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Section 1 - - -

INTRODUCTION

/
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'LOCAL AREA NETWORKS

Three predominant topologies
& Star
e Ring

e Bus

Three predominaht protocols
e Fully scheduled
¢ Contention

e Token passing

~

)

(slide architecture?
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STAR

2
NS

O

Advantages
‘@ Simple access protocol
e Known transmission distance

¢ Two hop routing

Disadvantages
e Single point of failure

e All wiring to the "center"

e Sharing typically accomplished via time-slice

y

(slide star)
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RING |

Advantages
‘@ Simplicity

e All wiring is point-to-point; permits mixed
media |

& Message regenerated at each node
Disadvaﬁtages

€ Fail.ure of one link may break the ring

e Must be‘w.if.ed to a physical n’eighbof

@ More complex management  since message goes
completely around the ring

)
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BUS
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Advantages
e Simplicity of installation
e Potential for maximum channel utilization
€@ Stations sense common network state

e Twisted-pair and coax media well understood

Disadvantages
e Needs complex access control
& Limitations on bus length

(slide busi
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PROTOCOLS

Fully scheduled
e Time division muitiple access

e Polling

Contention
e Radio channels (Aloha)

e CSMA/CD (Ethernet)

Token passing
e Token passing bus

€ Token passing ring

Y

(slide prmocols)'
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' CONTENTION

"Schedules" on a packet-by-packet basis

Each node arbitrates for access independently

No guarantee of fairness
No concept of priority

Restricted to baseband implementation

" Performance limited by bus length

Message delay near zero at low offered load

MeSSage delay is exponential with offered load |

'Messa.ge delay highly variable

Only 20-40% of bus capacity effectively utilized

_/

(slide coniention)
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TOKEN PASSING

Token confers the right to transmit

‘Token holder uses bus for a (bounded) period of time,
rather than for a single packet

Fairness can be assured or ignored
Pridrities easily accommodated
~ Performance affected by bus length
Message delay is exponential with offered load
Message delay is non-zero even at low offered loads
- Message delay incfeases less rapidly than CSMA/CD

Perhaps 60-80% of bus capacity utilized

- )

{slide tokenpassing’
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LAN SUITABILITY

Star

@ Centralized control

24

4

Deterministic traffic patterns

e Circuit-oriented communication

i

e Continuous (or at least frequent) transmission

€

(

Popular with military
Ring
e Need to know your physical neighbor

¢ Wiring distance should be short

\

€ Popular' with vendors of engineering ‘worksta-

t10NnSs

_/
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AN SUITABILITY

Contention Bus
‘@ Low average offered loads
¢ Traffic pattern unpredictable and bursty
e; No need for f airnessi Or Ppriority

¢ Intended for office automation

Token Bus
¢ Handles deterministic and non——detervministic' loads
e Can -accommodate real-time demands
e Implements priority

€ Intended for general" purpose applications

N

_/
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IEEE COMMITTEE 802

Charged to develop a local area network standard

Committee membership predominately industrial

Recognized that application areas had different ne’edAs

e office automation
@ factory automation

e real-time control systems

Impossible to agree on a single standard
€ application areas are truly diverse

e mixed corporate membership inhibited agreement

/

(slide icce]
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802 SUBCOMMITTEES

§02.1 —- Relationship to ISO OSI mo'del

| 802.2 -- Logical Link Control.of ‘Data‘ Link Layer
802.3 - Contention Bus |

802.4 -- Token Bus

802.5 _ Token Ring

802.6 —— Metropolitan Networks

'_-\' - -

(slide subcommitiees?
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[SO OSI MODEL--

Application

Application

4

Presentation

Presentation

v

Session

Session

h

‘J

Transport

Transport

/

Network

Network

/

\

!

