm to be simulsted
1. Flooding algorithm
2. Least cost routing algorithm
3. Adaptive routing algorithw
Enter Choice:
Here the user mugt enter 1,2 ar 3 {ndicating which
routing slgorithm is to he simulated. This allows the
user to compare the performance of the slgorithms
using the same network.

Snter output fiienama {Defsult 'RESULT.DAT'):
The usar must enter the name of the file inta which
the results are to be gtored. If no fllename is
entered the filename 'RESDLT.DAT' is assumed. If the
file already exists on the disk then it i simply
deleted and the new file i{s stored onto the disk.

If the adaptive routing algorithm is seiected for the
sinalation, then the user is reguested for additianal
informatlion as follows:

Enter cenvergence rata:
The user must enter the convergence rate (a) of the
algorithm. The value entered whould preferably ba in
the range 0 € a < 8.

Enter incremental delay tolerance:

The wser mugt enter the maxipum value the marginal

delay dD/dfimcsy i8 allowed to vary befare the valua
ie transferred. to nede {. The value is typleally in
the range, 0 < Tolerance < 1.

Enter maximum number of packets betwesn updates:
An integer valwe greater than or equal to zero must be
entered. The numbee represents the maximum number of

packets that can be trangferrad betwesn two nodes




Select routing slgorithm to be simulated
i. Floodihg algorithm
2. Least coet routing algorithm
3. Adaptive routing algarithm
Enter Cholce:
Hare the user nust enter 1,2 ar 3 indicating which
routing algorithm is to he similated. This allows the
user to compare the pecformance of the algorithms
using the same network.

output filename (Default 'RESULT.DAT'):

The user must enter the name of the file into which
the results are to be gtored. If no filename i
entered the filename 'RESULT.DAT' i= assumed. If the
£ile already exists on the disk then it is simply
deleted and the new file is storad onte the disk.

If the adaptive routing elgorithm is selectsd for the
simulation, then the user is requestsd for additional
information as follows:
convergance rate:

The usar nust snter the convirgence rate (o) of the

algorithm. The value entered should preferably be in
the range 0 € a < 5.

incremental delay tolarance:

The user must enter the maximum vaiue the marginal
delay dD/Af.w¢s, 4% allowed to vary hefore the value
is transferred. to node {. The value i typically in
the range, 0 < Yolerance ¢ 1.

maximum number of packets between update

An integer value greater than or equal to zera must be
entered. The number repregents the maximum pumber of
packets thet can ba transferred between twa nodes




bafoee routing informatlon ix transferred betwean the
nodes.

umber of traffic averaginj packets:

The user must antar a Integer number greater than
zern, representing tha number of packets the traffle
15 to be averaged over at a node.

Once all the data has bean entered the =imulation of the
network commances, firstly all  the necessary data {5
(nitialized and random arrivals generatsd. The actual
simuldtion) of  the;network then begins. At regular intervsis
during the‘gml bn the current time of the simulation is

displayed onto ! Bormen to inform the user on the pregressy

of the simulation.
At the end of the rimulation, and 1f no errors occurred
auring the =simulation, 'the results from the simulation sre
calculated and saved on disk under the filaname previously
entered. )

2.2.3 The cutput file

The output £ile containg the following infermation:

A. A description of the network simulated and the routing

algorithm used in the network.

General results: These ara tha results ealculated at
various time intervals during the simulation ang
includet

- The time the results were calculated,
- the total delays of all the packets
network durinyg the time interval,
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the number of packets blocked during that time
interval,

the average delay per packet for that time
intecval,

the average cost per packet for the tlme
intarval,

the average hop delay and

the number of packete generated during that time
intarval.

Interval results: Thess resuits are caleulated at

various time {ntervals during the =imulation and the
result refarred to the time interval when the packet
was actusily generated. For example sesuming the delay

of a packet genarated during interval a is calculated
during «#val b, then the delay will be represented
st Inter .° a. Thig 4s useful since the packets are
q for s time periad determined by the
duration of the sipulation and all delays can be
referrad to the expected traffic (n the network. Same
of the interval results provided inclide:

The intarval number and tima,
the expacted traffic for that time interval,

the achtual gsnerated traffie for the time
interval,

the percentage use of the network and,

the average packet delay.

Routing information results: If the adaptive routing
algorithm iz  gimulated the percentage numher of
routing packets genarated, not including the routirng
packets pigay backed, im calgulated at various time
intervals during the simulation.




Oversl) average tesults: These results contain
aversges or totals calculated over the entirs duration
of the slaulation and include the following results:

- The entered duration of the simulation,

- the agtual duration of the gimulstion, that s
the tims until all the data packets are
transfarred to the destination nodes or ars
discarded,
the total average packet delay,
tha total averags hap delay,
the maximum packet delay,
the totsl numbar of packets genarated,
the totsl numbar of packats discarded dus to
Loaping,
the total number of packets blockad in the
natwork,
the percentage number of packets blocked per
number of hops in the natwork,
the total number af packets hlockad due to no
path available from a partleuls: sburce node to
gagtingtion node,
the percentage of the time spent by the packets
waiting in the sneves of the hetwork, and
the total comt af running the netwark.

It is important For the usér to correctly interpret the
pesults obtsined from Lhe mimulation, For ezample the number
of packets hlocked and digearded in the flooding algocithm
doag not givu & good indication of the actual perfarmance of

the flooding algorithm. Many of the packets blocksd ar
discardad will be duplicsie coples of ihe ariginal packet.
The number of blocked packets in this case L& not an
indication of the number of packets unable to resch the
destination noda.




The rasults obtained from the mimulation progeam are often
best understood or interpreted using & graphice program to
graphically represent the data.

2.3 Conclusion

The program has bean mada am flexibie as puesible allowing
various naetwork topalogles to be simulzked under varying
input traffic load condifions. At the w=ame time the actual
utilization of the program has been kept as simple as
possible. An exampla of an input and output file of & typical

netwerk is given in section 2.5.




2.4 Input file format

<<Network description>>

No. of nodes.
N

Bite per packat
B

Link capacitias
o6

Cas
Cas

Costs.

Usz  Dig

00  Day Dae
Dsa OO Dss

Dus Dws  Duwa  Dne

Expected traffic
Source Dest. Y1 ¥z ¥
Paacxy Tamear imeas Tiarmy
Faacyy Faacay Taacss Pascuy
s B Pamess Pamear Tangas Pubens
00 {END MARKER}

Nede Bervice.rate I/P_Buffer_length 0/P_buffer_length
1 N 1BLs 0BL,

EM 18La OBLg

Su 1BLn OBLy




2.4.1 Notation
The follawing notation has been used to desceibe the input
file on the previous page:

total number of nodes in the netwark.
number of bits per packet.
Cas capsaity of link {4,3)-
:P cost of link {i,3).
Psacwy = The total expected traffic from source node i to
destination node j during tlme {ntarval k.
% The total number of intervals in the simulation.
EN The service rate of node i.
IBL. The input buffer length of node 1.
OBLs The output buffer langth of node i.

The template given above {llustrates the format of a genaval
input file. BAn example of a typical i{nput and output file is
given balow:

2.5 Natwark exauwple

The actual formét of the input and output files of the
simulation program rre hast {llustrated by the use of a

simple exampla.

Cogt = 10

JO)

Cost 2 BO

Figupe 2.1 Diagram of a simple network.




The input file of this network i given on the following
page. The natliork ia then simulsted for a duratian of 20

units ueing a least cost routing algorithm. The output file
or regults from the simulation ls shown on pags 17.




The {nput file

Network A

No. of nodes.
)

Bits per packet
oo

5

e B el T

Link cip!citisl.
00 20 20

20 Oa 20 an

20 20 00 20

00 00 20 00

R

Link calt:.
50
30 oo
00 40
40 00

Expected traffic.
Ssurce Dest. Y1 Y2 ¥3 Y4
8 8

P A e T T -1

1
6
B
[
7
8
]
7
5
5
4
]

3
00  {END MARKER

Nod Service rata 1/P_Buffer_length
D/P pagfer_iangtn

50
50
50




2.5.2 The output gile

Simlation resulis
Mgarithe - #ORLC

Generat' Restits

e Delays Phbsblocked Delay/PRtTx Uost/PKtTs  Hop delay sgs
30,0580 [ oL %

97,4570 0,858 X 0,313

1508339 1323 05758

1796209 158% 5041 04455

.23 8 1b9s2 . (R

its 40 L.bigg 0,738

1 637 L.tao7 X 0.4917

185,345 Subaiz 1 0,675

gt W 14256 ¥ 0,667

L0003 173.3200 B 5 6708

200002 1671670 L6gge BT 0,408

Interval Results .

n_traffic Tuse  [af_dotay
1t 0.2 (XY
150 am
e 5.00
1 5178
15 56.50
12 2.1
i 52.80
3 [
"3 s 15407
10 18,0003 150 5L.52 L5915




Overall average resilts

Duration of nexly quuerated arrivals = 20,0000
Total duratios of siaulation
Tatal average packet delay

Selay pes packet transaitied

Total average delay per hop
Haxinun packet dalay

Total quaber of piskets generated
Total nuaber of packets distarded
Tokal nuabsr of hops {pkts)

Tatl nusber of blocked packets
Fercentage of blocked packetsthap
Packels Tost e to no path

Tatal ¥ service + /P quesing tine
Tatl § 0P queving tise

Total % transaission tiee

Totat cost of running network




DESIGN OF THE NETWORK ROUTING SIMULATION PROGRAM

The deuign of the actusl program iw now described. A pragram
descriptive langusge is used to describe the aperations of
the mors complex procsdures in the program. The simuiation
program was designed using a objact-orientated approach. In
an object-orientated design the resources (data) are firsi
specified and then the operations to he performed on the
resburces are defined. A abject-orientated approach was used
since it leads to & maintainable and easy modifiable program
71,

3.2 Firgt 1ovel design

The first part of the design s to consider the entire
program as a 'biack box’ and ta decide on the inpute and
cutputs to the program. At a first leval design the process
can be iliustrated as,

Keybnard Network Screen
Routing

FL2 Simulation fila
Frogram

Inputs Outputs

figure 2.1 The network simulastion procsss

BEHAVIOUR: The behaviour of +the progess can be described
briefly ss follows: Data much as netuork topology,duration of
the simulation etc. 1s entered into the process, the network
g8 smimulated using a particulsr routing algorithm and the
results from the sinulation are gent to & file or the screen.




3.2 Second level dewign

The process described above i now broken down further inte

smaller more well defined processes. This procesm s
continued until each process is well defined and operates on

well defined resources.

3.2.1 The initialization process

INPUTS; Data

QUTPOT Bata

BEHAVIOUR: The hehaviour of this process {8 t¢ initialize all
the necessary data of the program.

3.2.2 The get data process
PUTS:  Keyboard, File

QuTRLT, Data, Screen

BEHAVIOUR: The purpose of this process is to oh%ain the data

sich as the network topology, link capacities, link costs

etc. The data is entered via a file and keyboard.

2.2.3 . imulation process
INPUTS: Data, Keyboard
OUTPUT Data, Screen
SEHAVIOUR: This procese forme the main part of the program
and involves mlmulating the routing of data packets around a
network. The main functions of this process Lg to?
- Sinulate packets arriving, heing serviced and  dsparting
for each node in the network.
Update routing variables if required
Calculate which path or paths a packet should be
transmitted on and forms part of the secvica process at =
node.
Caleulate statistical information about the netmork.
To accept and service interrupts from the user.




3.2.4 Output pracess

INPUTS: Data

QUTBUTS:  Screen, file

BEHAVIOUR: The function of this process 1= to process the
results obtained fram Lhe simulation apd to send this
information to the user via the screen or output file.

3.3 Third and subsequent level designe

The abova second laval procasses are further subdivided into
smallér hore mahageakle procasses. The actual design

specificetians of the third and subsequant levals of the

design are not dascribed in the report. The functions of the
processes definid in the final level of the design

provided. Before dlscussing each of the procezses used In the
progrem a brief deseription of how the program operates {s

glvan.

3.3.1 Progrem operation

The task of siwulating s natwork can be simplified by
considering the evants occurring in = network. Baslecally

three avents can occur:

1. The arrival of a packet at a node,
2. The servicing of a packet at a node and,
3. The departurs of s packet from a node.

The main problem with simalating a network is that in a
network numareus events occur simultsneously ascress the
network. In @ program it is only possible te handle one of
tha events at a8 time. Hence the events ceeurring in the
network must be serialized. Serialization of the events ls
accomplished by inmerting the =vents in chronological order
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into & single gueve. The avents are then extracted in from
the gueue (in chranolegical order) and processed. The pragram
commences by gemerating random packst arrivals to sach node
in the network. These arrivals are Inserted ints the avant
queue. During the simulation the avents are extracted from
the queue and any additional events are inserted inta the
sppropriate pesition in the ‘gusue. For example suppés that
the evant extracted from the quaus indicates the arrival af a
packet st node ! destined for node J. The next event that
wust occue is that the packet must be serviced by node L. The
time of service i calculated and the svent 1is inserted onto
the event quaue. When the service event {5 extractsd from the
queue the packet is serviced by node 1 and an cutput path or
paths ip calculatéd using a particular routing algerithm. The
departure time of the packet fram node { 15 then calculated
and the event 1z inserted in the carrect order into the event
gusue. The process continues for all the nodes in the netwark

and svents in the event queue.

3.3.2 Program variables

Before describing sach of the processes used in the pragram
in detsil some of the more important classes of varisbles
used in the Program are briefly discussed:

Durstion: This varisble determines the duration of the

" tmulation. The duration af the simulation is
diviced lato small time increments. The smaller
the increments the mare accurate the simulation
but whe longer the time taken te complete the
sinulatian.

Network: This vartsble contains infarmation sbout the
status of tha network, such as the topolsgy of the
netwark, 1link ecapacitles, link costs and the
expected traffic in the netwock.

[
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This variable information about the
ststus of a particuiar node in  the natwork, The

containg the

variable contains data such A queus lengths af
the node, the sarvice rate of the node and the
Fouting information contained at the node.

Event: This variable contains the information abaut an
. event 1n the evant yueue. The variable contains
the +tlma of occurtence of the event, the node
numbar at which -tha event occurs, the type of
evant and also contains information about the

packet associsted with the event.

Packat: The packet contains infarmation sueh as  the
destination &sddrese of the packet, the source
addraes of the packet, the number of hops and
whether the packet containe routlng information or
purely data.

Statistical information: This containm all the results such
ag average ¢ueus lengths, average number of hops,
cost of punning the network atc. in order that
ugeful resulte may be obtained from the simulation

program.

3.3.3 The network simulation program

A description of the processes used in the program is glvan.
Whare onacessary &  program deseriptive language (PDL)
explanstion iz provided for the process. The procemses
described below are obtained by the breakdown of the
procetsas illuebrated in second level design given ahova inta
sequentially smwailar processes. Only the more impertant

pracesses are given heret




1. Initlalize data process

INPUTS: Network definitien, Node 5tatus and statistic
resulte.

QUTPUTS:  Network definjtion, Node status and statistical
results.

BEHAVIOUR: The purpose of the process i¢ to initialize all
the necessary data guch ag gueue lsngthz atc. to zera.

Process: Initiallze dsta
BEGIN

Inttialize expacted traffic for all sSource
dastinatien pairs

Initislize gueue lengths to zern.
Initialize Routing variables.,

Initlalize all statistical information

2. Get data from file
INBYTS:'  Filensme
QUTPYTS:  Nuwber of nods, Network definition, Status
BEHAVIOUR: The behaviour of this process 1is to read in the
data £rom the input file.
Status: Successful
Unpuccessful: Input f£ile not found er inmput
f£ile has incorrect format,

Process: Get data from f£ile
BEGIN

* Open_tngut file
(% file Succussully opened *)
Thsy
SEGIN

* Raad in number cf nodes
Read in link capacities
Read in link costs
Read In expected traffic
Read in service rates uf esch node
Read in buffer sizes of each nede




3. Gut data from user

INPUTS: keyboard

OUTBUTS: Durstion of simulation, Routing algorithm and
Output fllename.

BEHAVIQUR: The behaviour of this process is simple, the
duration, hame of the input file, type of routing algorithm
to be simulated and the name of tha £ils to which the a.tput

iz to be ment is antered by the usar.

4. Shortast path

INPUTS:  Link costs, Source node, deatination node.

oUTRUTS lesst cost path.

BEHAVIDUR: The bahaviour of thig process is to determina the
least cost path from the source node ta the destination node.
The process ls used to routs packets using the lssat cost
routing algerithm. The algorithm is used is based on A §
Tanenbsun's least cost routing algorithm [43].

Initializeé node data

INEUT Number of nodes in natwork, network defimitlan.
0UTPUTS: Node status.

BEHAVIOUR: At the baginning of aach simulation it iz sssumed
that each node has full knowledge of the topology of the
network and if the adaptive algorithm ig to be sinulated then
the routing tables at sach node are initislized uwing a least
cost routing algorithm.

Process:  Initlalize_nods_data
BEGIN

* Initialize each node with link capacitiar.*

* Initialize routing tables using a least *

* cost algovithm. .
END




&, Find insert positioen

INPOTS: Pointer to the front of the guene.

QUTPLTS Pointer ts the position where the svent is to be
inmerted.

BEHAVIOUR: The procedure finds the correct chronalogical
order in which an event should be ingerted intc tha event

queue.

