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INTRODUCTION

The present invention relates to an electronic system for
use with an automatic sequenced electronic digital com-
puter of the general purpose type wherein the digits are
expressed in binary form. More particuiarly, the present
invention is directed toward . arithmetic circuits adapted
for use in such a computer.

There are many mathematical problems which may be
more or less readily solved by mathematicians in general
terms, but which can be solved in specific terms only at
the cost of large outlays in time and labor because of
the sheer volume of the iterative arithmetical processés
involved.

Different types of computers have been devised to solve
such problems in specific terms. Thus, there are general
purpose compuiers which are adapted to solve a wide
range of problems in specific terms -and there are special
purpose computers which ‘are adapted to solve a nairow
range of problems in specific terms. Furthermore, any
computer may be either of the analog or of the digital
type. An analog computer operates on physical quantities
which can be measured: angular positions of shafts, volt-
age magnitudes, etc. A digital computer operates- on
numbers or digits which can be counted and hence which
can only assume discrete valaes.
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A digital computer is capable of performing any orall
of the following operations:

(a) Algebraically adding two quantities together and de-
termining the sum;

(b) Algebraically subtracting one quantity from another
and determining the difference;

(c) Algebraically muitiplying one quantity by another and
determining the product;

(d) Algebraically dividing one quantity by another and
determining the quotient;

(e) Comparing one quantity with another to determine
whether the compared quantities are equal or unequal;

(f) Extracting selected digits of a first quantity in
accordance with the requirements of a second gunan-

- tity and placing these extracted digits of the first quan-
tity -into corresponding digital positions of a third
quantity. (This operation is sometimes called logical
multiplication. )

Hence before a computer is to solve a problem, a math-
ematician must first analyze the problem and determine,
in terms of allowable computer operations, the steps by
which the problem is to be solved. From these steps,
the mathematician must prepare a program; i.e., a sequen-
tial ‘list of operations for supplying information to the
computer.

In general, all computer operations are performed auto-
matically. However, the sequence of operations may be
manually or automatically controlled. In other words,
a computer may be manually sequenced or automatically
sequenced. In a manually sequenced computer an oper-

-ator must supply sufficient information to the computer to

initiate each operation. In an automatically. sequenced
computer; after one ogperation has been completed, the
computer automatically proceeds to perform the succeed-
ing operation.

The operation of an automatically sequenced computer
may be regarded  as sequential, synchronous, or syn-
chronous-sequential in nature. If sequential, an operation
may be performed within a variable period of time but the
succeeding operation begins immediately after the pre-
ceding operation is completed. If synchronous, an opera-
tion must be performed within a fixed period of time, and
the succeeding operation begins after the expiration of
this fixed period. If synchronous-sequential, an operation
must either be performed within a fixed period of time or
an integral muitiple of this fixed period, and the suc-
ceeding operation begins either after the expiration of
the fixed period or the integral multiple of this period.

If an automatically sequenced computer is digital in
type, its operation may further be regarded as either serial
or parallel in timing. If the operation is serial in iiming,
the digits of any quantity operated upon by the computer
are operated upon in succession while if the operation is
parallel in timing, all the digits of this quantity are op-
erated upon simultaneously.

A more complete description of an electronic computer
of the type under discussion will be found in copending
application S.N. 279,710, The computer is adapted to
operate on purely numeric quantities or on purely alpha-
betic characters or on mixed alphabetic characters and
numeric quantities.

Such a computer must contain the following bas1c com-
ponents: a storage device (generally called a memory) in
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which the program is entered and from which the ultimate
solution of any problem is taken, an arithmetic unit
wherein the computer operations are performed, and con-
trol circuits which operate in the triple capacity of se-
quencing the computer operation such that the program
is executed sequentially, interpreting the instructions to
produce control signals and controlling the sub-steps of
any multiple step operation.

Parenthetically, it will be noted that no mention has
been made of apparatus for entering the program into
the memory or for removing the eventual problem solu-
tion from the memory. Such apparatus, the input-output
circuits, are described in the aforesaid copending applica-
tion S.N. 279,710.

The memory may be considered analogous to a struc-
ture constituted by a plurality of individual cells numbered
0, 1, 2, etc. Information corresponding to the first step
in the program is stored in cell ¢, that corresponding to
the second step in cell 1 and so on., The information
stored in each. cell remains there until the cell is cleared
or emptied of the information.

The control circuit has built into it a counting device
called a control counter. This counter has the location
of memory cell O stored in it before computer operation
begins, When the computer has completed the operation
called for by the information stored in cell 0, the counter
then stores the location of «cell 1. In other words, the
counter stores the memory location of the next computer
step called for by the program, and the control circuit
automatically acts on the information contained in this
memory location.

The arithmetic unit is the subject of this invention.

Objects

It is an object of this invention fo provide an arithmetic
unit adapted to perform operations on alphabetic char-
acters or on numeric quantities or on mixed alphabetic
characters and numeric quantities.

Still another object of this invention is to provide an
arithmetic unit which can discriminate between alphabetic
characters and numeric quantities.

Yet another object of this invention is to provide an
arithmetic unit which can sort and arrange alphabetic
characters.

Still a further object of this invention is to provide an
arithmetic unit which may initiate a shift of control by
the control circuits after comparison of alphabetic char-
acters or numeric quantities.

Yet a further object of this invention is to provide elec-
tronic comparison apparatus for comparing either alpha-
betic characters or numeric quantities.

Another object of this invention is to provide improved
electronic apparatus for detecting computation errors.

Other objects and advantages of this invention will in
part be disclosed and in part be obvious when the specifica-
tion is read in conjunction with the accompanying draw-
ings in which:

Short Description of Drawings

FIGURE 1la diagrammatically illustrates a typical in-
struction word;

FIG. 1b diagrammatically illustrates a typical data
word;

FIGURE 1c diagrammatically illustrates a typical com-
puter digit; :

FIGURE 2 shows the keyboard coding of numbers,
alphabetical characters and other non-numeric symbols;

FIGURE 3 is a block diagram showing the present in-
vention as a component of an information handling sys-
tem;

FIGURE 4aq is a block diagram of a typical flip-flop;

FIGURE 4b is a block diagram of a typical gate;

FIGURE 4c is a block diagram of a typical buffer cir-
cuit;

FIGURE 4d is a block diagram of a typical comparator;

FIGURE 4e is a block diagram of a typical half-adder;

10

15

20

25

30

35

40

45

50

65

60

65

70

4

FIGURE 5 is a block diagram of a typical full-adder;

FIGURES 6a~6d comprise a block diagram of the com-
parator according to this invention;

FIGURES 7a-7k comprise a schematic diagram of the
comparator according to this invention;

FIGURES 84-8d comprise a block diagram of the mul-
tiplier-quotient counter;

FIGURES 9a-9n comprise a schematic diagram of the
multiplier-quotient counter of this invention;

FIGURES 10a-10d comprise a block diagram of the
algebraic adder of this invention;

FIGURES 11a-11¢ comprise a schematic diagram of the
algebraic adder;

FIGURES 12a-12d comprise a block diagram of an
A register;

FIGURES 13a-13s comprise a schematic diagram of
the A register;

FIGURE 14 is a block diagram. of an X register;

FIGURES 15a-15g comprise a schematic diagram of
the X register;

FIGURE 16 is a block diagram of an L register;

FIGURES 17a-17¢ comprise a schematic diagram of
the L register;

FIGURE 18 is a block diagram of an F register; and

FIGURES 19a-19¢ comprise a schematic diagram of
the F register.

Code Structure

Both from the standpoint of simplicity and reliability in
the various computer components and from the stand-
point of ease in computer operation, it has been deter-
mined that the computer functions most successfully
when the digits are expressed in binary form. More
specifically, each digit takes the form of a pulse train
wherein pulses are present and absent in a coded ar-
rangement which identifies each particular digit. The
binary one denotes the presence of a pulse; the binary
zero denotes the absence of a pulse. Both binary ones
and binary zeros arc generated in identical time intervals.

Since the computer can operate on alphabetic charac-
ters as well as numeric quantities, it is necessary to de-
vise a binary coding system so that the computer may
distinguish therebetween. (The term “alphabetic char-
acter” refers not only to letters of the alphabet but, also,
to non-numeric symbols, such as punctuation marks.)

Any decimal digit (including decimal zero) may be
expressed in térms of four binary digits. Any letter of
the alphabet or any punctuation mark may be expressed
in terms of six digits. Therefore, all such quantities
are expressed by a six binary digit pulse train. The
fifth and sixth digits of this train (called zone indica-
tors) are always binary zeros when the quantity repre-
sents a decimal digit; at least one of these zone indica-
tors is always a binary one when the quantity represents
an alphabetic character.

A seventh binary digit, the checking digit, is always
added to each sixth digit train. If the total number of
binary ones in the first six binary digits is odd, the sev-
enth binary digit is a binary zero. If the total number
of binary ones in the first six digits is even, the seventh
binary digit is a binary one. Hence, this seventh digit
ensures that the total number of binary ones is the seven
digit train is always odd. Frequent checks are made
throughout the various computer circuits to ensure that
this condition holds for each seven digit train. Such a
seven digit train is called a computer character. FIG-
URE 1c¢ illustrates a typical computer character.

Thirteen computer characters constitute a computer
word; i.e., a pulse train of ninety-one binary digits. The
second through thirteenth characters represent alphabetic
characters or numeric quantities, and the first character,
called the space-between-words, always consists of all
binary zeros. FIGURE 1) illustrates a typical word.
This space-between-words is required to maintain a time
space between the last quantity of one word and the first
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quantity of the succeeding word in order to ensure proper
timing for switching operations.

When a word represents a numeric quantity, the second
through twelfth computer digits represent decimal char-
acters arranged in increasing order of significance with
respect to the first computer character (which is the space-
between-words). The thirteenth computer character rep-
resents the algebraic sign of the quantity. The computer,
being serial in timing, operates on one computer char-
acter at a time and operates in the sequence set forth
above, the least significant 'decimal digit being operated
upon first, and appearing first in time at any point in the
computer.

Wkhen a word represents alphabetic characters, the sec-
ond through thirteenth computer characters represent al-
phabetical letters or other nonnumerical quantities, and
the first computer character represents the space between
words. ‘The order in which the computer operates on
these characters, however, does not differ from the nu-
merical case; ie., the first computer digit, not: the
thirteenth computer character, is operated on first.

A word may contain both alphabetic characters and nu-
meric quantities but, again, the order of computer opera-
tion does not change. Words and computer characters
may be stored either statically or dynamically in the com-
puter depending on the particular use to which the digit or
word is being put. If a word is statically stored, the en-
tire contents of the word (the binary digit train) may be
available at a selected instant of time or may be made
available serially, whereas a dynamically stored word be-
comes available only as its serially airanged binary digits
reach the point of readout. If a word is dynamically
stored, only a single binary digit of the word may be
made available at this selected instant in time.

In the computer, a statically stored word is represented
by steady state direct current signals while a dynamically
stored word is represented by transients.

Components of System

A counter device can store a word statically as the read-
ing of the device represents the entire word. An electri-
cal or acoustical delay line placed in the form of a closed
loop, provided that the pulses are continuously. regen-
erated, can store a word dynamically because the binary
digits of the word pass any selected point in the loop in
sequence. The time interval required for an entire word
to pass the selected point is called a minor cycle.

In dynamic storage, the digital order within the word
is such that the least significant digit precedes the next
more significant digit- and so. on. It is important to
understand at this point that if the information contained
within a dynamically stored word is to be properly trans-
ferred, the transfer must be so timed that the least sig-
nificant digit is transferred first,  Furthermore, if a word
is dynamically stored as, for example, circulating within
a closed loop, it is possible momentarily to connect a
conductor to this closed loop and transfer the word, a
digit at a time, to some other point in the computer while
the word continues to circulate within the loop and, hence,
continues to be stored. It is'equally possible, of course,
to open' the loop at a point beyond the connection point
of the conductor to the loop in the direction in which
the word travels, thus deleting the word after it has been
transferred. In the latter case, the loop is said to be
cleared.

The memory is a dynamic storage device; the interme-
diate storage registers contained in the arithmetic circuit
are either dynamc or static storage devices. The ma-
jority of these intermediate registers ultilize dynamic
storage.

Since the computer operation is synchronous sequential
in nature, it is necessary to accurately time. all computer
operations, including those in which words are stored and
removed from storage. These operations are timed by
means of timing signals produced within the control cir-
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cuit. The timing signals also serve to actuate devices
which will restore the “original wave form to words or
computer digits whose original pulse pattern has become
distorted duc to pulse degeneration. The actual appa-
ratus for producing these signals is constituted by a tim-
ing pulse generator which produces pulses at the fre-
quency at which binary digits are generated and a cycling
unit which subdivides this frequency to produce pulses at
frequencies corresponding to the rate at which words are
generated and to the rate at which computer characters
are generated. This apparatus is described in detail in
co-pending patent application S.N. 279,710,

Arithmetic Operations

In order to describe the arithmetic circuits completely,
it will first be necessary to explain how these circuits func-
tion when the computer solves a purely numeric problem
and when it solves a purely alphabetic problem.

In solving a numeric problem, the computer operations
may bs any or all of the following: addition, subtraction,
multiplication, division and comparison extraction. These
operations will be described below.

In the addition operation, that section of the arithmetic
circuits called an accumulator is used. The accumulator
is constituted by a dynamic storage register called the A
register and a device called an algebraic adder. The out-
put of the adder is connected to the input of the A register
and the output of the A register is connected to one of
three inputs to the adder. Consequently, the adder is
effectively inserted in the dynamic storage loop of the A
register to form a composite storage loop. If a quantity
has been stored in the A register, this quantity circulates
in the closed path formed by the A register and the adder.
The adder is so named because in the condition that a first
quantity is.circulating through the composite loop, if a
second quantity is supplied to the second input of the
adder in such timing that the two quantities arrive at
corresponding inputs at the same time, the resultant quan-
tity leaving the output of the adder (and thus circulating
in the composite loop) has been so modified as to repre-
sent the sum of the first two quantities. After this quan-
tity has circulated once through the loop, the connections
between the adder and the A register are broken, and the
resultant quantity circulates in the A register only until
the next operation.

In the event that successive addition operations are re-
quired, the sum of the two quantities being added in any
addition step before the final addition step may be a
twelve digit number; hence a carry digit will be produced.
This carry digit must be added in the next addition step.
For this purpose, the adder is provided with a third input,
the carry digit input.

‘Consequently, the addition process consists of first
storing the augend in the accumulator, then supplying
the addend to the adder with the timing described above,
thus producing the sum which then circulates in the
accumulator. The accumulator has a storage capacity
of one word. In the addition process, therefore, the
augend, the addend and the sum may only represent
eleven digit algebraic mumbers; the twelfth computer
digit representing the space-between-words and the thir-
teenth computer digit representing the algebraic sign.
The technique of sign manipulation in counection with
the algebraic operations of the computer will be described
when the comparison’ operation is discussed.

The addend may either be supplied from the memory
or from a second dynamic storage register, the X register,
depending which instruction is called for.

In the subtraction operation, the accumulator section
of the arithmetic circuits is used in conjunction with a
complementer. Since the adder is only capable of ad-
dition, the computer does mnot subtract the subtrabend
from the minuend but rather adds the tens complement
of the subtrahend to the minuend and ignores the most
significant digit in the resultant sum, it is first necessary
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to complement the subtrahend before supplying it to the
adder (the minuend has been inserted in the accumulator
by some previous operation).

The complementer is a device whose output yields the
nines complement of whatever quantity is supplied to its
input. Thus, the subtrahend is supplied from the mem-
ory through the complementer to the second input of
the adder with such timing that the complemented subtra-
hend and the minuend arrive at corresponding inputs of
the adder at the same time. Since the complemented
subtrahend is the mnines complement, it is necessary to
convert the nines complement to the tens complement.
This is accomplished by supplying the digit 1 to the third
input of the adder with such timing that it is added to
the least significant digit of the nines complement, thus
effectively adding the tens complement of the subtrahend
to the minuend. Neither the circuit for generating this
digit 1 nor the means by which the most significant digit
in the sum is ignored will be discussed at this point.

Since the computer is designed to produce only un-
complemented quantities as a resuit of any computer
operation, the subtrahend must be a smaller quantity
than the minuend. If the subtrahend is larger than
the minuend, the result will be the complement of
the difference.) Thus the minuend, must always be the
larger quantity and must always enter the first input of
the adder. This problem is discussed at greater length
in the detailed description of the computer operation.

Any multiplication operation may be performed
through repeated steps of addition as multiplication is a
shortcut method for repetitive addition operations. The
computer multiplication operation is performed by ad-
ditions and shifts, Thus, in the first step, the multiplicand
is added to itself repeatedly; the number of repetitions
being equal to the last significant decimal digit in the
multiplier. The decimal digits in the resultant sum (this
sum is called a partial product) are then shifted one
decimal digit to the right and in the second step, the
multiplicand is repeatedly added to this partial prod-
uct, the number of repetitions being equal to the next
least significant multiplier digit. The new partial prod-
uct is again shifted and the process is repeated until the
number of additions indicated by every digit in the mulii-
plier has been accomplished in this manner and the final
product has been obtained. The final product may be
rounded off, if desired, by adding the digit five to the least
significant decimal digit in this product.

In order to reduce the number of additions required
in the multiplication process, each multiplier digit im-
mediately before being used to initiate a step of addi-
tion is tested to determine whether it is less than, or equal
to or greater than three.

If the original digit is less than three, the multiplicand
is added repeatedly to the appropriate partial product,
each addition initiating a process whereby the original
multiplier digit is reduced by one until the original digit
equals zero, Each time the multiplier digit is reduced,
the multiplier digit is tested again. When the multi-
plier digit is reduced to zero, the appropriate partial
product is shifted one decimal digit to the right and the
entire process is repeated for the next least significant
multiplier digit.

If the original multiplier digit is equal to or greater
thar three, a quantity equal to three times the multiplicand
is added to the appropriate partial product and the
original multiplier digit is reduced by three and tested
again. This process continues until the original digit is
reduced to zero and the shifting occurs as before.

In multiplication, the computer makes use of the ac-
cumulator, the X register, two additional dynamic storage
registers (the L and F registers), and a device called the
multiplier quotient-counter. This counter stores each
multiplier digit successively in static form, tests this digit
to determine if it is less than, or greater than or equal
to three, and initiates the shifting operation.

10

15

20

25

30

35

40

65

60

85

70

75

Q
<9

The multiplicand is stored in the L register; the multi-
plier is stored in the X register. After the algebraic
sign of the product has been determined (as will be ex-
plained later), the multiplicand is transferred three times
from the L register to the accumulator and the resultant
quantity (three times the muliiplicand) is transferred
from the accumulator to the F register. The accumu-
lator is then cleared.

At this point, the least significant multiplier digit is
transferred from the X register to the multiplier quotient-
counter which produces one of three signals.

If the multiplier digit is equal to or greater than three,
the =3 signal is produced; if the digit is equal to one or
two, the <3 signal is generated; and if the digit is a
decimal zero, the shift signal is produced. The =3 sig-
nal causes the contents of the F register to be added to
the contents of the accumulator and also admits three
pulses o step the multiplier-quotient counter three times,
thus reducing by three the number in the counter. The
<3 signal causes the contents of the L register (less the
algebraic sign) to be added to the contents of the ac-
cumulator and admits one pulse to step the counter once,
thus reducing by one the digit in the counter. When the
original digit is reduced to decimal zero, or when the -
original digit is a decimal zero, the shift signal is pro-
duced, causing the contents of the accumulator and the
X register to be shifted one digit to the right.

The right shift in the accumulator is, of course, logical-
1y required for the multiplication operation as described
above. The right shift in the X register is required,
because each multiplication step (due to the synchronous-

equential operation of the computer) must be performed

in an equal time interval. Consequently, if each deci-
mal digit transfer from the X register to the multiplier-
quotient counter is to take place at the same point in the
X register (as is the case here), a right shift is required
to maintain this time interval,

The shifting operation, as will be explained in more
detail later, effectively removes a delay equal to one com-
puter character time, in the appropriate register during
one complete circulation for a right shift. The least
significant digit in the partial product stored in the ac-
cumulator must then either be deleted or transferred to
the X register, where it can occupy the space made

; vacant by the transfer to the multiplier-quotient counter

of the least significant multiplier digit when twenty-two-
place multiplication has been called for.

Since the multiplier and the multiplicand are both
eleven-digit quantities, the product may have a maximum
of twenty-two digits. If all of the digits of the product
are required for a subsequent operation each time a
shifting operation takes place, the least significant decimal
digit in the partial product is not deleted but is trans-
ferred into the X register so that after the multiplication
operation has been completed, the accumulator stores
the eleven most significant digits and the X register stores
the remaining least significant digits. In the event that
only an eleven-digit product is desired, the least signifi-
cant digit in the partial product is always deleted during
the first circulation in the accumulator following a shift
operation. In eleven-digit multiplication, a number five
is added to the least significant digit of the product after
the multiplication has been completed to round off the
product. The mechanism for rounding off will be de-
scribed later.

Both in multiplication and division the computer con-
siders the decimal point to be placed immediately to the
right of the algebraic sign position within the word.
Thus, all quantities, x, are treated as falling within the
range 2-1 to 230,

Consequently, in computer division, the dividend must
always be less than the divisor.

