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This is a description of the design and implementation of a

carrieg sense, multiple access network witb ¢collision detection. .' .

Included are the- basicAdesign philosophy,f fating-:esttictions :
and parameters, complete hardware and software descriptions, as
well/as data collected from actual operating tests and computer
simulations. . The network is unique in that all protocol support“°
functions, mapped onto the first four layers oi the International
Standards Organisation Open Systems Interconnect model are’
implenented in software, includinghcollision~detection.
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.CHAPTER 1

1

INTRODUCTION - - . /

4 _ |

1.0 INTRODUCTION
. y
Local network architectures using CSMA/CD 1link
level protocols present the attractive property of

fully distributed control. The success of the

a
1

Experimental Ethernet and it's subsequent commercial:

impiementationS*has stimulated the development of many
CSMA/CD systems with similar characteristics, commonly
referrgd'to as 'Ethernet-class' systems [SHOC82]. High
performance sttems, using coaxial <cable as a
transmission medium, offer raw transmission speeds of
up to 50 meéabits per second [FRAN82], while the
Ethernet specification provides a 10 megabit rate for
§00 ﬁetre segments [THUR82]. This performance is,
ho;ever, bought for a price. Contemporary Ethernet
per—sgdtion costs, including interface and tap, vary

from $1500 to $3000. While this is not expensive for

networks of high performance computers, it is not

reasonable for linking personal computers whose total

“y
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cost is in the same order of magnitude.

4

The need for a low cost network%ng technology has
resulted in the developﬁent of afclass of Ethernet-like
systems based on standard LSI communications devices,
aﬁd using low cost media such as twisted pair or twinax
[THURB2]. Some of these systems, such as the Corvus
Omninet or the Cromemco C-net have ‘Achieved faw bit

rates between 250 . kilobits and .-one megabit, while

holding interface prices to about $1000. Similarly

,Lgﬁcgnfigured research systems based on the Motorola

Advanced Data Link Controller (M6854) report speeds of
150 _[SMITB2] and 500 [HUTC82] kilobits for relatively

low éomponent cost,

] \ t

This thesis éresents the design and implementation
of a vety low cost CSMA/CD system. At a raw bit rate

of 125 kilobits per second, the system has sufficient

' petformahce for a medium sized office or'laboratory

environment, in particular when the usage statistics on

the Experimental Etherhét reported by Shoch and Hupp

~[§HOC80] are considered. Although the theoretical

channel utilization for théir system is 978, they
reported an average usage of 0.60% to 0.84% over a 24
hour day for 120 wusers on a 2.94 megabit per second

line. These figures suggest that for .a large class .of

- applications, a si’gnificant cost-performance tradeoff is

S
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justified. 1In our design‘we push this tradeoff to the - '

limit, moving ﬁf many functions into software as is

&

feasible without sacrificing the performance .of the
individual processors'of the network. The result is an
interface design only marginally more complex than a
standard RS-232C interface, using ;ess than $15 in
components, but fully implementing a CSMA/CD protocol.

k)

. Since the pr}mary goal is the develdpment of a low
cost system, standard off the shelf LSI componeé;s are
used in a hardware design that requires only seven
integrated ‘deviceé. The system develo?ed is unique in
that collision detection, tradifionaily .performed’ by
hardware, is fully implemented with software; Although
this results in delays in detecting message collisions
and, as shall be illustrated later; reduces the -
effeétive bié_ rate of the channel when collision

detection is in effect, the design presented reduces

the overhead incurred tc an acceptable level.

Simulations are performed compariﬁg s;ftwarp
implemeﬁﬁation of - key functions such as collision
detection and carrier sensing with hafdwaré
implementations of the same. The latter are simulated
by scaling down the operating speed of Ethernet to that
of the software system'while retaining relative timing

relationships within the protocol.

%
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can be obtained.

4 ~

Although the systein is almost entirely sof'tware\ .

. based', the’ primary limitation upon raw bit rate is

~determined by the choice of hardware ' components used.

However, faster hardware would not make a significant

difference in the maximum ‘atainabl'e ‘Taw bi.t:'rat:e unless

‘processor speed were increased accordingly. At present‘

only a two-fold fncrease increase in ,proc‘essor speed

-
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" - examines somé common networks in existance today.

A .computer network is a means for interconnecting

two or more computing devices *to ‘allow the\;ransfer of

- . " . - ‘
information between tHem. The dqgire to interconnect

Ny

several différentrcomputer systeps via a single network

has given rise to someatrendé and:standards governing

networks.

Il ©
- .
LI “

°

Tﬁis-chapter describes some of these standards and

v r

L} . \ /

v ‘ . -
v . .

2.1, DEFINITIONS . . = : ..

- ® '.
- '~ rr . ‘5 B
In Prdé; to be hﬁlq‘to make useful comparisons

L

between différent‘networks,‘a fundaméntal hndegstadding

‘of the terms used to describe and define these networiks

’ -

is esseﬁtial.' Thus, térms“suéh as érotoco;, raw ’bit
- 5 . :
" ‘ . ’ . ',' - — “ .
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: .+ CHAPTER 2
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h A BACKGROUND DISCUSSION OF NETWORKS
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2.0° INTRODUCTION . L7 .
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.semantics,” and timing.’

~

»
« w e . . .

?

- rate, line utilization, protocol overhedd, ahd'topoloqy

are explained in.detail before.proceeding any.furfher.'

/

I

2.1.1 PROTOCOL

« N -
¢

ydeiice communicates with other devices on a network. A

protocol is usually expressed in terms of its synﬁax,

-
»

-

A protocol!s syntax refers to the phygicar nature
of the dgta sent along’ a network. At various levels of
abgtréqtipn it defines the type of electrical sigﬁaig

used, or the ordering of various fields of information

.in - packets or frames, these being the smallest unit of

data 'sent from one, ,s#ation to another. Such
information often ihcludes, but is not limited to,
source and destination ad@resseé, the type of the

Vo

packet, the nature of the data being sent, and the

" length of the packet.

The semantics of & protocol define .how the"

A protocol serves to define the means by which a

‘ iﬁnformation passed between devices, or stations, is to

- .be interpreted. In contrast to the syntax, wHich

specifies the manner in which data is'ﬁormatted, the

Wit siocr < 4 *

B :
semantics describe how the. “various pieces ' of -
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- +

information are to Békgggd in supporting the‘protocol.

For example, the type fiéld of a packet may - determine

" whether ’EMe data is to be interpreted as protocol

management iﬁfoémation, or data that is actually being
<passed " between étations via the particular protocol in
use. A 'source adaress' field in one protocol may havé ‘
an. entirely' different heaniﬁg in a;other Qrotocol.
Furthermore, ce}taip' signalling fungtion§ such as

IheckSum errors, ahd pagket acknowledgements, can have

astly differing'impl;cations in.diffefent protocols.

In short, the syntax describes the way in which

information is ordered and ‘formatted, while the

' semantics describe the way in which this information is

to be interpreted and&uséd.ﬁ : -

A necessary requirement of any protocol is the .

l.timing‘oﬁ the protocol. Besideé having to specify the

'
-

timing relationships - betﬁeeﬁ' successive bits of
infqr@ation, the prottcol may place restictions on the"“
_timiﬁé relationships between successivé paékets, the
maximum allowable time between transmitting\ a pdcket
and being able to receive thg next one, or the ﬁinimum

] . ' ‘ .
allowable time between successive packet transmissions.

)
s

For example, the Ethernet protocol specification ‘-

indicates a serial transmission’ rate of 10 megabits per .

N
R ST PEIY WY




Lo

T

L J

L

TE A ey et i o s e P . [

T

kprotbcol, that is, the method used to transfer data'

! -

> - " . <t 8 !
' &‘

second with no ‘lessn than 9.6 microseconds betwéen

L]

‘successive éackets. [SHOC81] ‘ =

T

-
.

. . 3 ' '
2.1.2 RAW BIT RATE ' s

N\ | .

The maximum rate at which a network can‘ﬁupport'

the transmission and reception of data is referred: to.
as the raw bit rate. It is the-theoretical‘limitbto

the speed at which information "can pass frém one

-

station to another.

Consider Ethernet, wi&h a raw bit ratéﬂ

specification of 10 megabitg.per' second. j The actual

rate of transmilsion of information is, - in fdbg,

significantly less. Inter-packet spacing,

")
protocol-related information within packets, and

vérious béher éelays teduce the actual speed at which
data caA be . Sent. :The same is true of any other
pr&tocol since ‘tﬂere is glways_-somg o§erhéad\» in
arbiﬁfation between stations competing for'access to
the netwqu medium, |

>

» A specialﬂcﬁse of a network protocol is a ‘bus

along a parall;l bus as opposed to a single serial

liné. 1In this case, the maximum bit rate specificatijon

-~
Fa

} .
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becomes a misnomer since data is,, in fact, being.

tr§nsferred several bits at a time. It is more correct

to refer to the.parameter as bus

defined

informatioh. It is s€ill expressed as a quotient of

information

the capacity of

transfer . over

bandwidth, T

the

tinme,

bus

but

to t

the

his is

ransfer

speed

requirements of any single bus line are reduced by a

factor proporfional to the number of data transferring

lines in the bus..

2.1.3

LINE UTILIZATION

2

*  The line utilization of a particular network is. a

percentage of

1

the maxiﬁum bit rate. It indicates the

.network's capacity to transfer

information,

both

station-to-station data as well as profocol management

inforhation.

percentage

Factors

that

are turnaround time
\

contribute

between

to

sen

message and beingnable to send the next one,

stations on the network.

/

this &
ding a

network

access arbitration, message length, ‘and the number of

Since the line utilization is dependent on a large

number of factors, it is

|

fixed conditions, -such as' ‘'at .éaturation't

P

ually expressed under some

This

indicates a measurey of the line utilization when all

A

! .
- en u..m,.«./u e
7/
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the lower the protocol overhead.

10 .o S

stations wish to use the network. Typically, the 1line
utilization is an asymptotic function of the number of
stations transgitting.

. When the li;E utilization is measured:' with only
. . ;

one transmitter and one 1receiver,- it indicates the

extent * to which network arbitration atfects

performance. The greater the effect, the lower the

\

number of stations that can be’  adequately supported,

’

all other, factors notwithstanding.

o

-

2.)1.4 PROTOCOL OVERHEAD

,
-

¥ . ‘ [

The p;g;gd%i/;;;rhead is a simple measure jof what

percen%age of data being transmitted in a packe ;§ for

sthe management of” the network protocol. . Since this

factor directly affects the effective transmisgion rate
from. one station to another, it is important to keep it

as low'as possible. In most protocols, the/ protocol

support information in a packet is always of a fixed -

length while the protocol may support varying \Iength

data fields. 'Clearly, the gréater the packet length,

In addition, longer packets imply less arbitration

4
time and may improve line utilization as well. This

~
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price: When .packets are ' too ;pné,_the average time

required to access the network increages ard.the law of

4

diminishing returns takes effect.

Selecting’' an appropriate packét length is thus 'an

important factor in the fine tuning of a network.

~n. . -
. ¢ .

2.1.5 NETWORK TOPOLOGIES , . -

-

-
-

/

7

which stations are connected to the network. Ring,

star, and other topoloéies are all common. , A’ ring

topology requires that all stations be ‘connected in a

ring, that is & closed loop including all stations.
Star netw?rks employ a central network controller or

dispatcher that all stations communicate with as .an

intermediary when sending  information | to other

" . stations. 1In addition, the use of repeaters or routing

, L)
- the network topoldgy.

-~ testrictions upon

.stations affects . the manner in which stations can

coﬁmunicqte and thus is descriptive of one 'aspect of

“The "gopology" of a network places certain

the types of protocols that are

v

several message routing

\

suppor ted. A network with

L o

The topology of a network indicates the manner in

R

ET -ty

. st ;e e
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stations, for example, ’ might require . routing {
informa;}on-‘to be present in packets that circulate
around the network. 'The possibility that some packets /

" might -circulate forever must be contended with by the

L

protocol, as well as other topology dependent aspects.

T s e et Y
:

2.2 ISO LAYER MODEL -

8 ' -
)

N e e BTCTAE

, <~ The International Standards Organization, in an

effort to produce an abstract model of network systems

;.kﬁ_ﬁ iptroduced the now familiar protocol léyer model, The
concept of layers of a protocol should follow naturally J
- \ * 7 *

. from the preceding discussion: ' Protocol layers are
~N

. - analogous to the various levels of abstraction one
faces when studying networks. Although designed ¢to

describé communications in the long-haul environment,'

’

"""" v the - Open Systems Intérconnection Model is also

»
Q

* ' applicdble to.local area networks.

N . v

2.2.1 ISO MODEL OVERVIEW" e

; | | The ISO Open Syste:, Interconnection Model [ISO]
« ' (hencefénth referred to ag 'the ISO model') considers
levels of abstraction within network'sysgems as layers.

ﬁach'layer ?onsiders a particular aspect of information ¢ ..

. at
.
; . .o N
Y

i , - . o . )
—~— u . U e SRy, |
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transfer from the lowést physical layer to the

applications léyer.

Relating alf’v networks to a common model

facilitates the . comparison of such systems and
indiéates at what levél‘the ;nd user must deal with the
sysfem: either*direct hardware interfacing, application
prograhs (suqn as a digtributed database query system),

or some degree of abstraction between these two

extremes. f

The ISO model is comgosed of\—sgyen distinct
protocol layers. These layers hﬁve been designated, 1)
the physical layer, ?) the link layer, 3) the network
layer, 4f the transport layer, 5) the gession‘layer,‘G)
the presentation f;yer, and finally, 7) tpe applicati&ﬁ

léyer. The édvantages of this modular, layered,

a
‘gystem, are-clear:

1) Faciliﬁleé necessary for the proper fﬁnctioning of:

one . layer can be made invisible to other layers.

In particular, a'given layer N need only interface

to layers N-1 and N+1 through a set of standard

system services.
i . b

4

2) Complex systems can be broken up into manageable

e o i

>
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4)

- although this offers some

3),

6)

7)

14

sub-systems. ‘\\\fff

Changes to a’layer are, in most cases, transparent

to other layers. Thus, maintenance of the system

° o !

is simplified.

i

Services provided by a particular- layetr N can make

use of all functions offered by lower layers. A
strict ordering of layers need not be adhered to,

4

benefits.

*o

Several implementations of a given .layer N can
co-exist within the system. [In particular, there
may be several application level interfaces that

Pl

provide different functions to the user. (

Laiers can be modifieq, or deleted altogther (the
model permits layers to be empty) as required
fhtoughout . thel evolution. of the system as
required. Fine tuning of a system and even major

protocol changes can thus be accomplished with a

minimum of trouble.‘

Each layer may be tested and verified
independently of other layers. As stated earlier
this increases confidence in the. reliability of

the overall system. Program verificatién'is an




]
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\

ongoing area of research and proving. correctness

of network systems is not trivial. )

Although the layer model applies a rig}d, modular,
o
structure to “network systems, the 1nterﬁretation cf

Just what services are to be provided by a particular

"layer are dictated primarily by the subjecgive opinions

of the network designer. Few standards exist, and

while the ISO Model provides a ' convenient means to

. describe hetwork facilities; it remains to be seen

‘whether stand&rd model layer functions and interfaces

will be formed.

' 2.2.2 THE PHYSICAL LAYER

The physical protocol layer defines the electrical

- and mechqn}cal specifications of the network. The

p?ysical %ayer performs the transmission and reception
of unstructured streams of data bits over the network

s

communications medium.

Common physical layer protocols include the
standard RS-232C, RS-442, CCITT X.21 protogols, as well

as the myriad of proprietary protocols designed to

interconnect various manufacturers’ computiné

)
¥ I b AR I S8, ek
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s X}
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«

equipment.

2.2.3 THE LINK LAYER ' ~ .

,

) fhe link .protscol layer (also known as the 'data
link layer) performs Ehe\tradsmigsion and reception of
structured streams of bits over the netwérk media. The
raw bit stream handled by the"physical layer is

sub-divided by the link laQer into structured frames or

packets. Reserved b@f patterns, reserved character"

sequences, oOr -explicit bit counts serve to delimit

packets from one another.

Some means of error detection, such - as a packet
checksum,- cyclic redundancy check, or parity bit

schemes, are usually impiemented in thé link layer.

Some standard link layer protocols currently in
"use include HDLC, SDLC, ADDCP, BiSync, and Ethernet's
’ i

CSMA/CD sceme.

®

o

The network layer handles the Qradsmissioh of a

packet from a source node to aldestination node, _Since
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this may involve intermediate routing stations and
alternate and/or preferred transmiyssion patﬁs some
strategy is required to properly . send a packet from

“

source to destination. The network layer. provides the

Y
mechanism to implement. this strategy. -

Note that local area networks do not usually have
routing of store-and-forward stations. The network
layer can thus be very small or,. as is often the cése,

totally embty.

2.2.5 THE TRANSPORT ‘LAYEQ,.

The transport: <layer provides reliable end-to-end
or host-to-host communication over the network. The
various schemes used to accoﬁplish this can be divided

into two categories: virtual circuits and datagrams.

; Virtual circuit systems set wup logical or physical

connections between ‘network stations to allow
apparently closed communications 1links to be set up.
Datagrams include as part of their packets routing
information which indicates the séurce and destination
of the packet as well as any routing information. Note
that éatagrams can be used even if no routing is
perforﬁed (and hence no routing iﬁformati?E/L:eed be

i

provided).,

s o
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Virtual circuit _protocols have the distinct -

disadvantage of imposing an overhead in the protocol
~ .

required to set up the virtual ~circuits before

communication between stations can take place. Despite
this disadvantage long-haul systems traditignally
employ virtual circuit protocols; This is due to the
fact that they are usually easier to implement.

{THUR82]

t
-

A}

Although more ‘difficult to implement on long-haul,

store-and-forward networks than virtual, circuit.

protocols, datagram schemes are easier to implement on

local 'area netyorks. Thus, one should expect them to
be thq dominant type of transport layer protocol in

4
future LAN implementations. -

2.2.6 THE SESSION LAYER

el

The session layer manages end-to—-end

communications between processes running on network

. oo . o
‘stations. .Typically it involves the translation of

_logicai process or port names (character strings) into

»

logical and physical unit numbers and network
LV
addressing information. The opening and closing of

network transfer 1links and generation of datagrams as

well as managing virtual circuits is all performed 'by'

» n 'y
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Vapplication layer pro%ocols and, ‘due to the diyeféiﬁi
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this 1I80 Modgl'layer. Of céursq, the actual functiong

performed by this layer depend on sertices provideh, by'?
fBe- trdnsport and lower , layers, as well .as lo;al 0 -
operating system SEandards‘and inteffdcing convenﬁions; .

