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&\\‘3 " Early computers had no software
) - = Al lunctions had to be coded by the
P ik
Qs * Sotiware was added for
¢ €C = np:t/output processing and low-
SRR level interrupt handling
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An operating system was added
which permitted diverse users to
share the machine sunultaneously
to Lanedle the management of jobs,
ana to create virtual memory and
vittual machines

A data-base management system
was added which permitted diverse
<+ ysers 10 share a common
collection of data and to employ
different views of that data.

Data-base wterrogation and
manipulation faciliies were added
so that end users’ needs could be
responded to quickly.

Layers of software. Each layer that was added made the
machine more capable and more useful.
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4.6.3. 4 mumuﬂwam (Tranaport Layer,Tranlport Control)
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Layers 1 to 3 provide an interface to a shared network.
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Lay, o

"""’w ) \

~

Each layer adds its own header 1o the i

To Layer N - 1 the Layer N header appears to be just
more data.

l

Layer N transmits control information
10 its complementary layer.

To Layer N - 1 this also appears to
be just more data.

‘ There are two firms of communication between equivalent
layers: message headers for that layer, and control messages passed
between the layers. These are, or will become, the basis of international
standards. ) ]
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[Some data types and procedures common to a number of the protocols.)

const LasiBit = ... ° {determines message size)
doomsday = false’, {used to repeat forever)
AuxSeq=.1; {MaxSeq = highest seq = 2in — 1)

type bit =0 .. 1;
SequcaceNr = 0. MaxSeq;,  {used 1o number the frames)
message = packed array [0 .. LastBir] of bir:  |a host-host message)
FrarieKmd = (data, ack, nak);
Jreme = packed record
kind: FrameNind,
s SequenceNr,
ach: SeqrcnceNr,
inlo; message
end;

procedure wair(var event: Evlype),
bepin [Wait for an event to happen; return its type in event.) end:;

procedure FromHost(var m: message):
begin {FFeteh information from the host for transmission on the channel.} end;

procedure Tollost(m: message),
begin [Deliver information from an inbound frame to the host.) end:

procedure geif (var r: frame);
begin {Go get an inbound frame and copy it 1o r for the receiver.) end;

procedure sendf(s: frame),
begin {Transmit the frame sover the communication channel.) end;

procedure Sturilimer (k :SequenceNr ),
begin {Start the clock running and enable 7imeQuievent.} end;

procedure StopTimer (K :SequenceNr),
begin {Stop the clock and disable TimeOut event.) end:

procedure StartAch Timer,
begin {Start an auxiliary timer for sending separate acks.) end;

procedure StopAch Timer, )
begin {Stop the auxiliary timer and disable /Host/dle event.) end:

procedure Enabletiost,
begin [ Allow the host to cause a HostReady event.) end;

procedure Disabletost,
begin {Forbid the host from causing a HostReady event.) end;

procedure inc{var k: SequenceNr),,
begin {Increment & circularly. ) i( k < MaxSeq then ki= k + | else & := 0 end;

] ] J ‘r
4.27 udnadalnsfizenma q Afwmuniu
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| 4

At sender UBY receiver Tnuiﬁmmm sender 7 u‘muauuu‘lmwnm ann
]

ua dnInsTign receiver vzmnuaunu‘lmauﬁmﬂummm ‘lmqtﬂunmun

tnn’wﬁmaumu wielyminouit Aol M’axSeq ﬁlmuﬂume‘h mulsim \fite

i'l'nnnn PrameArrival mv-uan‘lmﬂ - mu‘ﬂu st

(Protacol 1 ("vropia™) provides for d.m transmission in one direction only,
from sender to receiver.  The communications channel is assumed to be
crror frec, and the receiver is assumed to be able to process all the input
infinitely tast. C onsu.qu:.nlly the sender just sits in a loop pumping data
out onto the linc as fast as it can .