The computer performs division by a series of subtrac-
tions and additions, the so-called “non-restoring” method.
In this method, the dividend is first shifted one decimal
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digit to the left and the divisor is repeatedly subtracted
from the shifted dividend until the remainder goes through
zero. (In essence, this means that the remainder changes
from a positive to a negative quantity, although the alge-
braic sign is not used in this process.) The number
of subtraction steps, not counting the step in which the
remainder goes through zero, becomes the most signifi-
cant digit in the quotient.

The remainder resulting from this uncounted step is
shifted one decimal digit to the left and the divisor is
repeatedly added to the shifted remainder until the re-
mainder again goes through zero. The nines complement
of the quantity representing the number of addition steps,
not counting the step in which the remainder goes through
zero, then becomes the second most significant digit in
the quotient. This sequence of repeated subtractions and
additions is continued until twelve quotient digits have
been determined. At the end, a round-off correction
is added and the quotient is shifted right to become the
rounded eleven-digit quotient.

The computer performs subtraction by complementing
the subirahend and adding. Hence, each subtraction step
in division is performed by addition of complements. For
purposes of each subtraction step, the divisor is regarded
as if it were a twelve-digit number with a zero as the most

significant digit and the remaining eleven-digit- divisor. .

The complemented divisor used in each subtraction step
is the tens complement of this twelve-digit number. Dur-
ing the subtraction sequence of division, the step in which
the remainder passes through zero is indicated by the
absence of a carry digit produced by addition of the most
significant digits in the remainder and the complemented
divisor. In addition sequence in division, the step in
which the remainder passes through zero is indicated by
the presence of such a carry digit.

The division operation requires the use of the accumu-
lator, the multiplier-quotient counter, and the X and L
registers. The divisor is stored in the L register; the divi-
dend is stored in the accumulator. The dividend is then
shifted a digit to the left. The complement of the di-
visor is transferred from the I register into the accumu-
lator as many times as is required for the subfraction
sequence described above. The multiplier-quotient
counter counts each transfer except the transfer in which
the remainder passes through zero. - The number thus
generated in the counter is transferred to the X register
as the most significant decimal digit in the quotient. Then
the remainder in the accumulator is shifted one decimal
digit to the left and the divisor is transferred from the
L register into the accumulator as may times as-is re-
quired for the addition sequence described above. The
nines complement of the number digit generated in the
counter (by counting each addition step except the step
in which the remainder again passes through zero) is
then fransferred to the X register as the second most sig-
nificant decimal digit in the quotient and the process
continues as outlined in the preceding paragraphs.

Before an addition or subtraction operation can be
performed, the signs of the operands must be compared.
Furthermore, since the subtraction operation is performed
by complementing the smaller quantity (the subtrahend)
and adding the complement to the other operand (the
minuend), a magnitude comparison of these two quan-
tities must be made. The comparator is a device which
compares both the signs and the magnitude of these
quantities. :

The -adder has a switching arrangement in its” input
system such that a first signal generated by the comparator
can interchange the minuend and subtrahend inputs to the
adder if the results of the comparision operation so
indicate. The adder passes the quantity supplied to the
minuend input with sign unchanged and suppresses the
sign of the subtrahend. Thus the difference quantity
produced by the subtraction operation has the correct
sign. This switching operation also occurs during addi-
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tion but since the signs of the two quantities to be added
are the same, their sum must have the correct sign.

The complementer, as we have seen, is associated with
the subtrahend input -of the adder and does not operate
unless a second signal for the comparator is present.  The
comparator only generates this second signal when the
signs of the two quantities to be compared are different
and hence a subtraction is called for.

Hence, for either the addition or subtraction operation,
the two quantities must be supplied to the comparator
before being supplied to the adder.

In the multiplication and division operations, the com-
parator must only compare the signs of the operands; if
the signs are the same, the product or quotient must have
a plus sign, while if the signs are different, the quotient
or product must have a minus sign. The comparator,
having determined the sign of the quotient or product,
stores this sign statically while the division or multiplica-
tion operation is carried out with the absolute values of
the operands. After the appropriate operation is carried
out, this sign is transferred into the appropriate register
to become aftached to the quotient or product.

In the extraction operaticn, the computer extracts char-
acters from a word in the A-register and replaces them
with the corresponding characters from the word in a
specified memory location. The selection of the charac-
ters.to be replaced is accomplished by means of an “ex-
tractor word” in the F-register. The characters in the
extractor word which correspond to the characters to be
replaced contain a binary zero in their least significant
pulse space. The presence of the zero is detected in the
F-register which then develops the extract signals which
control the extraction operation.

As an example, assume that the word in the A-register
is a numerical quantity --34576953210. It is desired to
extract the eighth through eleventh characters from this
word so that the word produced by the extraction process
will-be 4-04576000000.

Therefore, the quantity 00000000000 is stored in the
specified memory location. The extractor word is stored
in the F-register and is so coded (as described above)
that the instruction implicit in the F-register is: delete the
second through seventh characiers and the twelfth digit
in the A-register word and replace these deleted digits by
the second through seventh characters and the twelfth
character in the word stored in the specified memory
location.

In solving an alphabetic problem, the computer opera-
tions may be either comparison or extraction or both com-
parison and extraction. The extraction operation is ba-
sically the same whether extraction is performed on nu-
meric quantities or alphabetic characters, and wiil not be
described again.

The comparison operation is performed by the compara-
tor which compares two quantities either alphabetic or
numeric and determines equality or comparative magni-
tude. Since, as will be apparent from FIGURE 2 (which
illustrates the alegbraic and numeric coding system used
herein), the alphabetic code combinations are arranged
in numeric order, the comparator effectively subtracts cor-
responding characters in the two words and learns from
the resulting difference the alphabetic precedence of the
two words. Thus, the comparator is effectively an alpha-
betizer as well as a numerical comparator. .

The basic alphabetical problem is one of collation or
sorting; i.e., one of arranging a series of random items
into a sequence according to one or more key digits.
Ths may be done by examining the first two items, plac-
ing them in proper order to form a string of two in se-
quence, and then successively examining every other item
to determine whether it should be placed in that string.

The simple example below indicates how a group of
items may be processed to form a sequence in alphabetical
order. Each item is represented by a word formed by
twelve alphabetic characters, the first alphabetic charac-
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ter representing the key digit. All succeeding alphabetic
characters within the word are not material in the sorting
operation. The arrangement of data before the begin-
ning of the first sorting step is shown in the left hand
column. Only the key digits are shown; actually, of
course, the data is in the form of words.) Rows of dots
mark off the groups of items which are to be formed into
a string during any sorting step.

Original Sorting Sorting Sorting

Data Step 1 Step 2 Step 3
S 8 8 S
X X \a T
Y v X U
V..... Y..... Y v
T T T w
/A Z U X
w U W Y
U..... W..... Zoveas VA

At the beginning of the first sorting step S is compared
with X, No arrangement of the items is necessary since
S as coded is smaller than X and already appears first.
Then Y is compared with V. These items must be re-
arranged to form a string in ascending order. To collate
the next pair, no inversion is needed. In the last pair, W
and U are interchanged. At the end of the first step,
there are four sirings of two items each.

During the second sorting step, the first item of the
first string is compared with the first item of the second
string. As S is smaller than V, S becomes the first enry
in the new string being formed. The next comparison is
between X and V. This time, V is the smaller and there-
fore, V is transferred. The next item in the second two-
item string is Y. When Y is compared with X, it is
found that X should be transferred first, followed by Y.
This completes the first string of four items. The second
string of four is arranged by similar techniques. The
items are compared in the order (T, U), (U, Z), and
(W, 7).

In the third sorting step, the two strings formed during
the second sorting step are collated into a single string of
eight items. The order in which the pairs of key digits
are drawn and compared is (S, T), (T, U), (U, V),
(V, W), (W, X), (X,Y), and (Y, Z). Collation is then
complete.

The preceding discussion has described the computer
operations in rather general terms. Before proceeding
to a more detailed description, it will be necessary to dis-
cuss the binary coding system used in this computer.
Each decimal digit is not represented by its binary equiva-
lent, but rather each decimal digit is represented, in
binary form, by its original value plus three. This system
is called an excess-three (XS-3) system. Its main ad-
vantage over the usual binary coding system is in the
ease of complementing as well as seen below.

FIG. 2 illustrates the excess-three coding system. It
will be seen for example, that a decimal two is repre-
sented by a binary 0101. (Because of the zone indicators
and the check digit, this decimal is represented by 1 00
0101. Note that the order in which this computer deci-
mal digit is operated on in the computer is such that the
checking digit is in the seventh and last binary digit
position.)

In the excess-three system the binary equivalent of the
nines complement of any decimal digit is obtained by
substituting zeros for ones and ones for zeros in the
binary equivalent of this decimal digit. In other words,
the nines complement expressed in binary terms of any
binary number in the excess-three system is obtained by
interchanging zeros and ones in this binary number.

When two decimal digits are added and do not produce
a tens carry, the corresponding binary addition of their
excess-three representations will exceed the correct sum in
the excess-three system by another excess-three; i.e., sums
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too great by an excess-three correction. Hence, if no
carry occurs when two digits are added, an excess three
must be subtracted (complement of exces three, 1101,
added) in that column to produce the correct sum. In
performing excess-three corrections, no carry is permitted
from decimal column to decimal column.

When two decimal digits are added that produce a ten’s
carry, the corresponding binary addition of their excess-
three representations will produce a sixteen’s carry from
the fourth binary digit position. Thus the excess-three
correction is mising from the sum digit; i.e., sums deficient
by an excess-three correction. Hence, if a carry occurs
when two digits are added, an excess three must be added
to that column to produce the correct sum in the excess-
three system.

In the subtraction operation, excess-three differences
are obtained by adding the complement of the quantity,
smaller in absolute magnitude to the larger, and append-
ing the sign of the larger.

FIGURE 3 is an overall block diagram of the system
described in copending application S.N. 279,710. All of
the elements shown are contained within the central com-
puter casework except the Supervisory Control desk
(SC) and the Uniservos, to which the lines in the upper
right section of the diagram connect. The Supervisory
Control, in addition to all the necessary control switches
and indicator lights, contains an input keyboard. Also
cabled to the Supervisory Control is a typewriter which is
operable by the main computer. By means of these two
units, limited amounts of information can be inserted or
removed either at the will of the operator or by pro-
grammed instructions.

The input-output circuits operate on all data entering

or leaving the computer. The input and output synchro-
nizers properly time the incoming or outgoing data for
either the Uniservos or the Supervisory Conirol devices.
The input and output registers (+I and rO) are each 60
word (720 characters) temporary storage registers which
are intermediate between the main computer and the in-
put-output devices.
. The high speed bus amplifier is a switching central
through which all data must pass during transfer between
any arithmetic register and the main memory or between
the memory and the inpuf-output registers.

The arithmetic registers are shown along the bottom of
the diagram, each connected to the high speed bus system.
The L-, F-, X- and A-registers are each one word ca-
pacity and are directly concerned with the arithmetic
operations,

The Y- and V-registers are 2 and 10 word capacity, re-
spectively. They are used solely for multiple word trans-
fers within the main memory.

Associated with the arithmetic registers are the alge-
braic adder (AA), comparator (CP), and multiplier-
quotient counter (MQC).

The basic operating cycle of the system is founded
upon single address instructions which specify the mem-
ory location of one word, In the case of the arithmetic
instructions which require two operands, one of the oper-
ands must be moved into the proper position by some pre-
vious instruction. In order to control the sequence of
instructions a special counter, called the control counter
(CC) retains the memory location from which the suc-
ceeding instruction word is to be obtained. Each time a
new instruction word is received from the memory, the
quantity in the control counter is passed through the
adder, where a unit is added to it. Therefore, the nor-
mal sequence is to refer to numerically successive mem-
ory locations for successive instruction words, Initially
the control counter is cleared to zero and the first group
of instructions must therefore be paced in memory loca-
tions from zero upward. A transfer of control instruc-
tion enables the programmer to change the control coun-
ter reading whenever desired and thus shift from one
sequence to another. After a transfer of control takes

"
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place, the new number in the control counter is in-
creased by unity each time a new instruction word is
obtained from the memory.

The transfer of control instructions are of three types,
the unconditional transfer which changes the control
counter reading. without question, and two conditional
instructions which require that either equality or a spe-
cific inequality exists between the words in the A-register
and the L-register. In the former case, the quantities
must be identical for tramsfer of control to occur and
in the latter, the quantity in the A-register must be greater
than the quantity in the L-register for the control counter
reading to be changed.

Since the system can handle alphabetic as well as
numerical data, these conditional transfer instructions
are as useful to alphabetizing as they are to determine
if a certain iferative arithmetic process has been per-
formed often enough to come within specified numerical
tolerances.

Since' six characters (intermixed alphabetic and nu-~
merical) are sufficient to specify an instruction, and there
are 12 characters per word, each instruction word can
represent two independent instructions. (FIGURE 1g
illustrates a” typical instruction word). A one word
register called the control register (CR) has been pro-
vided, which stores each. instruction word as it comes
from the memory. Thus one memory referral is. suffi-
cient for a pair of instructions and the contrcl register
stores both halves sc that the second instruction is avail-
able as soon as the first has been completed.

Control Operations

The controls circuit include all those elements which
work together to process the instruction routine,
each instruction word reaches the control register, the first
half of it is passed immediately into the static register
(SR). The static register drives the main function table
and memory switch. - The instruction digits are translated
by the function table into the appropriate control sig-
nals for the instruction called for. The memory switch
selects the location called for by the memory location
digits and opens the proper memory channel to the high
speed bus system at the proper time. Since the memory
is constructed of 100 channels, each holding 10 words,
the memory switch is a combination of spatial and tem-
poral selection.

Implicit within each instruction, as translated by the
function table is an ending signal which causes the com-
puter to move on to the next instruction. The key to
this sequence is the cycle counter (CY), which is ad-
vanced by the ending pulse. The cycle counter is a
two stage, four position counter, which is connected into
the funtion table. By virtue of this relation, it develops
signals in addition to those developed by the instruction,
which, for example, can cause the control register to
transfer the second half of the instruction word into
the static register when the first half has been completed.
Similarly, after the second half instruction is finished,
the cycle counter causes the reading of the control counter
to pass into the memory location section of the static
register and thus cause the mext instruction word to be
transferred from the memory to the .control register.
When the word reaches the control register, the cycle
counter also causes the control counter reading to be
increased by unity. The four cycles are designated
by the first four Greek letters « (transfer CC to SR),
8 (transfer memory to CR) ~ (perform first instruction)
and & (perform second instruction).

The multistage instructions such as multiplication, are
guided through their various steps by the program
counter (PC). The program counter has four stages
or 16 positions. All multistage instructions can be per-
formed within this number of steps. '

The checking circuits are provided for the system of
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two main types, odd-even checkers and duplicated equip-
ment with comparison circuits. Odd-even checker de-
pends upon the design of the pulse code used within the
computer. This code provides seven. pulse positions for
every character. Six of the seven positions are signifi-
cant as the actual code while the seventh is the odd-even
check position. If the number of pulses or ones within
the first six positions of any character is even, a one is
placed in the seventh position to make the total odd.
Thus, the total number of ones in the seven positions is
always odd. By means of a binary counter and a few
gates, an odd-even checker has been constructed which
examines every group of seven pulse positions which
passes through the HSBA. In this connection, mention
must be made of the periodic memory check which inter-
rupts operation every five seconds to pass the entire con-
tents of the memory over the high speed bus system and,
consequenily, through the odd-even checker. Any dis-
crepancy is immediately signaled to the supervisory con-
trol and further operation ceases.  The duplicated equip-
ment type of checking consists of duplicating the most
essential parts of the arithmetic circuits and their con-
trols and producing simultaneously independent resulis,
which can then be.compared for equality. For this
type of checking, the A-, F-, X- and L-registers, algebraic
adder, comparator, multiplier-quotient counter, and high
speed bus amplifier are duplicated.” The memory is not
duplicated, but is checked by the periodic memory check
mentioned above. Various sections of the control circuits
are duplicated such as the. program counter and cycle
counter.

The timing pulse generator and cycling unit (CU) are
the source of the basic timing signals throughout the
computer and are described in copending application
S.N. 279,156. The timing pulses occur at 2.25 mega-
cycles per second. The cycling unit subdivides this rate
into the character rate and computer word rate. The
character rate is one seventh of the basic pulse rate since
there are seven pulses for each character. There are
twelve characters per word but space for a thirtéenth
character is included in a word time and is called the
space between words. This time is used for switching
purposes. The cycling unit, therefore, develops the word
time signals at 1% X¥3 or %; of the basic pulse rate.
Within the cycling unit are numerous duplications and
comparisons to ensure complete reliability.

Inpus-Output Operations

The operation of the input-output system is dovetailed
as efficiently as possible with the operation of the arith-
metic circuits. Whenever possible, parallel operations
are allowed to proceed so as to minimize the time lost
on internal operation while the slower input-output
operations are taking place. The principal input-output
instructions are handled in a manner identical to that
for the internal operations as far as the function table.
The Function Table (FT) develops signals which bring
the input-output control circuits into- operation. The in-
formation supplied to the input-output control circuit by
the Function Table includes the following:

€3] ‘Which Uniservo, of the ten possible, is being called
‘on. '

(2) Whether it is a read or wriie, ie., an input or out-
put operation.

(3) If it is “read,” the direction in which the tape is to
move.

The input-output control circuits begin by testing
whether or not the Uniservo indicated is now in use.
If it is already in use, everything else waits until the
Uniservo is free. Next, the input-output control cir-
cuits to determine whether the Uniservo selected pre-
viously moved backward or forward. If the previous
direction does not agree with the new direction called
for, the input-output control circuits generate the proper
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signals to prepare the Uniservo to move in the opposite
direction. If the imstruction is to rewind a Uniservo,
the input-output controls then direct the center drive
of the sclected Uniservo to rewind the tape to the be-
ginning and stop.

As soon as the instruction has proceeded to the point
where the input-output control circuits need no further
infomation from the Function Table (FT), the instruc-
tion ending signal is genmerated and the internal circuits
proceed to the next instruction, even while the reading,
writing or rewinding continues.

The system according to the present invention can proc-

ess an input, an output and several rewind operations
while simultaneously carrying on internal computation.
_ The method by which the words are transferred from
the Iregister to the memory is combined with certain read
instructions. There are two instructions which read from
the tape to the I-registetr, one causing the tape to move
forward, the other causing it to move backward. There
are two other input instructions similar to those just men-
tioned, but they have the additional operation of first read-
ing from the I-register to the memory and then reading a
new group of 60 words from tape into the I-register.
Thus the first type of input instruction reads from tape to
the I-register only. It must be followed by the second
type of instruction in order first to clear the I-register and
then read in the second block of 60 words. The output
instructions do not operate in this way but instead read
directly from memory to the O-register and then to the
tape as one instruction.

A third type of checking circuit occurs in the input-out-
put circuits and counts the number of characters trans-
ferred from the tape in each block. Since there must
always be 720 characters per block, the 720 checker sig-
nals any discrepancy to the supervisory control.

The other phase of the input-output operation concerns
the two types of Supervisory Control input-output instruc-
tions. One type permits a single word to be typed in
from the input keyboard and the other causes a single
word to be typed out automatically.

The keyboard controlled tape recorder serving as the
typer hereinbefore mentioned is specifically described and
claimed in co-pending application S.N. 279,712, now Pat-
ent No. 2,860,325.

The tape controlled printer already mentioned is spe-
cifically described and claimed in co-pending application
S.N. 279,711, now Patent No. 2,860,756.

Each of the components contained in the arithmetic
circuit make use of certain basic elementary circuit com-
ponents. These components will be discussed “below.
The first elementary circuit component is called a flip-flop
(abbreviated as FF) and is shown in block form in FIG-
URE 4a. The flip-flop is a device which has two stable
states, one of which may be represented by “1” and the
other by “0.” These two states are indicated by set (S)
and restore (R). Its use is sufficiently broad that the
binary notation is not always appropriate. For example,
it cam, in a binary computer, store the sign digit, ie.,
either a plus which is equivalent to one, or a minus which
is equivalent to zero. The flip-flop is also useful for con-
verting from a pulse to a static signal. For example, one
pulse may indicate when a static signal is to start and
another pulse when it is to stop. The flip-flop can be
used for generating such a static signal. The duration of
the signal is fixed by the interval between pulses. When
a pulse is supplied to the set input, the flip-flop is said to
be set; when a pulse is applied to the restore input, the
flip-flop is said to be restored or cleared.

TYPICAL CIRCUITS
Flip-Flop
A flip-flop may be modified internally so that there is
no restore input. In this case, each time a pulse is sup-

plied to the set input, there is a change of state. In other
words, one pulse will set this modified flip-flop to one
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stable state, and the succeeding pulse will set this modified
flip-flop to the other stable state. Such a modified flip-
flop is called a binary counter and is abbreviated as BC.
A binary counter resembles a flip-flop in that it has
two stable conditions. However, it differs from the flip-
flop in its basic logical significance. The flip-flop is put

into either state without specific knowledge of its previ-

ous state, while the binary counter cannot be so controlled
by its main input.
Gate

The next elementary circuit component is called a gate
(and is abbreviated as G). Gates are the chief form of
switching used herein. The typical gate is shown in block
form in FIGURE 4b. As the name implies, a gate per-
mits or prohibits the passage of signals from one point to
another. Referring to FIGURE 45, it will be seen that
the signal being gated (S) appears at the left. The vari-
ous control signals are indicated as 1, 2 and 3. In order
for signal S to pass through gate G, signals 1 and 2 must
be present and signal 3 must be absent. Any other ar-
rangement of signals is sufficient to prohibit signal S.
Signal 3 is often called an inhibiting signal (note the small
circle at the point of connection) while signals 1 and 2
are called permissor signals (without the circle connec-
tions).