Data Link

Data Link

B

‘1

A

Physical

Physical

_/
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LAYERS 1, 2, and 3

Layer 3 -- Network
€ Pe‘rf orms routing in an a_rbitrary network
¢ Usually null in a broadcast protocol
Laver 2 -- Data Link
e Logical Link Control -- framing

e Medium Access Control -- controls transmission

Layer 1 -- Physical
¢ Wiring considerations

& Modulation and propagation

(«lide

layers
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802.x RELATIONSHIPS

802.1

802.2

802.3 | .| 802.4

802.5

802.1

/

(siide relationships’
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Section 2

PERFORMANCE ANALYSIS
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PERFORMANCE ANALYSIS

Techniques to estimate and evaluate performance

e Analytic models

—  Simple arithmetic  models typically
vield bounds o

— Simple queueing theory models typical-
ly yield averages

— Complex queueing theory models can
yvield both '

— Underlying assumptions may be unreal-
istic
e Simulation
" More effort than analytic modeling

— Yields detailed performance results

— Can be tailored to yield specific ana-
lyses v

K ' _ Difficult to verify correctness /

{slide performanccl)
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PERFORMANCE ANALYSIS

& Network Measurement
— Requires that an implementation exist
— Most reliable technique

— Some details. are hidden and cannot be
measured

— Results come very late in the design
cycle |

In UVA Computer Networks Laboratory we use all three

R y

{slide performancel’
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PERFORMANCE ANALYSIS TERMS

Local Area Network -- A communications mechanism used

- to interconnect geographically adjacent computers, peri-

pherals, and control devices.

Performance Analysis -- Determination of the operating
characteristic of a LAN through analytical modeling,

simulation. or measurement.

Performance Indices --

e L AN Capacity -- the maximum rate at Whlch the
physical medium carries infor mation

e Throughput — the fraction of LAN capacity ac-
~ tually used to transmit data

e Utilization -- the fraction of LAN capacity util-
ized by the protocol

& Buffers -- the queue of messages at each station

\

/

(slide definitions)
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QUEUEING THEORY

Developed in response to the need to model telephone

Example -- A telephone switch has a single queue for in-
coming calls. Two processors handle all calls. As soon
as a processor is free it serves the call at the head of
the queue.

@ What 1s the average time which a call spends in
the system (queue delay plus service delay)?

e What is the average number of calls in the sys-
tem?

€ What is the average queue size?

€ What is the probabilty that there are exactly Xk
calls in the system?

y

(slide gqueueing theory
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'CLASSES OF QUEUEING SYSTEMS

. " L
Queueing systems classes are x/y/n

T w
r

@ x is the type of arrival process

— M -- Markov
— D —- Deterministic
o G -- General

"

e 'y is the type of service process
— M, D, or G

"w.nu

e 'n" is the number of servers

I
—_
N
.
I

0 ‘ )

{slide classes] l
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QUEUEING THEORY CLASSES

Complexity varies with the class

For M/M/1 — everything is knoWn

For G/G/n — virmally nothiﬁg is known

For M/D/n or M/G/n -- some things are Known

We will assume the M/M/1 class for purposes of illus-.
tration

e -

tslide ciasses?)
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M/M/1 ASSUMPTIONS

Arrival process
& arrivals are a Poisson process

e arrival rate has an exponentially distributed prb—
bability density function

‘e mean arrival rate is A (things)/(unit time)

€ infinite number. of potential customers to assure
independence and no blocking

Service process

€ exponentially distributed probability density
function

e mean service rate of u (units of time)/(thing)

System reaches a state of equilibrium

/

{slide assumptions!
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VALIDITY OF ASSUMPTIONS

Assuming that arrivals are Poisson has been shown to be
a reasonable assumption for communications systems

Exponentially distributed arrival rate is generally realistic

Exponemlall’y distributed service rate is harder to justify,
but can fit some situations

Care is required when interpreting results |

(siide validity)
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'Pk is the ‘probability of the system being in state &
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STATE SPACE

MNPy~ MNPy~ MNPy
o) (1) () (¢
N /"Pl SN~—— ,U'PQ ~—— /*"PS

State k& represents having k& customers in the system
(queue plus server)

System state increases at rate NPy,

System state decreases at rate u-Ppiq

For equilibrium, rates into and out of state & must be
equal

/

(slide state space)
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LOCAL BALANCE EQUATIONS

{slide local balance 1)
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LOCAL BALANCE EQUATIONS

o .