7. Inmact evant
1NPUTS Pointer to position where the svent s to be
insertad into the event guaue, the avent ta be inserted inta
the event gusue, length of the event gqueua.
QUTPUTS: - Length of the event gueue, status.
BERAVIGUR: The new event is inserted in shronalagical order

inte the event gueue.

Status outcomen: Successful

Unguccessful: Bvent gueve full.

B. Enter events

INPUTE: Number of nedes in the network, duration of
simulation, event aqueue length.

QUTRGTS:  Event queue length.

BEHAVIQUR: This procedure allows the user to enter arrivale
manually into the svent queus ingtead of letting the program
genarata random arrivals. This process is  useful for
qabugging purposes and allows a single paclk 'k to be inserted
inte the network and tcaced through the net . M.

Brocess:  Enter.svent i
EGIN

REPEAT
REPEAT
* Gat time of arrival event from the user *
UNTIL (* Time < duration *}

REPEAT
* Get source destination node from user %
UNTIL {* source destination pair 1E valld *)

* Insert avent inte tha event gqueue *
UNTIL {* User has entered all the events *)
END.
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9. Random arrivals
INROTS: Nunber of nodes, duration, expected traffic,
length of avent gueuve, pointer to front of the avent queua,
atatistical information.
QUTPYTS;  Length of the event guaue
BEHAVIOUR: Random arrival of packets to each node are
generated, using a Polsson probsbility density functian. The
arcival rate is given by the ewpacted traffic. T'n order to
vary the arrival vatas over the duratlon of the simulation
the duration of the sipulatisn is divided into intervals ef
eawal length. The expacted traffic for esch source
destination pair may vary from interval to interval. This
allaws the network ta be simulated for a dynsmic or varying
input traffic lomd.
Process:  Randam_artivals
BEGIN
* Current clock i= O *
FOR * All valid source destination paire * BO
REFEAT
* Ganarate randam numbar o

* Datermine probsbllity of arrival =
IF (* Random numbar < Probabillty *)
THEN

BEGIN
* Create arrival event *
* Ingart event onto the evant queus ¥
END
* Increment the ourrent clock *
UNTIL {Current clieck > duration)
BND.

10. Krrival pracass

INPOTS: Interval number, Event dafinition, Fointer to
front of the quaus, Langth of the evant quaua,

CUTPUTS:  Length of the event gqueus, Statistieal infa.
BEHAVIOUR: This is one of the momt important processes in the
program and eimulates the arrival of a packet at a noda. The
behaviour of this process iz best described using POL
notation,




Process:

Arrival_process

BEGIN
IF (* Packet has not been generated at this
nade *)
THEN * Update cost af transferring packet to *
¥ the node.

IF {({* Ineoming pkt is a purs routing pkt *)
AND (* /P quaca is not empty *))
HEN

L
BEGIN
* Bearch event queue for gure dats phkt to ¥
* be serviced at node i. *
IF (* data packst faund *)
THEN
BEGIN
* Ingert routing data into dats pkt *
* Finished ta TRUE .

EKD
IF (* not £insivhed *)
THEN
BEGIN
IF {* Input queus iy full *)
THEN * Dimcard pkt and increment number  *
* of packets blocked. *

* Decrement buffar poal & increment

* the input queua.

* Calculate service tima:

* Insert marvice process into the
* avent gueus.

R

END
END.

11. Adaptive slgarithm

INPUTS: Event definitlon, node status,

QUTPNT: Output path number, node gtatus.

BEHAVIOUR: Tha function of the mdaptive mlgorithm process ig
ta determine which output path numbar a data packet is to he

sent an according ta the adaptive routing algorithm employed
by the simulation program. In the adaptive algorithm used in
the mimulation program & packet le rauted along one of the
output paths sccording to the output probablilities assignad

to each path by the rauting algorithm.
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Status outcomas: Successful
Unsuccesstul: No autput psth
found.

Process:  Adaptive algorithm
BEGIN

* get a random pumber *

REFEAT
* select an output path *
Total probability i= Total prohability +
probability for the cutput path

IF (Random number < Total prabability}
THEN * psth founa *
UNTIL ({Path foond) or (o more output paths))

12. Short path
npuTs Event definition, Node status.
0UTPUTS:  Dutput path, Status.
BEHAVIQUR: The packet {s sent along an output path accorsing
£o the lesst cost algorithm. Since only ona path is avsilable
for the least cost algorithm the packet is sent acress this
link. The pparation of the process is stralght forward.
Status outcomes: Successful
Unsuccesaful: No output path
found.

13. Bload packet .
INPUTS;  Evant dafinition, Node status.

OUTPUTS:  Output paths.

BEMAVIOUR: A copy of tha packet is sent alang each outgoing
Iink of the nade. The packat 1s not sent on the link on which
1t arrived, This simulates a flooding algorithm which has
baen linserted into %he program so that the performance of
other algorithms may ba conparsd to the performance of the
flooding algerithm in the network.




14. Ganerate.departure

INPUTS Output path numbar, time, intarval number
duration, event definition, node status.

OUTPUTS: Event definition, node status, event quatie length,
statistical informatlon.

BEHAVIOUR: The process gimulates the gueuing of a packet anto

the ewtput queue at a node.

Pracess: Gener-te_dnpartura
BEGI

IF (~ Output gueue is full *)
Tﬂsw * Packet blocked on the cutput gueue
188
ssexu
Calculste the departure time
Increment 'number of packets in the
the output queus.
Update the avent. N
Insert eveht into the event quaue.

END.

15. Service prdcess
INPUTS: Interval number, duration, node status, event
definition, pointar to front of the gueus, gueus length.
QUTPUT. Event definition, Length of the event queue, node
status, statistical information.
BEHAVIOUR: The function of this process is to simulate the
operstion n* a packet being serviced at a node. The PDL
descriptior of the pracess hag baen greatly simplified so
that the loc.+ involved In the process. is clearly visible.
Procesa: Service_process

BEGIN

* Decrament input guewe ¥

* Increment buffer pool

* Calculate input trafflc rnte (See pg 216} %

IF ((* pkt has not been created at thiz node *)
AND (* packet contains data *))

BEGIN
* Calculate the hap delay
* Calculate incremental delay for limk k, i"
* If necessacy transmit new incremental X
* to node k. *
END




IF {* packet coatains routing information ¥)
THEN
ation

nly *)
THEN * Calculate delay of routing packat

IF (* Packet contains routing {nform
o

* mervice the rauting information *

IF (* Packet contains data *}
THEN
IF {* Packet has reached it's destination *)
THEN
BEGIN
* Calculate delay of packet *
* Consume packet *
END
ELSE * Packet has not reached it's dest. *
IF (* No of hops > maximum number of hops
allowed *}
THEN * Discard packet *
ELSE * route data packet *
BEQIN ;
* select a routing algorithm
IF (* No cutput path found *)
THEN * Discard packet ¥
ELSE
BEGIN
* Calculate the
* the packet.
* Add departure eveni(s) to the
* event queum.
END
END

departure(s) of

END.

Departure process

Network data, Node status, Event definition, Pointar
to the front of the queue, Length of the event guaue.
OUTFUTG: Event definmition,
statistical information.
BEHAVIDUR: The
from a nods.

Length of the event gueue,

process simulates the departure of a packet

Process: Departurs process

* Decrement No. of pkts in the output guewe
* Calculate time of arrival at the next node
* Create arrival qvent

* Add event to the mvent queue
8ND.

EX




17. Process avents
INPU Duration, Network data, Pointer ta front of the
queue, Status of sll nodes, Length of the event gueve.
QUIPUTS;  Statistical informatien.

BEHAVIOUR: The baslc behaviour of this process is o
saquehtially extract events from the front of the event gusue
snd processed until all the evants in the avent gueue have

bean processed or the maximum time ailowed for the simulation

has been exceeded.

Processt  Process_avents

BEGIN
REPEAT
* Extract event from the event gueue
* Decrement length of event gueua
CASE avent OF
arrival:  Call; Arrival_process
service: Call: Service_process
departure: Call: Departure_process
END CASE
UNTIL {{Langth of eveat queua = 0) OR
{Current time > 2xdurstion))
BN, ‘

18. Calcuiate results
INPUTS: Statistical results

OUTPUTE;  Statlgtical results

BEHAVIOUR: The hehaviour af the procass is to calculate
avarage delays, costs etc. that are reguired as output to the
program. A listing of all the statistical caleulations
performed in the program is given in Appeadix C.

The processas described above are the maln procedures
required by the simulation program in general. The follewing
pfocesses described balow ara specific to the particular
routing algorithm employed in the program.
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19. Calculate incremental dalays

A5 s packet arrives at a node i from nede k the incremental
delays are caleulated. The incremental delays are estimated
using an algarithm develapsd by A Segall £39). This process
was developed independently of the rest of the program and
was added to the program once it had bhaen fully tested

INBUTS: Arrivel time of the packet Am and the departure
time of the packet Dm, new busy peviod.

OUTRUTS:  dD/df.., New busy pariod.

BEHAVIOUR: The function of thia process Is te calculate the
incramental delsyg dD/dfwi. Bvery max.,m packets or- when
dD/df.: changas beyond a certain tolerance the valus of
dD/dfws 16 transmitted to node k.

The f£ollowiny procedurs ig used to calculate dD/dfus

Let Rn e the arrival time of packet m on 1isk {i,k),

D be the departurs time of packet m on link (1,k),
represant packets areiving on  link  (1,k) in
chronologleal order, that is packat m-1 acrives
before packat m and packet m srrives bafore packet

m4l etou,

Procesg: Calculate incremental dalays:
BEGIN

IF (* Beginning of new busy parled *)
THEN * Let = 0, du-a » O, dm-a = O. %

* Inctement value of m
¥ Croe t=
* Incrament Ni, the curcent number of packets
* acciving en link (i,k) during the busy
*  period.
FOR (* 1 12 1 70 m *) B0
BEGIN

[ for w < n

- B for m = n

= max{Ancs,Da-1)

TR {Cans® DL An}

for m > n 4+ 1




Donez = Dusy Doz Dm
AD/dfws 3y 1= [(4D/dEmsc2) ™ (NL = 1))+Croe]/Ni
* Caleulate change in dD/dfisca)
I { (* Chanae in dD/dfmecss > Toleransa *
OR (* m > sasinum m aliowed
THEN ¥ Start a naw busy *
END,

20, Calculation of hlocked paths

In order to prevent packets from looping around the network
it is necessary to define, at esch node, a set of paths on
which a packet destined to a partizular node may not be sent,
since Lf the packet 1s sent along tha-path then the packet
may loop indafinitely around tge network. The strategy to
determine the set of blocked paths im based on R € Gallager's
algorithe [41) which is given in Psrt I, Appendix C.

INPUT Number of ncdes, current node number, destination
node number, routing information at node 1.

OUTPUTS:  Routing infarmstion at node i.

BEHAVIOUR: Calsulatien of blocked links for sach destinmstion.

Tha PDL description given below aulsa indicates the protocel
used for detarmining tha blocked path set for each
destinatian.

Procese; Calculate blocked pacht
B]
FOR * each neighbouring node {m) * DO
BEGIN

* Check for impruper paths *
IE (¥ Binqay

Bnd ID/3rmcyy £ 3D/8Tucyy

snd Gimess 2 BLDam' (Eam) + 3Dmiar -

3D/ 3racar I/ tacar ¥)
THEN * Tag routing packaet *
IF (* Any receivad routing packet
was tagged *)
THEN * Tag routing packet *
END {for}




21, Calculation of traf#fic
The routing algorithm used requires the estimation of the
incoming traffic at node i destined for noda 3.

INEYTS:  The current time, the maximum number of packets
between updates, the time of the last update and the numbar
of packets merviced mince tha last update.

QUTPUTS: The naw estimation of traffie tycs).

BEHAVIOUR: The purpowe of the procedure is o estimate the
current traffic flow at node 1 destined for hode 3. The
traffic flow im incrementally averaged until the number of
packets aversged 1is vgual to the naximum number of packats
allawed per aversge and then @ new average is cslculated.

Process:  Caleulate traffic:
BEGIN

* Increment number of packets Berviced *

ti¢s, = __Number of packets garviged

Current time - last update tima

IF {* Number of packets serviced = maximum
number of packets betwsen updates *)
THEN

BEGIN
Number of packets Egrviced i= 0
Last updste time i= currant time

E
END.

22, Calculate new 2D/3ruqm)

The marginal delay with respect to the traffic generated at
node i destined for node j iz caleulated. The value iu then
transmitted to all the neighbouring nodms k far which Bimcs)
> 0 and k not equal to j.

INPULE:  Number of naodss 4R the netwark, current noda
nunber, destination node number and the eurrent routing
information at node i.

OUTPUTS: The new valua of 3B/3r, a;,
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BEHAVIQUR: The new value of 3D/iri,s, is calculsted using the
following formula:

3D/8raiss tw TOunes) (dDsaw/@fan + 8D/3rwcas)

Processt  Calculate new §B/¥fuca)
BEGIN
lU/Brs 3y =0

1 * Number of nodag in network * DO
XF (* Capacity of link {i,k) > 0 %)

bD/lr‘1;> tm 8D/drscs

N + ﬂikt:)lﬂntk/ﬂf‘k + 8D/8rncas)
END.

23. Update routing data
The functivn of this progedure is to implement R G Gallager's

routing algorithm.

Number of hodes in tha netwark, the current node

INPYT;
number 1, the dastination node number 3 and the vouting
information of the current node .

QUTPUTS:  New values £or Biwiass

BEHAVIOUR: The new values for tha output probabilities for
esch output path at nodk 1 and destination nade ] are

calenlsted.
Process:  lpdate routing data
N

r Cajgulate 1 t= min[dDim/dfem * xu/nr-,,)l *
* for m mot an element Of Bagar»

FOR k 3= { T0 * Number of nodes in the network
* oo

IF (* k an element of Bygs, *)
THEN Basecay 3= O and Pascsy ¥
ELSE
88aIN
* aik{3) dDsn/df s + 30/¥Cariny - T ¥
* Bancsy = BL0[Buwrs) oBincar/bicas]
END

FOR k := 1 TO * Number of nades * DO
IF (k<> Kmen)
THEN * Bucsy = Buwtar = Bameyy *
ELSE * Osnqs) Bunesy + Ihaxeay *
END.

SN




¢
When routing information ig recaived fram a neighbouring node

8ervice routing data

it wust be servived and the routing tables of the node
updated.
INEDT

status of the noda, the current pointer to the front of the

The packat containing the routing infarmstion, the

svent gueus and the langkh of the evant guaue.
QUTPUTS: The statur of the nede {ncluding the routing
tables and the length of the evant queue.

BEKAVIOUR: When a node receives youting inforpation f£rom a
neighbouring node it. im firet accepted and then the node
chacks to mee if all the appropriate routing 'information has
bean recelvad from all the neighbouring nodes before the
routing tables &t the noge are updated. The routing
information exchanged hetwesn the nodes is the marginal
dolaye GD/df«k and 8D/8Famiss~

Processt  Service routing datas

'BREIN
* Congume routing data raceived *

* For each destination node in the network *
FOR § t= 1 TO * Number of nudes * DO
1F (* Curdent noda 1 <> 3§ *) DO
BEGIN
* Cheak if all dD/dfs have bean raceived *
* from all the neighbouring nodes for *
* Which Biikcsy > 0. *
IF (¥ ALl dD/dfs have been received *) DO
BEGIN

Cali: Calculate new 3D/Bfamcas
Cail: Tranamit new 3D/3rencar
Call: Update routing data

ND

END
END.

26, Teansmls new 3D/3Puwcss
When a new valus of 3D/3Pucas is calculated st node 1 it is
nagessery  ts  trensmit  this  infarmation to all tha
neighbouring nodes of node i.




INPUTS;: Present time, new value of 8D/8rawcas, 1, 40 K
node status, pointer to froat of the avant gueue and the
length of the avent gqueue.

OULPUTE:  New event(s) in the event gueue.

BEHAVIQUR: The new calculated value of 3D/ 3ruwmear s
transmitted to all neighbouring nodes in the network except
for neighbours k and 3 and those in the blocked path met.

Tranemit new 30/3ran(sr
BEGIN
FOR m i= 1 T0 * Number of nodex * DO
(* Capacity of link (i,m) > 0)
AND (* m <> k *}
AND (¥ m > 3 ¥)
BND (* m nat an element of Bs¢ay *))
THEN Cail: Transmit reuting data
END.

26,  Tranamit new dD/dfa.

Whan & nev vslue of dD/dfu.  calculated at nods 1 it may be
necumsary to tranemit this infermation to naighbouring nade
[

INPUTE: Present time, new value of dD/dfan, i, 4. k, node
status, pointer to front of the event queue and the length of

tha event gusue.

QUTPUTS:  Naw evant(s) in the event gueue.

BEHAVIQUR: The new calculated valua of dD/df.. i transmitted
to all neighbouring node k.

Process:  Trapsmit new dD/Gfaw

BEGIN
IF {* Capacity of link {i,k) > Q *)
THEN Call: Transmit routing dats
END.




27. Transmit vouting data

The function of the transmit routing dat  rocedurs {s to
create a packet containing the new routing i) rormation. The
event of the packet departing from node 1 i¥ inserted into
the avent gusue. An important modification that has been made
to thiz procedure ls that raukting packets are piggy backed
along with other data packets if possible. Piggy hacking l&
implemented by checking the output gueus of the node, to see
1f 4t contains any data packets, If the output queue contains
one or more data packets the routing information iz pigay
backed to the first data packet in the gueue.