Buffer

Another elementary circuit component is called a buf-
fer (and is abbreviated as B). The buffer is indicated in
block form in FIGURE 4c. The purpose of buffing is to
combine several signal sources into a single line without
interaction among the sources; thus signal 1 cannot pass
into S2 but only through its buffer B into output O.
Either signal S1 or signal S2 can pass into the output O.

Binary Comparator

The next elementary circuit component is called a binary
magnitude comparator and is shown in block form in
FIGURE 4d. This comparator is a simple combination
of gates and flip-flops. Its purpose is to compare the
magnitude of two unsigned binary combinations. First,
it is important to realize how to compare two binary
quantities. Suppose the two quantities are:

4=0110110111

B=1110101001 with the least significant digits shown on
the right. Begin by comparing the least significant digits.
They are both ones, therefore, the numbers so far are
equal. Compare the second digits, A has a one, B has
a zero; therefore, A is now larger. The third comparison
repeats this conclusion. The fourth comparison reverses
the conclusion in favor of B, etc., until the most significant
digit is reached when the decision finally falls to B. B
is assumed larger than A unless proven otherwise; there-
fore, the restoring pulse removes the A>B before the
comparison starts. As the first or least significant digit
pulses of A and B reach their respective inputs, both gates
G1 and G2 are closed by the opposite input. No pulse
reaches the flip-flop. On the second pair of digits, the
pulse on A inhibits G2 and passes through G1 to set FF.
A now is greater than B. The third pair of digits fol-
lows the same procedure. When the fourth pair of digits
arrive, the pulse in B inhibits G1 but passes through G2
to restore the flip-flop, etc. When the most significant
digits are compared the flip-flop is left in restored condi-
tion and the fact is determined that A is not greater than B.

Suppose the quantities A and B had been equal; no
pulses would have reached the flip-flop and it would have
remained testored. Therefore, the comparator only in-
dicates two conclusions, A>B and A=B; but cannot dis-
tinguish between A<B and A=B.

Half Adder

Still another elementary basic circuit component is
called 3 half adder and is indicated in block form in FIG-
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URE 4e¢ (and is abbreviated as HA). The half adder
combines the pulses of two words and produces either
sum or carry pulses according to the laws of binary arith-
metic, These rules are as follows: 0+0=0, 041 or
14-0=1 (sum pulse), 14-1=0 (sum pulse) and 1 (carry
pulse). In FIGURE 4e, the two inputs are marked ad-
dend and augend. If no pulses enter either input, no
pulses are emitted. If a pulse appears on either input,
it reaches G1 and also passes through the delay D and
a buffer to G2. (This delay is an electrical delay and
its purpose will become apparent at a later point in this
discussion.) Since G1 had only one input signal, it did
not open and, therefore, did not inhibit G2. Therefore,
a sum pulse was produced. :

If two pulses are applied to a half adder, one to each
input simultaneously, then G1 does operate. The two
pulses become one pulse in G1. The output of G1 be-
coines carry pulse and also inhibits G2. The two input
pulses pass through the delays and buffers to G2 but are
prevented by G2 from passing to the sum output. The
two delays are inserted in the path to G2 in order to
delay the pulses for the amount of time required for Gi
to develop its inhibition on G2 if both inputs of G1 have
been excited. The half adder thus follows all the rules
laid down for it above. Of course, the missing opera-
tion is the transfer of the carry pulse back to the input
of the adder so that it can be combined with the next
digit pair entering the adder. First, such a device would
require a one pulse delay between the carrier output and
the input of the adder. However, there is. still another
problem in that the half adder only has two inputs: the
carry pulse could not be buffed into one of the two pres-
ent inputs because the carry pulse would be lost if an-
other pulse should occur as a digit of the word entering
that word. Therefore, a third input must be devised to
provide for the iriple input condition when there is a
one in both the addend and augend imputs and also a
carry pulse to be added in from the previous addition.
For this operation a full binary adder is required. This
full binary adder will be described later. ’

The half adder can be used for another purpose in
binary computing. The rule of the half adder is that two
ones produce a zero on the sum oufput and that a one
and zero in either order on the inputs produce a one. Now
examine the binary complement. = By definition, the com-
plement when added to the original quantity should pro-
duce all zeros except a final carry in the place beyond the
most significant digit. Thus consider the following:

quantity==110110001110%,
the complement=0010011100011,
the sum being 10000000000000,

and the upper quantity is represented in complementary
form by the lower quantity. - Note that the complement
is formed by interchanging ones for zeros-and zeros for
ones in the original quantity except for the least sig-
nificanit digit. The particular complement given in the
illustration is called a tens complement. The com-
plement by interchanging ones and zercs without correc-
tion of the least significant digit position is called a
nines complement. The tens complement is used more
frequently than the nines complement.. The nines com-
plement may always be converted to a tens complement
by adding a one to the least significant digit.

Consider now the nines complement and the half adder.
If a bimary quantity is added to a string of ones, the
nines complement i3 obtained since the half adder has no
carry over.circuit. Thus, only the individual sums are
obtained for each pair of corresponding digits. By means
of the half adder the nines complement may be formed
by adding the original quantity to a string of ones. The
ten’s complement can be obtained by adding a one to the
least significant digit. Thus, the half adder is also a
complementer. When so used, the carry output of the
complementer is ignored. Note that if a quantity is sup-
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plied to one input of the complementer and no quantity is
supplied to the other input, the complementer yields the
original quantity unaltered.

If two pulse strings are identical and are applied simul-
tanecusly to the two inputs, the sum output of a half
adder should emit no pulses. The combinations which
produce no sum pulses are two zeros or two ones. Thus,
the half adder can be used as a comparator. If the two
input quantities are equal, no sum pulses occur,  If either
quantity contains a one where the other has a zero, the
sum output emits a pulse which signals the lack of
identity.

Full Adder

The half adder, therefore, may perform two very useful
functions for a serial binary computer; it may comple-
ment and it may compare for identity. The last ele-
mentary circuit component to be:discussed herein is called
a full adder. - The full adder is shown in block form in
FIGURE 5. As will be seen in FIGURE 35, the inputs
A, B and C pass through delays Dg, Db and D¢ and
are buffed together into G5. The three inputs also meet
in G4. Each pair (three in all) of inputs meet in gates

-G, G2 and G3.

A single pulse on any input produces a sum pulse. A
combination of two ones and a zerc meet in some one of
the three gates Gi, G2 or G3. This situation produces
a carry pulse which inhibits G5 as in the half adder. The
carry pulse, however, also passes into a one pulse delay,
D;. 'The output of the delay is connected to the carry
(C) input. If ome occurs at all three inputs then, G4
operates. The pulse from G4 bypasses G5 to become a
sum pulse. Meanwhile, all three gates G1, G2 and G3
open to produce a carry pulse which, incidentally, in-
hibits G5. The action in G5 is insignificant since G4
opened in this case and bypassed G5. However, the
carry pulse is significant because it enters the delay Dj,
for combination with the next digit combination. When
the operation of the various components in the arithmetic
circuit are described in detail, references will be made to
signals which are generated elsewhere in the computer.
The apparatus wherein these signals are generated is de-
scribed in copending application S.N. 279,710. How-
ever, it will be necessary to give a brief description of
what these signals are and what they are intended to do.

Function Table

One type of these signals consists of those signals
which are supplied from a function table. In general, a
function table is an arrangement of data which is entered
with an argument and which yields, as a result, the value
of function corresponding to the argument. The func-
tion table (FT) in the central computer is analogous to
the mathematical function table just described. The func-
tion table in the computer is an array of lines which
translates the instructions set up in the computer in ac-
cordance with the allowable computer operations into
appropriate - gating signals which establish and break
connections between the components of the arithmetic
circuit and also within these components themselves.
The input or exciting lines are interconnected with the
output or excited lines through diodes. The arguments
of the function table are the binary digit combinations of
the instruction code and the functions of the various
combinations of gating signals unique for each computer
operation,.

When a computer operation causes the function table
to emit function table signals, a finite time is required for
the function table to reach equilibrium before these sig-
nals can be produced. This time is called switching time.
The switching time allowed for the main function table
signal is one minor cycle even though they reach equilib-
rium in less time. The control signal on certain gates
must only change during the space between words. To
insure that duoring the switching time, undesirable com-
puter operations do not occur, certain apparatus in the
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computer described in copending application S.N. 279,710
is used to generate time-out signals which are supplied
to the varjous computer components to prevent this un-
desirable type of operation. Function table signals are
abbreviated hereafter as FT signal; time-out signals are
abbreviated as TO signals.

Timing Pulses

The standard timing pulses which are generated by the
timing pulse generator at the frequency at which binary
digits are generated may be either of positive or negative
polarity and are abbreviated as TP+ and TP—.

The timing pulses generated at word and computer
character frequencies by the cycling unit are indicated as
px or tx where the letter x may be any number from 0 to
90. (Sometimes the number 91 appears; in this case, it
should be considered equivalent to 0.) The symbol px
designates a given pulse position within the word. Its
significance is positional. (See, for example, FIGURE
2b which indicates the pulse positions within the word.)
The symbol £x also designates a given pulse within a word,
but its significance is temporal. When it is necessary to
gate a specific px in a circulating register, a certain #x is
supplied to the gate. If it is necessary to gate a specific
px to two or more different points within a register, and
these points are different in time within the register, dif-
ferent ¢x’s will be required at these points.

When the term pxn or ¢xn appears, it indicates that
the particular px or zx is repeated once every computer
digit. For example, pln would means that pl, p8, pl5
and so on, are applied to the same point.

Sometimes the letter ¢ will be followed by a bracket
containing two numbers, for example #(69-72). This
expression has one of two meanings. The first meaning
is that the pulses corresponding to #69, t70, t71 and 72
have been buffed together to produce a composite pulse
which is present over the entire time interval 769-£72.
The second meaning of this expression is that these cor-
responding pulses are present in sequence. The particu-
lar meaning the expression as used in the text will be
apparent from the context. In either case, the term in-
dicates that signals are present during the pulse times in-
dicated by the numbers within the brackets.

Another signal which is supplied to the arithmetic cir-
cuit from another component in the computer is called
the time selector signal (abbreviated as TS). This sig-
nal is generated when words are transferred into or out
of the memory. A detailed description of this signal as
well as the other signals will be found in the aforesaid
co-pending application S.N. 279,710.

High Speed Bus

Word transfer within the arithmetic circuit and, for
that matter, within the computer proper is not accom-
plished by transferring the words directly from, for ex-
ample, one register to another but rather by routing all
signals through a central switching apparatus called a
high speed bus amplifier (abbreviated as HSBA). The
high speed bus amplifier is the main route by which in-
formation is transferred from one point to another with-
in the computer. The high speed bus then is in reality
no more than a switching central which receives signals
from the many registers and other elements and sends
these signals out over various lines to their destination.
The high speed bus amplifier is described in detail in co-
pending application S.N. 279,710.

Checking Circuits

The checking circuits of the arithmetic circuit are of
two main types; odd-even checkers and duplicated equip-
ment with comparison circuits. ‘

Odd-even checkers depend on the design of the pulse
code used within the computer. This code provides seven
pulse positions for every character. Six of the seven po-
sitions are significant as to the actual code while the
seventh is the odd-even position. If the number of pulses
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or- ones within the first six positions of any character is
even, a pulse is placed in the seventh position to make
the total odd. Thus the total number of pulses in the
seven. positions is always odd. By means of a binary
counter and a few gates, an odd-even checker has been
constructed which examines every group of seven pulse
positions which passes through the high speed bus ampli-
fier.

The duplicated equipment type of checking consists of
duplicating the most essential parts of the arithmetic cir-
cuit and producing simultaneous independent results which
can then be compared for equality. For this type of
checking, the A, the R, the X and the L-registers, the
algebraic adder, the comparator, the multiplier-quotient
counter and the bigh speed bus amplifier are all duplicated.

The test for oddness of a dynamic pulse train can be
made without interrupting normal operation by a simple
combination of binary counters. A binary counter has
two stable states called zero and one and changes its state
whenever a pulse is supplied to it. Suppose a binary
counter is cleared to zero and a pulse train of data is
supplied to it, after the first decimal digit, the binary
counter should be advanced an odd number of times and
therefore, should be set to one. After the second decimal
digit, it should be set to zero. Suppose another binary
counter is added to the circuit which is initially cleared
to zero and advanced once each decimal digit, the set-
tings of the two binary counters should agree after each
decimal digit. This device is a common odd-even checker.

In order to provide a check on arithmetic operations
without interrupting computation, the circuits are dupli-
cated. In this way, the computation is performed si-
multaneously but independently in two separate units.
The results from each of the two duplicated circuits are
compared, any discrepancy indicating an error.

This type of comparison is made by a half adder. A
half adder, as we have seen, produces no pulses on its
sum output when there is a signal on both inputs. The
pulse trains from the duplicated units are supplied to the
half adder which provides a constant check. As soon
as there is any discrepancy, there is a sum output from
the half adder to indicate an error. This type of checker
is called a like-unlike or comparison checker.

MATOR COMPONENTS, BLOCK DIAGRAMS

In the following discussion, wherein the comparator,
the multiplier-quotient counter, the algebraic adder (in-
cluding the complementer), the A-register, the X-regis-
ter, the L-register and the F-register are described in
detail individually, all flip-flops, gates, and other basic
electronic components are numbered. In order to identify
the location of each of these components, an alphabetic
character will precede the designation of the particular
component concerned. This character will indicate in
what major unit of the arithmetic circuit this electronic
component is located. Thus, components in the A-reg-
ister will be designated by the letter A; those in the X-
register by the letter X; those in the L-register by the let-
ter L; those in the F-register by the letter IF; those in the
comparator by the two letters CP; those in the multi-
plier-quotient counter by the letter Q; those in the alge-
braic adder by the letters AA. The same letters with
an overline refer to the duplicated unit. Thus A refers
to the A-register and A refers to the duplicated A-register.
In the procedure which will be followed, the block di-
agram of each of these major units in the arithmetic cir-
cuit will be described first and then the schematic di-
agram associated with this block diagram will be de-
scribed immediately thereafter. Certain material in the
following discussion deals with operations which are per-
formed by the arithmetic circuit in conjunction with units
external to the arithmetic circuit. In this situation, ref-
erence may be made to copending application S.N. 279,-
710 for any further information desired.

When more than one sheet is required for the showing
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of a block or schematic diagram of any of the arithmetic
units, connections between such sheéts are indicated by
a code making use of the unit letter designations de-
scribed above. For example, if an output line from a
gate shown on one A-register sheet must' be connected
to the input line to a gate shown on a second A-regis-
ter sheet, both lines will be labeled Al. The letter “A”
indicates the A-register; the number “1” indicates that
both lines are really one line, Because of the large num-
ber of interconnections among the various components
of this system, it would be impossible to show them all
upon a reascnable number. of sheets of drawings. To
ayoid undue complexity of the drawings, the connections
from one component of the system to the others are shown

as arrows, pointing out from the component if it is an’

output connection and pointing toward the component if
it is an input connection, appropriatély labeled with the
component to which it is connected.

Comparator

The comparator is illustrated in FIGS. Ga—e in which
FIGS. 64, b, ¢ and d comprise a detailed block diagram
of the entire comparator and FIG. 6e is a simplified block
diagram of the comparator. .

Referring first to FIG. 6e, the comparator is therein
illustrated in simplified form utilizing, as much as pos-
sible, the same blocks and reference characters found
in FIGS. 6a-d so that the correlation between the sifn-
plified and the detailed block diagrams is clear.

The comparator has three main functions which it per-
forms either simultanecusly or individually. The com-
parator determines which of two words is the larger to
control tke inpuis to the algebraic adder so that the sub-
trahend input always re-receives the smaller quantity.
In addition, the comparator determines ‘when two inputs
are equal or are not equal for the conditional transfer
operation. Further, the comparator. conipares the signs
of two inputs 1o the algebraic adder, determining whether
they are similar or different, and, from this, deriving the
sign of the result.

To perform these furctions, the comparator has five
inputs as shown in FIG. 6e. There is an input from the
A register and an input from the L register, which two
inputs are combined together into a single line. * There is
also an input from the high speed bus amplifier and from
the ¥ register, which two inputs are also buffed together
into a second line. In addition to these, a minus sign is
also supplied to the sign detector and the equality detec-
tor portions of the comparator.

Considering first the magnitude detector which deter-
mines which of two words is the larger, a word from the
A or the L register is applied to one input of the mag-
nitude detector and a second word from the X register
or the high speed bus is applied to a second input of the
magnitude detector. The magnitude detéctor comprises
a binary subtracter which is made up of two cross-con-
nected gates and a flip-flop as is better illustrated in
FIGS. 64 and ¢ and which will be described in detail here-
inafter. One of the primary functions of the magnitude
detector is to control the input gates of the algebraic
adder to ensure that the larger quantity is always applied
to the minuend input, and a signal is obtained from the
magnitude detector only when the input from the A reg-
ister is greater in absolute magnitude than the input from
the X register or from the high speed bus, which may
previde a word from the 'L register. The output of the
magnitude detector is applied to the magnitude memory,
flip-flop FF154, to set that normally restored flip-fiop.
The setting of FF154 applies a signal to the conditional
transfer gates which centrol the condition of the condi-
tional transfer storage, FF155. When FF155 is restored,
it generates the S2CP signals which are applied to the
gates of the algebraic adder to reverse the inputs.  But
the outpui of the magnitude memory causes FF155 to
be set. Thus, when the absolute magnitude of the con-
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tents of the A register are greater than the absolute
magaitude of the X or L register, no S2CP signal is gen-
erated.

The comparator also compares the signs of the two
words being operated upon by the algebraic adder and
determines the sign of the result which is applied to the X
register. A minus sign is applied, during the sign por-
tion of the word, to the input of the equality detector,
which is.a pair of cross-connected gates where the in-
hibitory input to one is the permissive input to the other.
If the contents of the X register (or the L register through
the high speed bus) is negative, the equality. detector
generates no output signal at that time; but, if the con-
tents of the X (or L) register is positive, then a carry
is generated and applied to FF15¢ immediately after that
flip-flop had been restored by a #86 pulse. Thus, the
condition FF159 is an indication of the sign of the in-
formation of the subtrahend.

The minuend is applied to the sign detector, which is
a half-adder, HA151, just as the equality detector, to-
gether with the minus sign. Again, if the minuend is
negative, there is no output from HA151, but if the minu-
end is positive, the carry out put from the minuend is ap-
plied to the sign storage, FF151, to-set that fiip-flop. The
two outpuis, set and restored, are applied to the inputs
of gages G157 and G158 together with the two outputs
of FF150.  If the two signs are positive, both fiip-flops
are restored and G157 and G158 are inhibited to prevent
the passage of a p91 pulse. The result sign storage then
remains restored, and the sign gates Gi61A and B pass
a positive sign to the X register. If the contents of both
minuend and subtrahend are negative, then the two flip-
flops FF150 and FF15% are set, again inhibiting both
gates G157 and G158, If the signs of the minuend and
the subtrahend are different, then a minus sign must be
applied to the result.  In that case one of the two flip-
flops FF15¢ and FF151 will be set and the other will be
restored, opening one or the other of the gates G157
or G158 to pass a pS1 to set FF152. The sign gates will
then pass a minus sign to the X register. In addition,
the output of the sign storage will also generate the
S1CP signal which is applied to the complementer in
the algebraic adder to render it operative. = This is nec-
essary, since when the two signs are different, a subtrac-
tion takes place, and subtraction is performed in this
system by the addition of the complement of the subtra-

end to the minuend and ignoring the overflow from
the last place. .

Actually, the magnitude detector produces an output
whenever the absolute value of the contents of the A
register is.either greater than or equal fo the absolute
value of the conients of the X or L register. This is ail
that is necessary to control the algebraic -adder input
gates. But in one conditional transfer operation when
the transfer of control from one series of instructions to
another series is affected, it is necessary to determine the
equality between the contents of the A and the X regis-
ters and between the contents of the A and the L regis-
ters. The equality detector is used for this as well as for
determining the sign of the contents of the A register.
During the first twelve digit times, the equality detector
is used for the determination of equality, but during the
time of the sign digit, the equality detector determines
the value of a sign.. This is accomplished by using ap-
propriate timing pulses to open or close gates so that the
‘desired portion of the word passes, the proper gate at the
proper time.