. ) -~
* 4

2.2.7, THE PRESENTATION LAYER

v ' .
' " ) ' hY ;v g*}
The presentation layer 1is' responsible for the '

translation or tfansfdrmation of data to be sent to the

~ -

session layer., For example, a text compression scheffie
N AT . . :
may bg;gmployéd to' reduce the volume of data!seni along

the network. The presentation' layer -would thé; be, -

‘ -

responsible for the compression and -expansion of L.
¥ . ‘ .

Y

information sent to and received from the network.

¥
<

2.2.8 THE APPLICATION LAYER

!

‘ &
The application layer provides -a variety of

;pplicétion-specific protocols\t6 applicatig; progéams‘ . .
running on the various ‘“stations scattered thgod@hout |
the network. . Such applications include, but are not
limited to, electronic fundg | tr?nsfer; ‘mail, R s f‘
pistributed .d;tabase systems,’ remote jop‘entiy!rand I
registration and reservation s}stems. ' f |

4 ‘. . ' . . 3
. Q- N

As of this writing there do"ﬁotﬂpxist any standard
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of potential network applications, it is-'unlikely that

there ever will be. ,

K -
°, i

.2{3  SOME LOCAL AREA.NETWORKS

\

‘ /
'To ' familiarize the reader with the types of

networks currently available several will ‘be examined.
Due to iés‘success Ethernet deserveé'close examination.

Developed by Xe;ox, Ethernét is a l;cai'area
network 'employing a .coaxial. cable with 50 ohm
characteristic impedance as the network medium. Data
is transmitted along this medium at a. rate of ten
megabits per second in a Manchester encoded formﬁt.

‘This results in a 50% duty cycle "and insures a

transition in the middle of ééery bit cell. [SHOC82] .

. 3
The ,first half of the bit cell contains’the complement

of the bit value and the second half contains the true
. =~ i \‘ v

-

v;lug of the bit.

Packets are divided into the following fields: a
64 bit preamble consisting of alternating one and zero
bits with the exception that it ends with two
successive one (bité. Following the preambie is a~4é
bit destination address (the least Qignificant bit ig

transmitted €£irst, by convention), a 48 bit source
. [

wh o
e

it
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address, a 16 bit type field, from 46 to 1500 data .

bytes (each byte is eight bits wide), and finally, .a .32

bit cyclic redundancy check.
.
°
The destination address specifies -the intended

‘recipients of the packet. If the first bit is zero

then the field specifies a unigue destination address.

If it is one then the remainder of the field speéifies

"a logical group of destination addresses. The special’

case of all ones indicates that the packet is broadcast

to all stations on the network.

The type' field specifies which higher level
protocol is being used. The variable length data field
contains the information that is- actua11§ beiﬁg sené
from one station to another. The specification.SE a

minimum 46 byte data field ensures that valid. packét;

-will be distinguished from collision fragments,

A}

The cyclic rédundahcy check (CRé) is computed over
the destination address, source address, type field,
and data field. This sequence of bits (the first bit
of the destination address is taken as the most
significant bit) is divided by a specific generating
pblynomial,G(x) to yield a remainder R(x). The bit
pattern corresponding to R(x) |is transmiéted as the

>

CRC.

{~
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Ethernet specifies a-minimum intetiéacket spacing
of 9.6 microseconds with a maximum end-to-end
round-trip delay of 51.2 microseconds. This places a
restfiction on the length of cable that can be used and
hence the maximum distance between any two stations .on
an Ethernet network. furthermore, any packet shorter
thaﬁ the minimum’valid packet length is discarded as a

collision fragment.

-
-

The following control procedure defines how and

when a station may transmit packets on the common

[

cable. ' The purpose of this scheme is the fair

resolution of contention for the network among

transmitting stations. A station is in DEFER mode when

there is a carrier present on the network or the,

minimum packet spacing time after a carrier has been

4
lost has not yet elapsed. A station may enter TRANSMIT

¥

mode, and hence send data, if it is not in DEFER mode.

It may continue to transmit until either the end of the

\
L

packet has been reached or a collision is detected. If
a collision is detected the station enters ABORT mode;
transmission of the current packet terminates and a jam
of four to six bytes. bf arbitrary data',is sent to

ensure ‘that all other transmitting stations also detect

the collision. After a station has detected &

collision and enters ABORT mode, it waits a random

-

retransmission time defined by the féllowing Truncated

\ | N

[T

WA s,
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H

[}

Binary Exponential Backoff algorithm. Té‘ delay before

the n'th. attempt is a wuniformly distributed random
number in the range [0, 2**n-1]. For attempts eleven
through fifteen, this number is truncated to the range
[0, 1023]. After sixteen transmission attempts a
higher level protocol decision ig required between

’

rther retransmission.or abandoning

either attempting
the effort. his algorithm will resolve irly

contention .among up to 1024 stations.

a
>

Although Ethernet is in widespread : use,

. per—station costs are tyéically $1500 to §3000. Since

ther cost of small microcomputers is of\the same order

.

of magnitude, this may be considered excessive in many
potential applications, especially when small numbers
of stations are to be networked and the 10 Mb/s

-
.

‘bandwidth is not required.

There are a host of other networks besides
Ethernet  available. The Magna III Clustéra
manufactured by A, B. Dick Cohpany [THURB2] ,- for
example, is based on a loop ‘topology. . Up t9 255
r;tations'can be connected to a single loop with as much
as 1500 feet between stations. Although this netwoéﬁ
does support such diverse applications as word

processing and electronic mail, and interfaces with

CP/M, only Magna III devices are supported. The data

i
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rate is a modest 100,000 bits per .second. Multiple

loops can be interconnected by means of loop.gateways.

1

An interesting concept for a network was developed.

by Antel Systems Corpori;ion. [THURéZ]' The physical
medium in this néfwoék is simply existing AC wf;in;.
Thus, no new cabling’g:ed be run when a ngtwork’such as
this is installed. Despite the low data rate of 300
bits per second“(modulating‘a. high fréquency. carrier
wﬁich is supéfimposed on the 60 Hz AC line), such a
system wouldséppear to bé)ideal for 19w‘volume traffic:

up to 2000 stations can be suppbrted'over one hundred

thousanid square feet without the need for- signal

.

redistibution. - However the cost of the 'central‘

controller ($29,500) is completely unacpeptabie for the

large majority of applications.

It is <clear, then, that low data rate does not
imply low cost. The esoteric nature of the network
méd}um of some networks often dictates the use of
expensive technology. Truiy low cost networ} systems

‘are few and far between, This is ironic since the

majority of network applications such as small

commercial and educational networks do not require the ; 3

‘support of large ‘numbers of "stétions, or great
bandwidth, and hence such networks should be relatively
¢ 4

inexpensive to impiement. -

. \
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An exception to the high cost network is C-NET, a

CSMA/CD protocol network using-staﬁdard twinax cable,

offered by Cromemco Incorporated, Boasting an
) respecéable. raw bit rate of 880 kilobits per secéhd,
C=NET Bupports as many -‘as 255 stations up to 2000
meters apart. C-NET will work in a hostile electrical
enviFonment, unlike many other networks. The cost per
stagion £s~a.sdfprising $500.
This thesis intzaduces sCI<net (§$ftware
Gontroller Interconnect), a ver low 'cost CSMA/CD
network with software implementation of all protocol
control functions. . As wili be sedn, to realize"
_per-station interface costs of appro#imately $100
(estimated retall cost) requires minimizing hardware as
\much as possible, using conventional network medié, and
+ moying as many functioné as possible into software.
SCI-net is unique 1in " that both carriér sensing and ,

collision detection are perfoimed entirely in software.
+ " / '

4

4
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CHAPTER 3

o

¢

SCI-NET: A'SOFTWARE CONTROLLED CSMA/CD NETWORK

o
- 8

3.0 INTRODUCTION

One- of the main objectives in tPe development of
SCI-net was keeping per—-station costs as low as
possible. This was achievéd via Fompromises in raw Sit
rate and network performaﬁcg againéti} hardware
complexity. The general idea is to place as many
network functions‘ as possible in the network software

thus simplifying the hardware considerab;y.' SCI-net is

- perhaps an extreme example of the application of this

philosophy: only seven standard integrated circuits are

‘ -

required to implement a complete SCI-net‘i;terEace.

The use of a twistedTpair network medium t6
support a moderate data fate of 125 kilobits per second
furthgr reduces 1installation costs as expensive cable
is not émployed. An added advantage of hsing a low
data raﬁe is the relative inhensitiyity of the network

v
26

-

N L T T

AR o e
.

e a0 g el L AN IS B



27

to signal propagation delays. At the present data’ rate
signal degradation due to cable loss is the most
significant factor géverning the maximum distance .that

can exist between two stations on SCI-net. . -

3.1 FACTORS GOVERNING SCI-NET DESIGN '

* /

Since hardware complexity and cost were to be kept

~

to a minimum, standard off the shélf‘LSI (lérge scale
integration) circuits were employed in the circuitry as
opposed to custom devices. While certainly
contributing to low design and ?er—unit cost, this
decision is what renders ccllisién detection via
software a non-trivial task. Since the devices
employed were not specifically designed for local area

network applications, making them suitable to such

. gpplications required strong software support.

Despite the reliance of SCI-net on the performance
of key functions by software, it 1is nevertheless
important not to compromise raw bit rate any more' than
necessary. As a result the initial release of software
to support the SCIfnet';nterféce goes not display a
distinct separation of 1SO open model protocol layer

functions. Rather, machine code. timing is the

governing factor in dictating just® hew the various

It et st
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‘ /
software functions are implemented and interfaces. -

Furtliermore, the overhead of the software required
to handle the t'ransmission and reception of messages
over the SCI-net twisted pair médium must be kept to a
minimum.' This requirement directly affected the
decision to use a hardware interval timer to.assist in
determining when a particular station is to attend to
the network. It is clear that messages not intended
for a particular station should be recognized as such
as soon as possible so that the remainder of such
messages can ‘be ignored. The main purpose of the
interval timer is to determine, once software ‘has
stopped the monitoring of tle network, when the network
is to be monitored again. In heavy network traffic
this significantly reduces the overhead on any
particular local station as only tbose messages that

are destined for that station need be received in full.

SCI-net has been shown to operate very efficiently
in a single-process envi'ronment. Particular network
management functions, for example the transmission of a
packet, require the complete attention of the local
'prbcessor.. When a single process is running, clearly

it is the one that requested the transmission and thus

must wait on the request being completed before being

able to continue. Since" the process is blocked pending/

i
-
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the completion of an I/O request the complete use of
the processor to servicey that request is'* not
detrimental to the sys‘tem. However, this would
certainly not be the case when several processes would
be ‘running since a single SCI.-l"xet.I/O request would

block all processes. The present implementation of

SCI-net software would therefore result in a

pérformance r_eduction directly proportional to the

number of messages being sent, and the overhead of link\

access under heavy traffic conditions.

[

Since SCI-net is designed as a very low cost local

area. network, this factor is not unreasonable. A low

. cost network would normally be used to link small,

single user systems. Larger systems would probably
justify the increased expense of a' more sophisticated

network.
Nevertheless; this thesis will show how efficient
networks can be derived from the SCI-net contept to

efficlently serve multiple process stations without

compromising implementation cost.

3.2 ISO LAYER DESCRIPTION

Whi'le the SCI-net software does not clearly

—
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reflect the &iffe:ent- layers of the protocol used (in
the'..,intgrest of- .. gpeed), SCI-neE can certainly be
described in terms éf such la;{ers. The architecture of
SCI-net has been developed.over the first‘ four layers
of the ISO reference model. The only exception; to this
is an empty network layer. However, since there are no
intermediate nodes through which packets must péss, _an
empty network layer is to be expected. This is one of

the characteristics Qf a shared medium system.

The following ddscussion, therefore, examines
SCI-net as a particular realization of an ISO reference

model of a network. g

3.2.1 SCI-NET PHYSICAL LAYER

As previously stated, SCI-net employs a singie
twisted pair of -conductors as the physical medium
through which packets pass from one station to another.
This {ltedium accomodates the maximum 125 kilobits per
second x.;aw bit raf:e of the network and has been
demonstrated to support over 1/2 mile between stations
in similar applications. Testing has shown that
although the rcommunications interface drives the

network asymeﬁrically in the 1 and O states, no

‘negative‘éffects froimn reflections were observed.

Py
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In addition to the network driver proper, the
SCI-net interface includes an asynchronous

communication interface adapter to support serial
) 4

transfer of information over the network as well as an

interval timer. The interval timer providef timeouts
for the various software functions implementing the
SCI-net protocol. This relieves the burden of timing
functions from software and cont?ibutes significantly
to efficiency and simplicity - of operation: software
timing functions are 100% processor intensive, a

situation that must be avdided.

The SCI-net hardware is more fully described in

chapter four.

2

"

3.2.2 SCI-NET DATA LINK LAYER

The data 1link spftware controls the transmission
and reception of packets to and from the network.
Software 1is also responsible for the carrier sense and
collision detection functions. Successful transmission
and reception of packets is assured through the use of

|

an acknowledge protocol.

Messages are received and held for further

processing 1in a message buffer. As a result, the

‘
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current running process need not be synchronized' to
\ | N incoming messages and can consume them at any rate. If
the message buffer .is full when a new message is
received the new message is discaréed and no
‘acknowledgement is sent. After a suitable timeout
~interval the message will be resent. - Eventually the
message buffer will be consumed, the new méssa'ge will
be transferred to it, and . reception will be
acknowledged. Currently, transmitting stations are not
aware of the speed at which messages can be' consumed by
receivers. Were the receiver to indicate. ‘this to the
transmitter, then needless transmission c’olxld be

avoided and use of the line would improve, This is

left for future enhancements and u‘pgrades "to SCI-net.

i

Figure 3-1 illustrates the message format.

-

\J

SYN ... SYN DLE SOH SOURCE DEST LENGTH NUM
~preamble-- ——-=-———smc———- header -

DLE STX 9eo o verte s O e D st Bt s DLE ETx
——-——. ————————————— text—-—d ———————— - et O S TR . e !

Figure 3-1

Currently, the data link software does not perform

any error checking. This: has been left for future .

\ implementation in- the session layer. Such a situation

should not surprise the reader, who will realize that

such a deferment allows the use of gseveral dif

.
,
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"\ error detection methods without requiring modification

&

4

gurrently in an active research state, this: is a

" logical choice to make.'
. . "

+  The design, of the message format is the key to

A | .
complete implementation of the “p;otocol in- software.

o

The preamgle "of SYN bytes insures that all Teceiving

stai%onsrﬁfe fully synchronized, even in the presence

—

v of 'noisen Furthermore, they allow sufficient time for

a station to respond to fhcoming messages.

A source address byte . serves. to 3idéhtify the

> )

;sbnae; of the message. Thisﬁbyte supports collision

W L
detection. In the event that \two stations commence.

L

transmission simultaneou%ly'the;sénd%rs cén‘detect the
:coiiision by comparing their sourcé\'bytgs‘ with the
bytes 'seﬁt on the 1%ne. .Due to the use of ope;
collector network drivers iéiis‘ﬁoésible‘ that only a
giﬁgle station will detect a éollision;k Thié is
iqdonsequential sinbe,the restl of the packet being
tiansmiited ‘will either ‘havg. not been corrupted, if
ﬂboth station? transmit at éxagtly the . same time, or
—wfil; have' bifn ?orrupted beyond the point at which it

may be received in an ingorrect state. In the latter

case no receiving station will detect a valid header

and so they will éimply "discard - received bytgs that

e

¢
.
\
.
. \ .
A .
. . N
‘ ! N N o "

of the basic SCIl-net software. Sincei'QCI-nét- is

a2
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cause SCI-net interrupts. Although this occurrence is'

" not totally avoided, the prohability of ‘it occurring is

.extremely small. The collision 'detectiqn'algori;hm

serves to redace the number of timeout and resend
‘ _ -

attempts due to collisions. The network protocol would

continue to.function in the absence of such a collision

detection algorithm although performance . would be

significantly compromised. .(Early slotted-ALOHA used

?

such a scheme.

. At~ this point it is appropriate to describe the
various means used to ensure efficient éerformanaé.
First, wpen A'Staéion haé ascertained'the ﬁetwork tolﬁe
Eree (by‘mod%}oring it for a sHort time), it starts to
trangmit. However, this is not an indivisible
operé;;on in the global sense of th§ network. There
ex}sts a 'cé%}ision window' during whiéhatime another

station, may have alread& started to transmit. Since
\

collision detection takes place only during the

transmission of- a packet header, this window must be

smaller than the time required to transmit such a

' header. In fact, the smaller the collision window, the

"lower the probability of a collision occurring since a
greater proportion of would—be‘collisioné are avoided.
The collision window is presently slightly longe® 'than

the time required to transmit a single byte at £full

speed. Although col}isions will not be detected until |

SN s, o Rl

G
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after the coliision window has:.passed, stations testing
the network to determine its status 'will find it bu;y
one bfte time after transmission begins and will have
entered their receive service routine.

3
°

If two stations do start transmitting within théo
collision window then one of two things may "happen:
both detect the‘collision and back 5f§, or one detects
the collision and backs off.

In either case, if the transmissions . were
perfectly synchronized (an unlikely occurrence), ;ll
receivers Qill be pending .on the completion of the
packet. As soon as one of the two stations Eimés out
and retransmits an ill-formed Rackeﬁ will be received
and discarded. Since this is an undesirable‘situatioq
it is fortﬁnaﬁe that the probability of its occurence
is practically negligeable. Were the ttansmiséion not
perfectly synchronized, as is the case with almost all
collisions, all receivers wguld immediately discard the
message fragments. If a single station did continue to
transmit, its message would simply be discarded. While
this is not an ideal situation, the overhead incurred

’

is slight since a non-receipt of acknowledge timeout

k4

has been traded for a collision timeout.

Al

. /
The second factor that contributes to improved

A}
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network performance is' the ‘employment of a random
collision timeout.«sRandom timeoutg are generally found
f
to % better Ehaﬁ constant ones. Consider the case
when a fixed collision timeout 1s implemented: all

-

stations whose transqissions collide with others will
detect these collisions at the same time,ﬂtime(éut for
the same interval, and start retransmitting at the sSme
time. As a result the consequence will be more
¢
collisions! Furthermore it is qguite possible that such
stations will continue to -generéte collisions ad
infinitum ‘thereby causing themselves to enter infinite
loops and depriving other stations from transmitting in
the newly created 'callig%on interval'. = Random
collision timeouts prevent | this since such
synchronization will be eliminated before it can start,
Two synchronized collisions will, in fact, be guite
rare. The reader should note that there is a very
close relationship beéween the size of the collision

window and the distribution of the random collision

timeout intervals,

A third factor relating to network performance is
/ .

the number of times' in a packet that the occurence of

-

collisions is tested. Although not significantly
affecting data transmission rate ih proper hardware
implementations of collision detection, this has a

dramatic effect on transmission rate when implemented

1
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in sofﬁware. When testing for collisions, and using
common off:thefsbelf serial communications componénts
that nearly almost always employ double buffering,‘this
double buffering must be effectively eliminated since
it does no good to test the current byte against the
last byte sent. A direct consequence is a pause in the
transmission of data. Since the SCl-net protocol needs
only to check- one byte for possible collisions this
effect is reduced as much as possible. Checking more

bytes would not reduce the number of collisions, and

would have a detrimental effect on network performance.

