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ABSTRACT:

An on-line system consisting of 30 visual display consoles
connected by 8 telephone lines to an IBM 360/91 computer
is considered. A device known as a concentrator 1is used

to connect several terminals to one or more telephone
lines. Many possible configurations are simulated, and
conclusions drawn as to the best configuration with regard
to cost and performance.




INTRODUCTION

The aim of this study 1s to simulate various possible con-
figurations of an on-line terminal system, consisting of 3o
visual display consoles, connected by 48oo baud telephone lines
to an IBM 360/91 computer.

In a simple on-line terminal system terminals are usually con-
nected one per telephone line, and the lines are connected via
a multiplexed I/0 channel directly to the computer (Fig. 1).
In the Institut filr Plasmaphysik a more complex system is
being considered, where a device, known as a concentrator, is
connected between several terminals and one or more telephone
lines. This reduces the number of costly telephone lines re-
quired, and is therefore an advantage 1n such a system as

long as the performance is not impaired under normal operating
conditions.

Several types of concentrator exist, designed to be connected
to 1, 2, 3 or U4 telephone lines (Fig. 2 (a), (b), (e¢), (d) ).
In the latter three cases the concentrators are buffered and
capable of queuing requests from their terminals; the tele-
phone lines connected to them may be used in parallel to ser-
vice these requests. In case (a) the concentrator is not buf-
fered and 1s merely a switch between the terminals and tele-
phone line.

A simulation study was made of a system of 3o visual display
consoles connected to concentrators of different types, so as
to use 8 telephone lines. A system using 3o display consoles
connected to 30 telephone lines without concentrators was also
simulated for the sake of comparison. The results were analysed
to determine the best configuration for an on-line system of
this type taking into account the limitations of cost and
possible physical distribution within the installation.



ASSUMPTIONS

In all simulation studies a major problem lies in the defi-

nition of the model, since at the simulatlon stage very little
is usually known about the system. In this simulation the
following basic assumptions were made:

1)
2)
3)

)

5)

6)

7)

8)

The system consisted of 30 terminals.
The terminals were connected to 8 telephone lines.

The transmission speed of the lines was 4800 baud
(i.e. 6oo bytes/sec).

Since the multiplexed I/0 channel has a speed of
approximately leiolt bytes/sec 1t can never be
busy on average even if all the telephone lines
are completely full. It has thus been ignored in
this study.

The time taken to transmit a polling message along
one telephone line is lo m.secs (i.e. lo m.secs
switching time plus 30 m.secs to transmit lo bytes

of question-and-answer information in each direction).
It should be noted here that each terminal on a
simple switch-type concentrator (Fig. 2 (a)) must be
polled separately, whereas the buffered concentrators
(Fig. 2 (b),(e),(d))hold a queue of terminal requests
and may be polled as one unit.

Messages from the computer have a higher priority
than those to 1t.

Messages typed in on the display terminal for trans-
mission to the computer have a Poisson distribution
in length with a mean of 12 characters, and a maximum
length of 8o characters.

Message responses returned from the computer are of




three types distributed as follows:

(a) To % of messages are "full-screen" of
1200 characters (e.g. program listing).

(b) 20 % are randomly distributed in length bet-
ween 1 and 1200 characters (e.g. listing a
few lines of program).

(e) 10 % have a length distribution as in sec-
tion 7) above (e.g. replies to STATUS requests
etc.).

9) The central processing unit (CPU) takes an average
elapsed time of 300 m.secs to process a message (CPU
time may be much less). Actual processing times are
randomly distributed between 150 and 450 m.secs. This
represents approximately the message-handling times
of the AMOS on-line terminal software system which
will run the display consoles.

POLLING OF TERMINALS

The simulation program used to simulate the model was the
General Purpose Simulation System/36o0 (GPSS/360). In the first
runs it was thought necessary to simulate the polling of the
display terminals accurately, by simulating polling messages
which could only be transmitted along the lines when these
were not transmitting messages. This method was found to be
extremely inefficient and caused GPSS to use excessive CPU
processing time. Therefore in subsequent runs average times
were assumed for the time taken for a polling message to re-
lease a message from a display console, this time being cal-
culated depending on the type of concentrator.

This approximation was found to give no significant difference
in results for the turn-around times of messages, which 1s




to be expected, since polling merely controls the order in
which events are processed. On average both methods give
random message processing when several thousand messages
are considered. The second method was 200 times more effi-
cient in its use of CPU time by GPSS.

SIMULATION TESTS AND RESULTS

The flowchart of the program used to simulate the on-line
system 1s shown in Figure 3. The time between messages ge-
nerated by the terminals had a Polsson distribution with

a mean which was varied from test to test.

Various configurations were simulated:

a) 30 lines each with 1 terminal (no concentrator)

b) 8 concentrators each with one line and 4 terminals
(one concentrator with only 2 terminals)

c) 4 concentrators each with 2 lines and 8 terminals
(one concentrator with 6 terminals)

d) % concentrators with 3,3 and 2 lines and 12,12,6
terminals respectively

e) 2 concentrators with 4 lines, one having 16 the
other 14 terminals

) 5 concentrators as follows:
1 with 4 lines and 14 terminals

4L with 1 line and 4 terminals.