As mentioned above, the equality detector is a half
adder, HA158, which comprises two cross-connected gates
in which the permissive, or opening, signal on one gate
is an inhibitory, or. closing, signal on the other. When
there is no equality between the inputs to HAL59, an out-
put carry occurs. This carry is applied to the input of
the equality storage, flip-flop FF153, to set that normal-
ly restored flip-flop. The two ouiputs from FF153 are



3,183,190

23

applied to the conditional transfer gates and, together
with the signals from the magnitude detector and FF150,
determine the condition of the conditional transfer stor-
age. . As explained in detail below, there are 12 possible
conditions which can exist between the contents of the A
and the L registers. The contents of either register can
be positive or negative and either can have the larger
value. Under only five of these 12 possible conditions
is there to be a transfer of control. The conditional
transfer gates are so arranged that the various individual
outputs from the magnitude memory, the magnitude de-
tector, the equality storage, and FF150, condition the
gates to allow the conditional transfer storage to be set
only under the proper conditions.

The inputs to the comparator are shown on the left
side of FIGS. 6a and 6b. As shown the uppermost in-
put to the comparator is applied to CP-G151A and comes
from a seven-pulse delay (shown in the upper left por-
tion of FIG. 124) in the main recirculation path of the
A register. A second input to the comparator is applied
to CP-G151B and comes from the output of the L regis-
ter (shown in the lower middle portion of the recircula-
tion path approximately in the center of the drawing).
On FIG. 6a an input to the comparator at CP-G152C is
shown coming from the high speed bus. The high speed
bus is a complicated switching central for the computer
and, as such, is not considered a portion of the arithmetic
circuits. Because of this, it is not shown in detail in
this application but reference is made to the copending
application S.N. 279,710. An input from the X regis-
ter to the comparator is shown in FIG. 6b at CP-G152D.
In the main recirculation path of the X register, which is
shown toward the right side of FIG. 14, is a compensat-
ing delay D, from which the input to the comparator is
taken. The comparator has two inputs from the X regis-
ter as shown on FIG. 6b, both inputs being the same in
time, p0=t1. Also shown in FIG. 6b is a second in-
put to the comparator from the high speed bus. This in-
put is to CP-G152A and will not be discussed in greater
detail herein, for the reasons given above.

It should be apparent that the interconnections among
the various elements of the arithmetic circuits form a
rather complex arrangement of lines, and to avoid com-
plexity in the drawings, the actual connections among the
various elements have not been shown as continuous lines,
but will be referred to and described by indicating the
outputs of each figure which connect to the inputs of each
other figure.

During multiplication, the sign of the multiplier which
is stored in the X-register is compared with the sign of
the multiplicand which is stored in the L-register. Dur-
ing division, the sign of the dividend, which is stored in
the L-register, is compared with the sign of the divisor
as it arrives from the memory.

The multiplication comparison requires only one FT
signal, FT'151. When this signal is present, the input
gate from the L-register, CP-G151B (see FIGURE 6a),
is open and the input gates from the X-register, CP-G152B
and CP-G152D (see FIGURE 6b) are also open be-
cause FT152 is not present.

These three input gates are closed during the check pulse
time by the check pulse eliminator signal (abbreviated
as CPE), since the check pulse does not follow the laws
of binary magnitude observed in the other six chanmels.

The signs are detected by CP-HA150 and CP-HA151.
(See FIGURES 6a and 6b.) The entire word in the L-
register (through CP-G151B) is applied to one input of
the CP-HA159. (See FIGURE 6a.) The word from
the X-register is applied to the other input of CP-HA150
(through CP-G152D) but with the sign deleted. During
the sign digit time a minus sign (p86) is supplied through
the X-register input to the CP-HA150. During the first
eleven digit times, pulses are applied to the CP-FF159.
However, at 186, which is just before the minus sign pulse
188 reaches CP-HA15¢ (through CP-CG144B), a p84
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pulse is applied to the CP-FF150. If the sign of the
word from the L-register is minus, the sum output of the
half adder, CP-HA150 emits no pulses during the sign
digit time since the input signals are identical, and FF150
remains restored. If, however, the sign of the word from
the L-register is positive (a plus sign is represented by
zero equals 1 00 0011 but with the check pulse elim-
inated), then the minus sign pulse is matched in the
half adder by the pulse in the next to the least significant
position of the + sign, giving no output, but the pulse in
the least significant digit position of the plus sign digit
becomes a sum pulse and, passing through the
CP-CG141B, sets CP-FF150. (The letters CG indicate
that the particular gate referred to is a clock gate, ie.,

‘a gate which retimes, by means of the standard timing

pulses, incoming pulses which are subject to undesirable
phase displacement. A further description of a clock
gate will be found in the discussion of the schematic di-
agram of the comparator, FIGURES 7a to 7k.) Thus
CP-FF159 registers the sign of the word from the L-reg-
ister: if the sign is plus, this flip-flop is restored, if the
sign is minus, the flip-flop is set.

The word from the X-register enters a circuit com-
posed of CP-HA151 and CP-FF151 via CP-Gi52B.
(See FIGURE 6b.) CP-HA151 and CP-FFi51 oper-
ate in identical fashion as CP-HA15¢ and CP-FF150.
Thus CP-FF151 remains restored if the quantity in the
X-register is positive, and is set if negative.

There are two possible conclusions which can be made:
if the signs are the same, that is, both plus or minus, then
the product is plus; if the signs are opposite, then the
product is minus, CP-G157 and CP-G158 (see FIG-
URE 6b) generate the proper conclusion in the absence
of FT-155. If CP-FF150 and CP-FF151 are both set
or both restored, then CP-G157 and CP-G158 each re-
ceive only one signal which is inadequate for cither gate
to open. However, if the signs are different, then the two
flip-flops are in opposite states. Thus if CP-FF150 is
set and CP-FF151 is restored, CP-G157 is open; if the
opposite situation holds, then CP-G158 opens. In either
case, a p91 is gated by one or the other gate, which pulse
sets CP—FF152. (See FIGURE 6d4.) CP-FF152 there-
fore indicates that the sign of the product is plus if it re-
mains restored, and that the sign is minus if it is set.
CP-FF152 is set by a p91, the same pulse as is gated by
CP-G157 or CP-G158; however, there is a two pulse
delay between the gates and the set input of CP-FF152.
During the fourth through fifteenth steps of multiplica-
tion, the FT159 inhibits CP-G157, CP-G158 and CP-
G159 to prevent the p91 from changing the state of
CP-FF152.

If the sign of the product is negative, then CP-G161A
(see FIGURE 6d) can gate a minus sign (p86) to the A
and X-registers when the other signals (FT161 and IER)
are applied to CP-G161A. (The IER signal is supplied
from the multiplier-quotient counter as will be described
hereinafter.)

If the sign of the product is positive, then CP-G161B
can gate a plus sign (indicated as a decimal zero, abbrevi-
ated as Z) to the A and X-registers when the other sig-
nals are applied. Since the Z signal is available during
every digit time (decimal zeros are continuously generated
in units external to the arithmetic circuit), CP-G161B has
the additional signal, the sign gate signal, applied to it
which allows only that Z pulse group which occurs during
the sign digit time to be gated. The other signals (IER
and FT161) are identical to those on CP-G161A. FT161
is produced during the last multiplication step as described
in the discussion of the multiplier-quotient counter; both
CP-G161A and CP-G161B are inhibited during the pre-
ceding time out.

During the multiplication sign comparison, the words
entering the comparator are applied to various other ele-
ments in the comparator but such operations are trivial.
For example, both the words are supplied to the binary
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subtracter but no significant actions resuit from this oper-
ation,

The division sign determination is similar to that of
multiplication. The divisor appears in the high speed bus
and enters the comparator through CP-G152A and CP-
152C durng the first.step of division. (See FIGURES 6b
and 6a.) The dividend enters at the comparator from the
L-register and arrives via CP-G151B. FT151 is present
during this division step to open CP-G151B. FT152 is
also present simultaneously to open CP-G152A and CP-
G152C and to inhibit CP-G152B and CP-G152D. Al
gates carry the check pulse eliminator signal to delete the
check pulses. - Furtheriore, the sign gating signal through
CP-G152G deletes the sign digit of the divisor at CP-
G152C. As in the case of multiplication, the passage of
the word through CP-G152C is trivial. The signs are de-
termined by CP-HA156 and CP-HA151. The results are
stored in CP-FF158 and CP-FF151 respectively, and the

10

final sign is stored in the CP-FF152. During further .

steps in division FT159 is present to inhibit CP-G157,
CP-G158 and CP-G159 to prevent p91 from altering the
state of CP-FF152. During the last step of division
FT106 and FT161 are present to gate the sign of ‘the
quotient from CP-FF152 to the A and X-registers. (See
FIGURE 64.)

Before an addition or subtraction operation can be per-
formed, the s1gns of the operands must be compared. In
addition, like signs indicate an actual addition while un-
like signs actually call for a subtraction. In subtraction,
the same rules can apply since the algebraic sign of the

subtrahend is always reversed before the sign comparison

operation.

In actual subiraction, whether it is the algebraic addi-
tion of two quantities of unlike sign or an algebraic sub-
traction of quantities with like signs, is performed by com-
plementing the smaller quantity and thein adding the com-
plement to the other operand. In this way all additions
and subtractions produce an uncomplemented result with
an algebraic sign. In order to determine which is the
smaller quantity, a magnitude comparison is required.

The algebraic adder has a switching arrangement on its
input system such-that a signal (S’2 and $''2) from the
comparator can. interchange the minvend and subtrahend
inputs if the results of the magnitude comparison so indi-
cate.. This action occurs even for an actual addition: the
smaller quantity always enters the sabtrahe“xd input of the
algebraic adder.

The complementer is associated with the subtrahend in-
put of the algebraic adder. ‘The complementer does not
operate unless a signal (S1CP) from the comparator is
present, The S1CP signal indicates that the signs are dif-
ferent and that an actual subtraction must be performed.

The sign of the result is determined by the familiar alge-
braic rules. In addition (which implies the same sign),
use the same sign; in subtraction use the sign of the larger
quantity. Sihce the larger quantity always enters the
minuend input, its sign is allowed to pass through the
algebraic adder unchanged while the sign of the subtra-
hend is suppressed in the algebraic adder.

The minuend from the A-register (the terms minuend
and subtrakend are here intended to include the equiva-
lent operands for addition) enters the comparator through
CP-G151A. (See FIGURE 64:) This gate requires no
function table signal but carries a check pulse elimination
signal.  The subtrahend enters the comparator through
CP-Gi52D and CP-GI32B. ' (See FIGURE 6b.) The
words entering through CP-G152D are applied to CP-
TIA159 but this action has no significance uniess the two
quantities are identical. The signs of both the subtrahend
entering through CP-G152B and the minuend through
CP-G151A are determined by the respective half adders
and stored correspondingly in CP-FF159 and CP-FF151.
The parity of the signs (that is, whether they are like or
unlike) is stored in CP-FFi52. (See FIGURE 64.)
CP-FF152 controls the complementer by means of signal
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SICP which is developed only if the signs are unlike. The
set input of CP-FF152 indicates unlikeness and its signal
is, therefore, gated to the complementer by CP-G160A
as the SICP signal. FT'160 is present during the addition
and subtraction instructions.

The minuend, through CP-GI51A and ;he subtrahend
through CP~G152B are also applied simultaneously to the
binary subtracter. This subtracter consists of two. gates,
CP-CG154A and CP=CG1548B, and a flip-flop. The flip-
flop CP-FFi56 (see FIGURE 6c¢) is initially resiored to
indicate that the subtrahend is greater than or equal to
the minuend. This flip-flop is then set each time the minu-
end contains a pulse and the subtrahend contains a zero,
and is restored each time the opposite condition-holds.
Furthermore, this flip-flop is left unaltered each time a
pair of ones arrive simultancously. Therefore, the final
state of the flip-flop indicates which quantity contained
the binary one of the final one-zero combination. Inci-
dentally, one-one and zero-zero cembinations can occur
after the final one-zero combination without altering the
conclusion,

Because the absolute magnitudes exist in the first eleven
positions only (that is, the first eleven positions after the
space between words) and since the absolute magnitudes
must not include the sign (which is the twelfth position)
CP-FF156 is sampled at p84 before the sign digit has
entered the subtracter. I CP-FF156 is set, CP-G172C
is opened and passes a p84 (:87) pulse to set CP-FF154.
(See FIGURE 6a.)  CP-FF154 remembers which of the
absolute quaniities is greater until after the signs have
been inspected, then it is restored by a 8 pulse. CP-
FF154, when set, opens a gate, CP-G167 which passes a
p91 (#3) pulse to set CP-FF155. (See FIGURE 6d.)
Since CP-FF155 is also reset at 73, the pulse from CP-
G167 passes through a two pulse delay.

CP-FF155 indicates whether or not the algebraic adder
inputs are to be interchanged. It is normally restored, and
in this condition, the output of this flip-flop is applied to
CP-G168B. During the addition and subtraction oper-
ations, FT160 opens CP-G166B when the time out period
has ended and the signal from the restore output of CP-
FF155 passes through to generate the 5’2 and the S$"2

signals. These signals interchange the algebraic adder
inputs. To prevent CP-FF155 from interchanging the
inputs, a signal from the binary subtracter, or from some

other source, must set this flip-fiop.

If the minuend and subtrahend are equal in absolute
magnitude and different in sign, the difference in sign will
generate the S1CP signal and cause the algebraic adder to
subtract the two numbers. ‘The result would be a string
of decimal zeros signed with the sign of the minuend input.
But it is conventional that a string of zeros be signed posi-
tive, i.e., with another zero, therefore, in this unique case,
the positive guantity must enter the algebraic adder on the
minuend input.

First, the two quantities are applied to CP-HALS9
(see. FIGURE 64) to test for equality. If the two quan-
tities are not identical, the output of CP-HA15¢ is passed
through gate CP-G156B to set CP-FF153. (See FIG-
URE 6¢.) A sign gating signal inhibits CP-G1356B to
prevent a difference in sign from eﬁ“er‘tmg CP-FFi53.
If the absolute quantities are equal, there is no output
pulse from CP-FHA150 and CP-FF153 (which is restored
at 15) remains restored. The restored output of CP-
FF153 inhibits a gate CP-G172A.

The signs are then tested in the binary subtracter.
Because the quantities are equal, CP-FF156 is restored.
(See FIGURE 6¢.) If the signs are the same, or if
the subtrahend is plus and the minuend minus, CP-
If the minuend is plus and the
subtrahend is minus CP-FF156 is set and opens CP—
G172A. When CP-G172A is opened, it passes a pS1
(t3). pulse through CP-G167 to set CP-FF155 and pre-
vent the interchange of the algebraic adder inputs.

When the corparator is comparing two quantities dur-
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ing addition and subtraction, the comparisons are made
during the time out period. If either of these operations
require transfers from the memory to the various regis-
ters before the actual addition or subiraction is accom-
plished, the comparisons are made in the time out period
just after these memory transfers have been accom-
plished. In the event that no memory transfers are re-
quired, the comparison operation takes place in the time
out period just before the operation is performed.

No function table signals are required to operate the
comparator input gates for addition and subtraction since
the operands are always supplied to the comparator from
the X-register and the A-register and the input gates from
the X-register and the A-register (CP-G151A, CP-
G152B, CP-G152D, CP-G156A) are normally open.
(See FIGURES 6a and 65.) The time out signal inhibits
CP-G151C and CP-Gi52E and CP-G152F in order to
isolate the associated gates from the function table and
thus prevent the function table signals from effecting the
input gates from the X-register and the A-register while
information is passing therethrough. The function table
signals which are required by the comparator during the
addition and subtraction instruction are not used usntil
after the time out minor cycle referred to above.

Certain computer operations require that the compara-
tor compare two words to determine whether they are
equal or unequal. These computer operations are called
for by the Q and T instructions. These instructions are
discussed in more detail in copending application S.N.
279,710; the Q instruction calls for a transfer of control
if the comparator finds the contents of the A-register
and the L-register to be equal. The T instruction calls
for a transfer of control if the comparator finds the con-
tents of the A-register greater than the contents of the
L-register. Hence, the Q instruction calls for a test of
equality, and the T instruction calls for a test of in-
equality. (It is important to understand at this point
that the comparator can perform either comparison with
both alphabetical and numerical data. If the data is
numerical, the comparator takes the sign into considera-
tion and compares the numbers algebraically.)

During the test for equality, the word from the
A-register passes through CP-Gi5iA to CP-HAI158.
(See FIGURE 6a.) . FT152 meanwhile inhibits CP-
G152B and CP-G152D, the inputs from the X-register,
and opens CP~-G152C, the input from the high speed bus
amplifier. The word from the L-register is transferred
to the comparator through the high speed bus and eanters
through CP-G152C. FT156 inhibits CP-G152G, CP-
G156D and prevents the sign digit signal from passing
to inhibit CP-G152C. Therefore, the entire word from
the Lregister passes to CP-HA150. FT156 also inhibits
CP-G156A which would otherwise superimpose a minus
sign on one input to CP-HAL50.

The two words, including signs, are compared in CP—
HA150. If these words are not identical, the sum pulse
for CP-HA156 is passed through CP-G156B and sets
CP-FF153. FT156 is applied to CP-G156E and pre-
vents the sign gating signal from inhibiting CP-G186B.
If the words are equal (the Q instruction), CP-FF153
remains restored. The restored output of CP-FF153
controls a gate CP-G156C which has been alerted by
FT156. CP-G156C passes a p91 (£3) pulse to set, CP—
FF155. (See FIGURE 6d.) When set CP-FF155 gen-
erates the CT+ and CT— signals which effect the trans-
fer of controls by transferring the three least significant
digits from the control register to the control counter.
(The use of these CT signals as well as a description of
the control register and the counter will be found in cc-
pending application S.N. 279,710.)

The word from the L-register enters the comparator
through CP-G152A which is opened by FT152, and is
applied to CP-IIA151. (See FIGURE 6b.) The words
from the A-register and the L-register are both applied
to the binary subtractor but in both cases the presence
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of these quantities in these units is trivial as no output
from the binary subtractor may set CP-FF155, FT156
inhibiting CP-G167.

In the test for inequality (the T instruction), FT152
opens the input gates from the high speed amplifier and
closes the input gates from the X-register in the same
manner as described above. The complete words from
the A-register and from the L-register are supplied
through corresponding gates CP-G151A and CP-G152A
to the binary subtracter. At the output of the binary
subtracter, FT172 inhibits CP-G172C and opens CP-
G172A. The condition of CP-FF156 is sampled by a
p91 (#3) pulse at CP-G172A. At 3, all digits of the
two words have been entircly compared, including the
signs, if present. If CP-FF156 is set, thus indicating
the quantity from the A-register is greater than the quan-
tity from the L-register, CP-G272A passes a pulse
through CP—G167 thus setting CP-FF155 and generating
the CT signals which have been previously discussed.

There are twelve possible conditions which the com-
parator may encounter in making algebraic comparisons
of signed, numerical quantity. First, the absolute quan-
tities may compare in three ways:

L {4]>[L]
1. |4|<IL]
I |4]=]L]

Second, in each of these three conditions, there ar four

possible sign combinations:

(a) A+ L+
(b A+ L—
(¢) A— L+
(d) A— L—

Table 1 below lists the twelve possible conditions ver-
sus the proper results of algebraic comparison. An
asterisk on the table indicates the carry output from the
binary subtracter in that condition. The chart also sum-
marizes the gating system connecting the output of the
binary subtracter with CP-FF155.

TABLE 1

A>L ALL

() *CP-G172A and CP-G167

I(c)
I(b) *CP-G172A and CP-G167 I%(dg *CP-G172D
()

T1(0) *CP-G172A and CP-G167 {
INd) CP-G172B Ti(c)
IIL(p) CP-G172A and CP-G167 | IIi(z)
11L(e)
1II(d)

In conditions I(b), II(b) and III(b), the positive quan-
tity in the A-register is always greater than the negative
quantity in the L-register. When the binary subtracter
compares the sign digits it finds the zero greater than the
minus sign and develops a carry output to cause a
transfer.

The opposite is true of conditions I(c), II(c) and
IIi(c), where the quantity in the A-register is negative
and the quantity in the L-register is positive. CP-FF156
in the binary subtracter is reset and no carry pulse is pro-
duced. (See FIGURE 6¢.)

In conditions I(a), II(a) and IIX(a), where both signs
are plus, the comparison is made on the basis of the abso-
lute quantity., The binary subtracter, unaffected by the
like signs, develops a carry output only if |4|>[L| as in
condition I(a). The two conditions of complete equality
III(a) and III(b) produce no carry output nor is a trans-
fer supposed to occur in such cases.

In conditions I(d) and II(d), where both signs are
minus, the binary subtracter, unaffected by the like signs,
compares on the basis of absolute quantity. But in the
case of two negative numbers, the number with the lesser
absolute quantity is the greater algebraically. Therefore,
in condition I(d) the binary subtracter emits a carry out-
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put pulse but a CP-G172D prevents this pulse from set-
ting CP-FF155. (Seec FIGURE 6d.) Inversely, in con-
dition II(d) the binary . subtracter does not produce a
carry output where one is required. In this case, CP-
G172B generates a substitute pulse to set CP-FF155.

Certain - control signals are necessary to operate
CP-G172D and CP-G172B during I(d) and YI(d) con-
ditions. Both gates are controlled by FT172 which is
present only during the inequality test. Both gates are
operated also by two other signals which indicate that
the quantities being compared are both negative nu-
merals.

If these three signals are present, CP-G172D passes a
pulse to inhibit CP-G167, preventing any binary sub-
tracter output from setting CP-FF155.