The receive protocol is designed to use as little
of the processing fime of the local” processor as
possible. In an ideal situation, the 1local processor
should need to examine the line only when it is active
and then only during the transmission of the header.
This is .accomplished by having a receive function
design which incorporates several distinct‘ modes of
operation (Figure 3-2), In the iine monitoring mode
the ACIA interrupt is enabled, and the processor
cornitinues Yservicing the user's current process. The
fi;st byte in a packet tp be received by the ACIA
causes an interrupt, switching the processor to the

header_receive mode. This first byte 1is read and

discarded since its purpose is to clear any pending

status bits and received data in the ACIA registers.
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14

From this point on the ACfA is synchropized to the
incoming ‘data stream. The header réE:1ve software

monitors the line until it receives the unique sequence
I4

" SYN DLE SOH. If this sequence 1is not properly

detected, -due to noise on the line, , more likely, a
coliision, the packet header fragment /is discarded and
the processor returns.to line monitoring méde, and the
user task at hand. If however, this sequence is
received, the processor proceeds to read the SOURCE,
DEST, and LENGTH bytes. If the de'stinati)on byte  does
not match ﬁhe station then the message ig ignored. The
message may also be ‘ignored if the statio;' is not

responding to the source of the message or the receive

message buffer is full. In any of these cases the

'LENGTH byte is used to determine the length of time the

station 1is to ignore the network. A timer is
programmed to generate an interrupt after the specified

time has elapsed, ipd interrupts from the ACIA are

re—enablled. While the timer is counting down, control

is, of course, returned to the user ‘process, although

the processor is not in line monitoring mode.

If the 1local staéion is capable of receiving the
message, NUM is cﬁecked to see if it is a duplicated
message. Consider the following case; 'Station A
transmits a ﬁessage to station B. Station B receives

the message -but the acknowledgement to station A is

-
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lost. As a result station A retransmits the. message.

Y ’
Station B detects that‘ it is the same message by

aexamining the NUM byte, and simply sends back an

acknowledgement to replace the previous one. Notice
that this requires a separate temporary NUM byte Quffer
for each station with which communication tak¢s place.
Currently SCZ-net only supports one such buffer and so,
a station may communicate with only one other station
at aAy particular time. The preceding does not apply,
of course, if reception of multiple messages can be
tolerated, or can be handled at a higher protocol
layer. SCI-net provides'the facility for handling this

situation, to some degree, in the data link layer.

i
3
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Figure 3-2
All successfuily received messages are

acknowledged by a special acknowledge message,
illustrated in Figure 3-3. This is transmitted by the

send function.

’
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SYN ... SYN DLE SQH'-SOURCE DE;% LENGTH NUM
DLE STX DLE ACK DLE ETX

’

 Figure 3-3,

The send protocol implements carrier sensing and
collision detection. Once the send routine is entered,
it will continue to attempt to send a message until it

finally succeeds. In contrast to the receive function,

' \this philgsophy does not permit local pggcessing while

the send routine is waiting. on a busy line. The |,

increased complexity of including a 'read while send!
function to accommodate this was ﬁot justified by the
minimal increase in local processing it would allow,
considering the fact that each station will normally
send only a small éroportion of the total messages on
the system. "

The carrier sense function is indicated by the

ACIA read buffer full flag. To avoid any possible

noise effects on the line, the receive buffer contents
are first read and discarded to reset the flags. The
bdffer full flag is then inspected after a random
delay. If the 1line is not bdsy the transmit routine
proceeds to send.. This initial random delay is to
ensure that an equal chance is given to all stations to
access the line. It is sgignificant in the case of

heavy traffic, where many stations may be waiting for

U0 . -

e VY



the end of a transmission. If the line is busy, it is
actively monitored until it is free again. When it is
free, the send routine transmits the head;r. When the
SOURCE address is transmitted, it is read back from the
receive buffer and compared with thé station address.
A collision will either corrupt the byte sent or result
in it not being received at all. Thus, a hard coded
(féameout is in effect while waiting to read back the
SOURCE byte just sent. If it is not the same as Pghe
station address, a collision has occurred, and the
routine executes a random delay before retrying. In
the case of no collision, the full message is sent, and
the routine enters a wait for acknowledge timeout. If
no acknowledge 1is received before the end of ghe
timeout, the message is resent, The number of retries
before signalling error to the local host |is

programmable.

This data link software is capable of sending é?d
receiving céﬁtinuous bytes at the full 125 kilobits per
second speed. The éystem is fully asynchronous, in the
sengse that the individual stations need no external

—signal to synchronize themselves on either a bit, byte,
or message level. Furthermore, if they enter the lihe
monitoring mode at any point in a message transmission,
they will synchronize themselves at the start of the

following message. Incomplete message segments such as
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collisions are discarded.. Since it is not possible to
send the message header without ~ first establishing a
quiesc;ht line, and the collision window is less than
the time 'to transmit the header, a collision |is

guaranteed to never occur within the message text,

3.2.3 SCI-NET NETWORK LAYER
/

As is to be expected, the netwérk layer'of the ISO
reference model is empty in the case of SCI-net. Since
packets do not have to pass through intermediate nodés
to reach their destinations this is an expected result
and is characteristic of networks with full}
distributed control.

I

It should be noted, however, that there is nothing
to prevent a station t6 interface to more than one
SCI-net link. 1In suéh instances it is conceivable, and
indeed quite 1likely, that some form of communication
across such networks would be desirable. This would
require a ;Eore and forward mechanism at the,

[y ¢ ~N
intermediate nodes and modification of SCI~net software

to support multiple virtual circuits between stations.

7 such changes are not conceptually difficult and it
is quite feasible to design such a store and forward

i
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node with two (several) SCI-net interfaces, a
proceséor, control ROM, scratchpad RAM, and; some
pontpbl circuitry. This is probably the best way to
link several remote SCI-net installations since it is
transparent to the basic S5CI-net, intermediate nodes or
gateways appearing as simple stations to any network

they serve.

3.2,4 SCI~NET TRANSPORT LAYER

It has been' noted that SCI-net software currently
only guarantees no multiple receptions of messages when
communication takes place with only one other station.
A mechanism is provided whereby user tasks may request
'open channels' to be | created restricting
communications between the station making the request
and the station which is requested. Of course, this
does not restrict any other stations from using SCI-net
except to .éhe extent that communication between
'foreign' stations and those engaged in an open channel

is blocked until the cnannei is released.

When open channel communications are to be

. 1
terminated. either station engaged in such
communications may request that the channel be

‘closed'. This is of course, a virtual —circuit
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protocol and ‘SCI-net is immune to mul {pl¢ 6pen and R $’

close channel requests, thus correctly es ablishing

sucg virtual circuits!?

!

/

It should be noted that such a pro&ocol need not
be used and ;irtual éircuits need not exi%t to support
communications. SéI-net software merely provides
facilities to handle multiple receptions of messages

when communication takes place with one other station.

If the application ‘'software éan handle multiple

receptions of packets then it may implement any degree ’ }
of wvirtual circuit communication. 8CI-net offers
virtual circuits and multiple packet reception immunity
under such circuits as a convenience to the application

—

rather than a restriction.

}

LT
] 3*2,5 HIGHER LHVEL SCI-NET FUNCTIONS

|
Currently SCI-net software offers the #bility to
send operating system level (FLEX) commands to remote
statidns. While an application may well Se funning on
such remote stations to intergept such commands,
SCI-net is capable of handling packets of such a nature \

itself. Although thig" may be construed as a

N

superfluous feature of the network management software,

it does serve to illustrate that although such features
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have been implemented at the lower'prétocol levels, for
the sake of efficiency, they do not in any way hinder
user application; that have no need for them. In thig
sense virtual circuit support and the routing of

packets to the operating system for interpretation are

not layers built upon more primitive functions but are
e

rather mini-applications of the network, illustrating

primariky/EEF correct, gfficient, and cost effective

‘nature of SCI-net.

A T - '
3.4 LIMITATIONS OF SCI-NET

No description of a network or any other utility
would be complete without commenting on  the

restrictions and limitations that exist. SCI-net is,

‘of course, not the ultimate answer in local area

'networking and the environments in which it is not

suitable must be defined.

When compated to systems such as Ethernet, one

immediately comes to the conclusion that SCI-net is

both slower and processor (software) dependent. This
is quite true. In fact speed and hardware tradeoffs

were the primary means of developing a very low cost

_ network, Studies have éhowﬁ [SHOC80]  that networks

"linking small; single user systems exhibit low average

PR
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tratfic . and oﬁly maréfﬁallyw higher peak- network
traffic., Furthermore, the speed at'whicq'an individual
station can consume messages from é network is severely
limited by its4 progéssing power. In the case of

microcomputer based systems the processing ' power 1is, as

_ expected, quitg, limited. Even given efficient memory~

.

to memory data transfer facilities (DMA, not supported

by SCI-net), the incr%?sg in" effective ‘communication:
rate is insignificant, the limiting factor being
message consuﬁption rate, a function of processing

speed. - Shoch and Hupp report [SHOC80] eqlighténing

usage statistics on the Experimental Ethernet (2.94

,megabit per second raw bit rate). Average utilization

over a 24 hour day for 120 users' was only 0.60% to
0.84s%. Rates were higher during shorter periods but
the busiest hour registered only 3.6%, and the busiest
minute, 17s. Thus, demands on local processing power

1)

are not as severe as one might be led to beligve,

. It is relatively simple‘ to show that software

'implementation of critical network functjons such as

[

c1;;§et and ,collision detection, 1if doge properly,
imﬁoée little\gverﬁead on a single progess system. If
the network software is only requi;ed/'to examine the
n;two%k upon receipt of . incoming messages to the
garticular station in-question, ovérhead is kept low

since messages can not be sent faster than they can be

- -
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consumed. SCI-net . approaches ' this ideal situation
closely: only minimal overhead is requirea_to determine
that a message is not destined for a particular
siation, Aand message retries due*to the inabi}ity of a
station to consume the messages at the would-be data
ré;e can be kept to a low rate (although too low a
retry rate r@sults in a reduction of. effective data
transfer rate and Jline, utilization).

q

'SCI-net requires the complete: attention of the

“

local processor when a packet is beingiéransmitted and

& . .
the corresponding acknowledgement is sent in response.

Depending on the éxistence of virtual circuits blocking

reception‘ of the packet, this may take any length of
time. However, if a sihgle process is blocked pending
suc?essful transmission of arpaéket across' the network
then the time it remains blocked is inconsequential
sihce it could not proceed until such a sucessful

transmission.

The case of multiple processes running on a single
station is more complex, for SCI-net will block akl
processes when only a single one has requested
transmission of ' a packet. Despite the limited
processing power of small microcomputers, some gmall

operating systems” do support such mu%}iple processes,

- even in a single user environment, and SCI-net should

/

f
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\\' , | be able’ to interface with such systems. In its present
implémentation this is not possible without an appéreht
reduction’ iﬂ processing power corresponding - to the
transmission traffic? However, .preliminary estimates
ana $tﬁéies indicate that it may be possible to produce

. - an intelligent SCI-net controller with the same

coﬁplexity as the present one, at little if any,

' cyeased cost. With a local buffer or DMA access to

3

main memory, the transmission ' process would be
' .
e _ offloaded from the CPU and would therefore not slow the

apparent speed of the system.
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CHAPTER 4
SCI-NET HARDWARE '>

4.0 INTRODUCTION
y
;

- !

The architecture of SCI-net has been developed
over the.first four layers of the ISO reference model.
The network layer is empty, a direct consequence of the

fully distributed control of the, system.

This chapter describes the theory of operation of
this SCI-net interface. Beginning with a block
diagram, the circuit is described, section by section,

with increasing degrees of detail and comﬁlexity.

W

4.1 - BLOCK DESCRIPTION

' .
The SCI-net interface contains the following basic

components: control circuitry to co-ordinate interface

operatjon, an asynchronpua' communications interface

hdapiot (ACIA) to convert parallel data to a serial

y

<
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ford, suitgble for tranamission on the neEwork, a

programmable interval timer to assist in keeping track

of the busy/free status of the network, and, finally,
the network interface. Figure 4-1 illustrates the main

signal flow of the interface circuit in block form.

7 .

-
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o ’
4.1.1 CONTROL CIRCUITRY

as

- The control «circuitry is responsible for
determining when the central processing unit is
communicating with the interche (i.e. when the
interface is addressed by the CPU) and generating the
clock signal that drives the ACIA and interval timer.
When the proper levels are selected on the bus address
lines the interface is selected and the processor may
read or write to the various registers in the ACIA and
interval timer, The ACIA clock is derived from the
processor clocks. Twolclock signals are available from
the processor via the system bus. Commonly referred to
as E and Q, these clocks usually run at either 1.000
Mhz or 2.000 Mhz depending upon the top speed of the
processor and other systeﬁ”components. In the present
experimental system they actually run at 0.895 Mhz
rather than 1.000 Mhz due to the crystal in use on the

central processor cards,

The SCI-net interface requires a clock rate of

2.000 Mhz for the ACIA. 1In 2.000 Mhz systems this is

‘obtained directly from E. In 1.000 Mhz systems,

advantage is taken of the fact that E and Q are in

quadrature to derive a 2.000 Mhz clock from these

Y R o ey, pveey
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signals. Thus systems running at either standard clock

.rate may be present on the network.

Since the present experimental setup is running at
somewhat less than 1.000 Mhz, the interface circuits
cards in each station are configured for a 1.000 Mhz
system clock and run less than top rated speed.N Thié

presents no problems so long as all stations on the

network run at the same reduced speed.

Y

4.1.2 ACIA CIRCIUTRY

The asynchronous interface adapter is a single

integrated circuit that allows data transfer to and

" from the network. This device can be configured to

operate at several data rates and data formats. The
SCI-net interface ACIA is always configured to transmit
and receive data at a bit rate that corresponds to one
sixteenth the ACIA clock rate up to a maximum of

125,000 bits/second. Since the ACIA clock rate

‘normally runs at 2,000 Mhz, the data rate is normally

aE‘the maximum data supported by this device.

This device has several registers that can be read

and written by the microprocessor. These include a

command register, a control register, a status

A5 iRt bras o Sina
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register, and a data register. The microprocessor
writes the appropriate data to the command and control
registers to set pp the ACIA for the desired data rate
and format. The status register can be read by the
microprocessor (writing to this register results in a *
'software reset' of the ACIA) to determine whether the
ACIA can accept the next byte for transmission and if a
byte has been received from the network. Note that the
ACIA receives its serial input from the same line that
its output drives. It is this that allows collision
detection to be performed in software with 1little

overhead.
vy

4.1.3 INTERVAL TIMER CIRCUITRY

The interval timer, like the ACIA, is a single

‘large scale integration (LSI) circuit. This device has

three seperate countéown timers, each of which can be
individually accessed by the mickoprocessor.’ The
programmable interval timer (PIT) is accessed by the
microprocessor through the use of several registers

that control PIT timers and general operation,

Two o0f the three timers are used in the SCI-net
interface. The first of these is driven by the same

clock that drives the ACIA. Since the bit rate of the
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ACIA is one sixteenth of this data rate, 16 ACIA clock

cycles correspond to the time it takes to transmit (or

1
receive) a single bit. For each byte transmitted there

are ten bits sent: a start bit, eight data bits, and a

e g e o

~ stop bit. Thus the ACIA transmits a single byte in 160
ACIA clock cycles.

£, R

The least significant timer is setup to clock the

next significant timer every 16@ counts. Héncel this

timer produces a count for every byte transmission

" time. The PIT is used just for this purpose, to Kkeep

track of the probable end of a transmitted message.

Thus network software can ignore the network when

messages of no interest to a particular station are

transmitted. Furthermore, the timer can interrupt the

microprocessor when the station should monitor the

Y
network for incoming messages once again.

ﬁ“’ " 4.1.4 NETWORK INTERFACE CIRCUITRY

The ACIA interfaces to the physical network via

two signals, the ACIA serjal input signal, and the ACIA

- serial output signal. The serial output signal drives
‘ap open collector driver stage whose output is goupléd
to the network. The serial inﬁut connects directly £o

the output of this driver stagé, and hence the network.

¢ \ ' \

At



. busses presents no hardware problems.
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\
Except for a single gate propagation delay, the ACIA

serial input follows the serial output exactly. At the
present data rate, this -propagation delay is of no

conseguence.

If the network wefre driven in a different fashion,
then some signal conditioning would be required on the
ACIA serial input. In the current experimental

implementation of SCI-net, this is not necessary.

il
<

4.2 DETAILED SCI-NET INTERFACE DESCRIPTION

Figure 4-2 is a complete schematic of the SCI-LINK
interface. This interface is in the form of a,géngle
circuit board (experimental prototype. versions were
wire—wraép;a). that 'piugs into a slot of the bus of a
station. The bus used is a proprietary bus, developed
by Mr. J. Blaison of Concordia University. It
supports many different eight and sixteen bit
processors and 1is thus well suited for experimental
work. Th; required bus signals for the SCI-net

interface are available on any common microprocessor

bus and thus designing SCI-net interfaces for standard

As can be seen from Figure 3-2, the address

A
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'

sdecoding circuitry is comprised of a 74LS138 address
decoder integrated circuit and some support circuitry
in thé form of NAND and NOR gates. The ACIA occupies
four memory locations addressed at SE018 (henceforth, a
dollar sign before a value indicates a . hexadecimal
value). Tﬁe PIT occupies two sets ;of four memory
locations addressed at $E038 and $EO058.