INPUTS : Prepent time, dD/df.n, dD/8ruwcar, i, 3, K, Output
path number, node status, pointer ta the front of the avent

queus and the length of the event gueue.

QUIPUTS:  Hew event in the event queus reprazenting the
packet departing from noda i.

BEHAVIGUR: The routing informetion im inserted inte a packet
snd routed along the correct output path. If only the value
of dD/dfs iz Lranamitted then 3D/8r.ues; i5 set to zero.

Process:  Transmit routing (nfermation

BEGIN
* Saarch output gueue for data packet *

IF {* data packat found *)
THEN * Add routing data o data packet *
ELSE
BEGIN
* Craate new routing packet *
* Insert departure into the svant gueua *
* Increment event queva lengi) g
END
END.

The assumptlon made in this procass is that pure dsta
packets, packets containing date and routing infarmaticn ss
well ag pure routing data packete are all made up of the same
nunbar of bits.




27.  fTranemit routing data
The funetion of the transmit routing dats procedire is to
create a packet contalning the new routing informstion. Tha
evant of the packst departing from node i is insarted into
the uvent gueue. An important modification that has been made
ko this prousdura is that routing packets ara piggy backad
alang with other data packets L possible. Piggy backing Le
{nplementad by chacking the sutput queue of the noda, ta ses
1 it contsine any data packets. If the output queue contains
one or more data packats the routing informatien is piggy
backed to the £irst data packet in the gueus.

INPUTS; Present tima, dD/dfiu, dP/drawcs>, L, J, k, Output
path number, ncde status, pointer to the front of the avent
queue and the lengkh of the event queua.

QUTEDT!
packet departing from noda {.

BEHAVIOUR: The routing Information ig inmerted into a packet
and routed aleng the correct output path. If only the value
af dD/df.w s tranemitted then 3D/Briwcs; is 34t to zero.

New avent in the savent gueue reprégenting the

Process: Transmit routing information

BEGIN
* Sgarch cutput queua for date packet *

1P {* data packet found *)
THEN * Add routing data to dats packet *
£LSE
BEGIN
* Creste new routing packet *
* Ingert departura into the event quaus *
* Inccament event guaue langth *
END
END.

Tha assumption made in this process {m that pure data
packets, packets containing data and resting information as
well as pure routing data packets are all made up of the sama
numbar of bite.




28, Find the sink tras

Thix procedure forms part of the updates loop elimination
process. The loop elimination process ia used to find & set
of blocked paths in the network such that Ppackets are
guaranteed not to loop in the network.,

INPUTS:  Notwork topology, Source node i and destination
node 3.

OUTBUTS:  Sink tree.

SEHAVIOUR: The process determines the sink tree.

Process: Find_sink_tree:
BEGIN

all output psths to the source node *
= 1 70 number of nades DO
IF ((k <> i) AND (capacity of link (i,k) > 0}
THEN sink_tree{i,k) := connected;

* Find output paths for all nodes excapt node *
* {.and node j.
¥OR m i= 1 70 number of nodes L9
IF ({5 <> 1) AND (m <> 3))
THEN FOR k 1= 1 10 Number of nodass DO
15 ({m <> k)
AND (sink_tree{k,nm} = Not connectad)
AND (Capscity linkim,k) > 0))
THEN sink_trea(m,k) 1= connacted
BND,

29.  Prune dead ends .
This process also forms part af the laop elimination process.
INPUTS;  Ths newly caleulsted sink trea and destination
node j.
OUTPUTE 1 Updated sink tree.
BEHAVIOUR: A dead end is defined as a node whieh only
contains ineoming paths, other +4han the destination noda. A
packet entering a dead end nods k on it's path to destination
node j will not be able to be transmitted from node k snd the
packet will be blocked, Dead end nodes are removed by
converting the incoming Iinks to outgoing links. Thia may
reguit in other nodes becoming dead end nodes. Therefor the
pracess i¢ tepeatad until no dead end nodes axist in the
natwork for destination nore 3.
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Process:  FPrune_dead.e&nds:

BEGIN
REBEAT

FOR nade_m i= 1 TO Number nodes DO
BEGIN

* Check 1f enly output paths to nede *
* m. (search for dead end). i
* If nade m is a dead end then update *
* sink tree so that nede m only has *
* Gutput paths. -

END
UNTIL (* No mare dead ends found *)
END.

30. Loop elimination

Thim process eliminates all the loops in the netsork by
defining a set of posaible paths to each destination nade in
the network. The paths are ‘defined from a sink tree for each
dastination which is guaranteed to be ioop free.

INPUTS Network topology.
QUIPUTS: The met of blocked paths faor each destination node
3.

BEHAVIOUR: A blocked path set for each dastination node in
the netwark 1s determined for each node in the naetwork. The
blacked path set guarantees loop freedom.

Process:  Eliminate_laops:

BEGIN
BOR destination := { TO number of nodes DO
BEGIN

selact a mource node i.

Find sink tree for coucce node i and
destination node j.

Remove dead ands.

Deternmine blocked path set from mink
trea.




31. Output procedura

Thi procedure calculates long term averages such as the
average packet delay, percentaye use of the network and other
vseful {nformation used to datermine the performance of the
network. The resylts are then ment to an output file at the

&nd of the simulation.

INPUT! Rtatigticsl  information gathered during the

sipulation.

ouTPUTS Long term svarages and important results.
BEHAVIOUR: The long term averages and results from the
simulation are calculated and sent to an output file.

Peocesa:  Qutput procedura:

BEGIN
* Perform ealeulations to determine long term
* averages, see Appendix € for a list of the
* catculations performed.
* Send results to an output fila.

END.

3.4 Conclusion

A description of all *the important pracedures in the
simulation program has been provided. The description given
above provides a brief lllustration of the functions and
purpose of each of the procedures in the program.

In ordsr to provide a modifiable package the program has been

subdivided into 2 or . Each
procees performs a well defined function on a well defined
set of resources or variables. Using the simulatien technique
employed in the program, the program may be mpdified to
simulate other rputing algorithms or netyark protacols.




CONCLUSION

Part II of the raeport has been entirely devoted to the
design, implementation and use of the network routing
simziation program, 1A guide on the use of the package has
been provided as wall an explanation of the protocols and
formulae used in ths program. This part of the report
provides a detail analysis of the simulation package.

The program has been designed using as few assumptions as
necessary. The program may be extanded ta simulate other

routing algorithme and protocols 1f necessary. The network

rauting =imulation package is capable of simulating any type
of network tepology cansisting of vp to 20 nodes. The network
routing' simulation program’ iz able to provide accurste
resuits in a mederstely shart time interval. The simulation
program has a close one-towone corraspondence ta the
functions of a resl network. For this reason the program
providas the usec with a grestsr understanding of the baeic
principles invalved in analysing digital networks. One ean
conclude that the simulation progran is an affective method
of analyring a complex digital natwork.
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LIST OF PROGRAM VARIABLES
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Data dicticnary

A list and explanation of the constants and variables used in
the program is provided. A understanding of the functions of
the various variables in the program iy essential to anyane
wishing to modlfy the network routing simulation program.

B.l Constants
The constants defined In the program are listed,

Name Type Description

Haxn Integer HMaxinam number ef nodes
allowed in  the network.

Infinity Integer . The largest time ellowed in

{ the simulation progran hefors

an infinite time is sssumed.

Na_of_intervals Integer The number of intervals the
similation progran is
Bubdivided into.

Max_s,_iength Integer The maximun length the event
queue is permitted to hava.

Max_intecvals Integer The  maximum  numher  of
intarvals the simulation may
be divided into.

The following ‘constents' are wsed to determine the
performance of the ‘minimum delay routing algorithm and may
be entered by the user st the beginning of the simulation if
desited- .

Hax_trf_pkts Tha number of ' packets the

traffic at a node is averaged
over.
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Datermines  the  rate  of
convergence of the adaptive
routlng algorithm.

Integer The maximum number of packets
that may be transmitted before
the routing variables are
updated.

Inc_delay_Tol The maximum tolerance allowed
betueen marginal delay
calculations bafare the

roating variables are updated.

B.2  Types

All the various data types, such as records, used in the
simulation program are listed.

Name Tyge Descriptipn

Noda, 1D i..Maxn A1l the possible node ID
numbers . possible In  the
network.

Intervals 1..Max_intervals A list of asll the
possible  interval numbers
during a eimutation.

Vector A vector array consisting of
integer variables.

Rvector A vector array consisting of
real variables.

Matrix A tws  dimensional  array
consisting of real variahles.

Mateixd A three dimensional acray
conslgting of integer
variables.
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Matrlxs

Ixtate_vector

Retats_vector

10_gantenze

APPENDIX B

A three dimensional srray
consirting of real variables.
A (1 x Max_interval) array
censisting of integer
variables.

B {1 =z Max_interval} array
consisting of real variables.
A {1 % 80) array of
charactere.

Nebyoeks

Network, ID_name

Capaclties

Bxpacted _traffic

bp_packet

Record This iz a record which
describes the petwork.

I9_sentence Contains a description of
the network.

Matbix Containa the capacity of all
the links In thd natwark and
the natwork tepology.

Hatpix Contains the cost af
transferring & message acrost
a Iink tn the network.

Matrixh  The expectad traffic for sll
source destinatien paire in
the network for each tima
interval during the
=imulatian,

Integer The numbar of bits centained
in a packet.

Iner, delays,data

an_dz_ ki

Record Containe the data raguired to
calculate the value of
dD/dfusss at any node in the
natwork.

The current value of
LRt SYNFIS)
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oid_dp_df

-

New_busy,_period

Ni_tot

Dm_1,Dn_2

om_3

Real

Integer

Boslean

Integer

Real

Array

AFPENDIX B

The'  previoue  value  of
dD/GfRa s

The current number of packets.
Determines Lf the naw value of
d0/dfsscss must b transferrad
to node K.

The total number of packets
betwean busy periods.
Variables raquiced by the
algarithn.

Previdus calculated values of
fa reguired by the routing
algorithm.

Ine_date

Link_set
dp.dr, infa

dp.dr

Tag

Inee delays data The variables for
dD/dfws for each destinstion
node dn the network.

set

Record

real

boolean

The set of all possible links
in the netwark.

Record  containing  marginal
dalay db/decucy; informatien.
The  current value  of
dD/Araswiay .

Set to true 1f a biacked path
via k to nede j im detected.

ADPT info

Inc_delays

dD_df_ik

Record

Inc_data

Array -

A 1ist of all tha variables
required by the adaptive
routing algorithm.

Record  for  staring  the
incremental delays at a node.
A vector array for mtoring the
valae  dD/df..  for  each
destinetion nede 3.
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an_dr_data

R_data_Rx

OR_to_procead

APPENDIX

A two dimeneional array of
4n_dr.info for storing the
values of dD/dramesrs

A vestor array containlng the
sst of blocked paths for each
destinstion node J.

A vector array containing the
sst of neighbours k for which
the value of dp/dr has besn
racatved for & particalar
destination node 3.

A vestar array containing the
sat of neighbours k for which
valid values of dD/df.w have
baen recefved.

R vector array indicating, for
each destination node 3, if
sufficient routing informstion
has been recalved faor the
routing algorithm  to  be
updated.

Traffic statuk

No_of,_pkts

Update_time

total_teaffic

Record

Integer

Real

Real

A record contalning the
necessary data to ealculate
the valua of tu(s) &% node 1.
The number of packets receivad
between updates of t(s)e

The time which an update of
tics) 48 referred to.

The current value of £icsr-




Teaffle_info
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A vector array of
treffic_gtatus  and containz
the traffic informatien at
node 1 for each destination
node 3.

Ropting info

Nunber_of_nodas

Link_capacities

Link_costs
Shovtest_path_node

Output_prob.

Phi

Updata_required

Traffic_data

ADPT_data

Record

Nede_1n

Hatrix

Watrix
Vector

Hatrin

Matrix

Boolean

A record containing all the
necessary routing information
at & node including the
routing ~information for the
least  cost and  adaptive
algorithns.

Represents  the number af
nodes, that a node assumss i
present in the natwork.

The link capacities as assumad
by the node.

The cost of the links.

A wvector of the cutput path
number ¢f the shoctest path to
a destination 3 (n the
network.

The values 0f QGinca) &t nNode
t.

The valuse Of Biu¢s; At node
1.

This valus 18 Ret true if the
adaptive routing algorithm i
required to be updated.

Traffic-info Containg  the eurrent

values of %ic4> ar noda 1.

ADPT_info Contains the data required by

the edaptlve rauting
algorithin.
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Node

Total _buffer_paol

Current, _buffer_po.

Input_g.length

Output_Q_length

Max_output_Q_isn.

Single.input_Q_i.

Bits_per_packet

Service.rate
Routing_dats

APPENDIX B

Record The wvariable describing  the
status of a node 1 in the
network.

Integer The maximum numker of buffers
availsble in the lnput buffer
pool.

Integer The current numbar of buffers
remalning in the input buffer
pool.

Vactor  The length of each input
queve.

Vectar  The length of each oukpit
queue.

Integer The makipum number of buffers
availsble for each output
gueue.

Intager The length of the input gueue
at node i for  pacets
genarated by node 1.

Intagar Tha nuwher of bits per packet

Real The servica rate of the node.

Routing_info  Contains all the routing

information present at node {.

All_nodes

Packet_infe

An
dascribes all

©f node, and
tha naodes in the

Arcay arrsy

network.

Bat Set of data, control or data
and control and is used ta
describe whether & packat
econtains conly data, routing

information or both data and
couting infoemation.
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Least copt, flooding = or
adaptive. Describes  which
routing algorithm e to ba
Eimulated.

General packat

Time_creatad

Source_address

Destination_ addr.

Previous_node

Racord

Real

Noda_ ID

0. .maxn

Previous_serv_time Raal

Hop..count

Control_dats

Intager

Bkt _info

Describes the basic contents
of 5 packei in the nmtwork.
Dzsceibes the time the packet
waz originally created and ig
usad to determine the delay of
the packat.

Tha number af the node where
the packet was created.

The number of the destination
node, -3 represent
broadeasting.

The number of the node from
which the packet has just been
received. O reprasent no
previous nede.

The time ths packet was
previcusly serviced, »nd is
used in aalculating the hop
dalay.

The number of nedes the packet
has passad.

Determines if the pasket im s
pura data or purs rauting

packet or a data packst with
appended routing information.
Tho value af dD/df,. to be
transfarred if any.
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apt_dre db_dr_infe Tbe value of 3D/8c, (s to be
transferred if any.

Routing_algerlthm Algorithm The name of the routing

algorithm to be used to route

the packet. Thiz allows each
individual packet to be routed
using a separate routling

algorithm,

Event_kind set Arrival, service or departure,

describss type of event.

Link Pointer ~ Fointer te an event.

Event infa Record  Daseribes an  avent in the
avent queus.

Next_event Link Pointer +to the next avent in

the event queuve.
gentinel Boolean  Set ta TRUE 1f tha event ig
the last aevent In the evant

queua, otherwisme It is set to
FALSE.

Time Real The time at whith the evant
vccurs.

Node_No Node_ID  The node number at which tha
event acours.
Output, node_Na Node.ID If tha avent is & departurs

this stipulatss te which nede
X the packet iz to be ment.

Name Event _kind The name or type of evant.

Packet General_packet Tha definition of the
packet asmociated with the
event.

it Foai L 2
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Tha total cost of transterring
the packet across the network,
uged to calculate the totsl
cost of running the network.

Frevious.arr_time The time ©of the previous
arrival at a noda, snd is ugad
te caloulate queuing time.

Previsus_dept_time Real The previgus departure time of
tha packet and is used to
calenlate the  trapamission
delay of the packat.

Error_status -1.-1 Detarmines type aof error
depending on valus.

Op_path definition Record When 5 packet i to be routed
the destinatfon address =
sept to the reuting algorithm
snd this record is usmed to

define the path or sst aof
pathe the packet 'z to be
reutad on to reach that
destination.

No_of _pathsz Node_ID  The numbar of paths tha packet
is to be transmitted on.

List_of_paths Veetor A list of tha output path
nunbers k, on which the packet
is to be transmitted on.

Path_tound Boolasn True if a valid path was found
by the routing algorithm, alae
it is set to falme.
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stats_info Record A record containing all the
necessary data - requifed to
caleulate the , - ,1its from the
zrogram.
Selected_algo. Algorithm The hype of routing algorithm
used {n the simulation.

Tne following data are all ihteger values + ‘he type

Iitats_vector) recorded at each time interval -adring the

s mulation. K

Total_packats_blocked The total number of packets
blucked. :

Massages_transmitied The nomber of  successful
packets.

retal_exp traffie The total expacted traffic.

Total_gen_traffic The total ganeratsd traffic.

Numbee of hops Total number of hops of al
the packats.

Intarval_pkta_Rx The. total numhar of packats
ceceived refarred to interval
generatad.

Interval R_pkta_Rx The total number of routing
packets received rafarced to
interval generated.

The following dats are all real values (of the type
Retsts_vsctor) racorded at each time interval during the

simylation,

Parcentage_R_pkts_Rx The percentage of routing
packets transfecred.

Total_message_delay Tatal data packet dalay.

Interval.pkt_delays averaga delsy/pscket referred
o interval ganerated.
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Interval_R_pkt_delaye Aversge delay/routing packet
referred te interval
generatad.

Total_interval_delays Average delay/packst of data &

routing packets.
Average_mészage_delay The average delay/packet.
Intervai_time The simulated tine at which
the interval commenced.