CP-G172B requires two additional signals to insure
that it generates a pulse only in II(d) conditions. A sig-
nal from the set output of CP-FF153, indicating that the
two absolute quantities are not equal is applied to CP—
G172B. In HI(d) conditions, this signal is not present
and CP-G172B cannot open; thus CP-G172B is pre-
vented from generating a signal in 1(d) conditions by the
carry output of the binary subtracter, which inhibits CP—
G172B through CP-G172A.

The sign digits are inspected by CP-HA150 and CP-
HA151, to determine when two minus signs are present.
The word from the A-register and the word from the L-
register are applied to CP-HA159. The sign digit is de-
leted from the word in the L-register, however, and a
minus sign is inserted in its place. In this' way, CP-
HA1506 checks both for equality in the absolute magni-
tudes (in conjunction with CP-FF153) and for the sign
of the word from the A-register. The presence in the
sign digit of any character other than minus, such as a
plus sign or an alphabetic character, causes the CP-
HAI150 to generate a stm output which resets CP-FF159.
If the sign of the word from the A-register is minus, CP-
- FF156 which is set at p84 (186) remains set. . Similarly,
the sign of the word from the L-register is tested in CP—
HA151 and is stored in CP-FF151. The set outputs of
both CP-FF150 and CP-FF151 alert CP-G172D and
CP-G172B. (See FIGURE 6¢.)

The comparison always takes place during the first step
of one of the conditional transfer instructions. During
the second step, for either the Q or T instruction,. the
FT159 inhibits CP-G167 to prevent any change in the
setting of CP~FF155. The setting of CP-FF155 is sub-
ject to the control of the conditional transfer switch, a
three posiiion non-locking switch. (See FIGURE 6d.)
This switch is described in detail in copending applica-
tion S.N. 279,710.  In the normal position, this switch
has no effect on operation.. In the transfer position, the
switch jams CP-FF155 in the set position independently
of the comparator circuits. In this case, every Q or T
instruction causes the transfer of control regardless of the
results of the comparison. In the no transfer position,
the switch jams CP-FF155 in the reset position and pre-
vents transfer of control regardless of the results of the
comparison.

The comparator is duplicated. However, there is no
comparison checker associated with the comparator.
Most of the signals from the comparator go to duplicated
units and are effectively checked by the comparison
checkers of these units. The conditional transfer signal,
however, does not go to a duplicated unit and so requires
a special checker. This special checker is described in
detail in copending application S.N. 279,716.

Algebraic Adder

The algebraic adder is iltustrated in FIGS. 10q, 105,
10¢, 10d, and 10¢ in block form. FIGS. 10a—d forms a
detailed block diagram of the algebraic adder and FIG.
10¢ is a simplified block diagram utilizing as much as
possible the elements and logic of the more detailed
diagram.
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FIG. 10¢ should be considered first since it sets forth
in a simplified manner what is illustrated in more detail
in the other figures. The algebraic adder comprises three
major components. It contains the actual mechanism for
adding comprising a binary adder A, wherein the infor-
mation supplied to the minuend and to the subtrahend are
added to'produce the sums, and a second binary adder B
with: a correction network by means of which the XS-3
correction -is achieved during addition. Further, the
algebraic adder comprises, in its input circuitry, switching
networks for ensuring that the smaller value input word
is applied to the subtrahend line for transmission to the
complementer. As explained earlier, the input switching
operates in conjunction with the comparator.

The algebraic adder also contains, within its confines,
networks which detect information which is non-numeric
in character and which provide means for insuring that
alphabetic and symbolic information is transmitted to the
output of the algebraic adder in unmodified form.

As can be seen from FIG. 10e there is a minuend in-
put from the A-register and a subtrahend input as shown
in FIG. 12. The minuend input supplies a gate G706B
and a second gate G701A; and the subtrahend input sup-
plies a’ gate G760C and gate G701iC. Gate G786B and
gate G791C both have the S2CP signal from the com-
parator supplied as an inhibitory, or closing, signal, and
gates G780C and G701A have the S2CR signal supplied
thereto as a permissive, or opening, signal. Assuming
that no S2CP signal is present from the comparator, gates
G760B and G781C will not be inhibited, and the input
information will pass therethrough. At the same time,
gates G708C and G701A are not opened by the S2 sig-
nal, and information supplied thereto will not pass.
Thus, the minuend input information will pass through
gate G760B and will be applied to the addend input of
the binary adder A, and the subtrahend input will pass
through: gate G701C, through the complementer which
may or may not be operative to complement, and be ap-
plied to the augend input of the binary adder A. In ad-
dition, the addend and the augend inputs to the binary
adder A are supplied to gates G714 and G715 respective-
ly to bypass the binary adders should the information
contained therein prove to be alphabetic or symbolic in
nature. When the comparator determines that the infor-
mation supplied to the subtrahend is greater in absolute
magnitude than the input to the minuend, an S2CP sig-
nal will be generated and will be applied to the input
gates in the algebraic adder. Upon receipt of this sig-
nal, gate G700B will be inhibited and gate G791C will
be opened; and gate G701B will be inhibited and gate
G701A will be opened. Since gates G700B and G701B
are closed, information applied to the minuend and the
subtrahend inputs will no longer pass through the same
routes that they took before, but information from the
minuend will pass through the now open gate G780A
and be applied through the complementer o the augend
input of the binary adder A, and the information applied
to the subtrahend input will pass through gate G700C
and will be applied to the addend input of binary adder
A. From this it can be seen that a determination made

by the comparator that the information supplied to the

subtrahend input of the algebraic adder is greater. in
absolute magnitude than that supplied to the minuend
input will cause a switching operation to take place and
will open and close the appropriate gates to insure that
the larger signal is always applied to the addend input of
the binary adder A. The reason for this will become evi-
dent when it is considered that the complementer is found
only in the augend input to the binary adder A. Since
subtraction, in this system, is performed by adding the

.complement of the smaller quantity, it is necessary that

only the smaller valued number be complemented, and it
must be asstred that the smaller valued number is always
supplied to the augend input. As explained above, the
comparator also determines when a subtraction is to take
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place by comparing the relative signs of the inputs to the
algebraic adder. When it has determined that the signs
are different and that an algebraic subtraction is required,
it generates an S1CP signal which is applied to the com-
plementer and causes the complementer to become op-
erative. The complementer, as will be explained in more
detail hereinafter, comprises two lines of amplifiers and
appropriate means to direct the information through one
line or the other. One of the lines of amplifiers contains
an even number of stages and merely amplifies the infor-
mation in the same phase relation it originally was,
whereas the other line contains an odd number of stages
and produces information which is 180° out of phase
from that applied to it. Since, in the XS-3 system of no-
tation, a complement of a digit may be obtained merely
by substituting a pulse where there was no pulse original-
1y and deleting pulses from the positions which original-
ly contained them (inverting), the information may be
complemented merely by passing it through an odd num-
ber of amplifier stages.

Information supplied to the addend and the augend in-
puts of the binary adder A is added therein in accordance
with the standard rules of binary arithmetic. This means
that if a zero is added to a 1, the sum is 1 with no carry;
if a 1 is added to a 1, then a 0 is generated as the sum and
a 1 is carried. The sum outiput of binary adder A is
applied by lines 177 to the addend input of a sec-
ond binary adder, B, and the carry output of binary adder
A is applied through line 166 to a pair of gates G722 and
G723. The carry is normally passed through gate G722
to the carry input of binary adder A, through line 17¢
and is added to the augend and addend inputs thereto.
However, a pdn pulse closes gate G722 and opens gate
G723 to prevent the addition of the carry during the times
of the zone and check pulses. If there is a carry during
this time, this carry should be applied to control the XS-3
correction circuit including gate G728 and flip-flop
FF706, and should indicate whether the XS-3 correction
will contain an XS-3 signal or an XS-13 signal.

In the XS-3 numerical system, a number is represented
by the binary notation of the value which is actually
three counts higher than the number. Thus the decimal
number 4 is represented by 0111, which is the binary rep-
resentation of 7. When two such numbers are added to-
gether, some correction must be made to maintain this
XS-3 relation constant. If two numbers are added to-
gether and their total is less than ten, there will be an
additional XS-3 in the total over and above what is
actually desired. Thus, if the two decimal numbers 4 and
4 are added together, a decimal 8 which is less than 10
is obtained. In the XS-3 system, the sum should be 11,
the binary representation of which is 1011. Now, since
each decimal 4 is represented by a 7 in the XS-3 numer-
ology and the binary 7 is 0111, the sums of the two 7’s
comes out to be 1110 which is the binary representation
of 14. Thus, this sum contains two XS-3’s rather than
just one, and this must be corrected. To properly correct
for an additional XS-3 it is necessary to subtract 3, or,
to add its 16’s complement which is 13, If we add the
13 to the 1110, the sum then becomes 1011 (the carry
is ignored), which is 11 in binary form, and that is the
correct XS-3 sum for the two decimal numbers 4 and 4.
Following the operation of the actual circuit, two binary
7’s, 0111, are presented to the addend and augend inputs
of binary adder A, and the binary value 1110 is trans-
mitted through line 177 to the input of binary adder B.
In the last position there is no carry and no signal is ap-
‘plied to lines 171 and 172 to close gate G728. There-
fore, a p4n pulse is applied to gate G728 to restore
FF7¢6 and apply a permissive signal to line 175 and gate
G732. When gate G732 is opened, pulses pl, p3 and p4
pass therethrough to be successively added as the sub-
trahend input of binary adder B to correct the digit ap-
plied thereto by the proper amount. The corrected sum
is applied through line 178 to output gate G736.
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However, if two numbers whose total is greater than
10 are added, there results from their sum in the last
position a carry which produces a different result. Take
for example, the two decimal numbers 6 and 8, which
total a decimal 14. The XS-3 representation of 14 would
be 17. But when the two XS-3 numbers are added to-
gether they are 9--11 and their total is 20. In the ma-
chine, the two XS-3 numbers would be 1001 which is
added to 1011 and the total would be 10100, producing
a carry from the last position. To correct this for XS-3,
it is necessary to add 3 rather than to subtract 3, since
the carry represents 10 and actually removes two exira
3’s from the digit. When we add 3 to the sum of 0100
the total becomes 0111 which is 7, and that, with the
carry which represented 10, is the number 17 which was
expected. In operation, the two numbers are applied to
the addend and augend input of binary adder A and a
carry is produced from the highest position. At time
p4n gate G722 is closed and gate G723 is opened, so that
the final carry is delayed through the delay in line 167
sufficiently long to be presented through line 179 to the
first input signal of the next succeeding digit, and, at the
same time, the carry is applied to line 171 and line 172
to set FF706 and to close gate G728. Flip-flop FF766
then opens gate G731 to allow the pulses pl and 2 to
pass therethrough and add a 3 to the quantity from binary
adder A, which is presented along line 177 to binary
adder B. The total output is then applied to line 178 to
gate G736.

Under ordinary circumstances gate G736 would not be
closed, and the output from binary adder B would then
be applied to the output of the alegbraic adder. How-
ever, if the information supplied at the minuend input or
the subtrahend input was alphabetic in character, only
garbled data would result from the processing of such in-
formation, and to prevent erroneous information from
passing through the algebraic adder, G736 must be
closed. To accomplish this each digit presented to either
the minuend input or to the subtrahend input is carefully
examined to determine its content. Consider the opera-
tion of the upper alphabetic hypass circuit which
examines the minuend input. The digits are applied
through line 181 to the inputs of gates G704 and G706.
Gate G704 is opened only during the pulse times
p(9—11)n, and gate G766 is opened only during pulse
times p(12 and 13)n. All numerical information con-
tain pulses in the p(9-11) pulse positions, and therefore,
all numeric information will pass a signal through gate
G764 and line 182 to set FF709. In addition, alphabetic
or symbolic information contains information in pulse
positions p(12-13)n, and this information is not present
in the purely numerical digits. Thus, if an alphabetic or
symbolic digit is applied to the algebraic adder at the
minuend input, pulses will pass through gate G706 to line
183 to restore FF700 and produce an output signal on
line 184, Flip-flop FF7902 is set by that signal, and it ap-
plies a signal to gate G714 to open that gate and allow
the minuend signal to be applied from the addend input
of the binary adder A to gate G714 and lines 186 and
189, to the output terminal, and closes gate G736 to pre-
vent any processed information coming from the binary
adder B to be presented at the output terminal. Thus, it
can be seen that if alphabetic information is applied
through the minuend input of the algebraic adder, it is
detected in gates G784 and G785 to close gate G736 and
prevent erroneous information from being supplied to the
rest of the machine, while, at the same time, allowing
that information to bypass the arithmetic portions of the
circuit and to pass out of the algebraic adder unchanged.
The lowsr alphabetic bypass circuit, apparatus G707,
G785, flip-flop FF701 and FF703, operates the same as
that described for the minuend input but examines, in-
stead, the digit applied at the subtrahend input of the
algebraic adder. Thus, either information which is alpha-
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betic in nature operates.the appropriate alphabetic by-
pass circuit to accomplish the desited results.

The algebraic adder is the principal arithmetic unit for
the arithmetic circuits and is duplicated. 1t performs
the additions and subtractions called for by the computer
operations of addition, subtraction, multiplication and
division as well as additions for instructions 3#; 4n, 5n
and 7n wherein the values of # must be augmented by 10
for each of the memory tanks concerned. In like man-
ner, the adder also augments the memory locations by 10
for the memory tanks in the periodic memory check and
memory clear and also increases the control counter read-
ing by unity during the g cycle. -

The algebraic adder is equipped with special detecting
circuits which enable it to handle words containing a mix-
ture of alphabetic and numerical digits in various ways
for the several computer operations, The block diagram
of the algebraic adder is shown in FIGURES 104, 10b,
10¢ and 104.

For the addition and subtraction operations, the alge-
braic adder performs eleven place addition. The input
gates (see FIGURES 10a and 10b) are controlled for
these instructions by the $'2 and §2 signals from the
comparator.” If the minuend and subtrahend are in
proper order, there is no $'2-8"'2 signal. - The subtrahend
word, therefore, enters the adder through gate
AA-GT01IB (see FIGURE 10b) and the minuend enters
through gate- AA-G7988 (see FIGURE 10a).. If the
minuend and subtrahend are found to be in the opposite
order, the comparator generates the 8’2 and §72 signals
which permits the subtrahend to enter the minuend input
via AA-G706C and the minuend to enter the subtrahend
input via AA-G761A by inhibiting AA-G70iB and
AA-GT8B alerting AA-G768C and AA-G761A. The

input to the algebraic adder will be discussed in greater

detail hereinafter in conjunction with FIGS. 12a—d.

The outputs of AA-G700B and AA-G760C are buffed
together and applied to the addend input of binary adder
A. (See FIG. 10c.) Similarly, the outputs of AA-
G761A and AA-GT701B are buffed together and applied
to the input of the complementér. (See FIG. 106.)  If
the comparator has-determined that a subtraction should
take place, the SICP signal is present to excite the com-
plementer and the nines complement of the subtrahend
is produced. If an addition has been indicated, the sub-
trahend word passes uncomplemented, through the com-
plementer. :

The check and. the zone indicator. pulses are deleted
from the output from the complementer by the signal
p(89-0)n4-=¢(0-2)n+, applied to AA-G724. This sig-
nal inhibits AA~G724 during the thres most significant
binary digit positions of each decimal digit. Gate
AA-G724 is also inhibited during the space-between-
words by the DEL signal. ‘ ]

The zone indicator positions of any digit ‘which is ap-
plied to binary adder A contain no pulses, since only
numbers are so applied, unless the digit is complemented.
Since the method of complementing, substituting pulses
for no pulses and deleting pulses from those positions in
which they originally appeared, inserts pulses into the
zone indicator positions of nmumbers and. into the space-
between-words, these pulses must be eliminated before
the information is applied to binary adder A. They do
not convey binary information and do not obey the laws
of binary computation.

The binary adder A (see FIGURE 10c) inhibits the

check pulse position of the addend word by means of the.

check pulse eliminator signal. The reason for the differ-
ence between deleting only the check pulse of the one word
and the check pulse and the zone pulses.of the other word
is not of significance for the computer operations of addi-
tion and subtraction. Ineach case, however, the check
pulse must be eliminated since the check pulses do mot
obey the laws of binary addition. '
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The output of the complementer is applied to the
augend input of binary adder A. The timing of the in-
puts of the binary adder ‘A is a delayed p0 (£2), i.e., this
pulse has been delayed by one-half pulse. The timing
at the algebraic adder inputs is p0=(s2). There is a
half pulse delay encountered, therefore, between either
algebraic adder input and the binary adder A inputs.
Each path contains a compensating delay to adjust this
timing since the binary adder A contains a PFR which
must receive pulses at the underscored timing. The out-
put of the binary adder is, therefore, p0=13.

The carry system of the binary adder A considers three
different conditions during normal addition and subtrac-
tion. * The first condition is a simple binary carry within
the first four binary digits of each decimal digit. When-
ever a carry pulse of this type develops, it is passed
around the carry pulse loop through AA-G722 (see FIG-
URE 10c). The total delay through this loop is one
pulse time including the delay in the binary adder. .

AA-GT2TA (see FIGURE 10c) is a complement cor-
rection gate. If the complementer is operating, the least
significant digit must be increased by unity in order to
produce a tens complement. Therefore, in the presence
of the SICP signal supplied from the complementer,
AA~GT27A passes a p8=(¢10) pulse in order to perform
the complement correction.

The second ‘condition covered by the binary adder A
carry loop is the carry pulse from the fourth and most
significant digit of the numerical part of each decimal
digit. This pulse must be carried over the zone and
check positions and added to the least significant digit
of the next decimal digit. Each such pulse appears si-
multaneously at AA-G722 and AA-G723 (see FIGURE
10c). AA-G722 is inhibited in each such case by the
p4n=(7n) pulse, which is the first zone pulse, while AA—
G723 is open only during p4n==(¢7n). Thus, every carry
from one decimal digit to another is prevented from pass-
ing through the short loop and is allowed to pass around
the longer loop. The total delay around the AA-G723
loop is four pulse times including the delay in the binary
adder A, thereby avoiding the pulse times of the zone
and check pulses and delaying the carry pulse until the

~ first pulse time of the following digits.

The third condition carried by the carry loop. is the
excess three correction process. In excess three arith-
metic, a carry pulse-from a fourth binary digit calls for
adding an excess three to the result, while no carry
indicates that an excess three should be subtracted from
the result. The significant carry for this operation is the
one which is gated through AA-G723. Therefore, just
following AA—G723, a tap (see FIGURE 10¢) is taken
off to drive the excess three correction circuit.

The excess three correction circuit includes AA—
FF706, AA-G728, AA-G731, AA-G732 and the binary
adder B. (See FIGURE 10c.) If a carry pulse passes
AA-GT23, it sets AA-FF796 indicating that an excess
three is to be added. When AA-FF786 is set, it opens
AA~G731 to pass a p(1,2)n into the augend input of
binary adder B. Meanwhile, the sum of binary adder A
is applied to the addend of binary adder B through a
four pulse delay. The p(1,2)n is the 0011 combination
which is called excess three or decimal zero. The AA—
FF766 is restored by a pdn=(r7n) but this is the same
pulse that sets AA-FF706 if it were gated by AA-G723.
Therefore, a pulse on the set input is also applied to
AA-G728 to iuhibit the restoring pulse. If no carry
pulse occurs, then no signal is‘applied through AA-G723
to inhibit AA-G728; AA-FF786 is restored by
p4n=(¢71); and the complement with respect to ten of
excess three, 1101, is passed by AA-G732 into the augend
of binary adder B. The complement, 1101, is created
by the signal p(1,3,4)n=1(1,3,4)n.

The binary adder B is constructed like binary adder
A. Since the purpose of binary adder B is to add in the
excess- three or its complement, the carry circuit only -
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operates during the first four binary digits. By the rules
of excess three arithmetic, any carry pulses to the fifth
place are suppressed. For this reason, AA~G713 is in-
hibited during p4n=(t5n) in order to delete each such
carry pulse.

" The corrected sum of the first eleven digits (the first
eleven digits following the space between words) of the
two quantities which originally entered the algebraic
adder appear at the sum oufput of binary adder B with
the timing p0 (#8). The outputs then pass through a
- half pulse delay and are buffed into a PFR (see FIG-
URE 10d4). The timing after the PFR is p0 (#9).

The other signal buffed into this pulse former is the
new check pulse. Binary counter AA-BC780 (see FIG-
URE 10d) is cleared by a p7n (tln) to binary zero.
If an odd number of pulses within a decimal digit enters
this counter from binary adder B, the counter is left
in state one which leaves the check pulse as zero. How-
ever, if an even number of pulses within a decimal digit
is applied to AA-BC700, it is left in state zero. The
zero output of AA-BCT700 is applied to the check pulse
gate AA-G735 through a compensating delay D (see
FIGURE 10d), this delay being required in order to
permit AA-BC780 to be cleared to zero by the same
pulse as is gated by AA-G735. The counter must be
cleared during the check pulse position, since that is the
only free pulse position within a word leaving the adder.
(Certain considerations for alphabetic digits allows zone
pulses to pass this point as will be shown later.) There-~
fore, the delay is inserted in order to extend the last state
of AA-BCT7¢9, before being cleared, long enough to gate
or not gate a check pulse as the case may be.

