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Figure 22. Output Storage Array Showing Simulated 120 Column Card.
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Wiring for Special Functions

The Bit Selection Function provides a means of controlling the 407 on the basis of
specified bits in a column of the simulated punched card. For use with the DATA Out-
put Converter Type 1300, the 407 plugboard has been modified to include Bit Selection
exit hubs. There are 14 Early and 14 matching Late Exits for Bit Selection. On the
converter plughoard, there are 12 Bit Selection (BS) entry plughubs, labelled for the
12 punching positions of a column of Hollerith Code. The entry hubs are wired via
Special Control Distributors to steps in the conversion program; they serve to specify
output storage columns to be examined for Bit Selection.

On the converter plugboard appear several plughubs associated with each Special
Control Distributor. They are a single input hub SCI, a pair of coupler hubs SCC, and
one or more exit hubs SCE. There are 14 such distributors, and each plughub is labelled
with the associated distributor number. If a step of the conversion program 1s to pe
wired to a Bit Selection, the step hub is wired to the SCI hub of an available Special
Control Distributor, and the SCE hub of the same distributor is wired to the desired
function - one of the 12 BS hubs. Each step wired to a Bit Selection must also be wired
to execute one of the conversion rules (Rules 1-6). This is accomplished by wiring
from a SCC hub of the Special Control Distributor to the rule, or to a T-hub.

Only one step hub may be wired to an SCI hub. If additional steps are to be used
with a rule wired from an SCC hub, they may be wired via the coupled SCC hub, either
directly from the step hub, or via another SCC hub. Likewise, only one Bit Selection
hub may be wired to an SCE hub, but several Bit Selections may be impulsed from one
program step by using a Special Control Distributor with an adequate number of SCE
hubs. Any number of steps may be wired to a single Bit Selection hub, using the coupled
SCE hubs.

For an example of the use of Bit Selection consider again the preparation of the
dividend checks shown in Figure 17, These checks differ slightly in format, the dif-
ference depending upon whether the dividend is to be mailed or deposited. In the con-
version group this distinction can be made by means of a code digit, stored as the ninth
character of word 11 (corresponding to step 45). Let this be a 0 for a dividend to be
mailed, a 1 for a dividend to be deposited. The wiring can be changed to sense for a 1 :
in this character. In fact, that portion of the wiring shown in Figure 21a may be re-
tained without change, and the wiring of Figure 21b is modified to the form of Figure 23.
The modified wiring will convert the tape information to output storage arrays like the
ones shown in Figures 22a and 22b, and in addition will signal the presence of a 1 in
column 88. By appropriate wiring of the converter plugboard, this signal may be
utilized to shift the printing of the dividend amount on the check stub to the column re-
served for dividends to be deposited.
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Bit Selection is performed on characters in output storage; that is, on columns of
a simulated punched card. The step creating the character upon which Bit Selection is
performed is wired to the appropriate BS hubs via Special Control Distributor. The
presence of a binary one in a bit so specified will be signalled by impulses delivered
at the Late and Early Bit Selection exit hubs on the modified plughoard used with the
407. There are ten pairs of exit hubs from which the impulses may appear, numbered
from O through 9. The number n of the hubs at which the impulses appear is determin-
ed by the order in which the BS impulses are activated by the steps: the first appears
at plughub 1, the second at plughub 2, et cetera. In counting, it must be noted that a
BS impulse triggered by a lower numbered step precedes one due to a higher numbered
step. In determining the order between BS impulses triggered by the same step, the
succession goes from high to low; more precisely, the successionis 9, 8, 7, 6, 5, 4,
3, 2, 1, 0, X, R. The numbers n may be written down readily once a table correspond-
ing to Table 6 has been made up. In the example given, an output impulse due to Bit
Selection will appear at the BS exit plughub number 1,

Timing of Special Function Exit Hubs

Impulses from corresponding Early and Late Bit Selection Exit hubs on the 407
plugboard result from identical conditions, but are timed to occur in different opera-
ting cycles of the 407. An impulse from a Late Exit hub always occurs if the required
condition is satisfied, and is timed from 325° to 185° of the cycle in which the con-
trolling conversion group is read from output storage to the 407. The timing of im-
pulses from the Early hubs depends in part on the location in the conversion program
of the steps creating the controlling conditions. On each step wired to a rejection rule
one timing point is expended; on each other step two timing points are expended. If the
condition resulting in an exit impulse occurs within 145 points of the beginning of the
conversion program, the Early Exit impulse will occur from 200° to 270° of the cycle
preceding the transfer‘to the 407 of the controlling conversion group. If the step occurs
later than 145 points of the program, the end of the impulse still occurs at 2700, but
the beginning is determined by the formula:

Number of degrees = 184 + 0.108 (number of points)

The longest possible program contains 120 conversion rules, 15 end-of-word rules,
and 105 rejection rules, to make a total of 240 steps. This program contains 375
points, and ends at 225° of the 407 cycle. Thus, the latest time at which an Early Exit
impulse may begin is 225°.
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Pilot selectors picked up by early impulses wired to the D-pickups of the selectors
will be transferred during the cycle in which the controlling conversion group is read
to the 407. The X-pickups may not be used with the converter, as they are not connect-
ed. A pilot selector picked up from a Late hub will be transferred for the subsequent
reading cycle. Co-Selectors drop out at 285° of the cycle in which they are picked up;
consequently, co-selectors should be picked up through pilot selectors or from Late
Exit hubs if they are to be transferred while the controlling conversion group is being
read to the 407. By virtue of the modifications made to the 407, MLR Start may be im-
pulsed from an Early or Late Exit hub, and the controlling conversion group will be
treated as an MLR card. MLR Stop should be impulsed in the normal manner from the
output storage exit hubs (corresponding to the normal wiring of MLR Stop from Second
Reading). Programs, counters, carriage controls, et cetera, may be used normally
within the limitations imposed by the timing of the Special Function exits. If a con-
dition is controlled by a program step later than 148 points of the program, the Early
Exit hub should not be heavily loaded, in order to avoid damage to the relay contacts.
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ADDRESSES OF SIGNIFICANCE

Of the 2000 addresses in the DATAmatic 1000, ten are special addresses which con-
tain special words for control purposes. Of the remaining 1990 addresses seven of them
(1983-1989) are usually reserved for control purposes and may be‘selected automatically
as order sources under certain circumstances. For example, when the end of tape is
reached, the sequence of operation is interrupted, and an automatic subsequence call is
made to location 1989. The programmer should have anticipated this situation and
stored an order initiating an end of tape routine in location 1989.

Similarly, orders initiating the division over capacity routine or addition or sub-
traction overflow routines may be stored in 1986 and 1988, respectively. If the con-
sole rerun switch is on, errors in the transmittal of data from the Input Buffer to the
Manipulative Section will cause a subsequence call to 1987 where the proper error de-
tection routine may be initiated. As mentioned previously, the Input Buffer automati-
cally inserts fillers when they are needed. These fillers are sentinel orders which in-
struct the central system to go to location 1985 for its next order. These fillers may
be used for input and output data control. In like fashion a multiple punch present dur-
ing a card to tape conversion will result in an order instructing the Central Processor
to go to location 1983 for its next order.,

In summary, the addresses (locations) 1983 through 1989 may be used for the follow-
ing control purposes:

Address Possible Control Uses

1983 Multiple punches present during the input con-
version process will cause a sentinel order with
1983 as the location of the next address.

1984 , Fillers transferred from the output buffer will be
sentinel orders with 1984 as the location of the
next address. ’

1985 Fillers transferred from the input buffer will
be sentinel orders with 1985 as the location of
the next address.

1986 Division over capacity results in a subsequence
call to 1986.

1987 If the console "Rerun’' switch is on and there is
an error in transfer of data, a subsequence call
to 1987 is produced.
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1988 Addition or subtraction overflow results in a
subsequence call to 1988.

1989 " Reaching the end of tape results in a subsequence
call to 1989.

The address 0000 is also of interest. Except in the case of Comparison orders, an
instruction to change the Sequence Register or make a Subsequence Call to memory ad-
dress 0000 (void address) will be ignored and the Sequence Register will be used in the
normal fashion.

Storage addresses 1990 through 1999, located in the Arithmetic and Control units,
are special addresses which contain special words used for control purposes. They can
be read into and out of by orders.

1990 - Control Register

The Control Register is part of the DATAmatic 1000's control circuitry. It
stores each order during the time the order is being performed by the system.

The primary use of this control register in programming is as a C address for
order modification purposes. Modifications to an order are usually made by means of
an Addition order which adds a constant to the order being modified. Because the Ad-
dition order does not provide for a subsequence call, the program would ordinarily
continue the current order sequence after an order modification. However, since the
control register is addressable, it is possible to modify an addition order and to make
an immediate subsequence call, This is accomplished by sending the result of the order
modification addition to the Control Register (i. e., the C address of the Add order is
1990). This will result in an automatic subsequence call to 1990, so that the modified
order is the next order executed.

The address 1990 may be used as the A, B or C address of an order. Because
the address portions of the order word are shifted, end-around, during the execution
of an order, the programmer must know the relative positions of the A, B and C ad-
dresses of the word in the Control Register, if it is used as a word source.

