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Pre-empting defines a condition under which a higher priority problem
dislodges a lower priority problem currently being serviced. Upon re-
turning to the lower priority problem, the Computer Module cannot be
restarted at the exact point of interruption, but must be rolled back to
the nearest control point. The time lost by this roll-back is called the

pre-empting penalty.

2. Outputs

As mentioned above, one of the inputs specifies the frequency of sim-
ulator outputs, thus permitting a printout at any arbitrary interval of

simulated '"real time.'' Each printout consists of the following:

1) Total elapsed simulated time since start of run (in seconds)

2) Total accumulated '"idle' time, and number of occurrences of
""idle'' time. (Accumulated idle time is sum of idle time of
each computer. )

3) Total accumulated ""down' time, and number of occurrences

4) Number of problems received, but not yet serviced (length of
the waiting line)

5) For each problem class: total service time expended on members
of the class, and number of problems serviced

6) For each problem class: the number of problems handled in
each group of the problem class, where a ''group'’ is defined
as containing all problems whose service time lies between some

(defined) minimum and maximum time values.

NOTE
For output, ''service time!' is the sum of actual service
(processing) time plus any waiting time; i. e., ''through-
put time. "
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Figures 17 thru 21 describe the basic problem mix used in the simulation.
The tables shown in Figures 22 and 23 give the probability of satisfaction
of problem class 2 to 5 within the stated time. These 8 runs required the

following amount of time:

Run No. Number of Days

1 5
2 16
3

4

5 6
6 10
7 10
8 10

Figures 24 to 26 describe the transient behaviour under these circumstances.
As might be expected, the thruput time distribution asymtotically approaches

the service time distribution as the number of computers increases.
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V. APPLICATIONS

A. GENERAL

The growth of the computer from the days of Babbidge and Hollerith to
Von Neuman can be characterized rather simply. Computers have grown
bigger memories, and faster and more complex arithmetic and control
units. In our brief experience with the RW-40 system, it is apparent that
small, inexpensive, independent modules can be cascaded to operate
simultaneously on problems, producing the same or better results with
less hardware. In the following three examples, (search and retrieval,
sorting analysis, and event splitting) the diversity of arrangements and

their power will be illustrated.

B. SEARCH AND RETRIEVAL

The process of search and retrieval from digital records in this system
is limited only by the transfer rate of the storage medium. To illustrate
the point, consider searching a magnetic tape with records that vary in
length from 100 to 1000 words. The inter-record gap is 1-1/4 inches

or 8.2 milliseconds. Assuming 25,000 operations per second, 200 op-
erations can be performed in the inter-record gap. Thus, if only 200
operations per record are required on the average, the tape can be read

dii'ectly into the computer.

If the amount of processing per record is larger, a Buffer Module is re-
quired. Assume the following sequence of operations: the tape unloads
at 15 KC into the Buffer Module. At the start of the inter-record gap,
the Buffer Module unloads to the Computer Module in, at most, one
millisecond. Thus the Computer Module has the remaining time from
the record gap plus the next record transfer time from tape to Buffer
Module to process the data. A 100 word record is 7 milliseconds of
transfer time and the 1000 word record is 70 milliseconds of transfer

time for a total of from 380 to 1955 operations per record. If, then, one
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assumed a group of n pairs of Buffer Modules and Computer Modules
with a tape shunting mechanism for shunting the tape in a cycle of n, the
effective number of operations available to any one Computer Module
for processing the record (100 words to 1000 words) is from n . 380 to
n . 1955.

The mechanism whereby the Tape Module is cycled from Buffer to Buffer
is illustrated in Figure 27. When Buffer "i" is loaded, it disconnects
from the Tape Module and connects to Computer '"i''., Computer "i' in-
terrupts Buffer '""i+1", and orders it to connect itself to the tape. The
nth Computer Module interrupts the first Buffer to complete the cycle.
This transfer of the tape from Buffer to Buffer can be accomplished

without actually bringing the tape to a complete stop.

The question of general purpose search logic versus special purpose
search devices. was considered. We soon found that the cost of a special
purpose search device so nearly approached that of the general purpose
Computer Module that it was necessary to re-assess the speed advantage.
It was discovered that the general purpose device was almost as fast.
This is because the special purpose search completed the full logic of

the search on every record while a serial approach to the logic on a

general purpose device often truncated quite rapidly.

C. SORTING ANALYSIS

The process of sorting data has been programmed on the RW-40 using
about five different complements of equipment. Of these, two comple-

ments were selected for possible use:

1) Four Tape Modules, three Single Buffers, one Computer Module
2) Four Tape Modules, four Single Buffers, one Computer Module

Using a two-tape merge on which the first pass established strings
limited only by core size, and on which the remaining phases were

strictly merges, the sorting time was computed. With three Single
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Buffers in operation, one is always reading tape, one is always writing
tape, while a third is being sorted. Essentially, the sorting performance
was calculated as a function of memory size, speed of core cycle, and
tape speed. Figure 28 shows the sorting comparison. Items 5 and 6 of
the table are the two RW-40 systems. Items 1| to 4 are other systems

of generally larger core size and approximately equal cost. It is inter-

esting to note that there is no significant difference between lines 1 and 2.

Aside from a high effective tape rate and the ability to read backward,
saving rewind time, the Buffer Module is nicely adapted for these pur-
poses. It is possible for the Computer Module to extract the sorting
word and beginning record address. from a Buffer Module, sort these
and put a program back into the Buffer Module which writes on tape-- .
all without having to re-order the whole record in the core. Further-
more, an inter-record gap does not have to be suffered when jumping to

the next copy address.

D. EVENT SPLITTING

When a single computer is being used to simulate a phenomena with a
number of isolatable but interrelated events, it is usual to let each event
progress a short distance in time and then compute the interaction be-
tween them in some arbitrary or ordered way. Of course the events are
continuous and simultaneous in time and as such the simulation is ap-
proximate. The speed, or rather the cost, of computing time’'is now such
that the discrete approximation to the continuous event is possible. How-
ever, the simultaneity remains untouched. Under these circumstances,
it would appear that allocating independent Computer Modules to events,
using a flexible interrupt and data communication system to effect the
timely inter-relationships, is very natural. . Here, of course, a Master

Computer is used to synchronize time among the many events.

Air Traffic Control in its full-blown form requires more events to be
computationally handled than one single machine can do with an effective
approximation to reality. One certain way to handle the full problem is
a multiple computer approach.
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VI. SUMMARY

We were asked to solve a problem that exceeded the present state of the
computer art. We believe that the concept explored--an automatically

managed multiple computer system--provides a new direction for com-

puter development.
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