Some of the signals from the cycling unit which ap-
pear in the adder may occur during the space between
words; for example, the p7n applied to AA-G735. Any
such pulses are deleted at AA-G736 by the 7(10-16)
signal which clears the space between words.

The final output passes through AA-G736, a delay
and a pulse former, to the algebraic adder output (see
FIGURE 10d). The timing at this point is p0=(z10).
The total delay to the algebraic adder is, therefore, eight
pulse times. The algebraic adder comparison checker
for comparing the output of the algebraic adder with
the duplicate algebraic adder is tied in at this point.
There are two other odd-even checkers in the adder in-
puts which have been discussed previously.

Adding and subtraction may be performed on the
numerical parts of words which also contain alphabetic
digits. Moreover, the problem of affixing the proper
sign to the result of an addition or a subtraction operation
is handled in a different manner than the processing of
the eleven numeric digits.

Each word entering the algebraic adder is applied to
alphabetic detecting circuits. The two circuits, one for
each input, are symmetrical. The word entering either
AA-GT700B or AA-GT760C, for example, passes immedi-
ately to a pair of gates AA-G784 and AA-GT706 (see
FIGURE 10q).

The outputs of these gates are applied to a flip-flop
AA-GGT00. At the end of each computer digit (seven
pulse times) the state of AA-FF780 is examined. If
it is set, the digit is alphabetic; if it is restored, the digit
is numerical.

AA-FF780 is maintained in the restored condition
by a pl=#3 (introduced just following AA-G784) ap-
plied every minor cycle. However, during the minor
cycle of an addition, the FT160 opens AA-G16¢C to
pass a p8n (¢10n) to set AA-FET789 (see FIGURE 10a).
The assumption is made, therefore, that every digit is
alphabetic until proven otherwise. All decimal digits
contain pulses in the p(9-11)n positions, which pulses
are gated by AA-GT794 to restore AA-FIF786. Since
the decimal digits carry zero in both zone indicator
positions, the p(12,13)n at AA-G786 passes no pulses
to set AA-FF700 again. Al other combinations are
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considered as alphabetic and in all but two cases, carries
zone pulses which are gated by AA-G706. The two
exceptions are the code combinations for space and
ignore. (See FIGURE 2.) These characters possess
zero zone indicators making them appear numerical,
However, they carry no pulses in the three positions
p(9=11)n. Therefore, no pulses are gated by either G784
or G706 for either character and FF700 remains set
indicating an alphabetic digit.

Neither a check pulse nor the least significant digit in
the seven group can effect AA-FF700 since neither AA~
G704 nor AA-G796 is open during these two pulse
times, and therefore, p8n is the best pulse with which
to set AA-FF700 for each digit.

AA-G704 is inhibited during p(87,88) in order to de-
lete the third and fourth pulses of the sign digit while
AA-G706 is open during p(87,88) in order to detect
any character in the sign position that is greater than
zero. Since the plus (zero) and minus signals have
pulses in the two least significant positions only, any digit
with pulses in the third and fourth positions must be
considered as alphabetic and is, therefore, by-passed.

The set output of AA-FF7066 is applied to the two
clock gates AA-CGT708A and AA-CGT703%A (sce FIG-
URE 10a). These gates transfer the state of AA-FE7¢0
at the end of the seven pulse group to AA-FF702 in
order to free AA-FF789 to examine the next digit while
AA-FF782 remembers what to do with the present digit.
If AA-FF766 is set, indicating an alphabetic digit, AA—
CG769A passes a p7n (in the present example a pl4)
to AA-FF762 thus setting it. If AA-FF700 is restored
indicating a numerical digit, AA-CG70%A passes a pl4
to restore AA-FF702. One pulse later, another p8n
(specifically a pl15) passes through AA-G160C to set
AA-FF706¢ for the next digit.

The sum output of AA-FF702 indicates an alphabetic
digit, while the restored output indicates a non-alpha-
betic or numerical digit. If the digit is alphabetic, the
set output of AA-FF7¢2 opens AA-G714 to allow the
digit to by-pass the binary adders.

In an exactly identical manner AA-FF701 and AA-
FF703, in conjunction with corresponding gates, examine
the digit on the other input. (See FIGURE 10b.) If an
alphabetic digit (including space and ignore) is dis-
covered, AA-G715 by-passes the digit into the algebraic
adder output line.

Whenever either AA-FF702 or AA-763 is set, the out-
puts are buffed together in order to inhibit AA-G736
shown in the lower right corner of FIGURE 10d.

The numerical digit accompanying an alphabetic digit
is permitted to enter the binary adder with the alphabetic
digit and is thereby combined. However, the result,
being meaningless, is suppressed by AA-G726. (See FIG-
URE 104.)

Any alphabetic digit entering the algebraic adder dur-
ing an addition or subtraction operation is by-passed
through a seven pulse delay, a pulse former and either
AA-G714 or AA-GT715 (see FIGURES 10q and 105b) to
the alegbraic adder output delay and pulse former. The
total delay is, therefore, eight pulses which is identical to
the route through the adder. Moreover, each digit is ex-
amined while it is being added to the other digit. The
seven pulse delay between the input gates and the by-
pass route stores the digit until the examination is com-
plete. Then the digit is either by-passed through AA-
G714 or AA-G715 when it emerges from the seven pulse
delay and AA-G736 is inhibited in order to suppress the
sum, or the sum is allowable and leaves through AA-
G736.

One special problem associated with alphabetic digits
is the generation of a new tens complement correction
pulse if the digits of the two words are being subtracted.
For this reason, the buffed outputs of the set sides of AA-
FF762 (see FIGURE 10a) and AA-FF793 (see FIG-
URE 10b) are applied to AA-GT727B (see FIGURE
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10c). In conjunction with the SI1CP signal from the
complementer, and a p8n, AA-G727B inserts'a new com-
plement correction pulse whenever the previous digit in
either word was an alphabetic character. Whenever
either input has an alphabetic character, the signal from
AA-FF782 or AA-FF783 indicating this (see FIGURES
10a and 10b), inhibits gate AA-G721 which suppresses
any carry pulse which may appear in the long carry loop
from binary adder A. Such a carry pulse would have been
generated from the addition of a numerical and an alpha-
betic digit and would, therefore, have no meaning as to
the next addition.

The one situation not permitted by the algebraic adder
is the addition and subtraction of two alphabetic digits
at the same time, Whenever AA-FF702 and AA-FF703
are both set; the two set outputs meet in AA-G720 which
then comnects with AA-FF704. (See FIGURE 10a.)
AA-FF784 is applied to the check buffers. The opera-
tion in the algebraic adder finishes out the minor cycle
but the results have no meaning since AA-G714 (see
FIGURE 10a) and AA-G715 (see FIGURE 1056) have
superimposed the two characters on each other.

The sign digit attached to the result of any addition or
subtraction is the sign digit of the minuend. - Whenever
the two alphabetic indicating flip-flops, AA-FF762 and
AA-T703 indicate that the twelfth digit is numerical
(which is true for both sign digits) the restored outputs
of these flip-flops operate AA-G718 in conjunction with
the sign gating signal. . AA-G718, when open, by-passes
the minuend sign digit into the same by-pass group used
by an alphabetic digit and the sign digit is attached to the
sum as it leaves the algebraic adder. The sign of the
subtrahend and the minuend actually reach the binary
adders but the result of this addition is suppressed at AA—
G736, AA-G755, shown slightly left of the center of
FIGURE 10a generates a signal which inhibits AA-G736.

If an alphabetic digit occurs in either word in the sign
position, it is by-passed by the same route used for other
digit positions. " If an alphabetic character. appears in the
sign position of both words, AA-FF704 is set indicating
an error,

If two numerical quantities whose total exceeds the
eleven digit capacity are added together, a condition
known as overflow is said to exist. The overflow condi-
tion is detected by an overflow circuit which operates
when a carry pulse is produced by the addition of the two
digits in the eleventh place.

AA-G726 (see FIGURE 104) detects the overflow
pulse. First AA-G726 examines only the carry pulses
which follow the long carry path-indicating thereby a
carry from one decimal computer digit to the next, Sec-
ondly, the cycling unit pulse p81, specifically. tests that
pulse position which would indicate that the adder has
obtained a carry pulse from the twelfth position. ~ Third-
1y, such a carry pulse has no significance if either eleventh
digit is alphabetic. Therefore, AA-G726 is inhibited by
AA-FF702 (see FIGURE 10a) or AA-FF703 (see FIG-
URE 10b) whenever the previous digit is alphabetic.
Fourthly, a carry pulse normally does occur from the
eleventh position on subtraction but has no significance;
AA-GT726 is inhibited by the SICP signal indicating that
a subtraction is in process. Therefore, during an addi-
tion, an eleventh digit carry pulse is considéred an over-
flow providing the eleventh digit was non-alphabetic.
FT714 can also inhibit AA-G726 but its purpose will
appear later.,

If an overflow occcurs AA-G726 passes the p81 (#87)
to AA-FFT765, the overflow flip-flop. * (see FIGURE
10d.) The output of the overflow flip-flop prevents the
control counter reading from being increased by umity
and causes the control register and static register to search
the zero memory location during the next g cycle. - Once
set, the flip-flop remains set until the next g cycle because
FT737 does not occur until then. Moreover, it is not un-
til the time selector signal of the 8 eycle occurs that a #1
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is finally gated by AA-G737 to clear this flip-flop... (It
shouid be remembered that this material, which deals
with circuits not included in the arithmetic circuit, is de-
scribed in detail in co-pending application S.N. 279,710.

Twelve place addition, as distinguished from eleven
place addition which takes place during subtraction and
addition, is used during the multiplication and division
instructions as well as instructions 3#n, 4n, 51, 7n, PMC
and MC and the g cycle. The division instruction is the
only one in this group in which complementing occurs;
all others perform additions only. In all of this group
except the multiplication and division operations, one of
the input words is manufacture in the cycling unit. For
the periodic memory check and memory clear the word is
composed of all zeros except.the next to least significant
digit which is a one. After each tank of ten memory lo-
cations has been checked or cleared, the quantity ten is
added to the word in the control register. (In other
words, the instruction has both an alphabetical and a
numeric component and the quantity ten is to be added
to the numeric component of this instruction.) - During
the execution of the 3#, 4n, 51 and 7n instructions, either
of two manufactured words are added five: times de-
pendent on whether they are performed during the v or 8
cycle of operation. If the instruction occurs during the
& cycle, the word added is identical to the word dur-
ing the periodic memory check and memory clear. If the
instruction occurs during the v cycle, a second word hav-
ing zeros in all positions except the eighth, which con-
tains a one, is added. FEither word increases the memory
location associated .with the instruction by ten.

During the g cycle, the control counter reading is in-
creased by unity by passing the control counter reading
through the adder and adding it to a word from the cycling
unit containing all zeros except the least significant digit
which is a one.

For all twelve place addition operations, the alphabetic
detection circuits in the algebraic adder are disabled.
Moreover, the input switching system controlled by the
S'2 and S”2 signals from the comparator is not used. The
only input gates are the AA-G780A for the minuend and
the AA-G761C for the subtrahend. (See FIGURES 10a
and 105.) Both gates are controlled by FI714 which
also inhibits the normally opened AA-G700¢B and AA-
G761B.

The input switching system is disabled for twelve place
addition because none of the operations requires algebraic
operation. In fact, all operations except division are al-
ways additions, and for division the determination of the
subtrahend and minuend is not dependent upon a compari-
son of magnitudes or of signs.

The operation of the long and short carry loops around
binary -adder ‘A has already been described. The excess
three corrector and binary adder B also operate as de-
scribed previously. - The overflow gate AA-G726 is in-
hibited by FT714 during any twelve place operation,

However, one important point of difference between
eleven and twelve place operation is the inhibition of
AA-GT755 by AA-FF707. (See FIGURE 10q4.) During
eleven place addition, and at all other times except when
FT714 is present, this flip-flop is restored by a p3 (¢12).
During twelve place operation, however, FT714 opens
AA-GT738 to permit a p5 (¢14) to set this flip-flop. The
purpose of this flip-flop is to extend the effect of FT714
beyond the end of a minor cycle in order to inhibit
AA-GT755 during the sign gating interval #(3-9). The
flipflop is then restored at #12. The inhibition on
AA-GT55 prevenis a sign ‘gating signal from inhibiting
AA-GT36 during the most significant digit interval.

During multiplication, the A-register is connected to the
minuend input of the algebraic adder and the word con-
taining the round off correction and the multiplicand al-
ways enter through the subtrahend input. As the succes-
sive transfers of the absolute value of the multiplicand
or the quantity equal to three times the absolute value of
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the multiplicand occur, the partial product is built up in
the A-register. If there should be an alphabetic char-
acter in the multiplicand, its zone indicator and check
pulse is deleted at AA-G724 (see FIGURE 10a) and the
four binary digit portion of the combination enters into
the addition as if it were a numerical digit. The result
of this operation will have no meaning but neither will
such an operation stop the computer. For the 3n, 4n,
5n, Tn, periodic memory check, memory clear and g cycle
operations, the manufactured word is always applied to the
subtrahend input. For all of these operations except the
B cycle operatjon, the minuend input comes from the con-
trol register. During the 8 cycle the minuend comes from
the control counter. These operations are always addi-
tions. The input-output instructions 3n, 4n, 5n and 7n
may have alphabetic characters associated with them.
Such a character is the alphabetic symbol for the other
instruction which may be associated with the input-output
instruction in the same word. Since the instruction word
enters the minuend input, the zone pulses are not deleted.
Furthermore, the alphabetic digit is added to zero. Since
the carry pulse loops cannot effect the zone pulses, the
digit passes on to the excess three corrector where the
zero is subtracted out. Therefore, the alphabetic char-
acter passes through the adder without change. Similarly,
all numeric digits are unchanged except as they are effected
by the non-zero part of the manufactured word or by
carry over. Since the non-zero digits of the manufac-
tured word are in either the first or second digit positions
of the memory locations only, and since the instruction
digits are separated from the memory location digits by
an unused digit normally filled with a zero (se¢ FIGURE
1a) no carry over pulse can ever affect the instruction
symbol digit. '

Dfﬁring division, the divisor is often to be subtracted
from and added to the remainder; the remainder, at the
beginning of the first step of division being the original
dividend. The dividend is stored in the A-register and
appears, therefore, in the minuend input of the algebraic
adder. The divisor appears at the subtrahend input. Dur-
ing the first step, the complementer is excited by the SIX
signal (this signal is supplied from the comparator). This
S1X signal also excites AA-GT27A (see FIGURE 10c¢)
in the short carry loop around binary adder A in order
to insert the complement correction pulse therein. The
divisor is subtracted from the dividend until the quantity
in the A-register becomes the negative, ie., the comple-
ment, During this first step in the division process, the
S1X signal is applied to AA-G725 and AA-G145C. Since
this is a subtractive step, a carry pulse originates from the
twelfth digit for every minor cycle except when the output
of binary adder A has become a complement. Therefore,
AA—G725 examines for a p88 (#0) in the carry loop of
the binary adder A. If a carry pulse is present, the gate
AA—G725 is inhibited by the carry pulse when the p88
is produced. If the carry pulse is missing, the p83 pulse
is gated by AA-G725 to the multiplier-quotient counter
wherein the OR stage is initiated. During this OR stage
the remainder in the A-register is shifted, and the binary
counter which generates the S1X signal is pulsed to its
opposite position, which removes the S1X signal from the
next step in division. During this next step, the divisor
is added to the shifted remainder. Each addition brings
the remainder closer to zero. When the remainder finally
changes to a positive quantity, a carry pulse occurs in the
loop around binary adder A. The carry pulse is gated
through AA-G145C by the combined effect of FT145, the
p88 (10) pulse and the absence of SIX. The pulse gated
by AA-G145C performs the same function as a pulse from
AA-G725, AA-G145C requires an FT145 since the gate
would normally gate a p88 pulse during every other
twelve place addition operation as S1X is not present
to inhibit this gate, :
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The Multiplier-Quotient Counter

The Multiplier-Quotient Counter, otherwise known as
the MQC, comprises a four-stage binary counter and cir-
cuits for controlling the counter and registers during a
multiplication or division. It is illustrated in FIGS. 8a,
b, ¢, d and e, where FIGS. 8a—d together form a single
detailed block diagram and FIG. 8¢ is a simplified block
diagram of the circuit.

Referring to FIG. 8¢ first, the four counter stages are
designated MQC1, MQC2, MQC3 and MQC4. It should
be noted that identical reference characters are used for
the same elements in both the detailed and the simplified
diagrams. A numerical digit is applied to the four-stage
counter from a distributor, the digit being applied to the
input of the distributor in serial form. Since the MQC is
supplied with individual multiplier digits during multipli-
caton and supplies quotient digits during divsion, the dis-
tributor has two sets of outputs. The distributor itself is
a calibrated delay line, and the first set of outputs, which
are shown in FIG. 8¢ extending from its lower portion,
supply a properly timed pulse to the individual output
gates G116A-E to open these gates in the proper se-
quence. In this manner a statically stored quotient digit
is transmitted to the X register in serial form. Gates
G116A-E are shown at the top of FIG. 8e.

The second set of outputs from the distributor applies
the digit input signals to the timing ages G119A~D, and
when a properly timed impulse is applied to the line 257,
the input digit is transferred to the four stages of the
counter itself, The counter can count in one direction
only and the pulse which steps the counter along is ap-
plied through gate GI127A and line 267, or from the output
of flip-flop FF120, through gate G130 to line 267, Each
time the counter is pulsed, it counts upward one digit,
and the output is applied through the appropriate “0” and
“1” lines and through a set of either forward gates or back~
ward gates to the matrix. The selection of whether the
forward gates or backward gates will supply the count
to the matrix is determined by the condition of binary
counter BC128. During multiplication, the MQC con~
tains a single multiplier digit, and each time the multi-
plicand is added to itself in the alegbraic adder, the quan-
tity in the MQC is reduced by one until is reaches zero,
signifying that the number of additions required by a par-
ticular multiplier digit has been completed, and the next
succeeding digit determines the succeeding operations.
However, since the MQC can count upwardly only, the
backward gates are used to transfer the complement of
the count in the counter to the matrix.

This is readily accomplished by merely controlling
which output lines of the counter stages are applied to
the matrix. Since, in the XS-3 system of notation, a nines
complement of a number is obtained merely by substituting
zeros for ones and ones for zeroes, the complement of the
count in MQC1-4 is represented by the energization of the
corresponding zero lines. Thus, the backward gates trans-
mit the zero line information to the matrix and, the for-
ward gates transmit the appropriate one line information
to the matrix. The binary counter BC120 energizes the
forward gates through line 262 and the backward gates
through line 250 upon receiving the appropriate f1 and
OR signals., Only during division is the binary counter
BC120 continually stepped so that the forward and back-
ward gates are alternately used. This is necessary because
of the method of division used by this system, which
method of division will be explained in greater detail here-
inafter.

The matrix is a standard diode matrix with two sets
of outputs. The outputs which are used during multipli-
cations are those which appear on the right side of the
matrix in FIG. 8e. In multiplication, either the multi-
plicand itself or three times the multiplicand may be added
to the contents of the A register during the derivation of
the partial product of any individual multiplier digit.
Whether it is the multiplicand or three times the multi-
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plicand which is to be transferred to the AA is determined
by the size of the multiplier digit remaining in the MQC
counters after each addition. This is represented by the
enlergization of the individual output lines from the ma-
trix. ‘Thus, if the quantity 4 were still remaining in the
MQC, the matrix would signal the fact that the contents
of the MQC was greater than 3 and a 713 signal would
be applied to the F register to transfer three times the
multiplicand to the algebraic adder. = At the same time,
a signal would be applied through gate G130 to step the
MQC three times. If however, the amount remaining in
the MQC during a multiplication operation is less than
three, this is signalled at the output of the matrix, and
flip-flop FF12§ is set to indicate to the L register that the
multiplicand itself should be transferred to the alegbraic
adder. When the amount contained by the MQC during
a multiplication operation has been reduced to decimal
zero, this- information is also’ signalled, and appropriate
output circuits (not shown in FIG. 8e) generate the IER
and the OR signals, which control the operation for either
multiplication or division, so that the end of one step can
initiate the subsequent step. .

The method of division used in this system repeatedly
subtracts the divisor from the dividend until the remainder
has passed through zero; then the divisor is shifted to the
next lower order and it is repeatedly added to the re-
mainder until the remainder has then again passed through
zero. 'This process is repeated until the capacity of the
A register is reached. The function of the MQC during
division is to accumulate each quotient digit as the appro-
priate step is in process. This is -accomplished by stepping
the MQC each time the divisor is subtracted from or added
to the dividend. During the subtraction operation, - the
actual count in the MQC is desired, and this is transferred
to the matrix through the forward gates. The vertical
outputs from the matrix are fed to gates G116A~E and
are subsequently applied to the X register. The output
from the distributor reaches the individual G115 gates in
proper sequence to open them and transfer the static digit
from the matrix to the X register in serial form: When
the divisor is being added to the remainder, it is desirable
to transfer the complement of the contents of the MQC
to the matrix, and for this purpose, the gate G142 is
opened by the OR signal generated at the end of each
division operation to allow a #1 signal to step the binary
counter BC12§. Thus, when the divisor is being: sub-
tracted from the dividend, the forward gates are energized
through line 262, and when, in the succeeding steps, the
divisor or a submultiple thereof is being added to the
remainder, the backward gates are energized by line 250,

At the beginning of each operation, the MQC is cleared
to binary zero by the application of the appropriate sig-
rals from the cycling unit. - The MQC can be cleared to
absolute zero also by the application of signals to line 256.