Total cost The cest of running the
network for that interval.

Hop_delay The average delay/hop.

Average_percentage_use The average percentage use of
the links in the network.

The data structures defined below are required for the
addytional data used to calculate the final results of che
simulation program.

f;

Packets.per_link MatrixA The  number  of  packets
transferrad over each link fap®
each intecval.

Percentage_use Matrix8 The percantage use of each
1ink in the network.

Total _pkts_gener. Integer Tha total aumber of packets
generated for the entire
simulation.

Total _pkts_Tx Intager Total number of successful
packets-

No_of_pkts_black. Integer The total number of packets
blocked  for  the entire
sinulation.




Total_pkts_dized. Integer

Percent. pkts_bl. Integer

Max_delay Real

End_time Real

Overall_msg_dalay Real

Total_ service_time Real

Total dept.time Real

Tatal fx_time

Ovarall_sost Real

Delay_ per_pkt_gen. Real

Tatal_hop_delay  Real

APPENDIX B

The total number of packets
digcarded in tha network, due
to the fallure of the routing
algorithm to find an output
Tink.

The percentage of the total
fumber of packets blocked In
the netwark.

The maximum delay experisnced
by any packat in the network.
The actual total simulated
time.

The  total
delay.

average  packet

The percantage time spent by

the packets in the input gueue
and server of a node.

The percentage time spant .. ¢
he packets In tha output
queuss of the nodes.

The parcentass time spemt by

the packets in the links of
the network.

The total cost of running the

network.

The total packet dalay per
packet generated, including
biocked packets.

The total averaga delay per
hop.

Filenamé

An array of characters forming
a string.

5.
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B.3 Variables
The actual variables used in tha program are listed and
describad.

Name Type Degeription

N Node_ID The total number of
the network.

Netuark Networks The specification
network.

Event : Event_in. The ueecription of an event {n

the network.

Front, back Link Pointers to the front and back
of the event gueue-

secd Real A seed for the random number
generator.

Nodes Ail_nodes A description of all tha nodes
in the netwark.

Tatal_duratien Real The total duration of the
simulation,

Bvent_Q_length Integer The .~.rrent length of the
evant queve during a
simulation.

Data_pkts_in 0 Integer The total number of
packets currently in the
queve.

Sim_start_time The actual real time the
simslation started.

Sim_snd_time The actual real time the
aimulation anded.

Init start time Tha actual real time the
initialization of the program
started.
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Integer The actwal duration of a
simulation (real time)-

Na_of_periods Intervalz The total number of intervais
for the entira simulation.

filename Tha name of the output file.

Num_of_see

OP_filename

The most impartant congtants and variables defined in the

program have raen defined. Bach separate procedure in tha
program containe additional local variables, which srs not

The functions of these variables may easily ba

listed above.
identified by studying the algorithm in which they are used.

The list of variables has been provided to give the

interegted reader a  better uhderstanding of  the

inplementation and functlans of the simulatian pragram.
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Calculation of simulation repuits

In this appendix the calcuiations and definiticons used to
obtain the repults from the simulatieon program are lizted. It
ie important to analyse the formulas used in order ic verify
the accuracy of the results obtained from the simulation
program and to make valid deductions from the regults.

Average hop delay: The average hop delay represents thé
average time taken for a packei to be transmittod from node i
to node k, and includes the output queuing time at node i as
well as the inpht queuing time  and service time st node k.
The average hép delay is the total hop delay divided by the

total number nnps during any time interval.

Average packet - ... The average -packet delay for &

particular time -intseval iz calculated as the total packet
delay for that time interval dividad by the total number of
packets. successfully reaching thelr destinstions during that
time interval.

Aversge percentage use of all links: ZThe average parcentage
use of all tha 1ihks 1in the aetwork iz the sum of the
geraentage use of each 1link in the network divided by the
total number af lipks in the netwerk.

Hessages Tranamikted: The <votal rumbar .of massages
trangmitted during an interval i Gefined as the number of
packets sucqessfully reaching their deatinations during that
intarval.
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Number of hapet The number of hops @xpariznced by a packet
travelling from souree node { to destination nods ) if
incremanted ench ‘time tha packet 45 serviced at a node except
the time 1t i& initlally secviced at node i. The total number
©f hops is the sum of the {ndividual heop counts of all the
packets in  the nstwork. The average humber of hops
expsrienced by a packet is then the total number of heps
divided by the total number of packats transferred during the
tine interval.

Packet delay referred to origina} interval: This vepresents
the total delay of =ll the data packets, craated during the
same time interval a, succemsfully resching their destination
nodes. The average delay i# defined =& the total packet
delay, of the packets ¢reated during time interval &, divided
hy the numbar of packetsz recaived that were gensrated during
the time inkerval a.

Packets veceived refexred to original interval: This
reprasents total nuwber of daka packets created during time
interval a, succasefully reaching thair destinatien nodes.

Packets tranemitted per link: The numbex of packets
tranemitted ovexr link (i,k) during a tima interval i
datermined aF the aumbar of packete srriving st nede k during
that tima interve)l and includes both data and reting
packets.

Percantage number of routing packetss This iz definad as the
tetal number of routing packets transmitted aultiplied by 100
divided by the sum of the nusber of routing shd dats packets
transmitted.
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Percentage use af link (i,k); The average percentage use of
1ink (4,k} during a time interval is defined as the number of
packets transferred across the link during that time intarval
multiplied by the number of bits per packet and divided by
the capscity of link (i,k) in bits par second.

Routing packet «wlay referred to original interval: This
reyresents the total delsy of all the routing packets,
craated during time interval a, successfully reaching thair
destination nodes. The average delay iz defined ss the total
routing packet delay raferred to original interval divided by
the numbar af routing packets recelved referrad to the same
time interval,

Routing packets received referred to original interval: This
reprosents total number of routing packets created during

time intervsl a, puccesgfully reaching their destinaktion

nodes.

Total cost: The total cost during & tima interval {g the gum
of the cost for a packet Lo be transmitted over a link in the
network during that time intecrval and i salaulated each timu
a packet arrives at a node. The total comt af traneferring a
packet across the network iz then the sum of transfarring the
packet across the individusl links from the sodrce to tha
‘inatlon noda. The cokt of transferring blocked packets is
Vuo calevlated and the average cosmt per packet is than the
total cowt divided by the number of packets succrasfully
reaching their destinatlcnx. It is assumed that hlocked
packets increase the cost par euceessfully transmitted
packet. ThiE assumption is valid if one i& zonslduring the
overall long term copt of running the network.
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Total packet delay: The total packet delay {5

defined as the
time the packet is

setviced and consumed at tha destination
nede minus the time tha packet wae created. The total packat
delay veprexents the delay af all the

dsts packets -and
axcludes packets containing only routing informatian.
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B.1  Mair program listing

PROGRAK Network slatulator;
_— B——)

“
{# Netnork Rouking Stalation Pv‘u rac
(l saz:

(r Hamet "HRSP. 4G
[

s

£+ desrlpicn T function of the progeae s to_sieulate 11
the rauting of packets or nsssages around a 3}

o 4 digital netuark, The package Ll be used +
3 to deteraine the perioruance of the nebork 3
“ swbject o a pirticular couting algerithe %
o and varkous tratiic Yoats, 0

i
i Yersion: e
" This versimn is currently being updated to
@ lapienent an adapiive routing stqorithe,

o based o0 R Ballager's agpative sigoritha,

i
© futhors  Hare Leon Francols
4

[ Getaber 1967
«
o lgutst tagut File and Yepboard

ft Dotputsr  Dugaut Hie and screen
[

1 #odlfleatlons:

€ duthoe lane)

€ Dater

{4 Descriptiont {Deseription of wodliicationts)}
{

{sxHe These syabols Indicate sritslp statomsnts that are 33
{¢ usad 0 develuping and dobugging the progras. These s}
0 wrliein statensnts eay be delelec if necersary, 1)

SUUCWIE Fsystingfbesa.fnspas’s ( Systes ralls fon nmmmg)
SIHELUE *fsys/ins/caliins.pis’) ¢ the vyston tine!
SIHELURE systinsfvint.dnecpas’y
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SONSY maxn 0, € Kaxiaus nugber of acdes dtlowed )
000

d
0y Tlaw tntervals duclng siaulation )
= 1,001 { Ting {ncresents for simufation
= 300005 { Hatiaun ouaber of events alicwed }
Baristorvsls o Hoof_intarvals + 4t
Max tnf pits = 16) ¢ Nax Ho of pits betvasm updakes )

{ Comatants requiced for the sécond derlvative cauting alyorithe )

ihigha TLm ot e fo e et )
o 03 € The aatc oo of pkis/usy period }
tine delay Tel = 0,030} { thange in tnc delay tolerarca  }

Hode 1D R A1 possibe node 10's )
Intefals X
vactor Ghode, 1) OF INTERERy
frector 113} ¥ nm.
Hatrbx
tatrizh 10 Hode_1D,1, o s _intervals] ¥ mrsm.
Hatrisp mmm 10, Hode_th, 1, Ho_of {ntervals] OF RERL)
Istats yactor = MARAYCH ko inteevals] O (HTEGER;
fatatsveckar = ARAYCE, Hax_Lnkervals) OF Rify

« ABAYLS, 500 oF ok

X = {Tutgut path, Not _comectedl

atelxc = AR YCHde_\D, ode,_13, ode 151 o bath_inky

Networts * REUORR { Yatwank defiticn )
Netyork 10 nase + 10 sentencey
Nuter, ot odes + Yoo, 1D;
sapactties 1 bty
cast + Hatring
expected_traffic  Natrixhy
i _gackel + INTEGER)

8ok tree + Habrinty
0y

£ Vartahles regiired for the secoad derivative rauting alwnnn )

e, gelays data = nimn € Inceaental duhys data 3
4kl REALY 7 Catculated values of dbdf }
ﬂld,du! ' R‘Em { for nelghboundng nodes,

&
Net_busy_pordod

ety 2 a3t ok 100}
Lot

X + SRRAVEL, 3000 OF REAL)
By




A pades

Faciet_info
Algarithe

Beneral packst

Svent Kind
Link

Event_info

Greor status

0 path et

APPENDIX D
Bits_per_packet . INVESER
Service rate
fouting tara + Rauting_infn;

= ARRATINode DY OF pode;

= {data,canteol date_and_ctrily
= tilantiag, 9 or LG New_slgo);  { Routing alqariiha requireds- 3
. 4 Flaoding

4 b Shoftest pithileast cost }
¢ <l dlaptive stgorithe
= RECORD € Packet defintion }
Tise crasted + REALy
Source 3 + Node 10;
Destination addreey t Oanang {09 Broadtasting )
Seevious nde + 0uiaaeng {03 ng previaus node }
Previous sarvice tine ¢ REAL; 4 Pr. end of service
- o Hop_gunt + INTEER
£.Lanfral data + Packet ink
L © RERL,

- © RERy
it e 4 €. dr_bsfe; 4 Rocking data
.40t ir + Hode 1Dy

R previous oode 1+ Node 10

Routing 2tqaritha gt

i

® (aredyal tervice degir torel

= “Event_infoy

= RECORD Event definition 1
t 1 Link

+ Evenk_king;
+ Beaenal packety
Real;
Pravious arvivil tige ¢ REAL;
Pravios_dent tise - REAL
d
oy

= RECORD € Dutpat gaths definibion )
Ho_at_paths + Hote |
List_of paths

D
 Vectis
» BOOLER
1+ BO0LEN




Stats_info
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= RECORD € Stats data )
Selected_gigorithe
Total gacksts_blocked
Hessages transaitted

+ Mgarithe;

Total_gen_tratfic ctar

Hunier_of bops Istats vectory

Iaterval_jits fx : Tatats vecter;

Tnterval_} pkts fix

Percenbage R phts R

iotal sessage gelays 3 Rstate vestor;

Interval gkt _felays + fstats_vector;

Interial T it dalays Rotats vectar;
Retats vectar;

tine
Tatal eost 3 Bstats_vector;
[ + fstats_vector;
fverage percentage use 1 Rstats_vector
Packsts per Jink Nakrisdt
Percantige ise

[ty gtes

Total gits. D

ool e eced

Tatal_sessages
Total gits discarded
Percentage ptfs Glacked
m dlhy

m»an e deliy
Total _service tize
Tatal tet_tiee
Tatal_T3_tine
averall cost
Telay per pht, gen
Total hop_delay + REAL
Delay_distribution « stats_vactor
Yy

 ARRAYI1 307 OF CRAR;

Dleie Il (e o aes 0 ek 3

+ botwirks; - { Hetwork descoiption

+ Event_infe;  { Event duscription

+ Unky ¢ Polnters to event quere )

¢ Evestati Do wror 13
B 161

} Wamning 1f ~
4R { Bl st o sidon b et )
+ All_nedesy ¢ Status dscription of aif nades
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Tokat_duration  + ALy 4 Yokal durstion of the sisalation

¥ » OUEGERSZ;  { The current length of the event quese
Datajtts fny 1 ITESERIY  { The nusber of data ykts in evest queue
Stabs data - ¢ State fnfe; { Perforaance evalusting varisbles
Ginstaet time 1 tine ciock 4 Usad to caltulate the actusl duratian
Staend tian ¢ tiseZSclack b of the simlation i seconds,
Inif start, !in + tise clotk by
e o TR, S oo Dsta Proleg itk gneal?
Bnua of soc WIEGER:  ( systen function calls,
g

Clotal o of Intervals for entice siaul, }

@ filonase filonaae
i + fEAL « These are useally declaved 35 constants
» + INGEBER;

ST 1 RER

HALTRS_PTS  » RERL;

o
<& This function praduces 2 ‘randor’ musher 8, Where
45 03¢ R4 1,0 and R is untforely diskributed.

@

& IPUTS: Vaclable: Seed IHobal wariate)
{5 QUTPUTS: Varlabfe: Ratd {Fseudo rendon mueber/
1

11808 (o +)
send :x seed - Q192,08 mmﬁ:lsudlatm,
fseed 4 0,5 (0142

PROCERURE TN VAR X @ NTEGER};
SRAI————Y

8
u This pracedure is siaply used tu incraomt an integer +}
& varishie, o
{6 PTG Varlable: Integer () B
1 DUTPUTSs Variables Integer f 4 1) »

»




PROCEDURE DEC (VA ¥ ¢ TWTEGER);
{owa ke —

e procetra is sisply used to decrasent an Integer u
& variabte,

(& OPUTS: Varianler dnteger tx) M
(o OUTPUTS: Variabler Integer 15 - 1} o
o -

{ Include the procedure requices to initisiise the spectsl routing data »

| SINCLUDE ‘laltadgh.pasy

 Tnclude procedires required b set up the hlacked path set )

SINCLODE "Block ,pas’

PRICEDURE Initiallse dgka VAR Network,0otn + Nebiorks;
R Hode defo ¢ 411 oodes;
VAR Stats defn ¢ Stals_infoly

*
(‘u This procedure intiatises zl} the datd,

o 0TS Variablest Sxpected traff
13 Wads statust Rnukh\q deta and
e Tengths,
Statistic dil’.l'
u QWIS Vartablest Expected bt
Hode stabust Ruuhnq data and
o yusun Lengths,
o Saistis dal
@

VAR xyy,z ¢ INTESERY
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wltate; witeln
sedtalaCHETHRS LTI EOMLATIN PROGRAY )

el semmeemis asmsmne! ]|y

weiteln’ By W L Francols'); Mnhln[ lrﬂeln;
witeln{*fnitialising data's; writeln(’

¢ loitialise expected traftic for atd squrce destination pairs

FOR x 15 1 10 sitn 10
s 010
70 o of intereals 0
Nathork _dein.sxpected_tratfictiyyal 1= 0
Bhats_drin.Packets per_Linklx,p 2]
tats deta, Percentage_Usalt 1) 1= 07
0

4 Initiaiise current q langths/CP prob/Blacked paths for &l nades )

FOR ¢ 1= 4 10 wara 0
]

Hode_defnlxl.Single_fonut 2 tength
¥ 5110 saxn 00
¥ITH Hode_deinix] 30
B

Tnput_Q_tangthty}
Output 2 tengthly)
Rauting data, Trafic datatyl.Ho ot gkts
douting ke, Traftic_datatyD.Tofal_teafsie 1= 0
Rauting data. Tratle Sataly) plats tiee ¢ 0;
fouting data, Traffic datalyl.Fo_L [
Routing data.Trattie tutalyl. Tn 2 ey
Routing_data.fdpt dats,Bily] [L3¢%)
Routiog_date. Mgt data,B_data Raly) =iy
FOR 2 3= 1 10 sash 00

HITH ragting data 00

BESIN
untput_prubahmumv.n iy
i 0;

d
Mpt dste.dh_te datalyaddign 1= 0y
0

By

£
witeo;
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€ Inftalise slL autput varlabies to detarelne perforaunce of the netyork ) M EENDLR o

HITH stats defn 90
SEBIH
B ¥ 1= § 70 Hax, {ntervals 00
)

Interval taelx}

Tatal_e1p traffietn)

Total packets blacked(x)
Nossages transeitledty)
Total_sestese delayalx)
Average gassage_selayi)
Tatal_castly]

Tatal_gen traffiets]
Nusber. of fopsixl

Hop gefayixi

Iaterval phts, fatal

Interval R pkis Relx)

toter7al ikt delayela)
Interval § gkt tefaystx] 3=
Fercentege R pits Buta) 1= 0
Total faterval delaysta) 1= )
verage percentage, uselx] 1= 0
fetay gistribetinlsl o= 0
Dy .