/
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LOCAL BALANCE EQUATIONS

Pk : (1 - vp)'pk

Probability that system is idle is Po= (1 —p)

N

N

siide

locai balance 3)
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'NUMBER OF CUSTOMERS IN SYSTEM

N= Y kP
k=0

N=10-p) 5 kpF
k=0
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EFFECT OF LOAD FACTOR

p N
0.0 ©0.00
0.1 0.11
0.2 0.25
0.3 0.43
0.4 0.66
0.5 1.00
0.6 1.50
0.7 2.33
0.8 4.00
0.9 9.00
0.95 19.00
0.99 99.00

{slide load factor)
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Assume a customer consumes 7 seconds of (wait time +
service time)

While he is being processed, N = A-]" customers arrive

The average waiting time is:

N =T
_ N _ 1
T_)x L= A

A )

(siide service - time)
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TRANSMISSION LINE DELAYS

Translating to communication terms:

& channel i has capacity C; bits/second

'€ arrival rate is A packets/second

€ service rate is 1 bité/packet
7

€ so total delay, queueing plus transmission, is:

[. =

e

(slide linc deiay!
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APPLICABILITY OF QUEUEING THEORY

Provides good results when reality mirrors the assumptions
Useful for a "quick and dirty" estimate of performance

Much more elaborate queueing theory models give better
results for certain special cases

Simple M/M/1 model depends upon e\ponemlally distri-
buted service times

Slightly more complex M/D/1 model allows deterministic
service times | '

M/M/1 and M/D/1 both require continuous Sserver
Not realistic for cars at-a traffic light

Unfortunately, not realistic for messages 1n a queue
awaiting the -arrival of a token

NG o U

(slide applicability)
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OTHER MODELS_ |

More advanced queueing theory using concept of server
- "vacations" «

"Vacation" models are too complex to study here
Simpler arithmetic models to predict bounds

Will use one in section 4 to predict token cycle times

A y

(slide other models?
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IEEE 802.4 TOKEN BUS

_/

(slide §02.4)
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THE IEEE 802.4 TOKEN BUS

The 802.4 standard deﬁnes

€ electrical and physical characteristics of the
transmission medium |

e electrical signaling method used

e frame formats transmitted

'@ actions of a station upon receipt of ‘a data

frame

e services provided by the Medium Access Control
sublayer of the Data Link Layer

_/

(slide tokenbus)
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Network Layer
(Layer 3)

(Laver 2)

Data Link Layer

Physical Layer
(Layer 1)

ISO Model

e S -
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~ RELATIONSHIP OF 802.4 TO [SO OSI

Network Layer

—————

Logical Link Control

Medium Access Control

_____

P 802.4

Physical

_____

802 Model

N

)

(slide ivee vs iso)
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802.4 SUMMARY

A token controls access to the physical medium
- Token holder is momentarily the network master
Implements four priorities, or.access_classes

Station must pass the token to a Known successor within
a bounded time

Orderly progression of the token from station to station.
forms a logical ring on a physical bus

Station’s interface is a Medium Access Controller (MAC)

MAC implements the protocol, including

e token recognition, passing, and regeneration after
loss

e message encapsulation and framing

e service. of the four priorities

SR @ error control and recovery - |

(slide summary)
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THE TOKEN

Standal‘d allows a network-wide choice of either 16 or
48 bit addresses -

Token is an explicit message of at least 96 or 160 bits
depending upon address size (token frame can carry data)

Token consists of:

§

e preamble (1 or more octets)
e start delimiter (1 octet)
e control information (1 octet)

- € d'eStination address (2 or 6 octets)
e source address (2 or 6 octets)
& optional data (O or more octets)
e f 1iamev check sequence (4 octets)

\ € end delimiter (1 octet) | | | /

tslide token!
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MESSAGE FRAME

Message frame contains

@

€&

%

preamble (1 or more octets)

start delimiter (1 octet)

“control information (1 octet)

destination address (2 or 6 octets)
source address (2 or 6 octets)

data (O or more octets up to maximum f{rame
size of 8191 octets)

frame check sequence (4 octets)

end delimiter (1 octet)

_/

(slide message?
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TOKEN PASSING

At startup, each station is assigned a unique logical ad-
dress '

During startup, stations add themselves to the logical
ring one at a time, thereby learning their successor

A station may transmit only while 11 holds the token

When all data has been transmitted or cértain timers ex- -
pire, token must be passed to successor

A station will periodically query the network to deter-
mine whether additional stations wish to join the ring

Special cases to recover from loss of token, failure of
successor, etc.