The subsequent detailed deéscription of the functioning
of the MQC in the multiplication and division operation of
this system will serve to give a detailed understanding of
the operation of each element in the multiplier quotient
counter and its controlled circuits.

The multiplier-quotient counter and associated circuits,
is a four stage binary counter which count the number
of additions per step in the multiplication process, the
number of additions or subiractions.per step in the division
process and the number of words checked or cleared per
memory tank in the periodic memory check or memory
clear operation. (The periodic memory check and peri-
odic memory clear operations are described in detail in
copending application S.N. 279,710.} The multiplier~
quotient counter block diagram is shown in FIGURES
8a, 8b, 8¢ and 8d. The multiplier-quotient counter is
duplicated.

The arithmetic circuits perform a multiplication by re-
peated additions and shifts, The multiplicand is first
stored in the L-register from which it can be transferred
the required number of times to the accumulator where
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it is added to the partial product in the A-register. The
multiplier. digits are first stored in the X-register from
which each digit is sequentially transferred to the multi-
plier-quotient counter beginning with the least significant
digit. Since each multiplier digit determines the number
of additions to be made in each step, the multiplier-quoti-
ent counter counts the number of additions according to
the value of each multiplier digit, and at the appropriate
time, sends an IER signal, which causes both the remain-
ing multiplier digits in the X-register and the partial prod-
uct in the A-register to shift right one place and begins a
similar adding operation under the control of the next
multiplier digit. .

In order to reduce the length of the steps invoived in
the multiplication process the quantity equal to three
times the absolute value of the multiplicand is built up
and stored in the F-register. The multiplier digits begin-
ning with the least significant digit are taken sequentially
from the X register, coming from a tap on a seven pulse
delay, shown on the left hand side of FIG. 14, and are
fed into Q-G112C of the MQC, shown at the bottom of
FIG. 8b. Each digit is fed by Q-G112C through a pulse-
former and appropriate amplifiers and delays to a dis-
tributor line in the multiplier-quotient counter, which
distributor line aciually comprises a delay line. Taps
are taken from the delay line at delays of one pulse time,
and some of the taps are fed to a group of gates Q-
G116A-E, which aré used during the division operation,
and other taps feed through apropriate gates Q-GIii%A-
D to the four counters which comprise the multiplier
quotient counter. By means of the distributor line a
serially arranged digit is applied to the counter in parallel
distribution. When this quantity is added to the partial
product in the A-register, three additions are performed
during one minor cycle. In order to use this quantity,
two additional signals are required for the multiplier-
quotient counter: the =3 signal indicating that at least
three more additions are necessary, which transfers this
quantity from the F-register into the A-register and ad-
vances the multiplier-quotient counter three steps; and
the <3 signal which transfers the absolute value of the
multiplicand from the L-register into the A-register and
advances the multiplier-quotient counter one step. The
multiplier-quotient counter is a four stage binary counter
which advances positively each time it is pulsed. This
counter is indicated as MQCI, MQC2, MQC3-and MQC4
on FIGURES 85 and 84.

In order to understand how this binary counter oper-
ates, it is necessary to refer back in the specification to the
discussion of the basic binary counter. A group of binary
counters may be connected together as a multistage
counter as shown in FIGURES 8 and 84. The result
of this connection is that each time that any one counter
of the group is pulsed and it passes from binary one to .
binary zero, the binary one output delivers a pulse to the
input of the next higher stage in the counter. When
all the stages have reached one (which in the case of four
counters is equivalent to decimal 15), all stages produce
carry pulses which turn every stage back to zero. At
any -time after a string of pulses has been supplied to
the least significant digit counter input, the four stage
counter illustrated will indicate how many pulses up to
fifteen have been applied. The sizteenth pulse clears the
counter to zero. Hence, every time a multiple of 16
pulses occuss, the counter clears to zero and starts count-
ing again. . .

Since each multiplier digit is considered as a positive
quantity, the multiplier-quotient counter must effectively
count backwards to zerc. Rather than make this counter
count backwards, the multiplier digit, in passing from the
X-register to the multiplier-quotient counter, is comple-
mented by passing through an odd number of signal in-
verting stages. Each binary pulse in the multiplier puise
combination is inverted, the zeros becoming ones and the
ones becoming zeros. When a number in the excess
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three code is thus inverted, the resultant combination is
the nines complement of the original number. Since the
nines complement is set up in the multiplier-quotient
counter, the multiplier-quotient counter can then count
forward until it reaches nine, since the difference between
the nines complement of a number and nine is the num-
ber itself. The multiplier-quotient counter, when it has
reached nine, has counted the number indicated by the
multiplier digit and generates the IER signal.

The value standing in the multiplier-quotient counter
at any time can be read out through the multiplier-quotient
counter output function table. (See FIGURES 8a and
8c.) This function table has two sets of input gates from
the multiplier-quotient counter. Ome of these sets is a
group of gates, called the backward read gates, which
again invert the pulse combination. The backward read
gates are used during multiplication. The output of the
multiplier-quotient counter function table during multi-
plication is, therefore, the nines complement of the nines
complement or the number itself. As the multiplier-
quotient counter is advanced during each step of multi-
plication, the nines complement of the function table
decreases until, when the multiplier-quotient counter
reads nine (1109), the function table reads zero (0011).
The zero (Z) line of the function table generates the IER
signal that signals the end of that step of multiplication.

In order to operate the backward read gates FT139
opens Q—-G139 (see FIGURE 8b) during the first step of
multiplication, which gates a ¢1 pulse to clear binary
counter Q-BC129 to zero. The multiplier-quotient
counter backward signal from the zero output of Q-BCiZ9
is amplified and opens the backward read gates (Q-—
G179A-Q-G179H). (See FIGURES 84 and 8¢.) These
gates remain open for the duration of the multiplication
operation.

The signals from the zerc and one outputs of the four
stage binary counter pass through the complementing
backward read gates and through amplifiers into the four
paired input lines to the multiplier-quotient counter func-
tion table. This function table decodes each binary pulse
combination on its input into a single corresponding out-
put line. The function table input lines are paired (binary
zero and binary one) and one or the other line of each
pair is always selected. The effect of the selected input
line is to prevent the selection of amny output line to which
it is connected. That output line is selected, therefore,
that is not connected to any selected input line.

The circuits which generate the =3 and the <(3 signals
are controlled by the function table output lines Z, 1 and

2. (See FIGURES 8a¢ and 8c.) These three lines are !

buffed together to control Q-Gi40 (see FIGURE 84d)
and through an additional amplifier to inhibit Q-G147c.
FT147 alerts Q-G147¢ {see FIGURE 8d) during the steps
of multiplication. When a multiplier-quotient counter
function table line other than Z, 1 or 2 is selected, Q-
G147¢ gates a 1 pulse to set a flip-flop Q-FF128 (see
FIGURE 8d). The set output for the Q-FF120 is the
=3 signal and the reset output is the <3 signal. The
=3 signal is amplified and sent to the F-register where it
causes the transfer of the quantity which is equal to three
times the absolute value of the multiplicand into the A-
register. When one of the lines Z, 1 or 2 is selected,
Q-G140 gates a r1 pulse to reset Q-FF120. The <3
signal is amplified and sent to the L-register where it
causes the transfer of the absclute value of the multipli-
cand into the A-register.

The advancing pulse from the multiplier-quotient count-
er is obtained from Q-G147D (see FIGURE 84d) for any
<3 step. FT147 opens Q-G147D which is inhibited dur-
ing the time out and IER cycles. The pulse gated by
Q-G147D is a #8 pulse. If =3 signal is present Q-G130
(see FIGURE 8d) gates two pulses (s28 and £60) which
are buffed with the 78 pulse from Q-G147D. These three
pulses advance the multiplier-quotient counter three times
in one minor cycle,
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For example, if the multiplier digit is 4 (0111), the
nines complement, 5 (1000), is set up in the multiplier-
quotient counter. The backward read gates again invert
the combination and set up in the multiplier-quotient
counter function table the number 4 (0111) which in-
dicates that four additions are required. The =3 signal
is generated and the multiplier-quotient counter is ad-
vanced three times. The multiplier-quotient counter now
reads 8 (1011) and the nines complement in the multiplier-
quotient counter function table is one (0100). The <3
signal is generated and the multiplier-quotient counter ds
mdvanced once to read 9 (1100) and the multiplier-quo-
tient counter function table reads (0011). The zero (Z)
line generates the IER signal and starts the process anew
with the next multiplier digit.

The transfer of the multiplier digits from the X-register
begins during the fourth step of multiplication. The first
operation ds to clear the multiplier-quotient counter fo
binary zero. FT112 opens Q-G112B (see FIGURE 8b)
which after time out ends, gates a 78 pulse to set Q-FF125
(see FIGURE 8b). This set output applies a clear signal
to the four binary counters MQC1, MQC2, MQC3 and
MQC4. Q-FF125 is reset seven pulse times later by a
t15. FT112 also opens Q-G112C (see FIGURE 8D)
which connects the X-register to the multiplier-quotient
counter distributor line. On FIG. 14 the output of the X
register which connects to gate Q-G112C of the multiplier-
quotient counter is shown at the left coming out of the
upper portion of the recirculation path of the X register
as a tap on a seven pulse delay. Simultaneously, FT112
also opens Q-G112D which gates a delayed £19 pulse (de-
layed by half a pulse time). This delayed pulse is ap-
plied to Q-CG150 (a clock gate). The output of this
Q-CGil5¢ triggers a blocking oscillator (see FIGURE
8bh) which generates a sharp transfer pulse. This trans-
fer pulse is then applied fo the four transfer gates (Q-
G119A-Q-G119D) which connect the multiplier-quotient
counter distributor line to the multiplier-quotient counter
binary counters. (See FIGURES 8b and 84.) During
subsequent steps, FT112 is absent but is replaced by the
IER signal on gates Q-G112B, Q-G112C and Q-G112D.

The circuits which generate the IER signals are con-
trolled by the Z line from the multiplier-quotient counter
function table. Whenever the Z line is excited, Q-G147E
(see FIGURE 84) gates a 12 pulse to set Q-FF121A (see
FIGURE 8c). When this flip-flop is set, its outputs are
amplified as the IER signals. The 72 signal from Q-
G147E also sets Q-FF121C whose outputs are amplified
as the TER or OR signals.

Q-FF121A and Q-FF121C (see FIGURE 8c) which
respectively generate the IER and the IER and OR sig-
nals, are maintained in reset state by a 2 pulse which
passes through a normally open Q-G148. (See FIG-
URE 84.) The signal from the Z line passes through
Q-G147A to inhibit QG148 thereby preventing the 12
pulse from resetting both of these flip-flops during the
IER minor cycle.

The multiplication process reaches an end after the IER
minor cycle of the last step of multiplication. Nothing
prevents this IER signal from setting up the next multi-
plier digit, which is the sign digit, in the multiplier-quo-
tient counter although its presence there is not significant.
If @ minus sign is set up, it does not select any function
table line. But if a decimal zero (which indicates a posi-
tive number) is set up, it selects the Z line. During the
aforesaid step of multiplication, FT149 is applied to
Q-G149. (See FIGURE 8d.) When the IER signal oc-
curs, Q-G149 gates a 18618 signal lasting from 786 to #8
of the following minor cycle. This signal is applied to
Q-G147A where it prevents the Z line from inhibiting
Q-G148. Thus, Q-FF121A and Q-FF121C are both re-
set by the next r2 pulse. The signal from Q-G149 also
passes- through a two pulse delay to inhibit Q-G147E
which therely prevents Q-FF121A and Q-FF121C from
being set. This delay is required because Q-FF121A is
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sufficiently fast that it might remove the IER signal from
Q-G149 and consequently, remove the inhibition from
Q-G147E in time to pass the last part of the £2 pulse
through Q-G147E and reset Q-FF121A. (See FIGURES
8¢ and 84.)

The signal which advances the program counter during
a multiplication process is generated in Q-G143. (See
FIGURE 8b.) The IER signal is applied to Q-G143
which, in the absence of time out, gates a #1 pulse to
gates G222B and G244 in the contrel circuits.  During
various steps of multiplication, the pulse passes through
Q-G222B to step the program counter without setting
the time out flip-flop. The pulse also passes through
Q-G244 to step the program counter and set the time out
flip-flop during the next to last step of multiplication, thus
providing time for the function table signals for the last
step .of multiplication to stabilize.

The succession of digits which form the quotient in a
division operation are generated from the multiplier-
quotient counter and then dransferred into the X-register,
one by one, until the entire quotient has been obtained.
Division is performed by repeated subtractions and addi-
tions of the divisor and the dividend or remainder. Each
step is continued until the remainder passes through zero.
The remainder is then shifted to the left and the opposite
operation is initiated, until the remainder again passes
through zero. Each time the remainder is shifted, the
quotient in the X-register is also shifted in order that the
X-register can accept-the new digit from the mmltiplier-
quotient counter at the same input point. The multiplier-
quotient counter counts the number of additions or sub-
tractions in each step excluding the last operation which
causes the remainder to pass through zero. In order to
obtain guotients which are always less than one, the divi-
dend must always be less than the divisor.

Subtraction is performed by complementing the sub-
trahend and adding, ignoring the carry in the most signifi-
cant digit. When a larger number is subtracted from a
smaller number, the result is the complement of the dif-
ference, and there is no carry from the most significant
digit.

‘When this condition occurs, the lack of a carry pulse
from the most significant digit causes an overflow signal
(abbreviated as OF) to be sent from the algebraic adder
to the multiplier-quotient counter, where the divisor sig-
mal (OR) is generated. (The OR signal is the counter-
part.of the IER signal.) The OR signal terminates the
step, shifts the contents of the A-register and X-register
one place to the left and transfers the digit set up in the
multiplier-quotient counter to the -X-register where the
quotient is built up. :

During the next step the divisor is added to the com-
plement of the remainder in the A-register until an over-
flow signal occurs, this time, caused by the présence of a
carry in the most significant digit position. The multi-
plier-quotient . counter counts the number of additions,
but the backward read gates are used, and when the OR
signal transfers the quotient digit from the multiplier
quotient counter to the X-register, the nines complement
of the number of additions is sent.

During the first step of the division operation. (D),
FT138 opens Q-G138A and a 71 pulse passes through to
set Q-FF124. (See FIGURE 8b.) 'The set output of
Q-FF124 passes through an amplifier and clears the four
stage binary counter 4o decimal zero, in preparation of
the first subtraction routine. Q-FF124 is then reset by a
18 pulse.

FT138 also alerts Q-G138B and, after a time out in-
hibition is removed, gates a ¢1 pulse to clear Q-BC129 to
“one.” Q-BC120 (see FIGURE 8b) remembers whether
an addition or subtraction routine is taking place. The
one output of this counter passes through an amplifier
and opens the forward read gates (Q-G188A—Q-G180H),
(see FIGURES 84 and 8c), which transfer the pulse com-
bination in the mmltiplier-quotient counter directly into

20

30

35

40

50

60

65

46

the multiplier-quotient function table without comple-
menting it. The “one” output of this counter is also sup-
plied through three amplificrs to Q-G145B (sce FIG-
URE 8a). This gate is opened by FT145 during the third
through fourteenth steps of division, except when the time
out or OR inhibitions are present. The “one” output of
this counter passes through Q-G145R, to becoms the $1X
signal. (See FIGURE 8a). This S1X signal is sent to
the adder where it causes the incoming divisor to be com-
plemented and, therefore, subtracted from the remainder.
‘When the 81X signal is not present, the complementer is
inoperative and, therefore, an addition is performed.

At the end of each addition or subtraction routine, the
OR signal is supplied to a gate Q-G142 (see FIGURE
8b) which, in the absence of time out gates a ¢1 pulse,
The pulse from Q-G142 sets Q-FF124 in crder to clear
the multiplier-quotient counter to zero in preparation for
the following steps; it then advances Q-BC126 to its op-
posite state; and finally this pulse from Q-G142 is buffed
together with the output of Q-G143 in order to step the
program counter through Q-G222B or Q-G244 in the
control circuits.

The overflow signal from ‘the adder (produced during
division) passes through a pulse spreader network (see
FIGURE 8d) constituted by Q-FF122 and Q-CG117A
and Q-CGI17B and a two pulse delay line to set
Q-FF121B and Q-FF121C. Q-FF121B generates the
OR signals and Q-FF121C generates the IER, OR sig-
nals. The overflow signal is also tapped from the two
pulse delay line and is applied to Q-G148, where it in-
hibits the 72 pulse which normally would have reset
Q-FF121B and Q-12iC. (See FIGURE 8c.)

The "signal which advances the multiplier-quotient
counter in order to count the number of additions or sub-
tractions is generated in Q-G145D (see’ FIGURE 8d),
which is opened through the third through fourteenth
steps of division by FT145. Q-G145D is inhibited by
the time out signal, the OR signal and the overflow signal,
which passes from the output- of the delay line driver
through two amplifiers to Q-G145D. The OR signal,
which is removed by a 72 pulse and the time out signal
which is removed by a 1 pulse, prevent the f1 sampling
pulse from passing through Q-G145D during the first
minor cycle of a step in division. This gate, therefore,
counts each addition or subtraction after it occurs, but it
is prevented by the overflow signal from counting the ad-
dition or subtraction which causes overflow. The over-
flow signal is a TO pulse but because it passes through a
pulse spreader network (and, therefore, is a broader
pulse) it can still inhibit Q-G145D at ¢1.

The pulse combination in the multiplier-quotient
counter is converted into a serial dynamic pulse train by
successively sampling the five gates Q-G116A-Q-G116E.
(See FIGURE 84.) It is then transferred to the K-regis-
ter during the OR minor cycle. Each of these gates is
sampled at the time shown in Table 2.

TABLE 2
Gate Digit Sampling
Pulse
. Q-G116B 20 Least Significant P8
2t Next Least Significant_______.__ 29
-1 2% Next Least Significant__________ P10
28 Next Least Significant___.______ pil
Zone._
Zone
Q-GI18A. .. ... Check Pulse. ..o oo __ pla

When a “zero” line of one of the four input pairs to
the multiplier-quotient counter function table is selected,
it ‘applies an inhibition to one of these gates (excluding
Q-G116A) and prevents the passage of a pulse in that
position.” When a “one” line is selected, the inhibition is
absent and the corresponding pulse passes through. In
the multiplier-quotient function table, all pulse combina-
tions which require a check pulse are decoded and their
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output lines are buffed together to open Q-G116A which
generates the check pulse.

The sampling pulses for the gates listed above are gen-
erated in the multiplier-quotient counter distributor line.
A 15 (p7) pulse is fed into the distributor line which is
tapped at intervals to provide appropriately timed sam-
pling pulses.

The outputs of these gates are buffed together and
passed through a PFR and a cathode follower to the
X-register. Every successive combination of the multi-
plier-quotient counter, or the complement of this com-
bination, is composed into a pulse train in these gates, but
only that pulse train is admitted to the X-register which
occurs during the OR cycle. The input gate to the X-reg-
ister, X~G137, is controlled by the OR signal.

The method of division that is used requires that the
divisor be larger than the dividend; if it is not, the third
step of the subtraction routine requires ten or more sub-
tractions before a carry occurs to generate the OR signal.
If the OR signal occurred in such a case, it would transfer
an incorrect quotient digit into the X-register. Such an
improper division is prevented by Q-G118 (see FIGURE
8a) which is alerted by an amplified signal from the “one”
output of the binary counter Q-BC120, and opened by an
amplified signal from the “nine” line of the multiplier-
quotient counter function table. Q-G118 is sampled by
every pulse that advances the multiplier-quotient counter,
and if there is a pulse to advance the multiplier-quotient
counter the tenth time during a subtraction routine, the
pulse passes through Q-G118 as the multiplier-quotient
counter carry output. During the third through four-
teenth steps of division, the FT145 opens Q-G145A (see
FIGURE 8a) to send the carry output pulse through an
amplifier and a cathode follower as the improper division
signal to the control circuits where it terminates the in-
struction by restoring the flip-flop Q-FF284 and generat-
ing an ending pulse (EP). The signal from Q-G145A
also passes through a cathode follower as the improper
division signal to the algebraic adder, where it sets the
overflow flip-fiop AA-FF765 and initiates a special over-
flow routine by transferring control temporarily to mem-
ory location 000.

During the periodic memory check or a memory clear
operation, the multiplier-quotient counter counts the num-
ber of words checked or cleared in each memory tank,
then generates an MQCm: signal which sets up the address
of the next tank. To insure that each ten word tank is
completely checked or cleared, including the space be-
tween words, the multiplier-quotient counter counts thir-
teen words before generating this signal.

During the first step of the periodic memory check,
FT138 opens Q-G138B (see FIGURE 8b) in order to
clear Q-BC1290 to “one”; Q-BC120 then opens the for-
ward read gates and alerts Q—-G118. The generation of
the S1X signal is trivial in this case. FT194 inhibits
Q-G138A in order to prevent Q-FF124 from clearing
the multiplier-quotient counter to decimal zero. Instead,
FT194 is buffed together with FT112 and the IER signal
to open Q-G1i2B and Q-G112D. The signal from
Q-G112B sets Q-FF125 and clears the multiplier-quotient
counter to binary zero. The signal from Q-G112D is triv-
ial in this case.

