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Exchange Memo # 16 CONW%NY CONHDEN“AL
Subjeet: Increasing Simultaneous Operation 1h the Exchange
By: R. P. Fletcher

Exchange memo # 15 states that the Exchange provides 12 channels
for simultaneous operation. Whether or not 12 channels is énough seems
questionable at this time. In order to provide more simultaneous oper=
ation, or to allow for fastér I/0 units if more channels are not needed,
~ the following modification has been incorborated into the Exchange.

Each medium speedyinput-output unit will have 2 dataword storage lo-
cations in Exchange memory instead of one as proposéd previously. When
word A is full, word B is used to assembie bytes; when word B is full, |
word A is used to asseumble bytes.\ (For ease of explsnation, only input
operation is considered). The Exchange transfers the full dataword to
main memory before the other word is full. Figuring 8 bytes per word
and a rate of 40 used per byte, the Exchange has 320 usec to transfer
the full word to main memory.

With the above modification the Exchange provides 20 channels for
simultaneous operation. This figure was»arrived at in the following
manner. The worst timing condition the Exchange can get into occurs
when all channels are busy and each channél requires a new control word
during the same 320 usec. period. Although this cpnditidn will rarely
occur, it must be considered. During the above worst condition the Ex-
change must execute the following operation for each byte channel. |

1. Eight bytes must be transferred from the channel to the pro-
per dataword in Exchange memory. With a 1 usec. memory this takes eight

1 usec. tycles for a total of 8 usec.
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2. The full dafdword must be transferred to main wmemory. This re-
quires two 1l usec cyéles in the Exchgnge; a cycle to iead out the control
word to obtain the main memory dataword address and a cycle to read out
the dataword. Although‘£ﬁese two cycles consume only 2 usec, additional
time must be allowed for’obtainingbaccess to maiﬁ memory. At present it
looks like this will 4dd between 1 and 2 usec, therefore, it will take &
waximum of 4 usec. to transfer a dataword to main memory. This 4 usec.
figure will be dsed until more is‘known about the timing relationship be-
tween the Exchange and the mailn meumory.

3. A new control word must be transferred from maln mewmory to Ex-
'change memory. This operation is very similar to step 2 above and re-
quires the same ambunt of time; 4 usec.

By adding the tlme in the above three steps it can be seen that 8
usec. # 4 usec. £ 4 usec. or a total of 16 usec. must be spent on each
channel during the 320 usec. period Thus, the Exchange can service a
maximum of 20 byte channels.

If 4 of these channels are word type channels (as proposed for x10
tape), then ﬁhe Exchange can service 22 channels  This is because thel
8 usec. of byte accumulation time is not needed in conjunction with each
word. channel because the byte accumulation ‘is done at_thé inputnoutput
unit.

It should be pointed out that the above is the very worst case. In
the majority of 320 usec periods only a few channels will need new con-
trol words and therefore there will be gpare time in the 320 usec. per-
lod. This time is used by the Exchange to give attention to an instruc-
tion from the computer or to scan fhe Exchanée memory for a”unit that

needs a channel.
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To summarize; by adding 6h more words of storage to Exchange meumory
and. possibly é few more controls, the capacity of the Exchange has been
increased from 12 channels to 20 channels. If 20 channels do not provide
enough simultaneous operation, then the following alternatives exist.

1. 'Increase the speed of thé Exchange memory. Thiskis not very feasgi-
ble as this memory is slready a .5 usec memory operating iﬁ al usec‘cycle.”
2. More parallel transfer of informdtiog between the input-outpdt

units and the Exchange. Unless thisbparallel transfer is inc¢reassed to the
point where no dataword accumulation is needed in the Exchange (full words
transferred), there would be only a small increase in‘the number of channels.
If the I/0 units are reqﬁired to send full words, then the dataword accumu-
lation must bé provided in each byte type I/O unit. This could be very ex-
pensive if there are many:byte type units. |

3. Faster transfer of words between the Exchange and maln wemory. As-
suming that the two limiting factors are the main‘memory speed and gaining
access to maln memory, then the main memory would have to be a faster mem-
ory or a specilal Sectiodﬁéf‘the main memory reserved for the Exchange'so
that the‘Exchahge does not have to wait for access.

4. A fourth alternative is to limit the speed of the input-output units.
If more than 20 channels are necessary, then this may not be a great sacrifice.

Decreasing the speed of information transfer between the Exchange and’
the input-output units has the following effect. If bytés are transferred at
a 25 KC rate (4O usec per byte), ﬁhe Exchangevcan service 20 byte channels.

If bytes are transferred at a 20KC rate (SO'usec per byte), the Exchange can
service 25 byte channels. If bytes are transferred at a 15KC rate (67 usec

per byte), the Exchange can service 33 byte channels.