Yax delay 42 07 TaldlTn tine
Tatal_service tise 1= 0] Total bept tice

ol gt T 1= 07 Ho_of_pkts_blocked

Oreral cost 1= 0; Total sessages

m;uns discarded 1+ 6 Gvenail_sassage

Total bopdelay 1= 0 Pits lost nue_u_m_nnkx v,

[

FROCEDRE et ik froa, i (4 ke 1 R Hebwork, defn:Netvorks)
R Node gein <ALl nudex;
s v _statusfy

u This grocedure reads dn the spectfications of the n
5 Fron an oot flle, The fopwst of the imut file is -)
u spacified in the user's hanual of the grogras,

10 oot Fi
3 Mﬂllr u( nades, Link capaeities
Link costs, Expeted teafiic,
Yode Service rates, utter poel
20 ani sutpub hutder size,




R ftimane + WRRATEL. 301 OF CHAR;
F

Statust + INTEBERIZ
Flnished + BOORERN;
2y, Toap source, Tesp fest ¢ INTEBER;

st
writelnt/Data fapat froa iTe'}; mritel
xr&lek'inm n.n of laqut fite (and pmm {oedauit "INPUT.DAT™S )y
readlniéyfen
F (nlenm " "l e fitavamy 1= FIRPUTLIAT'3 ¢ defaolt dile
witeln
OPEIF, l()enm"ula',stnusm)
IF tst;
THEN rmt(n

(=)
weltela{FERRORSY File oot faund’hy Btabus v 1y BETURH)
ENDy !

4 Read tn Hetwork 1D )

e
el eoort defn Netwark_{Dganely eeuiniFy
ritelniletiork _detn.Hebrock 10 sasel | eleiny

4 Read tn nashen of nades }
readintF); readintFly readinif;
writelnCuaber of nades in tebwerk =/ IiSH; writsiny
Nebvork,deée Konber_af _nades 1= K

4 Read In bits per packet 3

¢ -}
el st Roas de by gaske redlo )y
witalotBits per packet Hetuork_tein. by _parketibly
witeln)

ol Liok cipacities }

mdlnlf); urihl«l‘unl capacitios'))
an i [}

Funxnlmnnn

BERIH
read F, Hetwork dedn, capacttiesty,K1hy
writahetuork Jsin.capacl tasly,x1i 1268

By
mnlnlm writeln;

y
yeadiniFly weitelny

APPENDIX D




( nnd ln Link :nsti )

rnm(ﬂ) wrlt!ln(’l.lnk costs'hy
Ly oL

me R IL]
(1)
veadF Hetuork_dofncostiy i1
= 1) THEN netuork,defn.costiyy1 1= Intiityy
wrikathebiork detn-costly e 1214}
iy
man.m- writeln

mm(m witeln;

4 Read 10 expacted teatfie for souree destination patra }

{intshed 1= FALSE} poadindfly roadlalFly writeini'Sspertod trathic’)y
REPRAY

readiFToup_soiecely
1F (Tasp_soirce = i
THEN Halshed 1= ThE
-t

1
FussIF Tesp_dest) | anitetTomn sourcer, Tesp_destid)

118 Ho_of Intorvals 10
N

nadF doboek din.exestad_traffleTemp susrce,Tomp desk, 1)y
“lrlll(lllunrk_dﬂn-!xylz\eli_lrll“c[‘l“p_swrcl‘lup_dut,\dlﬂ))
]

oy

veadielf)) wrlivla

UATIL finisheds

{ Read n sarvice rata and buffer size for each pode }

ratinfy adngly
PR

Ny

ruad,98; IF Gy <5 Xf TN 1 0p ¢ Erear dn dnput Flle )
readF hode dettxl. sarvice pately

veatiF Hote_defaty. Total biffer goct Legth)}
reatnF Hod dejnlel in matpat 0_fergthiy
wite'hode ka3, Service rate = ¢ Mods_defnlxt,senvice paterBizly
aritet! (P Butter = ' Moo defntyd. Total butfer_gool langihishy
seltelnt 0P Dusien = * Hode dofnl). s ostput 0, fengtheSiy
Node,fafaix. Curvent buffee pon), Leng

th
1= Nada_defolx). Totel butfes ool lengthy
e
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§ Gk for srears in the Lopt file )

writeln; weltelnl'ERRR Dncoreast inut ¢ile fovsat!ly writeln
stabus = 1 RETURN)

o
ELSE status :x 0;

LLOSEIF) )
END;

PROGEDUSE Bat_data_froa user (Yar Desation ¢ REAL] VAR Stats 1 Stats_infe;
YAR Result file 1 filenavel}

#
(u m; prmdm stply collects the required data fras n)
(u the

« news; Tepheardt
<& QUTPHTS: Variabler Gimlatim doratian
@

VAR ans ¢ INTESER;
BEIIN
writelny Suration s= dndinity ¢ 1
writeln{/Tise {ncrements currantly set at *\BeicaliZidly
¢ Enter duration of the mipeeinet }
onLi {hurstion ) Ininity) 90
EBI

nrnel'Enm deration of sieutation {0 to 1000} ‘5
readln(durationd;
ED

witeln)

¢ Select routing algarithe )
i o -

witelal'Select routing aigaritim. 'l
1, Shorkest path/loast costt))
2 Flosding 7}y
3 Adaptive algarithe’t)
welteln

APPENDIX 3




REPEAT
witel Entar cholce 1 11} readlnians)y APPENDIX D

OKTIL faps THEL 31

GASE ans OF
11 Stats, Selected alguritha 2+ 6P or L5

3t Stats, Selected_slgorliha = New alge)
ey

{ Entep soed for randon ueber generatar
{ome

weite('Enter & seed for randon nesber generators "1y readinisendl;
witslny

< Thls 13 only inertod for testing purposes take this aut later )

I (State, Selected elginithn * New_algol
Thet

sEaly
wite'Erter alphs: 115 ceadintalphal;
write("Enter eatieon nusker o aesssgex veter uptate: ‘)] veadinitay,a),
weltel Entor Lncresental delay bolerascer 3y readlnding defay Toi);
yeiteC/Enker nusbar of packets Getveen traffic updatas '}y readlnifiex_ted pkts);
£ty

¢ Get the autput file paka tros the user )
-

wnltatiEater nase of autgat file fand patht: Default 'RESILT.OAT) 'hy
readlnResult filely
IF {Resulk_file = M) THEN Result file 1= RESOLT.DAT; ¢ Default 4ila §
witelny

Bty

PROZEDURE Shostest path (Link costs ¢ Hateix; Hysyt 3 Noce 10
VAR path 1 Hode_IDYy

L6 "
12 This procedure calculates the sharkest path fron any *t
{0 wource natk G any destination aode. Nobe that anly
< the nert note on the route to 3 particular detinatior
0 s renesd, and e i3y 10 psher of Lo st o
1% 15 the anty ontput to the procedure,
4 WPUISE Matrixi 2 sateis (302 conststing of the "
3 ost of each Link I the ustuork, 8
u artiler The pote of rdes in the sebert n
e sare qude {s)
The destinatian nude (£)
(- WIPTS Yarlablen Path, the next node siong the -)
the least cost paths




E Lay = ora fenth;
Hote Sable + BECORD
predacesson 1 Note_(0}
lgth  + REAL]
1abl ) Lo
END}
Geagh_state = ARRAVE, azre) OF Nods_table}

WA state 1 graph_statey
ik
ain 1 REt

et
FOR § i= i O ¥ a0
WITH statetid 10
BEaIN
preducessor 1= 0) aagth 1= {nflalty) 1abl 1= tandy
't
stateft].length 1= 0 statelt),dabl 1x paray k12 by
REPERT
FOR | (e 1 TON B0
TF GLnk toxts T1,k1 €3 0) #H0 (statetl),Jab @ tenty
THE)
IF tabatalk]. Tength + Link costsli 1 ¢ statelidilength}
THER

w5
statekl . predeceseor 1=
statelld, longth ¢+ statelkd.Jengih + Liok coatsll iy
o

aln g2
FOR { o
IF {statalid, 1abl = bant} AND (state(i3.Tangth ¢ in
THER

inttaltys k te 0
=3 T0N

I
ain 1= stateli).Lengthy
oty

)
435 % « 0 than no path foud )
IF 15 €2 00 THEN stabelkl.iabl 1= pere ELEE & 1= 5

UHTIL (& @ 8y

kg
IF 11 43 0 THEN path 1= statelkl.preducesson ELSE path 1% 0}
witelniShortest path fron node *ystd," ta nade "B, = {ypathedly
[
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PROCEDURE Inttlalise node_dsca (4 1 Hode, D) Notuory defn 1 Hstworks}
. Yods_tefn + ALL nodesl(

o [
04 Each noda §5 intialised with the current status of 3
{# of the nutuork y 3nd the shortst path to all nades, t)
(l fron 3l podes {5 ealeulated.

(- BTt Yaelables The nunber of nodes in the netuork n)
The status of the netyork

n QUTPUTSt Varlablet The status of nodes In the aetwork :)

D

R counbyr,y 0P ath Vo, Dest_nade o 3 Hode, 10y

Ik
FOR count 12 L TR H DY
BERIY

wettalnpuritelnt Inittalising noda 'ycountidl)
Hods_geénCeount .55t ger gackat v Hetwart,_sefn.bp, packet;
s dsfnteount], Routng Seta,Kusber. of_nodes 1= by

It pauting, dakal Hade dentcount 1iRating data, hipt datal

CIndthalise 1ink capacities and costs at sach node )

M= L TOND .
By s 0400 : :
B3I ;

ode_dnfotcount], Bouting datanLink capacttiesty,y)

Hetart; dofo Py
Vot defatcqiekl Routiag_ata,Link costste !
1 Hataork_def costls 113
ENDg

¢ hit{at{se the pouting dats of each node ualag least cast algaritha }

FOR Dest node bo 1= | 10 H 90
B
IF leount {5 Dest_pods MO}
THER

B
shoptest pathikode defalcountd, Roting data.Link custs Ny
cavit,Dest _pode_Ho,BF_path iy
Wede fefnLcount 1, AnutLng_dsta. shontast ath nodeCBast ode o3
* d

FE

ag




APPENDIX D
VAR Tess _stare 1 Event_tnio;

BEBIN
IF tlastrt = FRLSEL #
nlil writelnt/ERAORY) Event cauiot be inserted into the event queve,”)

" L length )= fax 0 Lengt
THEN weiteln‘ERRORD) P quwe ftity
e
BEEN
Yow_reval™ pert_event = Teup™ next_sveal;
Teap_stare
Tesp”
o arrival®
'llp".next event e ow_arrival;
2 longth 1= 0 length + 5
[

Tnsert 1= falsy
o0y

PROCEOURE List g (Front @ Linky Q_length : THTEBERS);

t

¢ Tnis procedure prints out all events in the event e)
4 115t and can be used for debugging purposes.

n

1

¢ PUTS: Printer: Pointer to the front of Gueve
{& WIPUTS) Scresn: Evenlts o geeue fn chronological 5}
o ardes, »

o 3

AR Tesp 1 LINE;
Count §* INTEGER)

"
Lo e by Tesp 12 Fronty weitelny
st isplayieg quese b (hrunnlnqxul nrd!r')‘
writetntiommm witelny
writeln(’Length of event geue = '\0 g withn;
WHILE (leap®,sentinat <} TRUE) 30
[

witelcoutsS,’, *\TeRpn TieesliS,’  *\Teaph Mase, ! Teap* ode nord);
writeln’ | ¢ Tenp*.Packet.Control_datady

cant = caunt * 1 Tesp o= Teas*.nest_event

o

)
witeln;
arlbelnUAlL svents displayed,"); weitelns

BNl




PROCEIURE. Update_an_evont (duration, tia
ot Nutber, Source Mo,
nm oo revaws. s ol I
o9 1 theden;
nm_am ¢ paciet intey
are_service dept + Event_finty
Eost_of Tx + REALY
First_tept_t ROy
Required_afqoriths + Hlgorithyy
R e evenl_tata + Bvent_(nfo);

u This procedure sets up an event shich {5 to be added -)
¢ ta the evert lisk.

&
INPUTS: Varishles: Tise nf the event
« HNade auape

Source node nuaber
Destination node nusber
Provious nade uaber {0 iF pans)

Chrl dabs Uaka of ctrl packet!
i Event_kiid (arrival service,dert)
(- QRIS Vartzbles Event "

Bl
WITH N ent fata 0
i znm evant data }
5ewhnil 3% FALSE; Tiae E_tiney
[ wn:-  dept; Hode o ¢= Node_niber;
T ast9f Txj
T pactet 20
BERIN  { Enter packet data }
Source_address  +* Source fioj
Sestination_skdvess ¢ Dest
Previous jofe 1= lIn _of pravious_pode;
Hop_rotnt Hap_Nos
tontral_gata = el iy
Provioss_tept tise 1= First degt tise
Racting_algorithn  += Required_alpord th
o
ERD;

o
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PROCEDURE Snter_avents (8 : Kode IO Duration ¢ REAL)
R Q_franty @ back 1 Lnk
R Length ot @+ IWTEBERYY;
0 gktsin® ¢ INTEGERZ;
W Stats  Stats jafel;

1
{4 Tots procedure allots the yser 1o avker one o0 s
15 events sanually inko the event quee,

o
h INFUTS:  tonstantss Belta T
saher oF Litervals {107
(. Variables: Nuaber of nodes
Duration of the sisulation
(. QRS Poisters: Pniums to the mmt and back n

(- Yariables he u..qm of the ot quéve, n

W8 Source ode, Dastination, nade ; Hode 10
cureent, clock 1+ 66
fnsert . + BOOLEM
Hew_gyent, dsts 1 Bt nfoj
Hew_svant, Tesp warker + Link;

Int) 1 INTEGER;
Answer + CHAR;

mln

et ey procees” );
writelpits

oy
(et tie of event frou the user
[ =

REPEAT
writeing writet'Eoter tae of evenbs “); readiniCurvent clockly
IF (Current clork > buration}
THEN wpitelnt'Tise entered aust be within the duration’};
URTIL (Bureent clock ¢= Duration;

4 52t saurca and destination node feoe tha user 3
i e}

REPEAT
witelng
writel’Enter the saurce nade D1 /); teadlntSource sade);
writel Enter the destination node T0: ') reatinflestination nodel;
IF {ifiurse_node > ) OR {lestination node ) W)}
THEK writein(‘Nodss entared do act exist')}

UNTIL {(Snurce pode C= ) AND (Destination_nade ¢= K1}

83




( Insart avent into the svent queue 3

ot gurent,clork 3 No_of intervalst/Duwationt £y
T TStats.Total,_gen_tratfictint Hol);

Ustate_ia_event (Dation,Current,_clach,Source,node,Sturce nade,

vstinltlunjbde,ﬁ,h‘hh‘ﬁrrinl,n.ﬁurrln(_tln(k.
goritha e evant_dakar
. am.mkez‘u.. _created ¢ Carvent_clach

Fiod_insert gosn {Gureent elock,D,_frantydback, Tomp sarser  Insark)

ke sty

Hew_event* sy

Insent, nvnntﬂeuulrk!r,uel svent angth_of 2,0 phts_in 0, lnsertt;

writeln; eitet Enter anckher event tyln 2 'ty readlnthaswerls
URTIL (HOTfnswer INCY, g1
Stats,Total ghts_generated 1= Langth_of 0;
£

4 Include procedures required for Second derivative routing algoritha ¥

STATLUGE Transaitupas’y
JNCLUDE ‘adaph.pas';

PROCEDURE. Randow areivais (N = Mode 10} Dupation REALy
Trafic_sapectad : Hatrixh;
YoR 0 front, @ back ¢ Link;
VAR Length of & 1. INTESER3Z)
VAR Dgkis in R+ INTESER3ZY
VAR Stats + Stats infolg

1 #
& This procedure generates randos aerivals to nodes 43
0 dar i s gustigaion ity ith B avere )
¢ sackals rate yiven 3y the expectad deattle,

-)
n 1PUTSE Constantst Delta ¥ 0
Vasber of Jaturvals (10} n
a Variablest Hunbir of nodes )
3 furation of the sinulation "
13 Expected tratfic E
(% UUTPUTS) Pofnters: Pointers o the front and back
“ af the syent quebe, P
¥ Vartable: The length of the svert quese, )
i l)
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VR Saurce_yode, Destination pote, 1Y 1 ATEGER;
Surrent_clock, Probabitity, Randon o+ REAL|
w00 + INTERER;
“Tnsart + BIOLERN]
Ha_ovent, dat + Event_info

New_gvent, Teap_karker

28t
witelny weitetn; writeinl'Generating candon arrivals’};
witelg (- ~); writeln;
FOR Source_node 1= 1 10 H 00
=)

witelntSource noderd);
FOR Destinetion sode 2= 1 10 § 80
IF Ihestsaation pode < Sairce s
THEN

BEOIN
Curvent chock 12 0,0;