-

(slide 1okenpassing”
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LOGICAL RING MEMBERSHIP

At startup, each station is assigned a unique logical ad-
dress '

The station’s inter_solicit_count is initialized to zero

The Max_Inter_Solicit_Count is randomized in its low ord-
er two bits every 50 milliseconds or after.each use

The inter_solicit_count is decremented onc_é per token re--
ceipt, just prior to passing the token

When the inter solicit_count reaches zero, and if the
ring_maintenance_timer has not expired, a response_window
1S opened

A solicit_successor message 1s sent
The response, if any, is resolved

If no response is received, inter_solicit_count is reloaded
with Max_Inter_Solicit_Count

N o

{slide membership)
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Only three possible responses: none, one, or many

‘@ No response

— pass token

e One response

— responding station sends Set_Successor
frame to token holder "

- — token holder changes his "next station"
variable to be address of new station

— -pass token

- RESOLVING SOLICIT SUCCESSOR

_/

(siide solicit successor)
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'RESOLVING SOLICIT SUCCESSOR

¢ Many responses (collision)

— open four demand windows and send
Solicit_Successor

— other stations respond 1n  window
0,1,2,3 depending upon value of the
one's complement of the first t\xo bits
of station address :

— contending stations who hear a valid
frame drop out of contention |

— process continues, using successively
lower ordered pairs of address bits, as
long as there are multiple responses

— if no resolution on lowest pair of ad-
dress bits, there is a duplicate address
error

— 1ry once more; competing stations - gen-
erate random address

— stations which lose report duplicate ad-

\ dress to network manager . j

. (slide many responses)
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LEAVING THE LOGICAL RING -

Station has TWO variables, in_ring_desired and
any_send_pending '

Variable any_send_pending 1s true whenever there are any
messages in any access_class

When readv to leave, setsin_ring_desired to false

When both flags are false, waits for th{en, then sends-
this station’s predecessor a Set_Successor message with this

.station’s successor as 1ts value

_/

(slide Jeaving?
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OTHER ERRORS

Standard specifies recovery actions for

'@ lost or multiple tokens

ki

& token pass failure

& deaf stations

3

e duplicate address

& stuck transmitter

_/

(slide errors)
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ACCESS CLASSES

Four priorities 'of acéess__classes
@ Synchronous
e Urgent Asynchronous
¢ Normal Asynchronogs

¢ Time Available
Only Svnchronous is guaranteed a level of service
Other classes receive "best effort"

'An 802.4 station must implement either the Synchronous
class alore or else all four classes simultaneously

Note that priority applies to a message, not a station

<

{slide access classes!



_— . _ |
E;]H ) [ JV A DEPARTMENT OF COMPUTER SCIENCE
/- | | \

NETWORK PARAMETERS

Let the Svnchronous, Urgent Asynchronous. Normal Asyvn-
chronous. and Time Available access_classes be abbreviated
by S, UA. NA, and T'A, respectively |

High Priority Token Hold Time (HPTHT) -- the maximum
amount of time a station may serve its Synchironous class

Urgent Asvnchronous Target Rotation Iime (TRT;4) — goal
token rotation time for class UA |

‘Normal Asynchronous Target Rotation Time (TRT Na4) - goal
token rotation time for class NA

Time Available Target Rotation Time (TRTt,) - goal token
rotation time for class TA

\" o

(slide nel parameters!?
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STATION TIMERS

roken_hold timer (tht) -- when it expires, station
complete sending the packet in progress, but must

sequence to the next lower priority access_class or, if
serving class TA, must pass the token to the station’s

successor
token_rotation_timery; 4 ({rty4)

token_rotation_timern 4 (trina)

token_rotation_timery 4 (Irty 4

¢ used to monitor the token 'cycle time at
access_classes UA, NA, and TA

token_rotation_timer rv UTTRAD

€ ring maintenance timer

may
then

_

(slide siation Umers!
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SERVICE DISCIPLINE

At station startup, ¢rt’s are initialized to zero

Token arrives at a station; its tht is set ‘to the HPTHT
and begins timing

Station serves its Synchronous class until its queue 1s
empty or the thr expires ' "