These addresses’are not fully decoded. Thus the
ACIA and PIT registers are;duplicated throughout the
memory map of the computer.: This simplified the
interface design of the prototype SCI-net interface
somewhat and is consistent with the partial address
dgcoding schemes usid in other interfaces installed in

the system,

oDl ad L
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4.3  INTERFACE-SYSTEM smcnnomz’i\ixgn ‘

—- * ~
- - A

‘The PIT is contained in the single Motorgla MC6840

LSI circuit. As can be seen from the. schematic, the

‘ . T
same clock that drives the ACIA (Synertek 6551) also

drives this device. It is important. to note that
although the timer specifications synchronize® clock
transitions to E, operation of a timer clock ‘input
above 1,000 Mhz is permitted provi@ed that tHis glock
is synchronized to E. This is indeed tge case in this
circuit. A separate, on-board ciock would not oni? add
to the component count, but would cause erratic

operation of the circuit. The timer clock, and  hence

the ACIA' clock, must be derived froﬁ E. In~sy§tems»

that are based on other processors, there is usually a
-

system clock available for generéfing E and all
derivatives  thereof, However, in asynchronous bus

systems, ‘such clocks are usually not available and

interfacing the SCI-net circuit to such systems’ may
present problems.. In such cases it would be necessary .

to use an on-card clock for the timer and ACIA and some

means of cmmnunicating with the processor by means of

'the asynchronous bus protocol. .
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| ) 5.0 SUPPORT SOFTWARE LN
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4

. . The software to . support SCI-net consists of
several .MC6809 assembly language routines that are

. resident in RAM along with the operating dystem when

. the system is running.

- These *routines have been optimized for speed and

T

. C thus sacrifices have been made with respect to memory
- space and readability. However, ' they occupy
/ : LW * 4

aﬁproximately one and a half thousand bytes of memory
& S -
' and a set of entry point vectors simplifies routine

iinkage to applicaﬁion programs, Furthermore, these

LY}

ehtry points are at ﬂiked,,predetiﬁed address to allow

for compatibility between existing "gppiicﬁgions ‘.and

tgture moQ}ticationi to ;ﬁe network driver code.
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.~ 8.1 - SOFTWARE ROUTINES =~ _ '

. :
N -
! { : .
! ' . ) ~ ¢
v . . g
.

[Py

. 4 e
-

]
m e caa e e it R
.



e

P

62

e

The SCI-net driver is composed of routines
designed to perform distinct functions. The sole
pyrpose of some of these rzutines is merely to provide

an elegant interface to ‘external application code. The

 rest implement the actual handling of the SCI-net

interface.

Interface ¥outines prowided include facilities to
read a packet, write a packet, wait for a packet to
become available and then read it, open and close
secure channels (virtual circuits), and open a secure
channel after waiﬁing for any open channels to the
current station to be closed by a temoée station. 1In
addition, there exists a routine for t;ansmittiné’ a

special message. Special messages are described -below.

Py

5.1.1 SCI-NET READ CALL

v //7

The SCI-net ﬁEAD rodgine transfers a packet in the
read buffer to an apglication program's buffer, On
entry the A register  contains the .length of the
receiving buffer and the X régister contains the
aédress of the start of the buffer. On exit the A
register contains the length of the message received,
the B register contains the station identification of

the sourcé of the .message, and the X register is

-~ [ W
\' .

}
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unchanged.

It should be noted that a packet must have been

. received when this routine 1is called otherwise the

contents of the application program's buffer will be
indeterminate. A status flag byte, described later,
~

exists to allow appfications to determine if a message

has indeed been received.

5.1.2 SCI-NET READW CALL ' ,

This is ﬁ convenience call, waiting untii a
message has been received and then passing it to the
application program. Thg entry and exit conditions are
identical to the READ. Real-time programs should not
m;ke use of this tine since there is no limit to the
time it takes for a @Wyessage to be recdeived. However,

A

the majority of programs can freely use this routine

.

since it relieves the program ffom checking for the

" arrival of a message.

5.1.3 SCI-NET WRITE CALL

The WRITE routine allows the transmission of a

‘packet  along the network. Since the time taken to

¥

-
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accomplish, this function is not known, this call, 1like

.the READW \call, should not. be used in real-time

appllcatio ?J' It locks the .systém into "write mode
£

ransmission is finished and has Been

until
| acknowledged. .
) : &

Upon. entry, the A register containsg the length of

the packet to send, the B register contains the station

identification of the recipient, and the X register

contains the address of the base of the packet to

transmit.

In the present implementation the WRITE 'routine
will attempt to transmit a packet indefinitely, there
being no provision to abort after a specified number of

A
attempts. Future implementations should allow a

- variable retry count. /p’

! /

e

»

5.1. 4 SCI-NET OPEN CALL - : P

"

’ “.':
The SCI-net open routine provides the mechanism by

which a single virtual circuit may be established.
Such AEircuits, their relationship to the SCI-net
concept, and restrictions upon their use, are described

in chapter 3. N
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On entry to the OPEN routine, the A register
contains the station identification of the station with
which a secure channel 1is requested. Since this
routine calls WRITE, re&fltimé programs‘shoﬁld not make

e

use of it,.

This routine will exit when either a secure
channel has "%een established, Lbr a secure channel
already exists with a station other than the one
specified in the request., In the latter case, the A

register will be set to zero upon exit,

- 5.1.5 SCIZNET OPENW CALL

/

This routine will repeatedly( call OPEN until a
secure channel has been established. As with the OPEN
routine, the A register contains the station
identification 6f the reﬁSte station with‘ which a
secure channel is desired. This routine is to be used
when a currently open channel will be closed by a
remote station.l It removes the responsibility of
constantly calling OPEN by the application program in

such a case.,

5.1.6 SCI-NET CLOSE CALL

i,
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This routine. will close any secure channel
currently open. . Since it makes use of the WRITE call,

it should not be used in real-time progfams.

If no secure channel is currently open with the
station in guestion then CLOSE will set the A regiéter
to zero on exit. If this call is to be used to check
for this“ condition it 1is the responsibility of the
application program to ensure that the A register is

non-zeroc prior to callihg CLOSE.
’ i

$.1.7 SCI-NET SPMESS CALL

Although not designed  for use by application
programs, this call is made available to the user

should it be desired to implement additional protocol’

' control functions in the enhancement of SCI-net.

SPMESS expects the same entry conditions as WRITE.

‘It perfiprms the same function as WRITE with one

_ important exception: WRITE normally doubles DLE bytes

encountered in the packet to be transmitted. This
allows transparent transmission of eight bit data.

SPMESS inhibits this doubling from taking place.

A

SPMESS vmust be entered with interrupts disabled

[PSTCURURS
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and it will exit with interrupts enabled unless the
S;ACK bit (bit 3) within the internal SCI-net status
byte was set. This bit it not normally available to

application programé;

5.2 ADDITIONAL -SCI-NET CALL INFORMATION

+

All SCI-net software routines are called as

‘gubroutines with either a BSR, LBSR, or. JSR

inﬁtruction, respecting the particular routine's zntry
—

reqyiremenggx// aAll toutipes preserve all registers

unless othérwise specified in the above description of

the individual routines.

The entry point addresses of these routines are

presently as follows:

. READ  $2000
.//’,,,,,///’//' WRITE $2003

‘ OPEN  $2006
CLOSE $2009

READW $200C

' SPMESS $200F

OPENW $2012

FnU—— o ——
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The dollar sign _($) indicates a hexadecimal
quantity. This convention is adhered to throughout

this thesis.

Note that currently the SCI-net routines reside in

4

low memory on the MC6809 'computer systems, While

adeguate for testing and some applications, when
incorporated into the FLEX operating system, they
should reside just below FLEX's base. This will

require reassembly of the SCI-net drivers.

5.3 INTERNAL SCI-NET DRIVER ROUTINES

In addition to.the SCI-net routines provided as an
applications interfacé, there are several othe}s that
perform the actual Prytocol handling. Althohgh these
should not be u;ed under ahy circumstances by
application programs, they are documented here for the
sake of completeness and to provide information for
persons wishing to make custom changes and

ﬁodifications.

It should be noted that, to discourage use by
application programs, none of the following routines
have entry points in the contiguous entry point block

used for the application interface.

.
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5.3.1 INTERNAL SCI-NET READ.I ROUTINE

This routine is entered whenever the ACIA on the
SCI-net interface generates an interrupt. This routine
accepts in;oming messages and saves them in a buffer
until they can be consumed. Details such as tﬁe
handling of secure channelg, message duplication when
using virtual circuits, verification of properiy
formatted incoming packets, and the ignoring of
messages not déstined for a particular station are
handled in READ-I. ]

Aééer the initial ACIA interrupt that results in
READ.I' being entered, the ACIA is polled for each
addition;1 byte that is expected. This is necessary
since a fully interrupt-driven scheme serving incoming

data on a byte by byte basis would not be fast enough

to receive an entire packet.

As previously described, when a packet header is

received that is not destined for a particular station,

.interrupts from the ACIA are disabled and the

programmable interval timer is set up to generate an

interrupt when the message should end.

i a8
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Although data is received from the ACIA on a
polled basis, a timeout feature ensures that all
receivers will not 'lock-up' should transmission of a

packet cease unexpectedly.

5.3.2 INTERNAL SCI-NET RDBYTE ROUTINE >

This routine perforﬁs the actual polling of the
SCI-net ACIA for iﬁcoming data. The iiméout function
réo prevent endless looping when a transmitter
éhnexpéhtedly stops in the middle- of a pécket is

implemented within RDBYTE.

\

5.3.3  INTERNAL SCI-NET TIMSER ROUTINE
! . :

TIMSER handles timer interrupts. The timer serves
two purposes: first, it serves to implement éome of the
timeout functio&s within the WRITE routine such as
checking for acknowledge timeout and retry after
collision timeout; seéond, it keeps track of when ACIA/
.interrupts are to be re—-enabled after the transmission

of a packet that is not destined for the particular

station in question has ended.

TIMSER therefore either re-enables ACIA interrupts

"\
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or simply clears a flag depending upon the status of a

flag in the SCI-net internal status register. This

reggister is not available to application programs.

5.3.4

INTERNAL SCI-NET WRDRF ROUTINE

This routine is

detection.

employed during collision

It waits for either the recelve data

register within the SCI-net ACIA to become filled with

ithe character just received or timeout, indicating

which of the two occurred with the A .register eiﬁhen

unaltered or zeroed upon exit.

the unigque aspects of SCI-net

Since callision

geparately in section 5.6,

5.3.5 INTERNAL SCI-NET WRBYTE ROUTINE

detection

in software is one of

it will be. discussed

This routine performs the actual transmission of a

byte on the natwork;

Y

5.3. 6

»

\

INTERNAL SCI-NET DELAY ROUTINE

e SO ST

.
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This routine implements a random delay. Such
delays:;te used to ensure fair resolution of contention
for the network after detection of a collision ‘and
during the initial request for access to the network.
Presently, this delay is implemehted by referring to a
counter that runs between eight ahd sixteen byte timesl
Although it may appear that a uniformly distributed
delay should be used with less chance of two stations
using the same delay time, simulations indicate that

"

there is little difference between the two methods.

-

5.3.7 INTERNAL SCI~-NET LENGTH ROUTINE

’

This routine computes the true length of a buffer
»

after DLE's are doubled.

5.4 SCI-NET STATUS REGISTERS .

SCI-net software employs two status registers, one .

for internal use that is not available to application
P
programs and another that is designed for use by

appiication programs,

I
\

The status register available to application

‘programs is a single byte currently present at address

7 : \.
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$2015. The bits' within this register are defined as

follows: bit 0, the least significant bit, whén set,
' indicates that there is a packet awaiting processing by
an appliéation program; bit 1, when.set, indicatéé that
an overrun has occurred, that is, a packet was sent to
this station while the previous one was not yet
consumed; bit 2, when set, indicates that a FLEX
operating system command pas been received; and bit 3,
when -set, indicates that FLEXX is currently reading
’\\console input from the received FLEX command buffer.

The other bits within this bjte are, as of yet,

unassigned.

Overrun errors pose n6 problem since
acknowledgements are not sent.for messages that cause

" overruns -- the messages will eventually be resent.
Calling READ clears both bits 0 and 1. When a FLEX
command is received (this is a type of special messéée)
it is available to the application currently running,
only being passed to FLEX upon termination of the
current application. However, since it is availabie to
appliéhtion programs, a means is provided for them to

recognize the intended destinaéion of the command.

SCI-net internal status register bits, when set,
indicate, from least significant bit on, that a remocte

transmitter is on-line, the local transmitter . is
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. devices are to be serviced on an interrupt-driven

74 -
an acknowledgement is pending, an

edgenent is being transmlttéd, and DLE bytes are» . -

4

5.5 SCI-NET INTERRUPT INTERFACE

SCI-net requires patching intoJ the interrupt
service chain of wﬁatevér supervisor or operating
system it is running with. Currently, it ig presumed ‘
that no other devices other that SCI-net h;;dwage are o
interrupt driven under the FLEX operat%ng systen.
Since this certainly will not alyays be the case it is
appropriate to describe the means gy which SCI;net : ’ .

processes interrupts.

-
4

. When SCI-net's interrupt handler 1is called, it
determines the source of the interrupt S5CI-net ACIA or
SCI-net timer. 1If it is neither of these the interrupt

service ends with a RTI instruction. Clearly, if other -

basis,’thgn they must be checked for in the interrupt ' ot

a

service chain. How this is done is not imporgint as
long as SCI-net ACIA receivé ‘data. register  full.
interrupts are dispatched to READ:.I and timer

interrupts are dispatched to TIMSER“ It should be

‘noted however, that -delaying this dispatching too long A

o
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af result in ihcomingqmessages being &ost aﬁa ACIA
intertupté being re-enabled too 1late to receive the

// next packet, Thus it is recommeded that SCI-net

t ~

interrupts be either given a high priority or, if this

i - is not poasible, increasing the number of preamble SYN
bytes in a packet and/or programming the timer to

A interrupt early. The latter solution 1is discouraged

since it 1mplie§, increased overhead in S8CI-net

-servicing and a somewhat reduced effective data rate.

§
4

It should be remembered that SCI-net send and

" receive software will tolerate additional interrupts of

long as .- the time required to service such interrupts
does not hinder performance of the SCI-net software.

Since the 6809 microprocessor does not support vectored

°[ or prioritized interrupts this is not a problem in éhe
) present implementation: all interrupts are masked :hilqd
’ sending or receiving a packet. . o
.

A3

5.6 SOPTWARE COLLISION RETECTION

’
¢

At first glanci it appears that igitvarc cd;lilion
detection is a simple task: send a byte, receive it,
and compare. Uﬁfort&natoly,~ ACIAs perform double

: "butfcking of data. Assuming that tnc.lirint output is
. \ ¥
; L ' . | ’

+ 1) v M :’
s ) . { .
. 4 . . ! .
) ' ’ \
'
|

a higher priority than the SCI-net ACIA’ interrupts so
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,idcntitlcatidn byte, Figure one represents the:
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connected to the serial input, a byte is transmitted
and subsequently received in the following manner: the
byte to be sent is placed in the transmit data
register. It then progresses to the transmit shift
tegister from whence it iQ seri&lly shifted to the
network. It’ is then shifted into the te%eive shift
register. Soonithereafter, 4t 1is latched into the
receive data register. This double buffeting(se:yes a
useful purpose: it prevents gaps between sucessi;ely
transmitted bytes and thus ensures that the-ACIA_incuta
no overhead ‘in transmission. \

L

When imb;emenéing collision detection however, it

is desirable to defeat this double buffering. This can.

"

be accqmplished in two ways: eiﬁher the design of an
ACIh.—offering direct access to shift registers or by
ensuring that the correct byte is received and
compared. Fui;hermore, an additional problem arises:
since the efféctive elimination of déuple .buffering
results in gaps in ;ransQ:saion and thus a lower
effec@ive data rate, as few bgées.as-possible should be

checked for collisions. . 8CI-net sucessfully limits

this to a singlé byte.

, Figures 5-1 through 5-13 show how collision

dqtccsion is implemented on the transmitting station

| e .
! b ! * 1

. ' . v
.
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si£uation when the SYN byte has progressed from the
receive shift registeér to the receive data register.
The receive ‘data register full flag is turned on and
this results in the send routine reading the SYN byte
and discarding it, clearing the receive data register
full flag as a side effect. As a result of the SYN
byie being complg%ely shifted from the té;ZEmit shift
register to the receive shift register and consumed,
the DLE byte 1is shifted from the transmit shift
:eéistet to the receive shift register (Figures 5-1 and
5-2). After the SYN byte has been cénsumed, the
transmit data register must be empty and the start of

header byte (SOH) is placed in the transmit data

'hregister (Figure 5-3). When the DLE byte has been

completely shifted to the receive shift register the
SOH byte progresses to the transmit shift register
(Figure 5-4). One ' bit time later, the DLE byte will
have beén.transferred tobthe receive data register and
the SOH byte will start to be shifted from the transmit

shift register to the receive shift register (Figure

5-5). The receive data register full flag will be set,

Consequently, the receive data register will be read

and the flag cleared (Figu;i 5-6). The SOH byte will

&
progress from transmit shift register to receive shift

register to receive data register (Pigures 5-6 to 5-8).

. It will then be consumed. @At this point all the data

registers within the KCIAlwill be empty (Figure s—Q).

L
. o ' -
; I

L
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The stationXidentification byte is then placed inﬁo the
transmit data register (Figure 5-10). It progresses éb
the transmit :hitt'reg;ste:, receive shift :egist;r and
finally, the receive data rggister (Pigures 5-10 to
5-13). It is then read Fnd compared with the
identification byte sent.

then a collision has occurred. ~

If they are not the same,
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Transmit ) - D Receive
Data Register Data Register
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Shift Register = /1 shift Register
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Figure 5-13 .

There is an additional problém, however. If a
collision occurs then the ACIA may never ‘indicate
receive data register full. Furthermore, no error flag
bits may be set either. This phenomenon was observed
while testing the networg software. A hard coded
timeout was implemenﬁed to detect this and ascertain
the presence of a collision., If this were not done,
SCI-net software would wait indefinitely for receipt of
a byte that will never arrive. Of course, the next
transmission that occurs will clear this loop but two
or more stations will be inoperative unﬂil this occurs,

clearly a circumstance that is to be avoided.
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CHAPTER 6

’

TESTING AND SIMULATION

6.0 INTRODUCTION

To adequately determine whether a network performs

with a good line utilization, efficiency, and to aid in

fine tuning such’a network, numerous measurements nust

be made on the network in operation. Testing is an
integral part of the design of such a system since it
allows the designer to determine operating parameters

and limits, »

)}

Often, there are situations where testing 1is

either difficult, expensive, or impractical to perfofm.

With respect to SCI-net, the network can only be tested

with four stat}ons; the 1limiting factors being the

number ' of SCI-net 'interlfaces available, and, more

importantly, the number of stations available in our
J

laboratories. A computer simulation was therefore used

to investigate configurations that could: not\ be

practically tested with the present equipment. While'!

. ‘3F"

ie.
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simulation is no substitute for actual real-time
measurements, it offers the advantages of being able to
gather more data at extreme limits of operation, and
can help to dictate the steps required to fine tune a
system. This chapter is concerned with the testing and
simulation of SCI-net with several operating parameters

varied.