EPEAT
1 % TRCH Guvcent,clock 3 No_os_inkervalsi/Buration) + {1
Prabibility 1=

Tratie .xmmtsunm note,destination sode,$1sbal Ty
Fanton_Ho

1F {Randon o < Probabilityl
THER

BEIK
THCiStats, Total gun_tratficLi
Bpkts In @ ¢= D vkds n 0+ 1}
Update s wmuwmnu,cumnt clock,Saurcs_node, Source node,
Iation_oie0,0, 0t arrival, 0 Guspunt ok,
Stak, el e gt o eml_ﬂitau
He_evert_tata.Packet, Tine_treated fo Lupren
Fiok ke peniEitran 1ecyD front . ek Toup Raker et
et _svent))
He gveit? 1= How, svent dats;
invad evetTes.survr e et gt 9,03kt S Inetl
£

i:m-u»t €lock 1= Gurrent, mmk * Deltaly
WL Wureent _elack 4> Deratioe

¢ Update botal expected bralific for the tiae Intervat

FORY e § TO o_of _inkervals B0 Statw.Total_exp trafficl¥] 1=
Stats. Tokal exp_tratéiccy] +
Traf (e, gupectadtSource, ode,Destiaation ot Y1y
8oy
£y

witelgy
Shats, Total pkte_genspated 1= Length_of 3¢
U
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PROCENRE Arriva)_pratess {int oo
VAR Event, dain
VAR @ front,0 back  Linky
VAR Event 0 Jingth ¢ INTEGERSR;
VR D gk in R 1 ONEGERY)
48 Node shatus 1 Mot
VAR Shats dein 1 Stats_into)}

+ Intervalsy
+ Evnnl_info;

b
(n ms procodure sieatates th arcival of a packet at a 4}
bl

o m; varsion the gacket Ix disqarded-1i the taput 9}
(rquaie is full, othersise the service tiee 15 ¥
(l caleulated, a

P ot deseription s
" Statis of node at Witch areival ozours 1}
[0 Polatars: Polnters to the frmt and back of £
I hy event guene, "
g v:mhm Thy Jength of the event quess, )
ancs varlables "
u TR Idatet st dertion - i
Updatod node status i
o Pointarst To frant and back of the ovent 0, #)
[ Gariabler The Tength of the event queige, ¥ .\
o Serforsance variables +

We Curcent_ote 1 1 Yode_Jp;
Tins_of sertlce ' BEALY
How_event ptr, Temp ptr ¢ Linky
Tusert, Pigsy_bck ised 1 BOLEAN;

4

© SRl

o, {n_yueue + INTESER)

Tesporary_ptr 1 LINR)

=)
:mm sode 12 Evant . ode_Hag
Event, defn, rrmm st tee 1= s dun.nm
Plogy_back s FHLSE]
Finishes sy

IF tiat Ho ¢o Ho_of_{ntervals
THER THE(Stats, defn Packets per. |Ink(Event defn.Packet.Frevicus pods,Event defn.Node na, tnt Hall|
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{ Check if packet has not been qeverated within the rode }

1F (Event_detn.Packet.Previcus_nods <} 0
THEN

BERIR
Evant_fefo,cost 1= fvant_d ﬂm.tnst
+ Wode status.Routing d:
Link_costalEvent fedn. Pi(k-l Previous ide, Event_dein.Hode toly
IF (Event_duén,Packet, antrol data = Bata) THEN HCStats, defn. Tatal phts Fely
|

4 Ts packet arviving a pure rauting packet ? and fogut qusue 5 1}

IF {Event defn.Packet,Control dats = Cantral)
THE

IF thae,status, Total hufer poot length ) Node status.Current_buffer _poot tengthl
THEN

BN
Seuneh npot mumnt . fode_12,Event _teja,Packe).Previous nods,
front, T!nwary)tr,ﬂqqy back sl |
W g bagk «“a » THUEY
THE

oy
Finishes 1= TRUES
Update.fsta,pkt Teugorary, ptr Eveat, defn.Packet R_grovious fode,
Event_dein.Packet 4D 6 Event_geim acket.dit dr
Event_defnPacket, L_00E grig
£y
£10;

4 1f pouting packet 15 oot plggy backed }
- 3

IF {Finished » FALSE)
THEN

BRI

€ bk L dopuk e 13 ot fall } e

Il um status,Corrent huﬂauwl Length = 0}
XF (E‘m\l_ﬂlmFi:k!l.ﬁun(rnk‘_ﬂti = datat
T

o
ks in & 6400 - |
Shat e Tt Facats sttt ot 1=
Staks_gein,Tokal _packets blocksitint sul +
Stats_defn,Total costtInt no) s= Stabs fefn,Total_coskilnt,no)
+ Event_gefn.Lost

E

END;
an
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[0
No_iogue i Glade_status, Tokal_bufier pool_length -
Hode_status, Currant_butfer ool length|

¢ Calcalate the Line of servite )

{ Tiae of service is tha tise the packet LEAVES the server... ¥
( Tine of sarvice = Gtrrent tae + quoueing delay + a swall dalay )

+ Tine taken to by served. ]
( The tise takan to be served {s currantly set to be a constant )
¢ but aay be odifled later to Lnclude varying server tises, ?

1F (hode_status.service rate = 0} THEN Thue of service 1= lotinity
HSE

EEEIN

Tlae,of sarvice 3= Event defn.Tloe +
40 i_gueuo/ode,_stabis, service,pat
T0 7 Beltal) + (4/Kade st ety
F tEvant,_defn Pasiet.Control_fata
THEN Stats_defn, Total servica tine 5= s  defn.Total _service,tia
+ {Tine of service - Evint dein. Tise);

ey

4 Incrensnt input © and decrestnt buifer pool )
- -

IF (Event defo.Packet.previous, e -
THEN INCfade,_statos.Slngle_taput
ELSE THE ode_status. Toput. 1eng(h(EVlnt am.r.{m frevious nodelly

BEC ode_status, Gurrent butfer posl_Jeagthi}
W0 ho_i0_gueuel

€ Update next event 3
-

Event_tefn, Tlne 1= Tlae of service|
Event_defnNave 1 Service;

£ Tnsent new event Inko event quewe )
i~ wenenmes}

HENthes_vent_pte

New,event pte? 1= Event, defr|

Find Insert posa (Tiae_of service,d front 8 back, Teun pir, Insert);

Tnsert evert (Tesp_ptr New_2veat_ptr Event_§ Leagth,b_pkts_in B, Insert;
ERD}




APPENDIX D

PRENRE v slgo oo sdes ¢ e 1y Evmt st et lnka)
atas ¢ NOOE[ VR 7 _path 0P, pabh, defnly

[ 0
{3 The grcedurs deteralaes the output Lok a picket is ¢+
Gt et on by el septie stng lge 1}
& algoritin

(l HPUTS! Vaeiablui Events Pefines packet, dest Ho etc. l}
Hode statust Defines routing path 3F
for the particular aude,

(' GUTPUTS: Varibaler OP paths defines the untuul lik #
The'paciet 15 ta be st on. )

(l

VAN Radoa o 1 RERLL
Phitotal 1 fetls
Fiolshed  t I00LENY
Dest _fade_o 1 Hode,_ 10}

oo _path M 3 Hode,10;
0id_sath Fo 1 ade 105
08 _prot 4 REALY

WK
twitala’  Maptive ilgwl!hl'n ¥
Teap gath fo - 1a 0) fandoe Ko 12 am;
oy total =t it g

Dbt o 1e B don ettt i
W pathio itk 1e Falss;
{ alect sgpeapriate eubput path )
il st
REPEAT
“Tenp path No 1= Tesp path fo ¢ Iy
0P groh £ tode_status.Roiting fita,
PhilTesp_path We,Dest_node Noly
F lllPJruh [41)
ot

PM total pa Phi_total +
IF Thandon o ¢ 7L, tnlu) lN!n inites 1= TRUEy

UTIL (thfih!ﬂ R {Tenp Path_No = o of podesil
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{ Bheck i packed s nok seot back on the saee link ¥

IF {iFinished = TRUE)} D Torn path Ko = Evant_defn.Packet.Previots patel |
THEX

HEBIN
Findshed 1= FALGE; O1d_path f 1= Teap_path oy Temp peth b 1= 6

RepEAT
eap_path_Ho = Tewp_path Mo + 1
1F {ifesp_path o G T uth o
40 4T Teap_path_tt T Hode, status.Rauting vata.Adit Gata, i Dust Yode N2} 1}
THEN #inished 1= TRUE;
uum tfinishec O CTeap gath o » Ho_od podes)l;

{ check 14 a path was fount 3

IF tfinighed = FALSEH
N

[
wrlteln{"Packat discanded at aode ! Evort dafa.Node Nord, destinatlon * Best aode Northy
. gath.Path_found 1= FALSE}
Wogathbe tink o= TRE

E

[
SEBIN
07 path.Ho,nf_path:
W sl Lt o et 1o mp gath Moy
9" path,Path_toind = THUE]
£

BNy .

PROCEDNRE Short path {Event dein ¢ Evn.l ln(n[ Nade_skatus 1 NODEg
OP gath 1 OP path detnly

1 # 3 .
¥ The geocedure detarsioes the cutput Tink a packet s 4} . SRR PR
Gt et o by ing ettt th ¢ lat ) )

¢ cauting algonith, e

ll INPUTS: Varlable: Events Defines packet, dest Mo etc, |) Y
N st s akin ) - 5
o or Hhe particular rodd, o
(l OUTPUTE: Varibales llP_paN\l defines the output Lk l) - L
packet is to be seqt ony . RN B
u ., . .
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VR Finished ¢ BOOLERK,
test e o ¢ HGBE_1;
.

W@aroh 1 8GR
Terp,path o + INTEGER;

o et st s slgorttha')y)
TewppathJo 1 G Finished te AL
Dest i bo 1 Event u.mr«ummmuu»  adiressy
08 path S {nk 3% False}

4 Selact agpropriate outgut path )
L -}

REPENT
Terp gath Mo 1= Teap_path bo + i}
0P ok += Note,stalus,Rudting dat
Qutpit _prnhibmlluﬂelp _mn Jo Dest nade o3y
IF (68 geob = 1} THEN flnish
TIL (tFintshed) 0k um_mua - uxn))|

€ check 14 & path was found )

1F ttinished = FALSEH
THEN

BIN

02 path.Path_folod 12 FASE}

0P gathitio ok 1 TRUE;
END

BEEIN
IIU::UI.MH of paths =
O gath.List of pathstl] 1= ruua\h oy
rfuath Fath_foind 12 TRUE]

#ROCEOURE Faod pkt {Event,dein + Evant infoy Rede,status « NOBE;
VAR 0P path | 0P path deful;

u This routing algurithe selects the autput paths n ) o
5 acconding to a floodiag routing algonitha,
))

[
(3 N0TEr Cuently {hls alqorlthe does mat suppart ¥

0 bcadeactiog as thls vould result 0 numurous #}
@ losging gictets, 4 pratocol aust be flost be #

u Laplasentef to rencve looping packets, 0 .
* o . Y
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= WRRAYNode 1D} OF Tncr delays dstay

= SETOF

c set ode_1Ds
A1 Tinksebs = RRAYOMode_T0 OF Link set;

Yo = RECORD
@t © REAL
Tag + BUOLER;
oy

#gt_infa = Recomp
e telers + Tnc_datay
dbdf i + ARRAYENode 101 OF REAL;
o dm + ARRATNage_ {0 Woe_T31 OF D4 dr_info;
£ A1 dink séts;
ﬁ nm Rx + A1 Vink_sets;
o g + Link set}
n nn a« _received + Boolean;
delfa 3 Mateday C ¥ia path, Dest aode )
0 _to_proceed + MRRAY{Hode_ID] OF BOOLEAN;
EN;

* RECORD
Ho_of_pkts INTERER;
Updat + REAL;
Total _traffic REAL;
Tl + REAL
w2 + ReAly

A

Traffic info = ARRAYCNode_TDY OF Traffic statusy

Ruuting fafo = RECORD { bstog etaber }
uaber o _sodes
Lint_capacitivs Clinke oij i
Link sosts . Sl B4
dhortest _patii_nate 1
Dutput prababitities  + Matrixg 1 0P gath bo., Dest. }
Phi i {0F path Ho., Dest. }
Update required
Traffic data
Adgt_tata + ddpk L mm

RECORD 4 Hode d-nmm 1
Tatal huffer_pool Jength,
Tuprent buiier pacl | 1enm INTESER;
< Each inpat tink his it's own queue }
o}
Bax it 0_Jen + INTERER;
Slagle_faput § ll_l!m;lh ¢ NTEGER; ¢ [npet @ length for )
Ctraffic quoerated 3
Cuithin the node, >




PROCEDURE Service,grocess {lat i + ntervaly;
oo ¢ R
R Bk fefn  : Eveot_lofa;
R 0 front, back ¢ Link;
VAR Event_Q tength + INTEBERSR,
VIR DM in g  + INTEBERSY,
R fode shatis ¢ Mudeg
VAR Gtats_defn 3 Stats tado)y

Bl
s prosadure simulates the sepvice grocasss oi 3 1}
{# I the nebwerk, The packet reteived is processed and 41
1414 pecsssary the packet is sent to the sppropriste H
{5 output quete,

G et decrption Dacket o pitios
Status of nod2 ot ahick arvhval occurs
Folnters: Potnters to the front and back of
erent quete,

Varliles The ength of the svent queue.

[ Ferforeance variables

€8 00TPUTS: Updated event description

o Updated nude states

]
i Polrtarss Ta front and back of the event 0,
@ Variahler The langth of the svent queve.
[ Perforsance variables
+

VR Tewp P path 1 0P path detny
Dount, PG, 1
Hew, evant
Tenp_ptentptr
fasert

Teparture tiae
Presant tie
Link bt tlae 5
cumnt R gl ¢

s D0BLERR
Tn[: m oo INTEGER;

BESIH

¢ Gecrenent apprenriate fngut qieue aod incresent butien poo) )

IF t5vmnt_dein,Packet.Previoue node < 0}

THEN DECtHode status. Slagle_toput o leagth)

ELBE DECNade _status. Input 5, engthiEvent_tedn. packet, previous node’)
ING(Node,_status Current buffer_jeal lengih!;
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4 Calculate the new iagut trafHe for the destination I

Lale_traf#ieIEvent, defn, Tise Node, status. Bty per_packet,
Yode_status.Raung_daka Trafc_datatEvent dtn.acket Destination_sddnassl);

& Cherk §1 pakst has nut been created in this node then calculate hop detay}

1F 1{Event, dedn,Packet,Pravioys nade <5 0) A (mnuel»,Pukal.cnntrnl_ma. = atat)
Nﬂl

ety
stat e fe T fo o= tal g ol a1 g
+ tevent defr Tiee
- evant _dsim, Previous_dept_Elnel|
$HEistats, dotn. huaber, of hopsLint, Kodl;
Ny

14 patkst has aot been created at this node then update fnceesental delay (ki) )

IF {ifyent_defn.Packel.Pravious node <2 U} AND (Stats_detn.Selectad_alyoritha = New_tigo}
ANL. (Event_dpfn. Packet.Contral data ¢¥ Sontral}}
THEN
WESIH
Link dept, tiae 1= Event defn,Tine « (I/ode status, Service ratol(
Cale_ine, felay(Event, doin. Packet, Pravicus, service_tive,Link dupt_tise
Hade,; atus.Runhnq dm i, gata. Inc el ays(Event defn PacketPrevious nodel)y
1F tode_status.fouting_data.Aépt
Ine el aysiEvent defn,Packet. Prmum node]. New busy period = TRUE)

THER
Teansait 4D_df (Event_detin, Tiae,

ation,
fode, status, Routing_data hdt gata.
Inc, el ayskEveat, defa.Packet, Previous nodel,db_df 4f)

Event 0 tongth,
D pkts_in_Biy

£y
€ Check §4 parkot contains rauting inforastion )
frmirne: ~)

IF {{{Event et Packet Contral dats = Cantral)

TR {Eveat_efn,Packet Lontrol data = Dats_wndctrit)
Al (5tate_defn Selected algarithe = New_algai)
THER

B
TF {{Event,_dsfn.Packet. Costral_data = Control}
OF {Event dofn.Packet.Control dats x Bata snd_etril)
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BN
Stats_defn. Total_osttint No) 1= Stats_defn. Total costiing Nod + Event_defn.cost)
§ Laleulate interval delays of routing packet }
-

ee}
Teug_ist Ko 1= YINMH(Evml_ie!mhzht.Tin_(nihﬁ :
Ho,of intervals)/Duration] + 113
Bats_defn, Interval R okt dalays"np fnt fat 1=
stats_dafn. fnterval R Jkt d:xmnm_l«k Nol + (Event, duin, Tine ~
jant_defn, Facket, Tine creatediy
INCiStats defn. Ioterval R_pm_nx(mu Int Noit;
ED;

tarves couing ks }
Service rutin 4 ﬁtil[vmt d!ln,uurlllun,uﬂd!;\i!u!
©_fck,Eeent 0 hnqth B skt in B
IF Wttt Pkt ool _iat
THER Event defn,Facket, Control dats ¢
4 Chogk §4 packet cantains data)
¥ KlEm\{_ﬂHn.Picklmunlrul_dm = data) {08 (Event, dorn, Packet.Contral date » data_andctrl}H)
Ll

{ Theek 1 duta s veched 1ty detination )

lr (Emi _defn.Patkel. destinatios iddms = Evmnt, datn.Node o)

W it
writelnl' Packet rea:hen destination and {5 consined?
pkts in R 1= D phts fn @

unu sms detn B0

Celeulate the sessage delay 1

Gurrent pit delay ¢ Event Sefn.Tine - Eveat defnPacket Tiea treated;
Total, M!ipl dlhy!“nt ful 1= Yotal sevsage delays(int ol
+ Curpeqt gkt gelayy
e lNessaged lrinsli!\!d(ln\ oally
Total _costlInt_so) 1= Toba_costilnt Mol ¢ Event defn.Costs

caltulata the delay distribution 1

INCDelay,distributiont {1+ TOUNC{Durrent gk, delay # 10013}
TF {Curpank pkt,delay > Nax_detayl THEN Max_delay 13 Gurrent gkt dolayy
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1 Caleulate the delay with respect to the orlginal intarval 3