If station is not implementing priority, it passes the to-
ken " -

Station copies the residue of its 7rt,, into the tht
Station reloads the trt,, with TRIj4

Station serves its Urgent Asynchronous class until its
queue is empty or the thr expires

\k' o

(slide service discipling
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SER\/ICE DISCIPLINE

Station copies the residue of its ir7,, into the thz
St'ation 1“eloads the trt,,, with TRT N4

Station serves its Normal Asvnchronous class until its
queue is empty or the thir expires

Station copies the residue of its trt,, into._:vthe tht
‘Station reloads the 1rt,, with TRTT‘;1

Station serves its 7ime Available class until its queue 1s -
empty or the thr expires

'Statio'n'passes the token to its successor

. I

(slide service discipling
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PERFORMANCE ANALYSIS
802.4 TOKEN BUS
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'ESTABLISH BASE CONFIGURATION

64 stations, always members

Svnchronous traffic only

Infinite High_Prioritv_Token_Hold_T ime

Constant length 160 bit messages (256 bit
frames) g |

Max_Inter Solicit Count = 255

Bus capacity = 10,000,000 bits per second
Er‘ro"r free
16 bit addresses

96 bit tokens

-

{siide basecase)
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COMPONENTS OF BUS CAPACITY

At any offered load, 100% of bus capacity is divided
. among -

@ data messages
e token traflic

& propagation delays

Graph shows distribution for base configuration -

R ' )

(slide compenents?
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" AVERAGE MESSAGE DELIVERY TIME

Average message delivery time consists of
@ queueing delay .
@ network access delay

& propag}a»}tibﬁ. delay (constant here)
Graph shows components of total observed delay

Note that average message delay is about one-half the to-
ken cycle time

.

(slide delivery)
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IMPACT OF PACKET SIZE

When a station sends multiple packets, they are separated
by one inter-frame gap (2 microseconds)

When a station with small . packets generates as much
offered load as a station with large packets, then at large
offered loads the station with small packets suffers longer
total delays from its higher frame overhead and delays

A_verage delivery time is plotted against offered load for
-data lengths of 160..5120 bits

Frame size is 96 bits longer than data length

g , -

(slide packetsize)
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- NUMBER OF ACTIVE STATIONS

Average message delivery time increases linearly with the

. number of active stations

Graphs shows 8..256 stations

\

/

(slide stations®
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OBSERV ATIONS

For Synchronous traffic with HPTHT set to infinity:

‘@ Fraction of bus capacity used for data traffic

(throughput) increases with offered load because

protocol traffic decreases

Average message delivery time is apprommately
one-half the token cycle time

At high offered loads, long messages experience
shorter average delivery times than short mes-
sages

Network performance improves as the number

~ of active stations decreases

_/

(slide obscrvationsl)



X

.

T 7 :
1 [ JV/ A DEPARTMENT OF COMPUTER SOENCE

A 7/ )

" HIGH PRIORITY TOKEN HOLD TIME

Setting the HPTHT has two side-effects:

e As desired, it guarantees a minimum frequency
of service to the Synchronous class

e The penalty is that it also bounds the max-
imum data utilization of the bus ’

As HPTHT increases (thus draining the JSynchronous
queues more often and minimizing token traffic), bus
utilization for data throughput increases

A

J

(slide HPTHT:®
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~ HIGH PRIORITY TOKEN HOLD TIME

Setting the HPTHT has two side-effects:

‘@ As desired, it guarantees a minimum frequency
of service to the Synchronous class

@ The penalty is that it also b'oundsg the max-
“imum data utilization of the bus

As HPTHT increases (thus draining the Synchronous

queues more often and minimizing token traffic), bus
utilization for data throughput increases

N

_/

(slide HPTHT) '
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NON-SYNCHRONOUS CLASSES

=
S—

When token cycle time increases to equal the
Target_Rotation_Time at an access_class, service to that
access_class ceases '

Graph - plots delay of Synchronous and
Urgent_Asynchronous classes | '

. 5 - , y

{slide asynchronous}
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OBSERVATIONS

When token cycle time does not approach N-HPTHT or
any of the 7R7’s, the priority system does not function;
all messages are transmitted