6.1 SIMULATION WITH GPSS

GPSS is an abbreviation for General Purpose
Simulation System. Originally developed for IBM 360
and 370 computer systems, early versions such as GPSS

III and GPSS V were quickly adapted for other machines.

GPSS handles constructs such as blocks, entities,
and transactions. A transaction is an  abstract
construct that moves from‘ block to block within a
system‘being simulated. anaider a s8gimple example:
Parté are machined in a"f‘uachine shop. The parts are
transactions and the various steps tliat they undergo in
being machined are blocks. \A part arrives to be
processed. It must wait for a machine and is thus
placed in a gqueue. When a machine is av‘ailable, the
part is machined, leavi?? the queue. When machining is

5 K
L . - ¢

finished, the pn:t@:jv.s the system.

o
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In this example, the action of arriving, being
queued for a machine, obtaining a machine, being
machined, releasing a machine, and leaving are all
blocks that a transaction goes through. An entity may
be a queue, storage, facility, chain, etc. Queues
carry their usual connotation and thus need not be
egplained. A stbrage is an entity that may hold_no
more than a fixed number of items. &  facility is a
resource (such as a* machine, to use the previous
example) that can be used by only a single transaction
at a time. Note that if any p;rt could be machined on
any one of three mgchines, a storage of capacity three
could be used to represent the machines. Chains are'a
special type of queue. Items may be" removed~ in any
order and any number of items ﬁay be rembved at énce.
An application of chains is the " implementation of
'balking!. Consider people entering a gqueue. After a
certain time in the queue they decide not 'to continue
to wait to be processed and decide to leave. They are

said to have balked.

In the GPSS program used to simuléte'SCI-net, the
timeout ‘function while awaiting an acknowledgement is
implemented in this way: a transaction representing a
packet just sent is split ;nto three and the three
copies are dispatched to different bloqk:. One enters

a chain indefinitely. A second is éranntor-oshinto an

e~
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acknowledgement packet and waits until it can be
transmitted. The last copy enters an advance'block
where it waits for a fixed time -- the timeout 1limit.
Wheq the acknowledgement is successfully transmitted,
it removes the original transaction from the chain aqd
sends it to a block that coupts it as a packet received
by the intended receiver. The acknowledgement
transaction is déstroyed. Should the fimeout expire,
the third copy will remove the original transaction
fr9m the chain and dispatch it to retry. Again, the
copy will be destroyed. Removing non-existent

transactions from a chain simply performs no function.

At this point the reader should realize that GPSS
programs are non-procedural and that there may be many
seperate transactions’ at a particular block. GPSS
normally allows a transaction to proceed as far as it
can before processin& other transactions that occur
simpulthneously. However, this ordering may be changed.
Furthermore, ‘the means by whicﬁ‘a transaction can match
another one on a chain is simple to’implement }n GPSS,
and the reader should not concern himself with the
detai}s. A GPSS prégram can be considered analogous to

a re-entrant segment of code ‘within an operating

[

system: many processes, or transactions can Dbe -

executing a particula?‘instruction unless restricted by

semabhores (facilities).

ko i

i
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GPSS supports the existence of non-sharable data
storage locations, or ‘'savevalues', In aintion,
transactions'may have several parameters associated
with them., Thus,\if a transaction represents a packet,
its parameters determine its attribute, i.e. whether
it is an acknowledgement or not, the source of the
packet, its destination, etc. 1In addition, when random
timeouts are to be simulated, the distribution of the
random variable can be strictly defined. In short,
GPSS provides a flexible tool for simulatihg systems of

-~

transactions.

|
1
i

\\6.2 SIMULATING SCI-NET

|
!
f A GPSS program, listed in Appendix B, was used to
simulate the SCI-net system. GENERATE blocks produce

packets that are to be transmitted and acknowledged.

It 1is ensured, by means of GATE and LOGIC blocks, that

’only a single packet 1is rto be transmitted by a
particular station, = at any given time. GENERATE
statements normally produce transactions as dictated by
a random distribution function, and the SCI-net model
is no egception: packets arrive for transmission with
an exponential distribution with a mean of one byte
time. However, they d? not . arrive, under .any
circumstances, if a transmission by the particular
. , .

™~ '
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station is in pr?gress. This properly models a single
process system where netﬁork servi¢ing preempts Lot;t}er
tasks.

t,

.Once ready to be transmitted, a pecket or, mo::é
correctly, the GPSS transaction chat represents a
packet, checks if the line is cur;ent:ly being used by
anyone. If not, it proceeds to mark that it is using
the line "and transmission begins. , Clearly this 1isr a
sema;;hore, ‘since both operaticns, testing the bus and
starting to transmit, occur at the same time. However,
since, in realitx,’ this is not an indivisible
ope;aticn, the GPSS model incorporates a delay in an
ADVANCE hblock, that . corresponds to the collision
window. Other ADVANCE blocks are used to mark random
delays, header .transmission times, and message text
transmission times. | |

[ Bl

R4

After the c%ision window’ delay, transmission of
the header is simulated with an ADVANCE 60 block. Once

a packet transaction has left this block it tests

whether, in fact, 'it indeed was the only one -

‘transmitting.’ If so transmission of the rest of the

~current simulation packet length’ land the type of

message continues in an ADVANCE FNSLEN .block. The time

spent in this block is determined by a function, LEN,

that returns the transmission time as a fungtion of

|




4

T I g et R Y > aogeh K

message (;cknowledge or normal).‘
) - T
If a collision does occur, a savevalue (COLL) is

incremented, and the' packet waits for the. line to

/

clear. When the last packet involved in the collision

detects the collision, COLL will equal a count of the

‘ _ T
- number of . stations that attempted to transmit

simultaneously, kept in save value BUSRQ. . At this

{
point all transmitting stations will have detected the

~

collision, BUSRQ and COLL will 'be. set to -zero, - and -

attempts ~ at transmission continue in a normal manner.

Collisions and their resolutiofi are thus simulated

’

accurately in the GPSS program.!
!

[

.

Once a packet has been transmitted, a test is made

to check if it was an ackno&iédge packet. If not, the’
. It \ )

the sender must await receipt of an acknowledgeﬁent.

. The original packet transaction is split, with SPLIT

blocks, into three. The first is linked to a timeout
chain, the second proceeds to an ADVANCE block where
the wait -for acknffzjdge timeout is implemented, and

the third has 1its

arameters changed so that it
f ;

effectively becomes!{the acknowledgement. ' Simulation of

the transmission of this backet then proceeds. Should

the timeout expire, the original packet-transaétion

will be unlinked from the timeout chain, and an attémpt

will be made at retransmission. When.the acknowledging

-

~
" o s
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packet is finally transmitted, it unlinks the waiting ‘' .~ '

s . packet transaction and causes Jit to'/be sent to be ) ‘

i ' . »

o | destroyed and counted in a TERMINATE block. _
[ et \,‘ “ . ¢ ’ A \\\
As was previously mentionéd, the unlinking of a A ‘\\\
/ ™~ — R .

1 . transaction' that does not exist on the chain specified ’ \\\?\\\

. 1

has™ no effect, so the rfirst transaction that causes o -

unlinking to take place determinis the destination of -

[3

:the unlinked packet. This is a stﬁniérd method of

simulating barking behaviour in GPSS programs.

EY

L]
v -~

~

The - simulation of the network also takes into

account the inability of an acknowiedgenent‘to be sent

. 'p: ‘when the acknowledging station is attempting another

\ ~ - transmission (this could  not’ occur if the original : ‘ :
¢ - s . « N - '

packet was not received), and. other sundry details.

/ , .
] ‘/‘f ) . . . * : \

-
.

By running the simulation for several different K
- - - . »
- .packet lengths, wait for acknowledge tiﬂes, and.

dxfferent numbers of . transmitting stations, statistics

. .
Rl L Ry

related\tc line utilization can be collected.

\ .
7 e .7 ’ ‘ v

l ) : -, Y

6.3 * SIMULATION RESULTS' . S |

) The GPSS program was ;un\>ith tﬁd, four, and eight

stations " transmitting to, an identical number of

. . * ~
' . 0n M . -
R '
.
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' feceivers. Measurements of line utilization undert

haturated,conditions were - taken for.packet text lengths

-

of 32, 64, 96, 128, 160, . 192, 224, and 250 bytes.

Furthermore, the simulations .were run with wait for

.acknewledge times of 250, 500, 1000,  and 12000 byte

. -
times. The line utilization results are tabulated in

LAV .

three graphs, plotting utilization as a percentage

againat packet length, w1th four curves, ind&cating the

four,wait for acknowledge times. l'4)'1‘hese graphs are

presented in Figures 6-1 through 6-3. -

Examining these graphs leads- . to ' several .

observations. = First, increasing the wait for

‘acknowledge time can'reeult in dramatic improvements in

line utilization, especially when manylstations are .on

the network. The reason Tor this is gtraightforward:

With many stations attempting to transmit at the - same

time, acknowledgements can be significantly delayed

As a result, if a short timeout is" in effect, the_

station waiting for the acknowledgement will attempt to

¥

resend, to no avail) " since the receiver. is .busy

"attempting to transmit - its original acknowledgement!

t

‘szjwait for acknowledge timeout is again entered and
e

stations increase sharply, and - performance degrades‘

rapidly. Increased.packet lengan compounds,the\problem

qince the,time before a station can contend for the

. . \‘,

result is devastating: collisions betweqn'competing

e AT A

'

i
!
1
i
i




.—. N M ) X ‘ R '..‘ . 92 . . .t
network when another station has control of it is also
~increased.. \ ‘ ‘

-
*

< e P SR

-p"(

One cannot increase the wait for acknowledge time

¢ E indefinitely. There are Situations where messages Will
be lost .and an unnecessarily long wait for acknowledge

time will increase the time required to-detect the lost

messages. In reality, when a wait for acknowledge

.}‘ A £imeout occurs, there exists “the possibility that the.

AN
mesasge was not lost, but rather the acknowledgement
s & - l

' could not be sent in time. A'wait for acknowledgement

1

";time should thus be -chosen carefully. Simulations
- :

however, indicate that . choosing’ this operating

' “pdrameter to be too short is far worse than makihg it

\.’ . ‘ . N
too long. . e T

-

A}

It Should be noted'that the simulations dedicate a
single receiver for each transmitting station.: 1In
\. y ' practice this is not so, and thus there'are éreater
numbers of: lost messaéesu ﬁowever, if virtual circuits

are used to establish long communication paths, these

N

. : lost messages will only be . retransmitted whenever a
, . P

- - vait for 'acknoyledge t¥meout occurs. This is another

reason in favour of a long timeout limit over an

‘ . excessively short one. -
_An . interesting phenomenon, observed :in actual

\ [ . ‘ "
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- testing, but not adequately explainable until

simulations were run, is the local peaking of the‘liné'

utiliiation}curve at certain packet lengths.. A theory

‘was developed during testing to accouht‘/for this

behaviour: a? resonance condition exists whereby °‘a
station transmits, aqgther‘station transmits, the first

trarMsmission is ackno&ledged, the second tradsmisgion

- 7 . ‘
is acknowledged, <and the process continues. Although

'ghe peak is dependant on random delay,K and timeout

}
functions, certain combinations of ‘packet length, wait

’

for acknowledge times, and number oOf 'tradsmitting

stations can cause this condition to occur. It appears

that once  resonance occurs, stationsA.:end,ALoAuétayp

A

i .
locked in resonance until sufficiently disrupted by
othef transmissions. ' 'With larger numbers of stations
the effect is, of course, not as stfong as with smaller

numbers of stations. .Furthermore, : under normal

" operating conditions, such ' resonance will arise only

rarely, and thus need not be considered when setting

‘operating parameters for a partiéular SCI-net

installation. ' . ) Y

|
P [ ¢ S

I
In aédition, a simulation was run adjﬁsting the

collision windows and collision detection time to make
the Bystem correspond to an Ethernet-type netﬁork.
Note however, that the same network protocol is used.

2
Ethernet's network protocol is signifipahtly different.

N
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Therefore ‘the results can only be ‘used to compare

NS . s . 7 .

Lt .Jﬁardwqre implementation of - carrier éénsing' and

- | ' collision detection with sofgwa;e sensing of the ‘same;

. ) .
and not Ethernet with SCI-net. The resulting graph /is

plotted in Figare 6-4.
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‘6.4 OBSERVED .MEASUREMENTS

In addition to running simulations, actual tests

were made with two stations transmitting to two others.

.The results are tabulated in Figure 6-5. The“results

_agree closely with the simulat{Pn of the netwoak under

the same conditions, confirming the validity of the
simuiation model. Any discrepancies can be accounted
for by the simple fact that althoﬁgh the simulations
are accurate, they are not perfect. For example, it
woul; not be an easy task to simulate the timing of the
MC6809 microprocessor as it processes instructions in
the SCI-net soféware. Such a simulation would be
ext;émely complex and a reasconable limit must be chosen

as to how closely it is desired to mimic the behaviour

of a system with computer s{mulations.

-
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Station Transmissions Monitored
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~=ewe= A TO B

Length Sent

32 10971
64( 8355
96 4258

- 128 ° 5523
192 4028

Coll. Lost Sent Coll. Lost
MEEEEIE 2N ENR .-,--- MERERE ESESERZ SREEEEE -----.-
1495 356 11447 1597 257
1074 316 8588 1202 © 242
303 112 , 4279 339 97
566 210 5556 . 580 192
-
171 107 4014 199 79
Figure 6-5
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6.5 NETWORK OVERHEAD

-

3 ' . - . ;\
) : - + .
A discussion of SCI-net would not be complete
without ‘an analysis of tti‘e overhead that servicing the
/7

network-places on each local computer. It has .already

. been -made clear that when a station is executing the

) ‘
network driver routines, either to send a message or

receive an incoming message,l» a;ll of the processing
power 1s déd cated to this task.

The size of this fraction for 'a local p:oCessor‘
is, of course., proportional to its utilization of the
data link for sending and receiving messages, and is
therefore highly’ dependent on the type of.. job being
performed by the 1local user. The overhead may,
h'oweve‘:r‘, be characterized by an estimate of the time
required for the thfee distinct fu‘nc'tions performed by
the iﬁterface sof tware: iir‘xe monitoring, message

reception, and jmessage transmission.

6.5.1 LINE MONITORING

For any line activity all local computers feceive
the message headers. The overhead of this function is
dependent on the lieader length. Given that the “header

length is h bytes, the message length is m bytes, and
LN

L am e e e et b

;
!
;
!
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‘the time requited to perform any software oberitigns

102

not __directly re%eted to data reception (responding to
initial ACIA interfupts;:setting up the interval timer,

v ‘) - . .
etc.) 1is x, ,expresséd in . byte times, then overhead

during teception of packeté not ' destined for @ a

! .

"partigular station is givew by e "

' overhead due to line monitoring is . 8

h+m S .
. ¢
-In the presenq_iﬁpleméntation, this is equal to

v ! ) . N

10 + 0.25

= 0.0385 . | S .
10 + 256 . A . .

b ®

This - figure presdmes a“:mgssage leﬁgth of "256

B

bytes. " For a 100% satbr;ted‘sysﬁém,“this would . take

3.858 of the processor time. Line utilization under
non-saturated conditions’is directly proportional to
‘the number of users and iﬁversely proportional to the

theoretical data rate. Scaling fEhe\ resﬁltsd of. the

observations by .Shoch and,Hubp [SHOCBO] to a SCI-net

system supportingvi4»users yielas a figureléf less than

5% average line utilization. Thus the expécﬁéd

E

w-

«

0.0395 x 5% = 0,197¢ . .., . = :

{
1.
1
!
i
!
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. Y s - . ) R .
. 6.5.2 MESSAGE' RECEPTION ST i _ \ S

v “ N N -

. 4 N . o - /
In this casé, the maximum processing overhead is

1008 while a message destined for a particular station .

is being received.' Thus the component' of overhead
— ]

attributed to -message reception is diréctly_ . Q

H
i
|
t
A
i
!
|
i
;
i
i

proportional to the time spent receiving messages for

g~—- -  the station in question. ' T :

@ : '
N
. - .
i . ' .

N . " Assuming that message transmissions are equally

e

distributed among ail‘stdtions, then, given 24 stations

L . on the network, this figure becomes

' .
~ 't ° A s -
. " v .
.

© . 1/24 x 5% = 0.21% .

for the 5% average line utilization postulated

above. i /

\
- » |

“ -] -

* The preceeding discussion- Was not conSLdered the

Mmoo

i . . time required to acknowledge a packet tr;hsmission. ’
; - . This depends greatly upon network traffic anq should be ' '
T . treated in the same way as message trénsmission,

., covered in section 6.5. 3. Furthermore, ‘sections 6.5.1 T

~and 6.5.2 presume that no overheéd is incurred during

b e emane

‘ ~ . the reception of a header destined for a partigular

e, " gtation *and. that 100% overhead 1is : incurred when a
v

packet destined for a particular station is received.

»
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The reader caﬂ also consider the overhead of message

reception as Lqi?g somewhat less than 100% and that all

headgrs require processing overhead. The only,

consequence ‘is a redistribution of overhead between

header and message reception. Since these are disjoint

events, the total v§1ue remains the same. .

6.5.3 . MESSAGE TRANSMISSION

The déeghead due to messége transmission is that
frac&ion of time that a station spends transmitting.
This is not dnly dependent upaon the volume of data that
a station .must transmit but also on the time requiréa
to.transmit‘any given packet. This includes thé time
to“wait for a f;ee ne£wqu, transmit partiai message
headers until no collision is detected, transmit

transmit the remainder of ' the héader, transmit the

message, wait . for an aéknéwLedgement, and, 'if the

écknowledgement is not received within the specified

deiay time, repeat the entire procedure. buring this

interval, the station is not available for any other

processing.

o
-

Assuming c¢ collisions, and t acknowledgement

timeouts, the time for a packet to be sent is '

~
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4 . ' =
¢

Sty + tc) + t(tp + ta) +'tp + tr .

where L, 45 the ‘time to transmit the header .

fragment before collision detection is performed, t
the gollision back-o?f time, t  jg the acknowledgement

A\
response time (less than t,, tp is the  packet

transmission time, and -t, 5 the wait for

acknowledgement time. _.Since t_ jg5 5 random variéble;

the value of its mean may be used in the above equation

)

to determine an expected time for the transmission and

~subsequent acknowledgemenﬁ'of'a packet. Since c and t

depend upon 1line saturation cbnditions,‘ énly an

estimate of their values oan be made in the above

" equation. However, the  number of collisions per

8 : . ’
transmission nd the  number of acknowledgement

time-outs will increas%k with increased line

utilization. Observations indicate (Figure 6-5) thqt,z'

Qith twé ;ransmitters sending to two receivers, under
saturated conditions, the méan value of q“is(less than
1/5 for all messﬁge lengths. with largeé num&ers of
stations, this may increase due to ﬁhe'nécessity of
resolving n-way collisioﬁs. The mean value of t |is
typically less than that observed for c, although, as
hds been indicated by . simulations, this value;zcan
increase ‘sharply with ianeAsed messége length if t, i;

not kept large enough.

c is

Q

-y l‘u-x-‘a_w.-ns»u.maw
.
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7.0 'SCI-NET's PLACE AMONG NETWORKS .