Tap_Int Yo = TRNGASEvnt dutn Facket T sraates ¥
Wo,uf_intervals)/uration’ ¢ 11
Toteval gt dearstTom ot T
Interval pht felaysCTamp_int Mo 4 (Event_defn.Tive =
Eveat dein,Packet Tine craatad)
IHCInkerval pkts RelTeap_Int odij
ey {adthy

b {24 gkt reached $t's destination)

€14 data packed bas not reathed 1t's destination
& }

14 paskel has nak reached it's destination, then check the hon count )

uly

IF (tvant_du».pa:ket.nnp_mun( 3= Kot status, Routing_sata, Nusber o dodes!

m:(sms defn.Tatal pks discarded);
OF (Event_defn.Packat.Cuntral_daba > daka) THEN D pids_in,D 1= D phts ip.9 - 1}

B
ELSE

+ Route dabs pachet )
t =

L)
‘Seloct routing_algort thahode,status,Rauking dsta, usben i _nodes,
Evan_defn,Rode_status, Teag_0F_path)

11 ro otgnt path Fond

P -
1 (Teap_0p path.ho_tisk « TRUE}
THEN
[0
aeltelnt’ Mo outpit path found, packet discarded)] }
I geats dein, ks bost dus bo o inkly
o
Y
[21

{ Galuaty dpitaetl of the pctnt )

Pumt thoe 1 Eﬂnt den, Tire}
FOR caunt 12 | 10 Tasp_0F path. ho_of paths 00

TF leount 3 {1 THEN D pite_in @ tx D pits fn 0+ 1)
0P G 1= Tomp 0P path.List of pathstcountly
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Searate fpoture I 0 et e Lt o B,
Evant,_dein,linde_status Ho_Sept,
0 frant 8 back,Event 0 length,
0 pkts_tn ,Stats deini;

€14 & departure is passible then wpdats event guese }

I (o dept = FALSE)
TR

W
Stats_dafn.Total dtp\ ting .- Skils _defn. Total_dept tise
ant_defn. Tine - Present_tine);
Departure,tine (= et e Tve
K e _event gt
= Evenl

I 1 TR Evetdef, ekt Frevionsode o
Flod Jnsert o {Oepsrture._tiae,Q_frant, & Gack, oap_svent gtr,
Unsert gvenk(Teap svant_3t7 o svent sir;
(vent_n_xmq\n‘umJn_n.lnsertn
ey LIF Ho_septt
BNy (FOR count)
oy {E4E)
ey {ELSES
iy

PHOCEDURE Departure, gracess thatsark, fata + Retuorks;
Tnt No + Intrvalsy
VAR Yede status -+ Modey
VIR Evenl defn ¢ Event fnin;
W 0k, @ back ¢ Linkg
AR Event G length ¢ INTEEERS2;
R Dpks g 1 IHTERERSY
VAR Stats defn 1 Stats fnfo

£ This procedure sistlates the departure of a packet ta ¥
& neighbouring nade, The arvival tine to the next 43
4 node is calealated and the event is lnserted fnto the o)
(n eyent quabe,

-)

(» THPUTS: Variablest m. status of the departure node, ¥}
o event descelption, ¥

n Folnterst vmms to the frant and back of &
of the svent List, o

u UTPUTE:Yardables: The updated svent an the event 0. %)
The uptated node status, D)

(a The event yueue letgth, L
i Polaterst Pn(ntm to the front and back of #)
@ the pvent Jlst. »
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R New srrival tie 1 R

Hew svent pfr,

Top, et ptt 1 LIy

Ingert 3 BOOLEAK,

I

DEE dode_status,Dutpat 0_tengUhlEvent defn. Dutput node Yol)§
IF thetuark tata,

CapacitinsiEvent_defo.Hode_No,Event, defn.Output node Nad = 0f
L)

(=
lF (Smé_é;l».hrhﬂ,ﬂwunl_dala = datal
-

i gkts i1 € 4= 3 gtz b,
SLats_Jofn, Tota) packets} Skt Mol 3= Stats_dein, Total packats blackedClnt No 4 15
o

ELSE
BEBIN

{ Gaiculate the arelval tiag due to the toansaission delay ¥

Hew_aprlval_tine t= Evant fafa,Tine 4 {2 9 DeltaT)}

IF {Event gef. Packet. Controt_data = duta)
THEK Btk _gein.Total Ts blae te Stats den.Total Tx_t
+ (N asrvat tsa - Evcnl _deln.Thaal
NITH ovent_detn D)
BERIN

Thee e ey oprin_tise)
fate e arsivaly
= Evant _detn, utput_hode o)

o
NEH how_eventpi 1

Hew_event_pir? 4% Event_deing

Find_Inserd_posn (dew _are val_tiee,R_front,D back, Teap svenk plr Dnsert)
Tnsert_ventTeap_gvent pt, ew_svant atr Event 0 Jength5_pes Lo, 3, Inserty

€0
BACEDIRE Peacess_wvents (Duration Ry
Hatwork fata ' mmm
V88 Front of_8,Back of 8 ¢ LINK)
VAR Lengthof_event D~ 1 INTEBER
0 pkts n 0 1 NTEGERS
ViR Shatus of fodes 1 1L pdesy

ViR Stats defn + Stabs info
AR Tot_no_of, ntarvals ¢ Intervalsh

T8y 5




n \ "
{0 This procedure rercves the events from the front of ¥
{# the queue and control ix passed to the appropriate 1}
1% prosess depending 0 the particular event extracted 4}
ir fron the queve, Since the events are {nserted Inta #)
10 the queuz in chronological order, the eveats ave 3}
(I extracted frax the yuede in chronological order, L

9

(f IRRUTS:  Palnterss The aulmrs to thn frant 3nd back n

a event o
u Variabler lhl l!nqlh of ‘ne event queve r)
* The status af all the nodes in the l)
i nebwerk,
4% QUIPUTS: Scresr Mpwprhll sestages are displayed n
(s @ screen,
i Yarisbies Thl (engl'\ of the event quevs
w status of all the nadss §y the u
« netnnrk.
u n

WA Tuventvent 3 Evant_fnfoj
Tormdnateproc ¢ BULERN)
Teeabgation peasan 1 .k}
Plo,ba sldpeant 1 Link}
tnterval e + Intersalsy
Aerto » INEREH)

mmm umm«'sn.unnnn beglns')
sritelni writela)

Yerainate_proc 1= FALBEY Bl fnt Ko e ¢ Teralnation reason 1 8)

SHILE ((Front_of §*,Sentinal « FALEE AND (Taralaate_groc » FALSES 20
DEEN

(  Extact st evnt ron the evenk quece

:amnt_eml 1= Foant of 8 nA CErtrack event aka fron 01
4 peent t= Froat of T

Front,of i - rrnnt ol u*.ml eventy 4 Renovs evaat fros 0}
RISPOEE Pt nld svent);

Length_of eve Ltng!'\ of avent 9 - 1}
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( Calrulate m.mx  uber 3

Interval o o O gt _avent. Tiae + Ho_of Intarvals)/Duration) 4
xr {laterval o b Obd It He)
THER

BERIN
139_1ak fo 12 Unterval Moy
State | h!n.lnt!ml Haallsterval | Med 1* Current event, Tine;

wmwu« = Y\ Cuorant svant Yise d0s4) )
)

{ Pracess the event

CASE Carpent, vent pane OF
areival
deniya), procsssinterval_fio,
nt_evant,
_of. 9,
Back af By
Length,of event &,
bpits in 6,
status n‘J\vﬂci(Eumn( evant.fode_nal,
Stats_defn}

By
smvice 1 BEEIN
Savvice precessiinterval oo,
ation,

Cuvent vty

Front_f 8,

Back ot By

Length_of_event 8,

Lpststnd,
Stabus_of_podestCurcent svent. fade_no1,
Stats Jelnl;

ety
departurs 1 BEBIN
e sroces e, s

3
ety nuﬁ!slcurml et Node iy
Gurrent_a
le_nl_ﬂ.
ack 54 8,
Lerglh, 24 ovent. B,
D okts_in 2,
stats Jeta))

By
0 4 Cese )
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IF 0_pkts in ¥ ¢= O THER fernfnat: 0 peason 1= 75
i {Curreqt event.tise > 2 # upation) THEN Teraination pessen 1= 3
THEN Terainzte proc 1= TRUE

lF Teratpatioo peason ) ¢

m_uu of ntervale 1= Interval Noj
witaln

IF {Tersinate_proc)

THER

oty
CABE Terwtnatlon, peason OF
11 writelad Slautation enduds Tiap excends infinity'y
2 weltelat’Sinalation andece A1) dabe packets Yransterrsd'y;
3 witeln('Siaulation endedt Duration esceeds four tises ekpectad duration’l}
B0; {easet
€y {1f terainate grac)
Stats_detn.End_Tine 1= Curcent svent. Tinej .
writaln; anitelnt‘End of siulation’)) itelny
15t gtFront o _2,bangth, of event, T
&0

PROGEOURE Calc pesuits 4 HOBEIDy  Wotuark dofo 1 Hatamnks
Vo of_inks « Intervalsy 99K Btals 1 Stats infol;

HE grocedure calculates the required autput results -}
¢ for te st

u NBUTS: Variablesi The aumber of Inteevals in the n

he pasuits from the staulation. ,)
n WIPUTSH Var{ablest The updated results fros the sin. n)
1

W + Intertals;
Xy | ot 1By
Tot_asgs_Tx 1 INTESER)
Tobo of Jups 1 LHTEREK)

of Tinks 1 INTEMERy

Tob esg delay ¢ BEAL)
T hop dslap 1 BERL)
otal, tise 1 REg
Total use R

[
Tobwags Tx 1= O] Tot,o0_of hops 3= 0
Tat_bop delay 12 6} Tat wsg.deley 1= 0]
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4 Caleulation of costs and delays
-

FOR § 1= { 10 o g fats B0
mﬂ snu

uvmll_:m 1= verall_cost + Total_costtid;
IF {espiges transaittedtil ¢) o1
THEH

BB

Tota) costtid 1= (Total_cast i /¥essages_transettedt 1
tveraga_uessage_delagli] 12 (Total_essago _delays(l J/Messages transalttadCil}y
ERby

{ galeatation of routing algariths statistics )
- +

1 {Belectad_clqorithe = Hew algo!

IF ((Intaval_phts Bid] €9 0) IR (laterval R pts Rxtid <5 0}
THEN Total_taterval_delagstid i (tlaterval pkt delayalil + Interval R pit delaystilt/
{interval pkts RxE1) + itervaf  pkes (0111}

IF Unkeryal phts Ratl) € 0)
THEN Tnterval pkt delaystil 1= Intarvat_pit dolayatid/Interval pkts Relily

1F Unkerval R pkbs Reti) <3 01
THEN Interval R gkt _delays(il ¢ Interval R pkt dalaystidiinterval § pits fulily

IF {dlntarvat pits Ar13 © 01 OR ((nterval R pkts Rebd) () on
THEN Percentage, B pkts RaIS3 3= L1100 » Intarval R pkl)_Ret1D)/
Untervsl ¥ pkts Rali3 S Inhrvll_pk(s Ml

« alealation of yeoeral roalts | )
-

Totasgrfx % Totases By 5 Messages, bravseiktedlily
Tot_ne_of _hops 12 Tat_no_of aps + Rusbar_of hopstiy

Tob esg gelay 1o Tot sy delay ¢ Tubal message byttt
Tot bap_delay = Tot Bap_delay + op delalt]

IF (Naader of hogstid & 0
THER Hop deapti] 1= Hop_dekaylid/Musber of_hapati;

No_ot _akis blocked £= N _of gikts blocked + Total packsts bincketti};
BN} Uith

1 alcuiation af everall average mu\!i )

lﬂm Ehtv n

IF (ot asgs_Tn O3 0}
TRE Overal|_nessage_dolay := Tot esq_felay/Tol, msgs Te;
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1F (0P path_ba €3 0
THEh

BT
HRade_defnlcount].Reuting Gata,
Gutgut_grobabi1itiestOP ath Mo,Dest node_fol
Node_defnicountl.Rauting deta,
FRUCOP_path_fio st _nade o]

END}
EX? LIF count}
ELSE Hode tefolcount]. Rocting Gata.
sholest _path_acdellest aode e} t= 0;
Bl (IF Dest,_pode_fio

4 Initialise the blocked paths set )
- &

t-

FORx =116 % 10
I tietwork_fefn., capacitieslcaunt 31 = of
THER

FRyex L TORA0
Yode_defnicownt ). Routing data,adpt,_daka,BiTy)
+= Hode_gefnlcount),Rodting_data, adpt_teta,Bity] ¢ [xl;

£40; (608 comt)
i

PROCEDURE Initialise event 0 AR Front of 0, back ui 8 1t link;
VAR Dlengch T INTESER3Z;
VAR D gits_in 8 + INTEBER32)§

o i
15 40 sapty event queve is created ind sentinal (Gumay!
{3 eveat is inserted into the ques, "

@
(o HPUTSH Pointers: Front tgointer to frant of queue)
3 Bk (pointer to back of guece |
<& GURUTS: ducaet  An ompty event

@ Vartablet dueus_ength (Set to zera)

ot

sentil i VRUE}
1= Front of 8
ity
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PROCEDIRE Find_insert josn (insert tine BN
Foant 5 ¥, Back 7,8 ¢ LG
R T

R lasert

#
u Thts procedure fiads the correct ehronalagital order 4}
(v in the svent gueue bere 3 oew mvent isfo de ﬂ
i inserteg.

o
u UGS Paiuters: The pataters to the front and bick -)

Variabler The tiee 2t abich the svent tcctrs n
b MTPTS: Pointers The yointer ta the dnsest posa in €
in the quece 9
Botlean:* Set to true i€ an nsert position #}
is ound, indicating the event nay n
be inserteg inty the queve.
n

BESIN
Teap 1= Fraat o
WILE ((Teng®, :mum * FALSED AHD (Teap*, Tiae ¢« lasert
00 Teng <= Teap".nest_event;

PROCKIFE tosect peent AR Tesp, dow_arrival ¢ LINE)
W 2 fength + INTERERSY;
W Bgktsind o INESE
W frsact + O0LEMN);

o »
¢ This procedure inserts an event into the svest list. )
< The #west is losentod beftve tha teagarary pointer. ¥}
{3 dsing » temporary sturage varidble It is not 9}
o oecassary 1a \ivarrse thugh the_le st e 4
s cnir o fnsert the event inko the List,

u 1URUTS: Palatarss Tre politer Snbicating the positio H
the event i to e {nserted, 3
u The et t e o ot o de 53
inssriet into the quete.
u TTRS: v-mbmm Jangth of the event quese.,
¢ St to dalse after the insertion of »
o the avent,

APPENDIX R




[

Initialise ovent quene w

e

Inktiallse wyent_Q(Eront,Back, Event 3_lensthSats skt in Rl;

Benerste randon arsivals or get aprivals foos user 444}

[

witeln; writel‘Sater events nanuatly {y/ml # 2y

THER Enter_svents,Tatal n«mm.mnl Bick\[ven!_[llnqtb,
s s mu)

ELSE Randonacrivals o Tatal auumm, Hethar,
Eront Back Event !enm,hh_ukks ln n Stats gataly

Initialise nodss i

e

Tnktialise_Nofe_datah,ebsork,odes)

Find and eltainate laogs in the netvork oy

[

IF {5tats_data,selected_algoritha = fiew Alga)
ey

BERIN
Elininate, !wps(l(!kﬁum'
Flad 811 B4 _jetuars od

2
List] nockeum.;metmk Nodes))
ENDy

St start tiug of staulation e

[

cal gt Lucat,tinolSta start tine);

Process events and penform stmulation "y

28

Pracess_events(Total_Duration Metwork, Fraat, fack,
Event_bengthDika_phts_in_B, fces, Skabs._Gata,o_of_perlodsly
cal_Sget tatal Akeia_eod_tinels

Caleutate results and send results Lo file un

Calc_pasu) ts ¥, Hatwerk No_of_periods,Stats_datal;
Jend 0P to_f11e{HStats_data,Mo_of_periods,Total duratiza,
Hotbord Network_L0_name, P S ienaasl
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Bet wnd tise of siwetation and calc, durstion

sub_eheck 1= cal_sub_ciorkiin end, me,su start_tisel;

wlteln{"Duration of fuitallsation = bun.of sec, seconds‘)y
witelal Duration of siaulation = Bnun_of sec, " seconds';
writelaC'Total duration * * Cotn_of sec, " seconde’hy
wltelng

i

writelng

Efb. { Slaatation progean }
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D.2 foutine to initialise the routing data

o
£ Sevond darivative Rpating Algerithe
Ly — canzmsers:

RN

(' Deseriptiont The {nnctiw of the sodule {s to initialise #)
he 4aba repulrsd by the second derlvative l)
& rwulu algorithac

o
¥ Yarsion: he
@

O quthers  Mare Leon Francols
3

o nater Raveaber 1987
{

¥ Bod 1cationst.
{r gathor: I)iin)
{4 Date: ite
u nmrlpllnm essoiption of andtflcationts)y

FRGCEBURE Init routing data (f ¢ Note,
YAR Tew, Mpl Inf « Adpt_infoly

0 "
¢ The tunction of this procedure [s to intfalise the ¥
O the pouting date st each noge. Thls procedure s 1}
(o called fron the Ioitgade data’ procedive 1o the %)
1 the xaln prgs,  This procedurt Is theretare executed 0
u for each node in the networks

}

h INPUYSC Gonstants The nusbar uf nodas In e netionk, +)
jariablel The pdpt routing data fur tha nade, ¥

(u GUTPUTI Varlaler The Adpt routing data 4o the aade. a)

WLy 1y k0 Node 1Dy
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BEBIE
writeln{Initialising data'h)
NITH Tesp_Adpt infa 00

1y
A uu s Racatved 1= FALSE]
i N
i Tne_teiaystLl 00
]

altatl Kl ]
0_de_gatati, k)b dr 3¢ 01
dl(l[) Fliag 1w FALSE}
oy "t ik

F0R 4 e 170 0 00 08 o procendl]] i FALSE}
FOR J e TON 0O dOBEIKEE ey
Ry TORD0 Rk Ril a0y
£y ¢ ith teap_aspt §
5




o3 Procedures required for the

algaritha

(.
¢ Secand derlyative outing Algurltha n
{8 sestussmmerasnsessmpesseherzsmnsas

o
Wit i

(» Bescriptlon m; Hnction of the aodule Ls ko slaulate n
the serond derivativa ronting algertths. #)

o The e asicatly consists o the 3
@ ay!nllml St be geriorsa o the £}
o routing

t it thl ap!rallnns belowd 1§

o b4
12 Versiom 20 L)
o Thte vepsion catculates the incresental #
v I

i

18 Rathort Barc Laan Frascols 0
O Datas Noveher 1907Aanuary 1906 P
4.

4 Hodtications W
{r Authors (HAI!) 1
¢ Data: b
s eseption osriptlon of el catona) 0
i Bl

FURCTION Hax XY ¢ BEALI 1 REAL|

emetemssaeasuRne=ans)

(! The fenction of this pracess ia to plapiy find the i‘)

5 et bt e uses .