If 1990 is used as an & address, the order word in the Control Register is in
normal (unshifted) form. If 1990 is used as a B address, the address portions of the
order word have been shifted so that they are in the sequence BCA, when the actual
selection is made. In general, the programmer should not address 1990 without taking
special precautions.
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1992 - Qutput Buffer Register

The Output Buffer Register contains the same word as that found in the first
word position of the Output Buffer. Thus, when sixty-two words have been sent to the
Output Buffer this register (1992) will contain the first word which was transferred.
Then, if another word is sent to the Output Buffer, the first word is pushed out and re-
placed by the second word which was transferred, and so forth. The word in this
register is then the same as the first word which will be written on tape by the next
tape write order. When the Output Buffer is not full, i.e., contains less than sixty-two
words, the Output Buffer Register still contains the word that previously occupied the
final word position of the Output Buffer which is the word which was written into the key

" channel in tape by the previous tape write order.

1993 - Extractor Register

This register contains the constant used for the extraction that is performed in
the two Transfer and Select orders. Although this register is used during the execution
of several of the arithmetic operations, its contents, prior to the operation, are tem-
porarily stored elsewhere and are then restored after the completion of the operation,
It may be used as the A, B or C address of most orders, however it can not be used as
address B of the Add, Subtract, Multiply or Substitute orders,

1994 - Selection Register

This register contains one of the operands in the Double Transfer Order. Both
Transfer and Select Order are stored in this register after their execution. Four times
the multiplicand is stored in this register as a result of the Multiply order and the
previous contents are thereby destroyed. This register may be the A, B or C address
of all orders, except the Transfer and Select or Multiply orders.

1995 - Remainder Register

‘ This register receives the low order product of a multiplication after it has been
modified by rounding. The low order product is made up of the eleven low order deci-
mal digits of the complete product. Rounding is accomplished by adding five to the high
order digit of the low order product and allowing any end carry to be added to the low
order digit of the high order product. This register also receives the remainder after
the execution of a Divide order. It may be used as the A, B or C address of an order.

1997 - Sentinel Register

Any order which implements.a transfer between the high speed memory and a
buffer will also implement the transfer of a word to the Sentinel Register. If the trans-
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fer order senses a sentinel, then the first sentinel sensed by the order is stored in the
Sentinel Register; if no sentinel is sensed, then a Pass Order is stored there.

The Transfer orders in question are Transfer In, Transfer Out, Transfer
and Select, Double Transfer and Select, First Key Comparison, and Second Key Com-
parison, In the case of Transfer In, Transfer and Select, and Double Transfer and
Select, all words transferred in and also the next word in the input buffer are examined
for sentinels. In the case of the Key Comparison Orders the sentinel sensing is per-
formed on the word at address A, that is, on the word that has been transferred. In .
the case of Transfer Out the overflow words are sensed for sentinels. Notice that out-
put words are not sensed for sentinels in the Double Transfer and Select Order.

This register also plays a special role in multiplication, and contains seven
times the multiplicand upon completion of a multiplication.

1999 - Current Order Register

DATAmatic 1000 orders are processed in eight word cycles. The Current
Order Register is used for storing a number of different items of information related
to these eight cycles under the conditions mentioned below.

1. When an order is chosen in a normal order sequence;

a. During cycle 0 through 7, it contains the address of the order
being executed.

b." During cycle 8, it contains the order just executed.

2. When an order is chosen by a subsequence selection:
a. During cycle 0 through 7, it contains the previous order exe-
cuted, i.e., the order that made the subsequence selection.

b. During cycle 8, it contains the order just executed.
3. When an order is chosen as the result of changing to a new order sequence:

a. During cycle 0 through 7, it contains the address or order
being executed.

b. During cycle 8, it contains the order just executed.

At the beginning of cycle 0, the next order is being selected for execution.
At the end of cycle 7, the order has been executed, but some checking"r remains to
be done. This checking is done dui‘ing cycle 8; at the end of cycle 8 the order is
officially completed.

*x .

All phases of the execution of an order are checked by built-in equipment.
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When the Current Order Register contains the address of the order being
executed, the 3 decimal digits of the address are located in its A address position. How-
ever, the binary designator (zero or one, depending on which half of the 2000-word
memory is being used) for this address resides in the B binary designator position. All
other word positions are blank. When the Current Order Register contains the order
just executed, the address portions of the order word are in the order CAB rather than
the normal ABC. Thus, the address of the order being executed always resides in the
same word position (A address) whether a programmed third address or a normal order
sequence address.

Since this register contains the address of the order being processed, the
programmer may use it as a diagnostic aid when the central system stops.
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