3 4 ? .

& . .
v . : - .
S _ The qoncepf'of ,a‘ network with almost complete~‘ . ‘.
_coritrol of .proFocol , functions in "gsoftware has been
‘ ‘demonstrated to be a viable one. Experimental testiﬁg
with four stations indicates that line-utilizétions in

’

' . éxcess of eighty percent gan be expected. Furtherﬁofe,
simulations indicate that SCI-net can support up to’lwo <

‘dozed'single-usgr small micro-computer systems in an

office or . laboragéry environment yith accéptabii

. efficiency. Thus the .primary design objéctives of
developing A Qe:y low cosg CSMA/CD network have been f
' met. .Four experimental network _ interfaces were
. ' assembleﬁ‘nat a total cost of approximately o;e hundred
dollars. The goal of the wofk was to | design,
'impleﬁéht, and démonstrate the concept of a software
controlled CSMA/CD n?befk:“”%his has been achieved,. , ‘
and the feasability of software, control of a CSMA/CD ;
. ‘ neéwork'ﬁas beeQ demonstrated; The results to date are | |

¥ .
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very “encouraging and indicate that research should

>

continue in the area of such networks,.

- e ’ , )
Besides the clear advantages that SCI-net offers,
one must not overlook the limitations.. Some of these

are due to she simple fact that the primary goal. of the

work was to demonstrate bhe feasability of a software °

[}

controlled CSMA/CD network. Optimal cont;ol of such a
network was a secondary concern, SCI-net can cleagly
benefit from better designed eontrol software, multiple
buffering and virtuél circuit support, ahd improved
matching‘of transmitter data retry fatg to receliver
data consumption rate, éince the basic design has been

.éﬁown to be sound,'the steps to be taken to effect

these'improvements involve enh&ncements and.upgrades to

the §SCI-net software, retaining, of course, ‘Ehe

collision detection algorithms ana the basic protocol.
The rest of SCI-nezzs limitatiqns are, howevér, desi@n
dependent. . SCI-net requires some 'local‘ rocessing

fower. While thié‘is not significanf in a si gle ;askl
environment, the pre-emption of all other services
while rattending to the network would
pre-emption of task scheduling in é

environment. The end result wsuld be tha tasks that

14 not due tos

4

otherwise could be scheﬁuled to run c

SCI~-net overhead. This can be viewed iq an intergsting‘

/ .
way: 1f the average overhead were to be distributed

§

s
[T SR
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over|all processes, then-the effect ‘would be similar to
that of processor slow down; While/this would not
prevent such a system from working, it may " be

undesirable. Real~-time programs can be supported by

SCI-net as long as the transmit priority remains ébove

that of the real time task'input. ‘Lowering it creates
.~ )

" the risk of a broken transmission seguénce. This can

be solved’ in 'the case of real time tasks with an
\

. . ‘!A
Anterrupt interval longer than that- of the transmit

. .
- func¢tion, but higher frequency tasks would reqguire

hardware modification. o v
In a singlé process, ,small wicrocomputer-based
system, SCI-net works very well, since the typical

volume of data flow across the network has ‘béen shown

40 - be within the. limits that SCI-net dictates. The

o

slow down due to hultiple procedses yould peceséarily.
limit demands on the network and would probably cause

them to be within design 1limits -as well. However,

large minicompuéer' and mainframe systems require data

transfer bandwidths far in excess of thaé which SCI-net

is ‘capable of. The higher cost of traditional networks

guch as Ethernet, DECnet, and others are well justified

~for such‘applications. —

r

It appears then, that the biggest obstacle to

SCI-net type networks is the demand 'on’ the host

-

4 @

i "'“‘h"ﬂ -
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processor. If this could be removed; then smalf:

mhltipfﬁ process systems could probably be supported.

As software and hardware sophistication increases, such

.

systems will become available in price ranges that

‘'warrant the use of low cost networks such as SCI-net.

One ﬁethod of reﬁoving the burden of Quppqrting
SCI-net from the host processor would involve the
developmeﬁt of an iqtell;gent SCI-net interface,
Currently there is ; microproc?ssor available, the
Moﬁorola MC6803 that offer; an instruction set very
similar ‘to the MC6809 used in t@g'SCI—net experimental
ﬁgtwork. ‘"It is, based on the Motorola MC6800, the
predecessor to the MC6809, but exhibits better
instruction -times than the MC6800. This pko&essor
includes an onichip ACIA, interval timer, and some RAM.
Although restrictiéns apply to the simultaneous ugé of
the ACIA a;d timer, a featyre is included that can be
used to automatically detect the-énd of a transmission:»
the ACIA can be 'programmed to - ignore incoming data
urntil ten consecutive mark (logic 1) bits}arg detetted.
This featyre eliminates the need for % timer in tﬁe
critical message timeout state. As a result, an
intelligent SCI-net’ interfAEe ‘could; be ‘implemented
using an MC6803, an external program ROM, some RAM, a

)

network driver and fost bus interface. Proper design

4

could conceivably keep the component count under a
. 3%

4 ’
\'

¢

{

{
;
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dozen ‘devices and result in an interface only /////~
‘ ¥

marginally - more expensive than  the present
unintelligent one, Furthermore,‘the Motorola MC6801 is
functlonally 1dent1ca1 to the MC6803 with the exceptlon
that it offefﬁ two kilobytes of mask programmabIe read
only memory - on-chip.' Inilarge quantities, the MC6801

is available at extremely attractive prices.

—
.

At the time of this writing at least one company .

has made use of the MC6801 family of fdevices to

implement a network: Coleco has recently introduced

their 'Adam' personal computer. This device utilizes

several MC6B80l-type microp}ocessors "to'- service the
printer, keyboa;d, and external devices. Coleco
promotional literature indicatgs that plann for - an
'Adamnet' to né€twork several such computers are being
formulated.

” ) )

This system, however; requires a MC6801l-type
pracessor to act as a central controller and performs
network arbltratlon in hardwafe, thus not’ implementing

a CSMA/CD network with fqu& distributed control.

Proponents of hardware based systems argue that
they are faster than corresponding software based

systems and that cost is of no concern since sufficient

demand will result in the production of VLSI (very .

-
»
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larée scale iﬁfeg;ggionf devices to ‘replace up to
several hundred individual devices. While this is
certainly true, the cost of correcting.hardwgre faults

and fine tuning such a system to meet particular

environmental needs is‘ exorbitant. In®addition, the -

inflexibility of hardware based systems results in a
large time factor in the development of upwardly

compatible enhancements to such systems. The cost of

making changes to software 1is' several orders of

magnitude less and field changes after delivery of
equipment can be implegiﬁted with relative ease. |

°
°

\

To  draw an analogy, consider gicroprogrammbd
computers, Although slower than their hardylred
counterparts, they are nevertheless in great demand.
Those with writable control store can, in fact, be
field- tailored for particular applicatidéns. One must
always be careful, howéQer, not to prapagate a

multitude of incompatible versions of the same thing.

Sof tware emulation  of traditionally hardware
oriented systems has become an attractive option for
the aforementioned reasons gnd more; it is merely a
logical progression to apply this concept to networking

as well.
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* ACIA BQUATES

Lo » TOR  BQU sg%e - TRANSMIT DATA REGISTER ke
ROR BN SEU18  RECEIVER DATA REGISTER
STATUS BQU $E019  ACIA STATUS REGISTER
CMDR EQU SEOJA  ACIAPCOMMAND REGISTER
CTRR ° BQU SEO1B  ACIA CONTROL REGISTER
RORF BQU . S08 ' . RECEIVE DATA REGISTER FULL
TDRE BQU $10 TRANSMIT DATA REGISTER EMPTY S
ICTREX BQU $10 INIT ACIA TO EXTERNAL CLOCK ‘ \
ICTR19 BQU S1F INIT ACIA 19200 BAUD ' . '
i, ICTR96 BQU $1E INIT ACIA 9600 EAUD
[ L ICTR48 EQU - $1C INIT ACIA 4800 BAUD
" . ICTRO3 BU $16 INIT ACIA 300 BAUD .
5 ENARLE BQU $09 ENABLE IRQ WHEN ACIA RDRF
: DIS - B $0B DISABLE IR) INTERRUPTS .
. ERROR BU $07 ERFOR BITS IN STATUS REGISTER
' PARITY BQU $STF ASCII DATA BITS PR
, , PARERR BQU  ,$01 PARTTY ERROR BIT :
; . \_ FRAERR BU  $02 FRAMING ERFOR BIT
" OVEERR BU  $04 OVERRIN ERROR BIT _ _
: | . . R
* TIMER EQUATES - . 3 /
TCRL EQU $E038 - TIMER ISTER 1
S TCR2 B $E039 TIMER CONTROL REGISTER 2
» TCR3 BQU . $E038 TIMER OONTROL REGISTER 3 /
TSTAT BQU $E039 TIMER STATUS REGISTER
TCIRL EQU  SEQ3A TIMER OOUNTER 1 (NOT USED)
» lls '
i_ ’ 1 -

o e e e s e s




’ * | / . . 32 cn
) , g fue
\“ "
T2 BQU . $EGSS - TIMER COUNTER 2
TC3 BU  SEOSA  TIMER CONTER 3 ,
. : o ) < :
. S.XMIT EQU - $OL " TRANSMITTER -ON LINE .
, STLXMF BQU ~ $02  « LOCAL XMIT IN-PROGRESS
" STWACK EQU  $604 AN ACK CAME IN : :
STSICK BQU  $08 SENDING AN ACK ' ° S
SThOLE BQU  $10 nw"rmwrmmsnm ‘ S
*  USER STATUS FLAGS _ = h
F . ' X
"7 S.MREC BQU .° - SOL MESSAGE RECIEVED AND IN BUFFER
STCERR BQU  $02..  MESSAGE OVERRIN ERROR )
SSFOD BU S04 FLEX COMMAND
SXMC BU 508 FLEX COMMAND CHARACTERS COME FROM US
* _H * smnml mm’ m‘ \ i
GETHEX BQU - $CD42 o s
INCHE BQU', §F806. ﬂ
- . . INH BN . D09 -
LINBUF BQU  $C080 . - g
LDNPTR BQU  $CCl4 v
- OUICH .BQU . SF80A ¢
: o . FCRIF BQU  SFB(E B
.. .#F rsmecBu  SF8LO .
! 7% PDATA BQU  SF(C
.\ /. . SIAT BQU. " S$CDAE ’ \
| WARMS EQU D03 . ., .
: *  SYSTEM PATCH EQUATES
FINH BQU  $CFl4  FLEX OOMMAND CHARACTER INPUT ROUTINE
_ FINTR BQU  $DXB- FLEX INTERRUPT SERVICE ROUTINE
Lo ASCIT EQUATES N a .
_ NUL. BU SO0 - )
‘ ScH B’  $OL g
STX BW - $02 * .
- EIX BU - $03 :
BT BN S04 .
. AR BU : $06
: 3y L BN SCA ;
CR ' BU  $OD ° ) “
\ - DLE BW  S10 o
. SN BN $16 o
CID m , s& o '
* , OPE BU SaF v" o
, D BN S46 -
f (] .
* ° JUMP VECIORS . |
3 \4 .p‘. ‘ .., “ {
0 ) f » ~ - k
¢ . . o L
L.., T e ‘ .

B TR

;
4
t

.
e as
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! . L 4 > . he °
. 17
c ORG $2000 .
i ' JMp OPEN ° ’ ‘ .
i JMP CLOSE ‘ .
R JMP READW ° 'S
b JMP° SPMESS
N IMF  OPENW
; '*  DATA  AREA
i UFLAGS FOC  $00 USER STATUS FIAGS . / £/ -
i ID .RMB 1 STATION ID # , , A
| PRIO RB 1 STATION PRIORITY |
i ‘ SRC . RMB 1 SOURCE OF INCOMING MESSAGE
f MSRC RMB 1 SOURCE OF MESSAGE 'IN BUFFER
s DEST RMB 1 DESTINATION OF OUTGOING MESSAGE .
i , MSGC RB 1 MESSAGE COUNT
: , CHAN FCB 0 CHANNEL, CURRENTLY OPEN . , .
| 'DLEC  RMB 1 LAST DLE'D CHARACTER \ .
* RMSG RSB 1 LAST REC'D MESSAGE NUMBER Lo ) .
: RSGL M8 1. CURRENT REC'D MESSAGE NUMBER  ~
X FIAGS -FCB $00 STATUS FLAGS '
o~ 'TEMP RMB 1
. FUBARL FCB ' 1
BUFFER RB 256 MESSAGE BUFFER \
BUFLEN R'B 1- MESSAGE BUFFER LENGTH
RLEN RB_ . 1 RECEIVED MESSAGE BUFFER LENGTH
IEN RSB 1 INOOMMING: MESSAGE LENGTH ‘ -
TRANS FDB 0 . .
MSENT FDB 0 L . S\ .
MRECV FDB 0 - L i
NINC FCB 0 CHARACTERS IN COMMAND PUSH BUFFER . !
X - N 'FDB NINB POINTER TO NEXT CHARACTER TO GET
: EQU . BUFFER .COMMAND PUSH BUFFER :
FUBL RMB 1 J
. FUB2 RYB 1 (. ' \;
‘ FUB3 RMB 1 : .
'S .' A \.
- * . © TEST PROGRAM BEGINS HERE ° . ,
H v . P « 3 v 2
. ~ * ACIA INITIALYZATION .
* . » ' ~
Cm " START JSR  .GETHEX GET THE ID OF THIS STATION
t - m lx'D ‘1«
, STB D AND STORE IT - o ]
) STA STATUS  RESET ACIA )
[ o _LDA $ICTREX : _ ‘
i , - STA CTRR . . PROGRAM ACIA FOR 112,000 BAD Y I
| DA §ENABLE AND IRQ INTERRUPTS BNABLED .
T © S
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STA , MR !
i o TIMER INFTTALIZATION | | |
z IDA  §560  OOUNTER2: SINGLE SHOT, IRQ ‘ -
, SIA TR )
: ‘LDA #3581  COUNTER3: CONTINUOUS, QUIPUT, PRE-SCALED',
IDA  $561  SET UP COUNTER 1 -
s IDA  #S01  RESET AND DISABLE COUNTERS
] STA  TCRL.
7 .- LDX  #$0A  BYTE TIME TO COUNTER 3
,; JMP  WARMS © RETURN TO FLEX
§ \
?, MSG2 FCC 'A MESSAGE FOR US WAS LOST',$D,$3,$4 .
: | . FINHLBN  * ‘ .
| * SET IRQ JUMP . "
. OF¢  FIMIR ’ .
JMP  INIR®
. » SET FINCH PAICH ? )
ORG  FINCGH - )
‘ JMP  NINCH
ORG  FINGH1 : _ ‘
NINCH LDA NINC Gmmmmsmmmmm .7 :
BEQ  FINCH2 NONE LEFT ,
LDA  UFLAGS qusmrmsnns
. CMPX  4LINBUF mmmmmopmusmmmaumm?*
BNE  FINCH3 NOPE
‘ ORA  §5.04C AT BASE OF BUFFER SO SET BIT SAYING QD. -
STA UFTAGS CHARACTERS COME FROM US. g
FDNH3 ANDA  #5-0MC DO COMMAND CEARACTERS CQME FROM US?
BEQ FINCH2 NOPE
. LDA  (NINBP] GET CHARACTER
L ‘PSHS  A,B SAVE THESE FOR A WHILE
. - LDD  NINBP  ADVANCE BUFFER POINTER -
. ADCD  #$0001
. STD  NINEP . AND REPLACE IT . :
. IEC  NINC  DECREMENT CHARACTER CONT
g . BNE ~ NINCHL STILL SOME MORE TO PROCESS

o bl (
- “
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LDD
STD

ORCC
LDA

" ANDA

NINCH1

FINCH2

STA

ANDCC’

PULS
RTS

JSR

, BEQ

JSR
JMP

$NINB
NINBP

$$10
UFLAGS

\ 119

RESET BUFFER POJNTER )

« DISABLE INTERRUPTS

GET USER FLAGS

$$SFF-S_MREC-5_ OERR-S:FCMD-S_CMDC -

. UFLAGS™
#$SEF

A,B"
STAT

NINCH
INCH

FINCH+3 AND RETURN TO FLEX'S INPUT COMMAND CHAR RTN

UPDATE USER ‘FLAGS
RESTORE INTERRUPTS
\ e »

. RESTORE REGISTERS

9

GET TERMINAL STATUS

NO CHARACTER YET, CHECK LINK BUFFER

GET CHARACTER FROM CONSOLE

-

INTERRUPT PROCESSING ROUTINE

LDA
LBMI
LDA
ANDA
BNE
LDA
RTI

READ

' CLR

LBSR

. CMPA

READ1

READ2

READ3

BEQ
RTI .

LBSR
CMPA
BEQ

CMPA
BEQ
RTI

LBSR
CMPA
BEQ
RTI

LBSR

, STA

LBSR
STA
LBQR

' PSTAT
TIMSER
STATUS
$RDRF
READ-I
RDR

ROUTINE

DLEC
RDBYTE
#SYN
READ1

RDBYTE
$SYN
READ{

$DLE
READ2

RDBYTE
#SOH
READ3

RDBYTE
SRC
RDBYTE
RMSG1
RDBYTE

GET TIMER STATUS
INTERRUPT SERVICE ROUTINE
, GET ACIA STATUS

IS IT ACIA?

YUP!

NO DLE'D CHARACTER
GET BYTE FROM ACIA
IS IT A SYN?
YUP

GET BYTE FROM ACIA

IS IT ANOTHER SYN?

YUP, KEEP WAITING

IS IT A DLE? )
YUPI

K

GET BYTE FROM ACIA -
Is IT A SOH?
YUP!

GET THE SOURCE FROM ACIA
SAVE SOURCE .ADDRESS

GET MESSAGE NUMBER BEING SENT
AND SAVE IT

GET ADDRESS FROM ACIA
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READ31

READ41

.READ6

CMPA
BNE

TST
BEQ .
LDA
CMPA
BEQ

ID
READ31

CHAN
READ4
SRC

CHAN
READ 4

120

.~

IS IT FOR ME?
NOPE, SET UP TIMER TO IGNORE MESSAGE

ARE WE TALKING TO ONLY ONE STATION?
NOPE, IT'S A FREE FOR .ALL
AM I LISTENING TO THIS GUY?