Setting the HPTHT implies an upper bound on the frac-
tion of bus capacity used to carry data

Setting the 7RI’s effectively implements the priority
operation ‘ : |

Setting the 7R7T’s intelligently is fairly difficult and re-

quires both knowledge and insight

_/

(slide observations2)
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NON-HOMOGENEOUS LOADS

Th‘e offered load is divided:

‘@ one station generates one-half the total offered
load

e 63 stations collectively generate the other half

Graph shows the contributions of queﬁeing delay

" network access delay to total message delivery time for

each class of station

N

and

_/

(slide non-homo)
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OBSERVATIONS

Highly loaded stations receive better service than other
stations

The quality of service a station receives depends upon
the load generated by the remainder of the network

__ N

(slide observations3)
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Section 4

MATHEMATICAL MODEL

OF TOKEN CYCLE TIME

(slide scc
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TOKEN CYCLE TIME

TC, i+1 =N Xp +V

+ 5 minleff (HPTHT), f (Q, + A, )

r €S

+ 3 minleff (TRTy4 —TC, ). 1 (Qp +A. ;)
reUA '

+ 5 minleff TRTNa—TC, 0.7 (O + A 1))
.reNA ' }

+ ¥ min(eff TRT4 —TC, ;). (O + A, ;1))
relrA

/

(slide penera 1.1'orm)
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TOKEN CYCLE TIME

TC=NXr+V
T N -min(eff (HPTHT), A XpgTC)
+ min(eff (TRTy; 4, — TC) .,N Aya X TC)
+ min(eff (TRTng — TC) .N-hna Xpp7TC )V

+ min(eff (TRTp4 —TC) N-Apa -XppTC)

)

{slide resulis)
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Section 5

THE 802.4 SIMULATOR

(slide section
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The Simulator

® Tokbus is a 5000 line Pascal program that al-
lows users to simulate user specifiable 802.4
' networks. : A

® The simulator is a tool that allows

— the network designer to test the perfor-
mance of proposed configurations, :

— an advanced student of netwcirks to
study the relationships between

configuration parameters and perfor-
mance measures,

 _ the network novice to understand the
~ 802.4 protocol through observation.

é The ~simula‘cor should

— model the actions of 802.4 as closely
as possible,

— generate useful statistics about network
- . performance |

K .~ — be easy to use.

/

(slide simulator)
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Simulator Functions

® The two main functions of the simulator are to
create network configurations and to simulate
the actions of the network.

@ To make the network configuration process easier
for the user, tokbus allows the user to save,
modify and reuse configuration information.
There are two types of configuration informa-
- 1ion,

_ Global Information, network wide or
simulator parameters, and

— Station Classes- Information

@ Tokbus allows the user to control the progress
of the simulation, to make limited modifications
to the simulator state, and to generate statistical

" reports about the simulation. - .

_/

(slide simfuncts)
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‘Network Configuration

® To create a network configuration, thé user can

either enter the configuration information in
response to a series of simulator prompts for
specific configuration parameters, or the user can

‘use previously entered configuration information.

When the user is supplying information, tokbus
either presents the user with a menu if the
number of selections is a small finite set, or it
will perform range checking to be sure that en-
tered values meet the specifications of the 802 4

‘Standard.

- After entering new information or after reading

previously saved information the user is present-
ed with a display of the values and a descrip-
tion of each parameter from which the user can
select values to be modified.

If the user enters new information or modifies
saved information, tokbus allows the user the
option of saving the new or rnodlﬁed informa-
tion.

\

(slide create)
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‘Global Inf ormatiébn'

@ Global information consists of either network
wide, protocol parameters or parameters specific
to the sunulator

® Protocol Pararneters
High_Priority_Token Hold _Time
Address size (16 or 48 bits)
Frame size
Bus rate in bits per second
Token Pass Time
Bus Idle Time

@ Simulator Parameters

- Random Number Seed
Length of the Bus
Propagation Delay

- Probability of a bit error
Number of Station Classes

/

(slide dfitvals)
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Station Class Information

'@ Stations of the same class have identical loading

in - the access_classes, identical TRTs, and other
common values. |

Class. information can be saved in the Class Li-
brary after being created so that-it can be used

‘again in other sunulanons

Combining different classes of stations in a net-
work configuration enables the user to test non-
homogeneous load distributions.