Polling times (i.e. the time added to the turn-around time

of a message to allow for the time taken for it to be "sensed"

by the CPU) were worked out as follows:

a) For concentrators with 1 line (i.e. switches)
lo m.secs/message (i.e. per terminal)




b) For concentrators with more lines (buffered)

bo m.secs / message
number of lines on the concentrator

TEST 1

Three sets of simulations were made with the average time bet-
ween console messages being 0.3, 0.4 and 0.35 secs through-
out the whole system (this represents 1 message every 9,12,
and 1o0.5 secs respectively per terminal). In each case all

of the above configurations were simulated. Results are tabu-
lated in Table 1.

lo,000 messages were simulated in each case (representing
approximately 1 hour of simulated real-time).After 5000 mes=-
sages the turn-around time per message was measured every

looo messages to see if the system was stable or if queues
were slowly building up. The results were plotted in Figure b,

It may be noted that for message rates between 1 message/

12 secs/terminal and 1 message/ 9 secs/terminal queues rapid-
1y build up, and that in the latter case turn-around time is
increasing steadily even after lo,ooo messages. The results
also show that at 1 message/9 secs/terminal the average use
of a line (i.e. time in use divided by total available time)
is between 0.5 and 0.7, and the average use of a terminal
(i.e. time blocked waiting for a reply divided by total avall-
able time) is between 0.5 and o.8. However,the CPU 1s 1in use
nearly loo % of the available time, and it 1is obviously here
that the bottleneck in the simulated system lies.

TEST 2

Secondly, the effect of the number of terminals on a partilcu-
lar concentrator was investigated. A message rate of 1 message/
lo.5 secs/terminal was chosen, since this is the threshold




message rate for the building up of permanent queues.

In all cases the simulated system again had 8 telephone lines
and 30 terminals, but the types of concentrators and number
of terminals per concentrator were varied in each configu-
ration. The turn-around time for a particular concentrator/
terminal group was found to be independent to a large extent
of the configuration of other groups within the system. The
results are shown graphically in Figure 5, in which concen-
trator line usage (as defined in Test 1) 1s plotted against
number of terminals on the concentrator for each of the dif-
ferent concentrator types.

TEST 3

Lastly, the effect of reduction of CPU processing time was
investigated. The mean processing time was reduced to

100 m.secs and the spread to 4 50 m.secs. The initial confi-
guration of Test 1 were used and message rates of 1 message/

6 secs./terminal and 1 message/9 secs./terminal simulated.
Results are shown in Table 2, from which it may be seen that
at the former rate both the lines and terminals are blocked,
but the CPU is only being used 50 % of the time. At the latter
rate the lines are in use To % of the time, the termlnals
20-50 % of the time and the CPU 33 % of the time.

CONCLUSIONS

In the system simulated in Test 1 the bottleneck i1s obvious-
ly the CPU processing time assumed, which is quite realistic
for the AMOS on-line software system. Queues begin to bulld
up at 1 message/lo.5 secs/ terminal due to this limitation.
However, it should be noted (and is shown by Test 3) that
there is little to be gained by reducing the CPU processing
time drastically, due to the basic limitation of line speed.




The time taken to process a message which does not have to
queue at all may be calculated roughly as 2,0k secs. (o.ol
secs poll wailting time +1,7 sec transmission time + 0.3 secs
CPU processing time). If 4 terminals are assumed per concen-
trator line this implies an approximate maximum message rate
of 1 message/8.2 secs/terminal, this maximum being malinly
governed by line speed. Even if CPU processing time is re-
duced to zero, only an approximate maximum rate of 1 message/
7.0 secs/terminal is possible.

From Figure U4 it is clear that very little difference exists
between the different configurations at 1 message/lo.5 secs/
terminal. The maximum difference 1s 30 % of the turn-around
time. At 1 message/9 secs/terminal large differences become
apparent as queues build up, but these differences are not
particularly relevant as the system 1s rapidly becoming un-
workable.

It should be noted particularly that no operator at the dis-
play console is capable of keeping up a sustained typing rate
of greater than 1 message/15 secs/terminal on average, and
thus Tests 1 and 3 imply little advantage in the more expen-
sive multi-lined concentrators, or in CPU processing time re-
duction.

Test 2 gives an idea of the most suitable number of terminals
to employ on a given concentrator. It shows that when thils
number exceeds a certain value the lines rapidly become blocked
at the message rates assumed. The optimum number of terminals/
concentrator is as follows:

a) 3-5 on a 1 line concentrator (switch)
b) 1o on a 2 line concentrator
c) 15 on a 3 line concentrator
d) 20-25 on a 4 line concentrator




If one concentrator may be used much less than another of
the same kind it may have more terminals connected to it,
since one concentrator 1s virtually independent of another.
There 1s no advantage in having less terminals on a concen-
trator than specified above, since line speed still limits
turn-around.

In conclusion, there seems little advantage in the 2-4 1line
buffered concentrators, which are expensive, over the unbuf-
fered 1 line switch-type concentrators which are cheap. The
latter have an obvious advantage over a system with 30 tele-
phone lines and no concentrators, since the number of costly
telephone lines 1is reduced without performance being signi-
ficantly impaired. Thus the best solution for the configuration
of such an on-line system appears to be a system using switch-
type concentrators with 3-5 termlnals per concentrator, this
number depending on the physical lay-out required.
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