YUP!, (LUCKY FOR HIM)

"IT AIN'T FOR ME SO WE DISABLE ACIA INTERRUPTS FOR THE RIGHT
* LENGTH OF TIME . .

LDA
ANDA
BNE
LBSR
LDB
STB
CLR
STA
CLR

LDB
ORB
STB
RTI

LDA
ANDA
BEQ

LDA
ORA
STA
BRA

LBSR

STA
LBSR
CMPA
BEQ

LDX
JSR
RTI

LBSR
CMPA
BEQ

RTI .

LDX
CLR

FLAGS
#S \WACK
READ76
RDBYTE
$DIS
CMDR
TCTR2
TCTR2+1
TCR1

- FLAGS

#S;XMIT
FLAGS

UFLAGS
#S_MREC
READ41

UFLAGS .
; #S -OERR
UFLAGS
READ31

RDBYTE
LEN
.RDBYTE
#DLE
READS

#MSG2

[PSTRNG]

RDBYTE
#STX
READG6

. #BUFFER

BUFLEN

" YUP, DON'T SET UP TIMER

-

CHECK IF WE'RE WAIQiNG FOR AN ACK

Id

GET THE LENGTH OF THE MESSAGE
DISABLE INTERRUPTS FROM ACIA

CLEAR MSB OF TIMER BYTE COUNTER
STORE COUNT INTO LSB OF TIMER BYTE COUNTER
AND AWAY ' WE GOl -

SET XMIT IN PROGRESS FLAG
X

GET" USER STATUS FLAGS .
IS THERE A MESSAGE IN OUR RECEIVE BUFFER?
NOPE, EVERYTHING'S CGOOL

GET USER FLAG BITS - !
SET OVERRUN ERROR BIT

REPLACE USER FLAG BITS -

AND IGNORE MESSAGE .

GET LENGTH OF MESSAGE
AND SAVE IT
GET *DLE* (HOPEFULLY) . a
IS IT DLE? ' o
YUP!, SO FAR, SO GOOD . ‘

TELL HIM WE LOST IT

o
J

,GET *STX* (HOPEFULLY) v
IS IT STX?
YUP!  (MAN!, WE'RE COOKING NOW!)
OH NOl, WE'RE IN TROUBLE

X --> BUFFER
CLEAR BUFFER LENGTH

o o s ben ko oty

e
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'READ62 LBSR

-CMPA
BEQ

READ65 STA
1 INC
BRA

READ7 LBSR
CMPA
BEQ

STA
BRA

READ75- LDA
CMPA
BNE

LDA
CMPA
, - BNE

. LDA
ANDA
STA

'READ76 RTI

~READ77 LDA

ANDA
BNE

LDA
CMpA
BNE

TST
BEQ
Lpa-
CMPA
BEQ
RTI

REA771 LDA .

STA
CLR
BRA

READ78 CMPA
BNE

LDA
CMPA
'BNE

RDBYTE
#DLE
READ7

0,Xx+
BUFLEN

.READ62

RDBYTE
$ETX
READ75S -,

e

/ 'SAVE LAST DLE'D CHARACTER

121

GET A CHARACTER
IS IT DLE?
YUP; WE MUST HANDLE IT,

SAVE THE CHARACTER IN A BUFFER

INCREMENT BUFFER LENGTH

KEEP GOING '
\ .

GET THE DLE'D CHARACTER \

IS IT THE END OF OUR MESSAGE?

DLEC
REA?§5/ AND LOOP
DLEC GET LAST DLE'D CHARACTER
#ACK WAS IT"AN ACK? . y
READ77 NOPE, KEEP CHECKING
,gnc "GET THE SOURCE OF THE ACK

EST IS IT FROM THE RIGHT GUY? )
READ76 NOPE, IT'S NOT : .
FLAGS CLEAR WAIT FOR ACK BIT IN FLAGS
# SFF-S - WACK
FLAGS . ‘0
FLAGS GET STATUS FLAGS
#S \WACK. ARE WE WAITING FOR AN’ ACK? .
READ76 YUP, MUST SETTLE THIS FIRST .
DLEC RESTORE DLE'D CHARACTER
$OPE IS IT AN OPEN REQUEST?
READ78 * NOPE

W »

CHAN ~ CAN WE OPEN A CHANNEL?
REA771  YUP! . ‘ .
SRC GET THE SOURCE OF THE REQUEST

CHAN DO WE ALREADY HAVE A CHANNEL OPEN TO HIM?
READ8S5  YUP!, JUST SEND AN ACK BACK

HE'S GOTTA WAIT o

SRC SOURCE TO OPEN CHANNEL TO. g
CHAN  «OPEN' A 'CHANNEL TO HIM -
RMSG . CLEAR RECEIVED MESSAGE- COUNTER
READS 5 AND SEND AN ACK BACK .o e
'#CLO IS THIS A REQUEST TO CLOSE? ¢, Voo
REA781 NOPE, TREAT- IT .AS A NORMAL MESSAGE
SRC GET THE SOURCE OF THE REQUEST
CHAN IS IS THE SAME AS THE CURRENT OPEN 'CHANNEL?
READ76 NOPE, BUZZ OFF BUSTERI

K ".

e v e rn
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CLR
BRA

PO

" REA781 CMPA .
BNE
LDA
© CMPA
BEQ

b mt——r A

STA

LDA

P SUBA
STA -

., LDA

ORA

‘STA

A e s o

BRA

READE0 LDA
CMPA
BEQ

STA

. LDA

. ORA
STA

‘ . LDA
\ STA
‘LDA

. STA
LDX

JSR

* % * %

READS 5, LDA
. . ORA .
. STA
*  LDA
STA .
LDA
LDA
LDA
L.DX
LDB
* ANDCC
LBSR
* ORCC

PRSI RRY

LDA -~

STA

.- PSHS

S
.
N S v

CHAN
READS 5

#CMD
READS0

RMSG1

- RMSG

READSS5
RMSG

LEN
$$06,
NINC
UFLAGS

* 122 ,

~CLEAR THE CHANNEL

AND SEND AN ACK BACK

IS IT A FLEX COMMAND?

NOPE, TREAT AS NORMAL MESSAGE
GET CURRENT MESSAGE NUMBER '
IS IT THE SAME AS THE LAST ONE?

YUP, HE LOST OUT ACK

UPDATE MESSAGE NUMBER

GET LENGTH OF MESSAGE
SUBTRACT LENGTH OF DLE CMD .
STORE IN COMMAND PUSH BUFFER LENGTH

GET USER FLAGS

15 MREC+S.FCMD" SET MESSAGE RECEIVED BIT

UFLAGS
READS 5

RMSG1l
RMSG
READS S5

RMSG

UFLAGS
#S  MREC
UFLAGS -
SRC
MSRC -
$EOT
o,x
$BUFFER
[PDATA]

FLAGS

TAND UPDAgE USER FLAGS

SEND AN ACK BACK .
GET MESSAGE NUMBER JUST RECEIVED
IS IT THE SAME AS THE LAST ONE?
YUP, HE LOST OUR ACK

'
- UPDATE ‘MESSAGE NUMBER

GET USER STATUS FLAGS
SET RECEIVED MESSAGE BIT

3
GET SOURCE OF MESSAGE.

AND SAVE IT ‘
TERMINATE MESSAGE IN BUFFER

X --> MESSAGE

GET FLAG BITS

L ER SACK+S~DDLE WE'RE GOING TO SEND AN ACK

FLAGS
#p1s*
CMDR
STATUS
RDR

12
#READS 1
SRC -
#SEF
WRITE
$#$10
$ENABLE
CMDR

X

DISABLE ACIA INTERRUPTS

CLEAR Aqi PENDING INTERRUPTSs
AND CLEAR RDRF FLAG »
TWO BYTES TO'SEND

X --> DLE ACK °

B' = SOURCE OF MESSAGE TO ACK
TURN INTERRUPTS ONILlIl1ll

SEND THE ACK

TURN INTERRUPTS OFEQ(WHEWI)
RESTART ACIA ARQ'S

N e 1 Sttt sl
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S LDX MRECV

. LEAX 1,X T o
. _° 8TX MRECV . . .
. PULS X _ ) : -
§ ' RTI -,
READS1 FCC  DLE,ACK , e
1 . '
* 'RDBYTE: GET A CHARACTER FROM ACIA AND RETURN IT IN A '

RDBYTE CLR FUBAR1

, . RDBYT2 LDA  STATUS  WAIT FOR A CHARACTER ° .
' ANDA  #RDRF IS THERE ONE? .
BNE . RDBYT1  YUP! N
! INC  FUBARL , . ~ -
! BNE  RDBYT2 o
E LDX $RDBYT3
. JSR-  [PSTRNG]
¢ ' LDA RDR
; : PULS X POP A DUMMY 16 BIT VALUE
- RTI - ‘
RDBYT1 LDA  RDR GET THE CHARACTER
RTS . .
LS -
~~ [RDBYT3 FCC '"TIMEOUT IN RDBYTE!',$04 - j :
* TIMSER: TIMER INTERRUPT SERVICE ROUTINE
. 7 TPIMSER LDA  #S01 STOP THE TIMER
. - . STA  TCRl ' ' :
" . LDA  FLAGS CHECK IF A LOCAL TRANSMIT IS IN PROGRESS

ANDA  #S.LXMT
‘ BNE TIMSOl  YUP, DON'T ENABLE ACIA IRQ'S

LDA  #ENABLE REENABLE ACIA INTERRUPTS - -

“«

C, : STA  CMDR o
TIMSO0l LDA - FLAGS CLEAR XMIT IN PROGRESS, FLAG
re ANDA #$FF-S . XMIT '
STA  FLAGS . , S
; RTI S ' L
i * ' READ - TRANSFER CJRREMY, MESSAGE IN READ BUFFER INTO-USER

o . . BUFFER. v :
. & ENTRY: A = LENGTH OF USER BUFFER
! R X = ADDRESS OF USER BUFFER |
i | B
I

' [
\
i .
g ..... R R - o S C e e
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) . . | i
' !
i
. - . *
) * * EXIT. A/'/LEfGTH OF MESSAGE IN USER BUFFER ’
* — ~ B = SOURCE OF MESSAGE ;\
* X = ADDRESS OF USER BUFFER *
: ) \ A ’
READ ORQC #$10. ! TURN OFF INTERRUPTS
PSHS R.92 4 SAVE REGISTERS
STA" RLEN SAVE MAX. LENGTH OF MESSAGE

. LDB _BUFLEN B = BUFFER LENGTH
LDY  #BUFFER Y --> MESSAGE BUFFER

; READ.0 TSTA HAVE WE EXCEEDED MAX LENGTH?
b . BEQ  READ:1  YUP, .
s TSTB HAVE WE EXCEEDED MESSAGE LENGTH? !
: BEQ READ-2  YUP ‘
. N ,
t PSHS B . SAVE THIS -
! LDB  0,Y¥+ GET A BYTE FROM THE MESSAGE BUFFER
‘: STB  0,X+ AND STORE IT IN THE USER BUFFER
PULS B RESTORE THIS AGAIN
DECA ' DECREMENT MAX COUNTER .
DECB DECREMENT ACTUAL COUNTER

BRA READ: 0 AND GO MOVE THE NEXT BYTE

READ_2 LDA BUFLEN GET MESSAGE LENGTH
.BRA READ_\_3 . .

READ:1 LDA RLEN GET MAX. MESSAGE LENGTH
N READ.3 LDB UFLAGS TURN OFF MESSAGE IN BUFFER BIT K

ANDB #$FF-S MREC-S -OERR / )
STB UFLAGS $

h
- LDB MSRC GET SOURCE OF MESSAGE
S PULS X,Y RESTORE REGISTERS
. : ANDCC $SEF . TURN ON INTERRUPTS

: RTS ,

: *  READW - WAITS TILL A MESSAGE IS AVAILABLE, THEN CALLS ’

, * READ. i

. READW PSHS A SAVE THIS REGISTER f
- READW1 .LDA UFLAGS GET USER STATUS FLAGS .
! ' . ANDA $SMREC 'DO%WE HAVE A MESSAGE? ( . 4 i

BEQ RERDW1 NOT YET

S : PULS A RESTORE THIS REGISTER
: g . BSR READ . GO-CALL READ .,
* RTS ‘ .

) L .
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* WRITE ROUTINE )

*  ON ENTRY X —-> BUFFER TO SEND, A = LENGTH, B = DEST.

WRITE INC . MSGC INCREMENT OUTGOING MESSAGE COUNT !
STB DEST ' SAVE DESTINATION ADDRESS , ,;

WRIT16 PSHS A,B,X SAVE REGGIES . |

. PSHS B - SAVE DESTINATION r
ORCC  .#$10° TURN OFF ALL INTERRUPTS 2

. LDB FLAGS MARK TRANSMISSION IN PROGRESS
' ORB #5 + LXMT .
STB FLAGS

LDB $DIS DISABLE ACIA IRQ'S
' STB CMDR S , /
* ANDCC  $#SEF TURN INTERRUPTS BACK ON
' PSHS X
LDX MSENT , ' ‘
LEAX 1,X . , ;
STX MSENT . ;
PULS X : ' o ;
ﬁ . “LDB FLAGS IS THERE A TRANSMISSION JLREADY IN o
PROGRESS? -

ANDB S XMIT . !
BEQ WRITES NOPE!, WE DON'T HAVE TO WAIT FOR IT TO

-FINISH N
WRITS1 LDB TSTAT GET TIMER STATUS
( ANDB. #502 HAS THE TIMER TIMED OUT?
BEQ WRITS1 NOT YET (HO HUM)
LDA $501 , ‘ ‘
STA TCR1 STOP THE TIMER : .
i
*WRITE5 LBSR DELAY MAKE SURE THAT THE LINK IS FREE
WRITE5 LBSR  LENGTH GET TRUE LENGTH IN A
LBSR  DELAY MAKE SURE THAT THE LINK IS ‘FREE.
PULS B RESTORE DESTINATION , '
PSHS A AND SAVE LENGTH '

. ’ s
> WRITE4 PSHS X
[ LDX TRANS

LEAX  1,X .
‘ STX  TRANS
: PULS X
LDA - #SYN . SEND THE START OF THE MESSAGE '

LBSR  WRBYTE , WRITE THE BYTE
: .- LBSR . WRBYTE AND AGAIN |
- LBSR  WRBYTE ! " o

]

LBSR  WRBYTE ‘ . 0
LDA  #DLE START OF HEADER




o s = e

- e

s A AN N I s Ly i g 2 i

LBSR

- LDA

WRITA4l

LBSR

LDA
STA

'ANDA

BEQ
CLR
LDA
LBSR
BEQ

~ LDA

WRITDL

WRITE3

WRITE1

LDA
LBSR

LBSR -

BE
LDA

. CMPA

BEQ

LBSR
LDA
JSR
BRA

LDA
LBSR
TFR
LBSR
PULS
TFR
SUBB
LBSR
LDA
LBSR
LDA
LBSR

TSTB
BEQ

LDA
LBSR

DECB™

PSHS
LDA
ANDA
BEQ
PULS
BRA

WRBYTE
$SOH
WRBYTE

STATUS

. FUBl

#TDRE
WRIT41l
FUB1l
RDR

'WRDRF .

WRITDL
RDR

1D
WRBYTE
WRDRF
WRITDL
RDR

1D
WRITE3

DELAY
§07
SCDOF
WRITE4

MSGC
WRBYTE
B,A
WRBYTE
A
A,B
$#4
WRBYTE
$DLE
WRBYTE

#STX .
WRBYTE

»

WRITE2

0,X+

. WRBYTE

~A

FLAGS
#S \DDLE
wRIT15

A

WRITEL

126 T

DLE
SOH

% WAIT ON TDRE

CLEAR ANY OLD RDRF

WAIT ON RDRF OR TIMEOUT
TIMEOUT, SO DELAY
CLEAR LAST BYTE SENT

SEND TRANSMITTER ID

WAIT ON RDRF OR TIMEOUT
TIMEOUT, SO DELAY

GET BYTE THAT WE SENT

DID WE HAVE A COLLISION (ERE?
NOPE

WE HAD A COﬁLISION{‘DELAY'A RANDOM TIME

. AND TRY AGAIN
SEND MESSAGE COUNT

SEND ADDRESS

GET LENGTH T~
SAVE IT ° :

OFFSET IT

SEND IT . S

DLE g

STX

ARE WE AT THE END?

YUP :
GET A BYTE
SEND IT

DECREMENT- COUNT _
SAVE THE BYTE JUST SENT

GET FLAGS v , -
ARE WE NOT DOUBLING DLE ON SEND?
NOPE o

. PQP OF THE STACK

+




AT i G,

wn

IR o

WRIT1S
{

WRITE2

IN

WRITE?

WRITE6

PULS
CMPA
BNE .

LBSR
BRA

LDA
LBSR
LDA
LBSR
LDA
ANDY
STA
LDA
LDA
LDA

ANDA
BEQ

LDA
ANDA
STA
PULS
RTS

LDD
STD
LDA
ORA
STA
CLR

LDA
STA
LDA
LDA

ANDCC

LPA
TFR
ANDB

'BEQ

ANDA
BNE'

" LDA

STA
ORCC
LDA
ANDA
8TA.

1
|
T ——y o Y 07 6d e R ST
i
|

27

A POP BYTE JUST SENT (
$DLE WAS IT A DLE? ;
WRITEL  NOPE, ALL O.K. N

WRBYTE  SEND 1% AGAIN
WRITEL  AND LOOP FOR MORE

$§DLE TERMINATE MESSAGE :
WRBYTE DLE :
$ETX END OF TEXT ;
WRBYTE ETX
FLAGS MARKY TRANSMISSION COMPLETE
§SFF -3 :LXMT ‘ r
FLAGS ‘ '
STATUS
RDR CLEAR RDRF FLAG
FLAGS CHECK |IF WE SEND AN ACK BACK
#S .SACK .
WRITE? NOPE, WE MUST WAIT FOR AN ACK TO COME
FLAGS 4 cLEAR S.SACK BIT, S-DDLE BIT
$SFF-S.SACK-S -DDLE -
FLAGS ™ - l
A,B,X /
|
#5100 SET/UP TIMER FOR INTERRUPT
TCTR2 J .
FLAGS SET TIMER COUNTING BIT
#S WACK+S +XMIT :
FLXGS -
TCR1 SmART THE TIMER GOING
$ENABLE EJABLE ACIA INTERRUPTS .
CMDR
STATUS. /
RDR ) )
$SEF START ALL INTERRUPTS

[
FLAGS AIT FOR AN ACK TO COME BACK
A,B '/ AVE THIS FOR ANOTHER CHECK

#S . XMIT / DID THE TIMER COUNT DOWN YET?