The use of saved station classes and the editing

capabilities of tokbus aids parametric studies of

- protocol performance by reducing the number of
_steps required to create a series of simulations

where only one parameter is varried.

™

J

(slide clsinfo)
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Running the Simulator

- @ The simulator must provide the wuser with

methods of controlling, observing, and generating
reports about the simulation.

@ To control the simulation the simulator provides
commands that allow the user to |

— modify the state of the network or of
a station

— run the simulation for a period of time
or a number of steps

@ To observe the simulation the user can use a
visual display on his terminal screen or traces
" of simulator actions that are written to files.

- @ Reports and Traces

— The Bus Report provides the user with
a summary of overall utilization of the
communication medium.

~ — The Class Report provides the user
with a summary of utilization and de-
lay statistics for each access_class in a
station class.

/

© (slide running)
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Sample Bus Report

busrep.05.0

Elapsed Time = 16.00000000
‘Tokgn'Cyoles - 15796.

Average Token Cyocle Time = 0.00101286
Token Cycle Time Varianoe = 0.00000003
 Minimum Token Cycle Time =  0.00045260
Maximum Token Cycle Time = 0.00135040
Total Traffio of 817809 messages for a total of 128475744 bits transmitted

. Number of Ring Reconfigurations = 0 '
Type Of Message Number Transmitted Totgi B1ts %Bandvidth
Data 312288. ' 79945728, ' 49.97
Overhead 20979648. 18.74
Actual Data 49966080. 31.23
Token - 505502. 48528182. _ 30.33
Protocol 19. 1824. 0.00
Corrupted 0. 0. 0.00
Propagation Delay 19.70
Bus Idle : 0.00

-

(slide busrep)
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Olassrep.05.0
' Class baseocase

Sample Class Report

Elapsed Simulation Time =
~ Stations have joined the Token Passing ring
Synbhronous Servioe Aocess Class
 Total Number of Messages sent from these queues
Total Number of Bits tranemitted from these queues =
Average Queuve lLength =
Queuve Length Varianose =
Maximum Queug Length =
Average Queue Dslay =
Qﬁeue Delay Varianoe =
-Hinimun Queue Delay =
Haximum Queue Delay =
Average Aocoess Delay =
Acoess Delay Varianoe =
Minimum Acoess Delay =
Maximum Acoess Delay =
Average Transmiesion Time
Transmission Time Varianoe
Minimum Transmission Time
Maximue Transmission Time
Average Delivery Time =
Delivery Time Varisnoe =
Minimum Delivery Time =
Haximum Delivery Time =
Urgent Asynchronous Servioe Aocess Class

coese Claess Inaotive

16.00000000

O OO0 0O OO OOOOOOOOOUPOoOOo

32 times.

“‘\\\

312288.
79945728,

.61781464 -
.23611971
.00000000
.00000000
.00000000
. 00000000
. 00000000
.00068144
.00000015
.00000000
.00142119
.00002760
.00000000
.00002780
.00002760
.00068904
.00000015
.00002760
.00144879

- (slide clsrep)
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Simulatcr Traces

@ The simulator provides the user with a selection
of traces of of simulator actions or network
transitions which can be recorded on a user
defined output file. |

@ Traces consist of a description of the. actions or
station status, the station where the: action oc-
cured, and the time at which the event occured.

® It is possible to trace
— simulator execution,

— the number of messages transmitted
- each time the station receives the token,

— the number of messages enqueued at a
station when the token arrives.

@ Traces can be used for

— .validating the simulator,

— observing the actions of the protocol. L j

(slide traces)
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- - @ To model the actions of 802.4

\

© Tokbus as a Model of 802.4

— minimize the number of simplifying as-
sumptions e.g. inter station distance,

— implement all major actions and station
states described in the 802.4 standard,

— translate the Ada pseudo-code that was
part of the Finite State Machine
- description of the protocol into Pascal
to insure compliance with the protocol

@ Problem: Simulating concurrent actions by
separate entities in a single processing environ-
- ment.