type IvType = (FrameArrival);,

procedure seaderl,
var s: frame; {bufler for an outbound frame)

byffer: message, {buffer for an outbound message)
begin

repeat

FromHost (buffer);

s.info := bufler;
sendf(s);,
until doomsday

end; {senderl)

procedure receiverl,
var r: frame;
event: EvType,
begin
Tepeat
wait (event);
gei/ (),
Totosi(r.info)
until doomsday
end; |receiverl)

1R 4.28

{go get something to send)
{copy it into s for transmission)
{send it on its way)
{tomorrow, and tomorrow, and tomorrow,
creeps in this petty pace from day to day,
to the last syllable of recorded time

— Macbeth, V, v}

{filled in by wait, but not used here)

{only possibility is FrameArrival)
{go get the inbound! frame}
{pass the data to the host}

An unrestricted simplex protocol.

udnalus lnmoauyy  Utepia
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{Protocol 2 ("stop-and-wait”) also provides for a one directional flow of data
from sender to receiver. The communications channel is once again assumed
to be error free, as in protocol 1. However, this time, the receiver has only
a finite bufler capacity and a finite processing speed, so the protocol must
explicity prevent the sender from flooding the receiver with data faster than

it can be handled )

type EvType = (FrameArrival),

procedure sender,
var s. frame,
hufler: message
event: Evilyvpe,
bepin
repeat
Fromltost(Cbufler ),
s.info := bufjer,
sendf(s);,
wait (evem),
until doomsday
end; [sender2)

procedure receiver,
var r.s: frame;,
event: Eviype:,
begin
repeat
wait(event),
geyf(r),
Tollosi(r.info);
sendf(s);,
until doomsday
end; [receiverd)

A simplex stop-and-wait protocol.

udng

{fetch information from the host)
lcopy it into s.for subsequent transmission}

{bye byc little frame)

[do not proceed until given go ahcad)

{only possibility is FrameArrival)

{go get the frame)

{give the message to the host)
{send a dummy frame as a go ahcad signal)

Step - and -~ Wait Pretocel
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{Protocol 3 ("par”) allows data to be transmitted in onc direction over a
noisy communications channel that garbles and even loses frames .}

const MaxSeq = |,
type Evlvpe = (FrameArrival, Cksumbrr, TimeOwt),

procedure sender?,
var NextlrameToSend: SequenceNr;, {sequence number of next outgoing frame)

s: frame, {scratch variable)
bufler: message, {buller for outbound message)
cvent: Eviype,
brain -
NextbrameloSend .= 0, linitialize outbound sequence numbcrsl
Fromltost (buffer); {fetch first message)
repeat !
s.info .= huffer, {construct frame for transmission)
s.seq o= NextbrameToSend;,  |insert sequence number in frumd
sendf(s); {send it on its way)
StariTimer (s.seq);, {if answer takes too long, time out)
wait (event);, {possibititics: FrameArrival, CksumErr, TimeOut )
if event = FrameArrival then
begin {an acknowledgement has arrived intact)
Fromilost (bufler):, {fetch the next one to send)
inc (NextFrameToSend);,  {invert NexiFrameToSend)
end

until doomsday
cad; |sender 3}

procedure receiverd,
var FrameExpected: SequenceNr; — {FrameExpected = 0 or 1)

r.s: frame: {scratch variables)
event: Eviyvpe,
l:('ui"
Feamelxpected 2= 0
repeat
wait (crvent ), {possibilities: FrameArrival, Ckswnlrr)
if event = FrameArrival then
begin {a valid frame has arrived)
rey(r); laccept inbound frame)
if r.secq = FrameFxpecied then s
begin {this is what we have been waiting for)

ToHost(r.info);,  |pass the data to the host}
inc (FrameExpecied) {next 1ime expect the other sequence nr}
end;
sendf(s) {none ol thc ficlds arc used!)
end
until doomsday
cuil; {receiver3)

. A Positive Acknowledgement/Retransmission protocol.

pﬁ; 4.30 udnilusinmpouyy PAR
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