'WRITE8 | YUP!

#S‘WACK/
WRITE6 /| STILL WAITING FOR AN ACK

$501 - STOP TIMER

TCR1

$$10 . DISABLE IRQS

FLAGS TURN OFF TIMER BIT
$$FF-S.DDLE-S_ XMIT




PSP ——

U s nene i o g

WRITES

WRDRF
WRDRFL

WRDRFX

'WRBYTE

WRBO1

LDA
LDA
ANDCC
PULS
RTS =«

LDA
STA

ORCC
LDA
ANDA
STA
LDA
LDA
ANDCC
LDA
JSR
PULS
LBRA

128

STATUS : ‘ \
RDR , —
#SEF ENABLE IRQS ‘
A,B,X

$$01 CLEAR TIMER STATUS
TCR1

4
'

$S10 TURN INTERRUPTS OFF .
FLAGS

$SFF-S .XMIT

FLAGS ~

STATUS

RDR .
$SEF ¢ TURN INTERRUPTS BACK ON . ¢
$541

SCDOF

A,B,X RESTORE REGGIES

WRIT16° AND TRY AGAIN

WRDRF ~ WAIT FOR RDRF OR TIMEOUT, A IS CLEARED IF TIMEOUT.

PSHS
CLRB
LDA
ANDA
BNE

INCB
BNE

PULS
CLRA
RTS

PULS
TFR -
RTS

WRBYTE

PSHS
LDB
ANDB
BEQ

STA
PULS
RTS

B SAVE B
AND CLEAR OUT COUNTER " °
STATUS GET ACIA STATUS
$RDRF
WRDRFX WE GOT AN RDRF!

INCREMENT COUNTER
WRDRFL LOOP SOME MORE

B RESTORE B :
. CLEAR RESULT
'” /
B RESTORE B !
A,A SET CONDITION CODES
AND RETURN
- WRITE A BYTE IN A AND RETURN READ BYTE IN
B SAVE B
STATUS GET THE ACIA STATUS
$TDRE CAN WE SEND? ‘
WRBOl  NOT YET |
1
TDR SEND THE BYTE L
|

B RESTORE B

AT

bt e b e w =&
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.WRB03 LDA
LDB

STB

* LDB

* ANDB

* STB
PULS
RTS

* DELAY

DELAY PSHS.

DELAY1 LDA

. LDA
ANDA
ORA
INC.

PSHS
LDA
ANDA
BEQ

PULS
ASRA
BRA

' DELAY3 PULS

DELAY 4
CLR
STA
* LDA
* ORA
* STA
CLR

DELAY2 LDA
ANDA
BEQ

LDA
ANDA
BNE

LDA
\  {sTA
. LDA
* ANDA
* 8TA
PULS

. FLAGS

’ N
12y o !
RDR READ THE BYTE .
$501 ‘
TCR1 o :
FLAGS | )
§SFFP-5_ XMIT : o '
FLAGS
B - RESTORE B
- DELAY FOR A TIME ,
A SAVE THIS - ST
RDR CLEAR RDRF FLAG " -
PRIO A = PRIO OF THIS STATION
$SOF
$$08
PRIO \
A SAVE DELAY TIME ’ T

FLAGS GET FLAGS
#5 -SACK ARE WE SENDING AN ACK?

b oARY ammer g
‘

DELAY3  NOPE ¢ -
"a RESTORE DELAY TIME .
. AND .DIVIDE BY TWO , L )
DELAY4 . 3 i
»

a RESTORE DELAY TIME .

TCTR2 USE THIS AS A DELAY COUNT

TCTR2%1 . ;
FLAGS SET XMIT IN PROGRESS FLAG .
" $5 «XMIT \ '
FLAGS R
_ TCR1 AND START THE TIMER :

TSTAT  CHECK IF TIMER TIMED OUT -
502 o 2
ZFLAH NOT YET | R

7

_[STATUS °WAS -THE LINK BUSY?
$RDRF
' DELAYl - YUP!

$501-
. TCR1l

$$FF-6. XMIT .
PLAGS ~ .
A RESTQRE THIS
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s
RTS

- i -

LENGTH - RETURN TRUE LENGTH OF MESSAGE AT X, LENGTH IN A, IN

4
A

SAVE X' d
B = CURRENT LENGTH

ADD OFFSET

STORE IT

ARE WE AT THE END OF THE MESSAGE?
YUpP Y -

GET A BYTE o

"DECREMENT LENGTH

IS IT A DLE?
" (NOPE
ARE WE DOUBLING DLE ON SEND?

3 v
f '
.

YUP, ADJUST LENGTH

GET TRUE LENGTH yiN A’ “ ,
RESTORE X
AND GO HOME

N . \

OPLN —fOPEN A CHANNEL TO- THE - SQAT;ON WHOSE ID IS 1IN A.

*. REGISTER A
LENGTH PSHS X
TFR A/B
ADDB  #504
STB TEMP
LENOL TSTA 3
. . BEQ LENO2
. i:.DB 0,X+
) DECA
CMPB = #DLE
BNE LENO1
4 . LDB FLAGS
ANDB - $S.DDLE
Lo BNE LENO1
: INC TEMP
’ " BRA " LENO1
&
¥ LENO2 LDA  TEMP
. PULS X
RTS
N ‘5\-\\
" OPEN QRCC #S10
, TST CHAN _
BEQ ° OPEN1 -
CMPA  CHAN
~ BEQ OPEN2
" CLRA .
. -/
OPEN2 'ANDCC #$EF
: " RTS '
_ OPEN1 STA  CHAN
CLR MSGC
COM .  MSGC -
- 'PSHS  A,B,X
LDX #OPEN3
"TFR~ A,B .
LDA $502 .
+ BSR SPMESS
PULS A,B,X
RTS

~

TURN ‘OFF INTERRUPTS

HAVE WE CURRENTLY GOT. AN OPEN CHANNEL TO
.ANYONE? NOPE?, ALL'S O.K., THEN -~

HAVE WE GOT A CHANNEL TO THE RIGHT GUY?

'YUP!, NOTHING 'TO.DO

i

YA CAN'T DO THAT! GOTTA CLOSE FIRSTI

TURN INTERRUPTS BACK ON : s

WE WANT TO OPEN A CHANNEL TO ‘THIS GUY
INITIALIZE THIS
TO -1

SAVE HIS PRECIOUS REGGIES

OPEN MESAGE

B = DESTINATION _ :
MESSAGE LENGTH 3 .
SEND SPECIAL MESSAGE

RESTORE REGGIES'

N X

o
s

H
i
3
)




e

L o
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3
.

- -~
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{
OPEN3 FCC

* . OPENW

OPENW PSHS
BSR
TSTA

. BNE

. PULS
BRA

'OPENW1 PULS
" RTS

* CLOSE

CLOSE* ORCC’

TST
- BNE

CLRA

T ANDCC

RTS

CLOSEl PSHS

.~

%*

-

SPMESS PSHS
LDA
ORA
STA
PULS

o

DLE,OPE

R _ . . . |
- OPEN A CHANNEL BUT WAIT FOR LINK TO BECOME FREE.

'
I

A SAVE CHANNEL NUMBER .

OPEN TRY TO OPEN A CHANNEL :
? ,GET STATUS

OPENW1 IT WORKED!—

A RESTORE CHANNEL NUMBER
.OPENW AND TRY AGAIN

A ALL - DONE

LY

- CLOSE THE CHANNEL CURRENTLY OPEN

#510 TURN OFF INTERRUPTS
CHAN HAVE WE GOT A CHANNEL ‘OPEN TO SOMEONE?

CLOSEl , YUP, GOTTA CLOSE.IT. /////////

TELL HIM NO CHANNEL OPEN

#SEF . TURN INTERRUPTS BACK ON "

'A,B,X SAVE HIS PRECIOUS REGGIES (AS IF HE CAN'T

LDX '$CLOSE2 SAVE THEM HIMSELF!)
\, LDB CHAN. B = GUY TO SEND.MESSAGE TO .
\CLR CHAN CLEAR CHANNEL x
DA #$02° MESSAGE LENGTH
B SPMESS  SEND THE SPECIAL MESSAGE
) PU A,B,X RESTORE REGGIES
+ _ RTs ’ !
CLOSE2 FCC \ DLE,CLO
: . | ‘ ‘
* SPMESS - SEND A SPECIAL MESSAGE.

.A = MESSAGE LENGTH
B = DESTINATION, X = ADDRESS OF MESSAGE

A SPECIAL MESSAGE IS SENT WITH DLE'S NOT DOUBLED.
THIS ROUTINE MUST BE ENTERED WITH INTERRUPTS OFF.
IT WILL EXIT WITH INTERRUPTS ON UNLESS $. ACK WAS
SET IN THE STATUS BYTE. ’

4 L4

‘A SAVE MESSAGE LENGTH

FLAGS GET STATUS BITS »
#S DDLE . '

FLAGS - : i
A 'RESTORE MESSAGE LENGTH A F

v

a ‘ .

-
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LBSR ‘WRITE SEND THE MESSAGE J
RTS ’ . .

e
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. END START L ' -
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- APPENDIX B

~ " GPSS SIMULATION PROGRAM

SIMULATE 4.0

x .
* GPSS SIMULATION' OF SCI-NET \
*

* AUTHOR. ........ RENE S, HOLIAN
* DATE WRTTTEN... MARCH 21, 1984

*

3

N

* ° SIMULATION OF FOUR TRANSMITTERS TO FOUR RECEIVERS WITH/
* m'ﬁm ACK TIMES COF 2500, 5000, 10000, 20000 BIT TIMES.

*
EXP FINCTION RN1,C24

0'0/.1,-104/.2'.222/.3'.355/.4,.509/-51.69/.6,.915/\. 7,1.2).75,1.38/
8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2. 52/ 94,2.81/.95,2.99/.96,3.2/

‘

,____;“497 3.5/.98,3.9/.99, 4. 6/.995,5.3/. 998, 6.2/.999, 7/.9997,8

\

_ MAP FUNCTION PBL,S32,L *

DLY FUNCTION RN1,C8

.125,80/.25,90/.375,100/.5,110/
. 625,120/, 75,130/.875 140/1,150
*

LEN FUNCTION PB2,E2
LENGTH (REGULAR/ACK)

.5, XHSLEN/1, 60

* !

‘,

FACILITY
1,STAl/2,STA2/3,STA3/4, STPA/
5,STA5/6,STA6/7,STA7/8 ,STAS/
9,STA9/10,STAL0/11,STAL1/12,STA12/
13,STA13/14,STA14/15,STAL5/16,STAL6/
17,STA17/18,STA18/19,STA19/20,5TA20/
21,STA21/22,STA22/23 ,STA23/24,STA2 4/
25,STA25/26,STA26/27,STA27/28 ,STA28/

> 29,5TA29/30,STA30/31,5TA31/32,STA32/
*

WCN FINCTION PBL,S32,C

¢ CHAIN

1,WCK1/2,WCK2/3 ,WCk3/4,WCK4/

5 ,WCK5/6,WCK6/7 ,WCK 7/8 ,WCK8/
9,WCK9,/10,WCK10/11,WCK11/12 ,WCK12/
13 ,WCK13/14,WCK14/15 ,WCK15/16 ,WCR16/
17, WCK17/18 ,WCK18/19 ,WCK19,/20 ,WCK20/
zl,mm/zz JWCK22/23 ,WCK23/24 ,WCK24/
25,WCK25/26,WCK26,/27,WCK27/28 ,WCK28/
39 JWCK29/30 ,WCK30/31,WCK31/32 ,WCK32/

133

DELAY FUNCTION

MAP- STATION ID TO CPU
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INITIAL XH$BUSR],0
INITIAL XHSOOLL,O
« i

_ GENERATE 10, FNSEXP, , , , 478, 4PF
REQUESTS .
GATE LR STA1
ASSIGN 1,1,PB :
TRANSFER ,XMIT .
®
GENERATE 10 msmcp,,,,m 4PF
REQUESTS
GATE LR STA2'
ASSIGN 1,2,PB
TRANSFER ,XMIT
* \3

mTE 10,msm, re ,m,m

GATE LR STA3
ASSIGN 1,3,PB
TRWFR,MT

*

REQUESTS
GATE LR STA4
ASSIGN 1,4,PB
*
XMIT ASSIGN 1 msmp,pr
FACILITY
LOGIC S PF1
LIMITS
ASSIGN 2,0,PB
*
DEST ASSIGN, 3,VSDST,PB
TEST NE PBl,PB3,DEST
NOT SOURCE \
ASSIGN 4,PB1,PB
ASSIGN 1,PB3,PB
ASSIGN 3,FNSMAP,PF
ASSIGN 1,PB4,FB
ASSIGN 4,FN$WCN,EF
CHAIN .
* .
DLY2 GATE LR BUS
DLY4 ADVANCE FNSOLY
TEST E XHSBUSRQ,0,DLY4
ADVANCE 8,0 :

STAE .
DLY3 SAVEVALUE BUSRQ+,1,XH

COUNTER
10GIC S BUS
DLY5 ADVANCE ‘60,0 .
TEST NE XH$BUSRQ, 1,TOK1"
SAVEVALUE COLL+,1,XH

COUNTER

GENERATE lO,FN$EXP,,,,4PB 4FF

. MESSAGE
SEIZE STATION 1.
GET' STATION NUMBER

TRY TO SEND A MESSAGE
GENERATE MESSAGE
SEIZE STATION 2

GET STATION NUMBER
TRY TO SEND A MESSAGE
GENERATE MESSAGE
SEIZE STATION 3

GET STATION NUMBER
TRY TO SEND A MESSAGE
GENERATE MESSAGE

SEIZE STATION 4
GET STATION NUMBER

MAP STATION ID TO CPU
AND MARK FACILITY OFF
TURN OFF ACK BIT
GET DESTINATION

" MAKE SURE DESTINATION IS

SAVE STATION ID

MAKE STATION ID DEST ID
MAP DEST ID TO DEST CPU
RESTORE STATION ID
MAP STATION ID TO WAIT

1

- WAIT FOR BUS TO BE FREE

CHECK IF BUSY
AND WAIT IF SO

. TIME TO INDICATE BUSY .

II‘CREMB‘J'I‘BIBREQ[EST.

MARK BUS BUSY

SEND HEADER /
ARE WE THE ONLY ONE ON?
INCREMENT COLLISION ‘

i




L T

. ADVANCE FNSDLY
, TEST E msausm,mscam,o;.n &
s TRAPPED? .
. SAVEVALUE BUSRQ,0,XH
4 SAVEVALUE COLL,0,XH
COUNTER
LOGIC R BUS
TRANSFER ,DLY2
TOKL ADVANCE FNSLEN
SAVEVALUE BUSRQ-,1,XH
, ' REQUEST
; LOGIC R.BUS
TEST ¥ PB2,1,WCK
- INLINK E PF4,RACK, 1,2PF,PF2
~ CONTINUE
B LOGIC R PF1
*TABULATE TACK
TERMINATE 0

*

*

SACK ASSIGN 1,PB3,PB
4 ASSIGN 1,FNSMAP,PF
, ASSIN 2,1,PB
ADVANCE 100
TRANSFER ,DLY2

*

MON ADVANCE XHSRST

; BACK

-

WCK: TRANSFER BOTH, , BUSY
] RECEIVED \
f GATE LR PF3
LOGIC S PF3
& " MARK 2PF
SPLIT 1,SACK
SPLIT 1,MON
LINK PF4,FIFO

135

- . WNLINK E PF4,DLY2,1,2PF,PF2

! ' TERMINATE 0

*

Cru

*

N BUSY ADVANCE: XH$RST
L . TRANSFER ,DLY2

i ' *

' . B

L ‘
—rea W e ens—————

g RACK LOGIC R PF1
|
TIME

SAVEVALUE XB$IDX,VSUIL,XF
TERMINATE 1

DST VARIABLE PB1+16 o
UTL VARIABLE 10000* (XHSLEN+180) /C1

REPCRT  REPT

ENTER RANDCM DELAY
HAVE ALL COLLISIONS BEEN

YUP - ZERO BUS REQUEST .
~<BND COLLISION

AND TRY AGAIN
SEND THE MESSAGE &
MARK US OFF THE BUS

[L

mITmRAﬂAcx

IEI"IHESOUR:E

TABLE ACK TRANSIT TIME
ACK HAS BEEN PROCESSED °

SEE IF PACKET WAS

)

TRY TO SEIZE REMOTE CPU

MARK CURRENT CLOCK TIME
MAKE A COPY AT SACK
MAKE A MONITOR OOPY
PLACE TASK ON)CHAIN-

MAKE SOURCE DESTINATION

" MAP STATION ID TO CPU

MAKE THIS AN ACK PACKET
TURNAROUND DELAY
AND SEND ACK-

WAIT FOR THE ACK TO COME

WE GOT OUR ACK, -RELEASE
TABULATE MESSAGE TRANSIT

AND TERMINATE

STRAIGHT TIMBOUT
AND TRY AGAIN

-i

e

ST,

ks o et A e ok
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GRAPH X,1,8 :
ORIGIN 50,10 : .-

Y 0,2,50,1 o~

RUN STARTMACRO
INTTIAL XHSRST,=A ' : .
INITIAL XBSIDX,1 : o i
INITIAL XHSLEN;380 , - :

START 100,NP oy , : )
CLEAR XHSRST,XF1-XFS .

RESET

INITIAL XBSIDX,2

INITIAL XH$LEN,700

START 100,NP

CLEAR XHSRST,XF1-XF8

RESET :
INITIAL XB$IDX,3 = . : ]
INITIAL XHSLEN,1020 , ‘

START 100,NP - -
CLEAR XHSRST,XF1-XF8 '
RESET

INITIAL XB$IDX,4

INITIAL XHSLEN,1320

START 100,NP o
CLEAR XHSRST,XF1-XF8 S o
RESET | ~ : ' ;
INITIAL XBSIDX,5 ;

INITIAL XHSLEN,1660
START 100,NP

CLEAR XHSRST,XF1-XF8
RESET

INITIAL XBSIDX,6
INITIAL XHSLEN,1980
START 100,NP

CLEAR XH$RST,XF1-XF8 oo
RESET —~ , /
INITIAL XBSIDX,7 ‘

-

o M o ®

INITIAL XHSLEN,2300
START 100,NP

CLEAR XHS$RST,XFl-XF8
RESET

INITIAL XB$IDX,8
INITIAL XHSLEN,2560
START 100, ,,,REPT .
ENDMACRO

*

RN MACRO 2500 ‘ : '
RN MACRO 5000 B ) . , Y
" RN MACRO 10000 ' ‘
EIN MACRO 20000
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