/

(slide model)
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Finite State Machine Representation

® The protocol specifies the set of the eleven pos-
~ sible states of the 802.4 Medium_Access_Control
machine. | B

® From all station states there exist transitions

based upon a certain input from state S to state
S'. -

@ There is one and only one transition from state
S for a given input.

@ Example of the FSM

1. IDLE reosive_token 5. USE_TOKEN

‘Rx_protocol_frame
AND Rx_frame.FC = token
AXD Rx_frame.SA /= TS
AND Rx_frame.DA = TS
AXD in_ring
.- token'reqeipt
sole_active_station := false;

PS := Rx_frame.SA; -- set predecessor

—~- set aoccess_olass to highest level
aocoess_class := max_a0o0ess_olass;

token_hold_timer.start(hi_pri_token_hold_time){

Rx_protocol_frame := false;

\

/

(slide fsm)
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are

® The
AWAIT IFM_RESPONSE state.

Finite State Machine Representation

. . @ The eleven Medium_Access_Control machine states

- OFFLINE

IDLE

DEMAND_IN
DEMAND_DELAY
CLAIM_TOKEN
USE_TOKEN
AWAIT_IFM_RESPONSE
CHECK_ACCESS_CLASS

" PASS_TOKEN

CHECK_TOKEN_PASS
AWAIT_RESPONSE
not

simulator does

'® The simulator implements simplified versions of
the ring maintenance actions specified
standard.

\

implement  the

in the

/

(slide fsm2)
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Discrete Event Simulation

~ @ Events

— For any action by an 802.4 station,
there is an action by the simulator.

— Each event is tagged with
e an event type,
o the station where the ‘event occurs,

o and the time of the event.

® Multiple events can occur at any given point in
time. |

@ The events are maintained in a time ordered
 queue.

@ Time
— Time advances as events are dequeued.

— Current time is the time of the most
- recently processed event

\

/

- (s1ide D.E. Sim)



- Event Queue

® The event queue is a future list not a true
queue.

@ List of events in increasing time order.

© Next event that will happen is at the front of
the queue.

- @ A sample event

event type

station time

/

(slide evntg)
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Event Queue Sample |

~® Newly generated event

mssgarrivalO

128 }0.001000

® Current state of the event queue

~

xmitcomplete tok passtout | mssgérrivall
97 io.ooo995 97 ‘0.001240 108 }o.omzso i
@ Updafed' event queue
* |xmitcomplete mssgarrivalO tok passtout
| 97 10.000995- 128]0.001000 97 ‘0.001240 i
° Queue after next Simulator Step
mssgarrivalO || tokpasstout mssgarrivall
128 }o.ooiooo 97 Io.oo124o 108 ‘0.001250 o

© (slide q 8g)
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Section 6

DESIGN EXAMPLES

.\. ‘ o )

6 (slide section)
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“All Synchronous Traffic

@ Global Parameters

Bus rate = 10 Mbps

Bus length = 1000 meters

Propagation Delay = 5 nanoseconds/meter
HPTHT = 0.052 seconds '
token = 96 bits

® Station Class Parameters

32 stations
256 bit messages

. Ag at 10% = 122 mssgs/sec

J

(slide configl)
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Two Active access_classes

@ Global Parameters

Bus rate = 10 Mbps

" Bus length = 1000 meters |
Propagation Delay = 5 nanoseconds/meter
HPTHT = 0.052 seconds
token = 96 bits

‘® Station Class Parameters

32 stations

256 bit messages

Ag at 10% = 81 mssgs/sec
Aya at 10% = 41 mssgs/sec

TRT;4 = 1.21 milliseconds

\

/

(hide eonngzi
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All access_classes active

e Global Parameters

Bus ‘rate = 10 Mbps

Bus length = 1000 meters

Propagation Delay = § nanoseconds/meter
- HPTHT = 0.052 seconds |
token = 96 bits

® Station Class Parameters

32 stations
256 bit messages

Ag at 10% = 81 mssgs/sec

| Ay at 10% = 11.4 mssgs/sec
TRTy4 = 1.21 milliseconds
Ang at 10% = 9.2 mssgs/sec
TRTy, = 0.85 milliseconds
Ara at 10% = 20.4 mssgs/sec
TRT;, = 0.64 milliseconds

%

(slide config 3)