"
5 WP elalen 1 T vt ey b
{4 BUTPUTS) Varlabiyst Hax(¥,Y) i
«

s
TE (X ) Y) BN M o X ELEE Wox 1 ¥y
oy
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FUTIY e Y 1 RED < B
2nas )

(- The functian of thls arocess is to sllply fnd the .)
G slaleuk botween tyo real nusbess 1 a

ﬂ INPUTSS Varlablest 4,Y Tuo real pusbers
< QUTPITSH Varlabtest M,
13

L
IF 48 < 1) THEN Min 1 X ELSE Min += Yy
N

PROCEDLRE Cale_thc delay thay B + ReA
WA belayinfo § s delags faal;

* 3
# The furckion gf this procature s Jo colculats the ¥
{8 increnantal delay along & pakh, to @ particatar dest- )
€& Jnatlon for 8 particular node, The delay s undated n
(i each bine a nessape leaves @ node,

)
(« DTS Vartsblen Tre w-lvn) and depirture tlne of n
he

u SUTPUTE Varlablust The nen lmumhl dalay n
)

1 + IRVEGERy
that O Rty

tha s REty
delta, 04 4 1 REAC)
L)
RITH Delay dafo 0
Al
3F S _busy_period » TRUED
THER

BERIN
1% 0y Mo busy_period 1= FALSE) D 16 0) B2 1= 0y
oy

232t 1y Dot 1m0y kot 1e N Ket + 5y

124
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FR11z{T0a20
BESLY

TF (Gl ¢ 0} THEN Clws= by
Glok 1= Blat + Bip
B jfi] 0 Clag

£

Dot 1= Daty Dt 1= Bey
dO84.kE 3= LCGED_4E K5 # NL kot = 1} ¥ Choth ML tothy

Delta_d g or 4B 9 i - 01 6D dfy
if Mlsmem 403617 tng_del

IF {0y e THEN Hew _busy_perlod ¢
17 tnw_au;y 7. darlad = TRE THER Q1460 §F
END}

B

PRUENRE 1) 8 il (vent gefn 2 mnt lnm
oy
mum_sumuwe Y

o B
4 The function of this pracedure 15 to check 11 all of #
4% the pecassary eouting data has been receivad fras the ¥}
4 nalghbouring nodes, The routing algorltha say only e #

o updated doce a1l this daka has been recelved by the l)
u nadn,

-)
(| INPVT3 Event defne Yhe went defining the packet 3}
@ Jusk rececved and containing the routing tn- n
@ forastlon,
o Yode statuss The stetus of the fais yhich ;)
u just pecelved the rauting nformation,
(» QUTPUTS: Nede status) The stakus of the node which ‘)
13 just recsived the rauting inforeation,
1 1tn particalar the varidhle daf(nlng 14 afl ﬂ
a the necessany data has hoen received by the n)
& node.}
o n

Rt Node 10y
128

CTol} THEH Mew _usy, perind 1= mm
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BEGIN

€ Oheck 14 b tr s huen received from a1} neighbouring nodes

IF {ode_status.Rauting data, Adpt, data. 0K ke peoceedt i < FALSE)
THER

)
Node,status. Routing data, Mot daka, 0¥ to_proceeds) (x THUE}
FOR K t= 1 10 Node,_status, Routing data. inber of nodes 0
F [tHode,status.Routing data.Link sapaelttesiEvent defn.Hode o,k1 > &)
W ik <5
0 (Hode, status.Routing, data PRtk 1) ) 0}
#D HOTIK THHode status.Routing data.Adpt Setu.R daka Retf1)1h)
THER Node_thatus,Routing dika,Adpt_gata.OK o proceadt 3 1= FelSE;
oy 4y
40}

PROGEDURE if _d0_ts R (cumnt 3 1 Yoda {0y
+ Eyant_Info;
W\R !uﬂl_ﬁtdlui b Hode "

+ P
44 The funckion of €4¢s procedare fs to chack if it of #
(& the pecessary d0,0fs hide been received fron the 1)
44 nelghyouring nodai. Tha routing algor(the eay ooly be 2}
(b updated oncy al) this data has been recatved by the +)
@ aode, )

(! IWPUTE: Event dent The evest deflalpg the packet l)
Just pecelvad and contatning the rogting in- 43
Tonsation,
Uote statust The status of tha node Whlch ¥}
¢ raceivad the routlng nforaation,

*

(. oTRTEe Hm smm The status of the nate Which n
geeived the routing Information.

n i wtmnar the vardabla definleg 4} n

1 the necessary dabx has been recsived by the ¥

o nue,} n

i »

VAR K ¢ Hose {0
BRI
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¢ Check 14 dD_4f has bosn received from ali nelghbouring nodes )

e status, Routing ata, Yot dets.H13 90, gis Recelved 1= FALSE;
i (Inde_slatnhiml([nq_ﬂﬂi.Mpl,dd(a.all_ﬂu_dfsjlu[ved = FALSE)
THe

sm
Node, llitnsmwunq Lo ipt_data, AL 00 89 Recelved 1= TRUE}
FOR ko= 1 T abusifauting_data.Musber_of nodes B
3 (mqae_statug.ﬁnm..q data,Link, capect tiesiSvent_dein, Node No,k) 3 01
D iode status, Ractlng data,Phifk eureant 11 3 0,01
AND INDTER TK(Note, status. Routing, dat.Adpt_feka,dd_dis Rubl)
IKEN tiode status. Rout g, data Adpt _Guta. I} 0 gts Recelved = FALSE}

By
4

FROLEBURE Cale, Biocked pathe (M, 1, J ¢ Yade I0;
WR B _data v'Routing fnfol;

" 3
{¢ The tunctlon of this procedurs is to calerlate the 4}
< pathg for which Phi f¢ Inproger. That fs the paths ﬂ
h dor yhich bi ay aok be Lncrassed fras 2era

u. the ruaber of pades [n the -)

u RUTR: Variablest
@

i w4y i L 42
a 0 the e
a j, The s Gegtion vt it 3
1 ot ik PAVIEL) PAL values 9
o

{
u OUTHETS Routing datus 6D 8r'4(1) Tag

[N
W T o ude § -)

a)

LK) + INTESER;
T dls 1 A
Tag Rt ¢ BO0LEMG

Bl
Tagaht 1= FALSE)
FORa = TOH D0

BN
l  Shck for Laproper poths )

IF m( dah PM!I 01) )
W 18 datas Mgt gt dokatd, $dd_ 6=
[3 nm.Mpt daka,iD_dr_datale, 0,40 4n
M (R_data.Alpt date.dd gi_fklu} ) 01}
THEN
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u HPUTS: Yarisble: Eventt nmm pucket dost o etz, 1)
Me 52 Dafines routioy path »

tn, wmuur wodes
<' CUTPUTS: Varitales nv_mn etines the uutput dink H
The packet is to be sent "
(- s

VIR .0 1 tiode

L=
w0t welteint’ Flooding algarithe’);)

1F {Eveat_dein, packet. destination_address = 0}
TN weltelnt’  Brosdcast packet! )

vent,_tetn, ods_oj {Farcent nade nusber 3
num. Mo_of paths 1= 0 OP_path.Path_found := FALSE;
07 path.Ko_link Faise;

[ Fioad garket op &)} autput Jinks of the note )
o

FOR d := 1 10 ode_status, Routing data, huaber gf nodes D0
TF (1p €2 d) AKD Dlode status. Routing_data.Liok_capacitieslp,di <) 0}
#42 {d ) Event dein, Packet Frevicus_node)}

THE(F, gatholo_of gath
0P 93th, List _of_93ths (0P sath, o of pats] ¢
BNy

1F (0P_pathHo_of_paths <5 0) THEN 0% path.Path found += TRIE;
[
PROCEDURE Seleck _routing_algorithe (Nn M  odes @ Node {03
tefn 1 Event inta;

um tatus + Yo
YR G8_path 1 P path, defal;

“ "
s The function of this procedure is to correctly choose ¥
4 the appropriate routing algovithe ko route the packet 4}
G currently being serviced, This procedure allows <)
(& ouasrass alqorithtes o e setected of desived, For #
{x exesple it way be necessany to route cortain packets 4}
41 using & flouting algorithe, and others using a least 41
¥ tost algoritha. Each aessags gay then fnsist on 4 €
(& panticalar routing algorlihe if desired, s

102
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¢ HPUTS: Yariable: Evest: This varisble is reguire¢ 4)

u ace it contains the info. abont -)

« The gacket o be routed.

u Viridble: Knﬂe statos: Cantains info. abat -)

the particalar node,

(a UTRUTS: Variabler OF Jat» This defines the uutput n
tinkis the packet has to be trans 4}

(v sitted. B

i 3

BN
GASE Event_dednpacket.Ruotiog_algorithe OF
S or L0 1 Short_pathiEvenk_defn fude status,0p Jan.n
Flaading : Flood gkt (Event_detn,fode status 0P pati
Hewalg ¢ Adaptive, alaolle of_potes, Event deln,um shakus, 0 path;
£ty
)

PROCEDIRE Genarate_départare (0P 4N
Fresent tise

Feriod_Hn

buration + B

R Event_tefn s Event_infou
R lofe,_Status 1 ol

V86 Mo feparture DOLEM;
VAR Front_of 0, Bick of 0 : um

WR Langth of n + WTEBRRGE;

) pkts. + INTEBERS2; :
R shats, wn + Stats fnfo);

u This proceduse simulates the queuing of & packet onto a)
¢ the miropeiate ootpot queve as detersined by the 9)
€ the routing algarithe.  The departure tise is cale- 4
(o olated, The Zncresental delays for the routing algo- 9
4+ are uptated, and i necessary the apgrapriate dpdated 3}
4 routing data is transferred to the neighbouring nodes.)

"

@
{0 INPUTGD Vardables: The O/P queve nuber via  which 9
[ the packet ust be tednseltted, 2
I The {aterval naater, »
i The diration of the sisulation, 4}
@ Polnters; To the éron and back of the avent a)
o

o Variabler The Length of the avent que

u QUEPUTS: ¥aniabless The defintion of the next arrival a)
event.

n The skatus af the cusrent oade. u)
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[ Pointerss vn tns fron and back o the avent -)
o [ \wgth of the avent queve, n

3 Julew: 1 i 1t i geusted 13
I Yaralbles; The statiscics variables.

YR begt tise R
et e o ¢ NERER
Pits por_sec 1 RER;
§ + Kode_19}

BESIN
Cerent, pode Ho tx Event defn.Hoda Noj Ho_geparture 1= TRUE
IF Hode_status.Dutpet_0_Lengtht0p 8 Mol = Mot status.tax Jmuul 0_teaghh}

e
18E48tats,_defn Total_packets blocked(Panicd Jehy
IF {5vent defo.Packet, Sontral_fata = dte} THEN D pkts Ln 8 1= 1_pkts_fo

EXp

¥a_feparture t= FALSE;
#tEs per ser 1o 1000 3 { Roaeaber capacity In Khps )
Wode_sEatus,Souting_data.Link capacitiestCurrent node fio,0p 0 kol/
Wode _status.Bits_pee_patketi

{ faleulate the departure tee 3

€ Now calcalate the daparture = Current bine + {Capacity of the )
€ of the dak x the nusher of packets In the queued + 3 sl )
U sy ¥

Dot tiee o= (Prasent_tiee +
Gade_stitos,Dutgat,_Q Jengthl

0 Yo3/Phts per_secl
U E gty
THC{Node_statys, Cutput @ tengthidP @ Nolti { Tncresent 0P Q 3

¢ tlte et evnt )

umi Event  defn n»

nn = Dept_tiae;

1= Departare;
ﬂulpul Hoda o 1= 076 oy
Freviois gept_tiae 1= bept timey
Facket.Frevious_pode e i gt o
Packet. Frevious_senvice_tiee 1= Presant
Pachet. kop comnt 1= Packet. m ot + 1
EK

AL
am, ( rmmn )
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¢ ohack i4 blacked gath sat hos to be spdated )
1F {{HBTtnex & H Node_status.Rauting_data.Adat, data.di Current 11} ARD
(ode_status, Routtng_data, AdgE, data. &b dr _dstalne_kiBuneent_33,Tap = TRUEN)
THER Hode_status, Rowting_daka Adpt data. B [Current 1 sm
Nede,_statas. Routing data. Rdpt gata.BitCurrent 11+ Eoew kly

ey
oy

FRICEUJRE Roset_racelvad_dika (K 1 Node 10 VAR Tewp fdpt Gata ¢ ddot fnfal

w ‘ . 3
{5 fter ystag the received poutiog data to updete the ¥
£ routing tables the Flags are resst and the odt waits 4}
u 4oe additional data to be received, >

(- s & « Husber o node iy the netwark, !)
£ DUIPUTS: Adpt dara 5 Rauting info containg flags, %
i o

VAR ¥ 1 fode, 00

BB
mu Tm_anpz_dan 0

AH ., dcs memc i mse.
d)_ifs §

ﬂ‘m x :t N0
K lquuteldh] = ka.SE;
{R_dat: 1t}
o

£y
sy

PROCKDURE Service Routing dita (Event dafn ]
Buratio 1 REAL

R Hode Stas 3 Hodey
VAR 0 frant, 0 pack t i
YAR Event 0 lengkh 3 IATEGERTZ)
R Okt dn g ¢ IWIEBERIDY
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o ) Y
4 The function of thit grocedure Is to pertara the app- 2}
(s rrlae o s 1 e rcalves 4 el e )
o iiagrativ foarpon

(- INPUTS: Event defns m avent md plikrl containing n

i routing o B

[ Dration: w- duration ul e stailation. 1

{a Note eatys:The status and rauting tndo of n
the

I
& 0P oo st updihd routing tables, -)
3 faf Faltar to iront 44 bk o te

o et q bl
1 @ lengthy \‘h: mqtn of the wvent queaef 93
3 ﬂ

R Node_iDy
BEBLH
1 pecept the new rauting data )
¢ Reetve soting deta Bvnt S ot statu
{ For each destinatian node § ¥
“ J 15 170 Hode_status.fasting data.Rusber_of notes 50
LIHEO i .
I 3 0 bvnt gan.tate oo
TR
[
stk 14 a1 dudhs bvs by st ;

I 60 s B Grant gefn,Hode s xhws),

54 all db/dfs have boen pecelvad then )
& (nnd|_stiku.ﬁuutlng_da\hldpl_hl:.hll,dﬂ_ﬁs_rlca(vrﬂ
n’s‘nm
< Chok 14 alt ddydes have beon raceived )\

ALLR tota e lvant_fokn, i ods_statusy
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CTF ail the dD/irs have baen received )

IF tHede, status,fuuting, Hata. bdpt data.Bf_to, procesdt]) » TRUED
THEH

SIN
Galculate,now 4_dr ode_status.fuuting fata.funber o pades,
1,Evant, s tiode na,
Hode_status.fauting datals
Transait new 40t dr(Evant defn.Flae,
turatfon
Yot status,foting data,
it data, 40 do,dabalEvent dnfucNods Mo, S3,

I
Event_iedn.Hode o,
Event_detn, Pk, _Previons gode,
Yot staler,
0_frink ik,
£ ) 1-Mm,
Bkt
Update | Iwhnq datathode,shabus, Routing dakactisne - sedes,
Eant fefn,Hate oy 3,
ods stabus, Kotk {ng_datey
Resst jmatv fata ode Status.Routing_data,Newber o noces,
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