During the second step of periodic memory check,
FT127 opens Q-G127A (see FIGURE 8d) which is in-
hibited by a time out signal, Each minor cycle a ¢1 pulse
passes through Q-G127A to advance the multiplier-quo-
tient counter and to sample Q-G118 (see FIGURE 8a).
Since the multiplier-quotient counter is cleared to binary
zero initially, twelve advancing pulses are required before
the “nine” line in the multiplier-quotient counter is se-
lected and opens Q-G118. The thirteenth advancing
pulse passes through Q-G118 as the carry output. FT127
opens Q-G127B and the carry output pulse passes through
Q-G127B to set Q-FF125, (see FIGURE 8b) clearing
the multiplier-quotient counter to binary zero once more.
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The output of Q—G1278 also passes through a cathode
follower to the control circuits as the MQCm signal, which
clears the static register, sets up the static register the new
memory address, and sets the time out flip-flop. The
MQCm signal also becomes the MQ-13 signal which gen-
erates the address of the next memory tank by adding ten
to the number in the control register. (A more complete
discussion of the periodic memory check and memory
clear operations is described in copending application S.N.
279,710.)
The A-Register

The A-register is a one word mercury delay line type
register which is duplicated in the aritbmetic circuit. It
is the principal arithmetic register used in the arithmetic
circuit. The A-register is used during addition, subtrac-
tion, multiplication, division and shifting. The A-register
and the algebraic adder are closely associated function-
ally. A word can enter the A-register from the high speed
bus amplifier either directly or through the algebraic
adder., The A-register recirculation loop can be altered
so that an A register word circulates through the algebraic
adder. (The adder is treated more fully in a following
section.)

Because the transit time for propagation of an electric
effect through, for example, a wire, is too short to realize
any practical or realizable storage capacity, other devices
for delaying the passage of an electrical effect have been
sought. There are several known methods by which the
propagation of an electrical effect may be retarded. One
of these is to convert the electrical effects into acoustical
patterns and thus make use of the much slower rate of
propagation to this end. A mercury tank, having trans-
ducing crystals at each end is typical of this type of stor-
age. The acoustic propagation through the mercury be-
tween the transmitting and receiving crystals is exactly
analogous to the acoustic transmission described above.
All of the delay lines used in the arithmetic registers are
of this type and utilize the mercury delay line. The mer-
cury delay line for the A-register is indicated on FIG-
URES 12a and 12¢ by the Main Delay Group, FIGURES
12a to 12d being the block diagram of the A-register.
The signal circulating around the closed loop enters the
Main Delay Group through an electrical delay (D) and
then goes to a pulse former and reshaper (abbreviated
as PFR). The pulse former is a device which supplies the
energy of circulation to the system. Passage of pulses
through any of the elements such as gates or delays causes
deterioration of the pulses. The proper shape and timing
of pulses is dependent upon the PFR’s which are intro-
duced at many points throughout the computer. The sig-
nal leaving the pulse former enters first a small mercury
line delay and after emerging therefrom, enters the main
mercury line wherein the pulse is converted into an acous-
tic signal by an appropriate transducer, The acoustic sig-
nal then travels to a second transducer which. converts it
into an electrical signal and applies the electrical signal to
the intermediate frequency amplifier detector (IFAD).
This pulse is then supplied to another pulse former and
supplied through various delays back to the entrance gate
in the recirculation loop.

The A-register is shown in FIGURES 124-12d. The
main recirculation loop is shown in a heavy line. Words
enter the A-register from the high speed bus amplifier
through A-G185 (FIGURE 12¢). As mentioned above,
the high speed bus amplifier, which is more clearly illus-
trated and described in the copending application S.N.
279,710, is a switching central through which information
is passed from the memory, and to and from the various
registers. This path is shown at the lower right side of
the main recirculation loop. A-G185 is opened either by
FT105 or by an extraction signal (E1~) unless this gate
is inhibited by a time out signal. At this same junction
where this input line meets the recirculation loop, the
A-register receives sign digits from the comparator and it
receives the number 000 000 000 005 during initial clear.
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The latter number is inserted into the A-register recircu-
lation loop, through gate A~G115, during initial clear to
prevent spurious signals from being generated in the recir-
culation loop after the A-register has been cleared.

Words from the algebraic adder enter the A-register re-
circulation loop through A-G169E (FIGURE 12¢). The
least significant digit of the word in the A-register can be
transferred to the X-register during the INR stage in mul-
tiplication through a c¢onnection shown just prior to
A-G124 in the main path of circulation. (This IER stage
is described in more detail in the multiplier-quotient
counter description.) A-G124 (FIGURE. 12¢) is the de-
lete gate which deletes any digits which have been shifted
during the shifting operation into. the space between
words. The contents of the A-register and the duplicated
A-register are compared continuously in the checking cir-
cuits.  The connection to the checking circuits (CKA) is
shown in the upper left corner of the main recirculation
path (see FIGURE 124q).

A-G180 is output gate to the high speed bus amplifier
and is connected to the second 7-pulse delay.  (See FIG-
URE 12a.) There is a connection from the A-register
to the comparator just before the third 7-pulse delay.
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section of the main circulation loop. (See FIGURE
12¢.) At this junction point a word may leave the main
recirculation loop if the word is to circulate through the
adder. The word that continues circulating in the A-
register passes through A-G10%C and joins with the input
from the comparator, with the initial clear digit input,
and with the input from the high speed bus amplifier
(FIG. 12¢). : .

We have said that decimal zeros are inserted in the A-
register during .certain computer operations. Such deci-
mal insertions are required to fill the digit spaces left
vacant by word shifting. The gating system for these
Z’s is shown on the A-register block diagiam in the left
center section. - (See FIGURE 12b.) A-G171 supplies
Z’s during the left shift instruction; A-G106B and A-
G1987B supply -Z’s during the right shift instriction.
A-~G102A and A-G168 supply Z’s during the respective

~ C instruction, and the X and multiplication -instructions.

20

Any signal on A-G101B, (FIGURE 12a) shown at the

left of the main loop, inhibits this gate and interrupts cir-
culation therethrough. FTI101 inhibits A-G161B either
to clear the A-register or to close the normal path for
shift operations. FT102 inhibits A~G10iB to clear the
A-register during the C instruction. The extract signals
from the F-register (BE2) inhibit A~G161B at the same
time that the extract signal opens the A-register input gate
A-G105 during the extraction operation. A-G10iB is
also inhibited by .the FT170 through A-G17% (FIGURE
124) during shift instructions (0n and —#) for the period
p7-p83. However, A~-G170 closes during the sign digit
position (p84—p90) so that A-Gi01B is opened to pass
the sign digit without shifting. The IER and OR signals
also inhibit A-G181B through A-G181A during multipli-
cation and division. ; )
Any word circulating in the. A-register may be shifted
one computer digit per circulation time by altering the
total delay around the loop by one computer digit time.
If the word is to be shifted to the right (equal to dividing
by ten) then a seven pulse delay section is removed from
one minor.cycle. If the word is to be shifted to the left
(multiplying by ten) then a seven pulse delay must be
added to the normal path. The A-register contains, there-
fore, three different paths: (1) normal, (2) seven pulse
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times shorter than normal and (3) seven pulse times - -

longer than normal. . )
For either shift operation, FT101 or the IER or OR
signal from .the multiplier-quotient counter. inhibits
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A-~G161B (FIGURE 124) in the normal circulation path. .

For a right shift, the word passes through A-G10%A; for
a left-shift, the word is passed through A-G193 (FIG-
URE 124a). ) :

Certain operations shift -all digits but the sign digit of k
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the word: Such a shift'is called an incomplete word shift. )

‘In incomplete word shifts, the shifted portion ofthe word
passes through A=G104 (FIGURE 124) (left shift, Onm
instruction), and the sign digit passss through A-G1§1B.
During this type of shift operation A-G181B is inhibited
and the shift path remains open-until the sign digit appears
at A~G181B, which then opens, closing the shift path, -

" The junction between . the main recirculation loop and
three of the shift paths appears (see FIGURE 12a) along
the lower left section-of the main loop. . From this junc-,

tion the word passes’ through a normally conducting -am-’

plifier and a buffer to another junction point.” Decimal
zeros. (indicated ‘as Z’s) are inserted in the A-register at
this junction during certain computer instructions. . (The
Z signal is supplied from the cycling unit and appears in
the' A-register as shown -in FIGURE 12b.) = From. this
junction ‘point the word passes through an amplifier to
another junction point located in'the center of the lower
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A-G171 is alerted by either FT171. or by the OR sig-
nal.. When a least significant digit signal is also present,
A-G171 gates a Z into the A-register; This least sig-
nificant digit signal appears at- A~G171 during the time
t(8-15). 'A Z entering the A-register from A-G171 at
that time fills the vacant least significant digit space in
the A-register word after the word has been shifted left.
A-G171 js inhibited during time out by the time out
signal. : o )

A~G106B (FIGURE 12b) is alerted either by FT106
or by the IER signal.. When either signal is present,
A~G106B gates a Z when a sign gating signal is also pres-
ent. :The sign gate signal appears at A—G106B during
the time #(86-1). A.Z entering the A-register through
A-G106B fills the vacant sign position space after the
word has been shifted right. The vacant sign position
can also be filled by a sign. gated from the comparator
during: which ‘operation FT161 inhibits A-G186B. A-—
G106B is inhibited by the TO-- signal.

A-G187B gates a Z into the most significant digit po-
sition left vacant when the word in the A-register has been
shifted to the right; this gate is controlled by FT107 and
is'inhibited during time out. ]

Sign digits gated to the A-register by the comparator
arrive at the A-register through an amplifier and a buffer.
The same entrance point in the A register loop is used
during initial clear. ' During initial clear, A~G115 passes
the word (000 000 000 005) into the A-register. ‘' The
A-register input from the comparator is shown at thé
same point as the direct input from the high speed bus
amplifier ‘near the right center of the block diagram.
(See- FIGURE 12¢.) -Sign digits gated to the A-register
by the comparator arrive. at this same point.

... An order to perform addition, subtraction, multiplica-
-tion or-division, the algebraic adder is switched in . the

recirculation path of the A-register. When so comnected,
the A-registér becomes :an. accumulator since any words
transferred to it are added:to the word already in the .
A-register.  As is shown on FIG. 12d the algebraic adder
has two inputs, a ‘minuend input and a subtrahend input.
The ‘minuend input is switched into the circulation path
of the ‘A-register by gate A-G189B.. Other signals to be
applied to the minuend input of the algebraic adder are
shown-in FIG. 125 and originate in the control counter,
applied through gate A~G212A; from the control register,
applied ‘through -gate A-G230A; and from. the cycling
unit,"the number-000, 000; 000, 005, which is the round-
off number. - To the subtrahend input of ‘the algebraic
adder signals from’ the high speed bus amplifier may be
applied through gate' A~G169A and from the L. register
through gate A~G118A. In addition, numbers originat-
ing in the cycling -unit, which may be used in the extract -
instruction and - similar operations, are applied through -
appropriate gates shown on FIG. 124. Alsé applied to
the subtrahend input of the algebraic adder through gates,
shown on FIG. 12d are control signals such as time-out
and time selection. As shown in FIG. 12d there is a
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single output from the algebraic adder, and that output
may be applied through gates A-169E (FIG. 12¢) or to
the control register and the control counter counter
(FIG. 12d). The appropriate inputs to the algebraic
adder from the conirol counter and control register and
the appropriate inputs to the control register and control
counter from the algebraic adder are illustrated more
clearly and described in the copending application S.N.
279,710.

The delay encountered in the algebraic adder is eight
pulse times. Therefore, the points in the A-register cir-
culation path which connect the algebraic adder are sep-
arated timewise by an eight pulse delay. The substitu-
tion of the algebraic adder for the eight pulse delay is
controlled by a group of gates labelled A-G109B,
A-G109C and A-GI109E. A-G199B (FIGURE 12¢)
opens the A-register loop to the minuend input; A-G103C
(FIGURE 12c¢) closes the normal path ‘to clear the old
word from the register, and A~-G109E (FIGURE 12c¢)
passes the total back into the A-register loop.

A-G109F passes a p4 (t14) to set A-FF101 (FIG-
12¢). This flip-flop holds A-G109E open until p2 (£12)
of the next minor cycle, since the function table signals
are synchronized with beginning and ending of the minor
cycles. Since there is a delay in the algebraic adder,
the sum is still passing from the algebraic adder into the
A-register when the minor cycle ends.

The signal which operates the three switching gates A~
G109B, A-G109C and A-G109E, as well as operating
A-G109 is generated by either A-G109D or A-G113.
A-G109D opens in the presence of FT109 except during
time out, the space between words, and the IER or OR
signal. A-G113 opens in the presence of FT113 except
during time out and the space between words. The de-
lete signal on A-G109D and A-G113 is required when
shifting occurs with addition, since the normal delete gate
A-G124 is located after the adder commection on. the
A-register loop. (See FIGURE 12¢.)

Concurrently, with FT109, A-G109A opens except
durin_g time out to admit a word from the high speed bus
amplifier, Thus the 109 gate system, when operated by
FT109, switches the A-register and the high speed bus
amplifier to the adder while FT113 switches only the A-
register to the adder.

- Output paths lead from the A-register to the X-register,
to the high speed bus amplifier and to the duplicated
A-register (for comparison purposes), and to the com-
parator. These output paths are shown along the top of
the A-register block diagram. (See FIGURES 124 and
12c.) 'The output path to the X-register passes through
a cathode follower (FIGURE 12¢). This path is con-

trolled by X-G114 in the X-register. X—G114 is alerted
by the IER and most significant digit signals and is in-

hibited by a time out signal. During various steps of
multiplication, X-G114 opens to transfer the least sig-
nificant digit in the A-register to the most significant digit
position in the X-register.

The output path to the high speed bus amplifier starts
at a tap on the seven pulse delay line network (FIGURE
12a). The output connection is made so that a pulse ap-
pears at the tap six pulse times after the pulse enters the
delay network. Therefore, the seven pulse delay includes
the usual compensating delay Dec. A-G100 controls the
A-register output to the high speed bus amplifier for trans-
ferring contents of the A-register to the main memory, or
to the L-register or to the F-register or the output syn-
chronizer register and is opened by FT100. -

The A-register output path to the comparator starts
at-a tap near the beginning of the first seven pulse time
delay network in the left shift path. (See FIGURE 124.)
Since the output connection comes before the left: shift
gates, A-G103 and A-G104, the path to the comparator
is always supplied with the contents of the A-register.
This gate leads to CP-G151A in the comparator.

Associated with the A-register and used by both the

10

15

20

25

30

35

45

50

55

60

65

70

75

52
A-register and the algebraic adder (see FIGURE 12c)
are a number of input and output paths.

The inputs from the control counter and the control
register are controlled by respective gates, A~-G212A and
A-G230A (FIGURE 12¢). A-G212A is alerted by
FT212 and the time selector signal and is inhibited by the
overflow signal. (The overflow signal is discussed in the
description of the algebraic adder.) A-G212A modifies
the control counter recirculation loop, so that, during the
B cycle, the contents of this recirculation loop can be
circulated once through the algebraic adder. A-G230A
is alerted by FT230 and is inhibited by the time out signal.
(This gate is used during the tape instructions and during
periodic memory check.) The outputs of A-G212A or
A~G230A are buffed together with the line by which the
A-register contents from A-G109B can enter the minuend
input of the adder. A-G109B is alerted by either
A-G169D or A-G113,

Another input to the minuend input gate of the alge-
braic adder is controlled by A-G111 which passes the
round-off number 000 0060 000 005 into the algebraic
adder during the last step in division. This gate is opened
by FT111 and is inhibited during the time out (FIGURE
12¢).

From the minuend input of the algebraic adder, a cath-
ode follower (see FIGURE 12d) leads to the odd-even
checking circuits.

The subtrahend input of the adder is supplied by a
gating system composed of A-G169A, A-G110A,
A-GI110B, A-G112A, A-G212D, A-G232A, A-G233A
and A-G242B (FIGURES 12) and 124).

A-G10%A is alerted by FT109 and is inhibited by the
time out signal. This gate admits signals from the high
speed bus amplifier into the subtrahend input of the alge-
braic adder (FIGURE 125).

A-G112A is used during multiplication. It is opened
by FT112 and is inhibited by the time out signal. When
opened, A-G112A passes the round-off correction 050
000 000 000 into the algebraic adder (FIGURE 125).

A~G110A and A-G119B pass the absolute value of the
L-register contents into the algebraic adder during each
of the first three steps of multiplication. A-GI110A is
alerted by FT110 and is inhibited by the time out and
sign gate signals. A-G110A passes the entire L-register
word except the sign digit which is deleted by the sign
gating signal into the A-register. A-G110B supplies Z
for the sign position. This gate is alerted by the FT110
signal and the sign gating signal and is inhibited by the
time out signal (FIGURE 124d).

A~G212D is alerted by the same signal as A~-G212A.
When the contents of the control counter enter the alge-
braic adder minuend input by way of A-G212A,
A-G212D passes the number 000 000 000 001 to the
algebraic adder input. By this arrangement, the number
in the control counter is increased by unity in prepara-
tion for the next instruction sequence. (The operation
of the control counter is described in more detail in co-
pending application S.N. 279,710.)

A-G232A, A-G233A and A-G242B are used in con-
junction with A-G236A when the control register con-
tents are circulated through the algebraic adder (FIGURE
12d). This occurs during transfer between the main
memory and the input-output system, during periodic
memory check and during memory clear. The control
register contents entering the algebraic adder are un-
changed if A~G242B passes decimal zeros into the alge-
braic adder subtrahend input. When the control register
number is to be increased by ten, A-G232A is opened by
its corresponding function table signal, thus either passing
the number 000 000 000 010 into the algebraic adder
subtrahend input in order to add ten to the right hand
instruction, or passing the number 000 010 000 000 to
add ten to the left hand instruction.

The subtrahend input to the adder like the minuend
input arrives at the algebraic adder by way of a com-
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pensating delay network and ‘is connected by a eathode
follower to the odd-even checking circuits.

The X-Register

The X-register is 2 one word mercury delay line type
register, the block diagram of which is shown in FIGURE
14. " The X-register is duplicated. The X-register is used
to store the multiplier during multiplication; it stores the
quotient during division; it stores the least significant digit
portion of the product after twenty-two place multiplica-
tion; it receives and stores words transferred from the
memory by the various computer instructions as explained
in more detail in copending application -S.IN.-279,710.

The recirculation loop (see FIGURE 14) is shown with
a heavy line. Several input gates to the X:register from
the high speed bus amplifier, from the A-register and from
the comparator, are shown in the right section of this
drawing. The several output gates to the high speed bus
amplifier and to the input checking circuit are shown along
the top of the drawing and the output to the comparator is
shown at the right side of FIGURE 14 within the recircula-
tion loop. Interconnéctions between the X-register and
the multiplier-quotient counter are shown. at the left.
X-G128 inserts at (79-85) during initial clear to insure
that spurious signals are not developed in the recircula-
tion loop of the X-register when this register is cleared.

The input and output connections to the X-register are
connected with the appropriate inputs and cutpuis of the
other circuits. For example, in the lower left hand corner
of FIG. 14, the X-G137 is shown connecting to the in-
put of the X-register the digit from the multiplier quotient
counter. The input to X—~G137 is connected to the out-
put of the multiplier quotient counter shown in the upper
left hand portion of FIG. 8a. Also, the output of the X-
register to the multiplier quotient counter is shown as a
tap on a seven pulse delay at the lower right hand portion
of FIG. 14, This cutput from the tap of the seven pulse
delay is connected to the input to Q-G122C shown in
the lower left hand poition of FIG. 86 of the muitiplier-
quotient counter; Also, the least significant digit from
the A-register is shown in FIG. 14 at the upper left hand
portion connected intoc X~G114. The output from the A-
register,, which is connected to X~G114, is shown in
FIG. 12¢, at the upper portion thereof, connected through
a cathode follower from the main recirculation path of
the register. An input to the X-register, connecting in
the sign from the comparator, is shown in FIG. 14 in the

left hand portion thereof near the quarter-adder 152. The.

sign, which is applied to this input, originates in the com-
parator and is illustrated in the lower right hand portion
of FIG. 6d. The outpui from the X-register to the com-
parator is taken from a tap of a compensating delay in
the recirculation path, shown on the left' hand side of
FIG. 14. 'This signal is applied to C-G152D of the com-
parator and is shown in FIG. 6b. Thus, by referring
from the FIG. 14 of the X-register to the appropriate
figures of the other elements of the system, the direct con-
neciions among the elements of the system may be read-
ily followed. : i .
One output from the high speed bus amplifier passes
through gate X-G126. This gate is opened by FT126
and is inhibited by the time out signal. " This input path
is-open during the Al, B, L, M1 and P1 instructions. -
The- other input” from the high speed bus amplifier
passes throngh X-G153B and a quarter adder, X-Q152.
‘This input is. used during the S1 and W1 instructions.
" X~G153A and X—G153B are controlled by FT153 and
the time selector signal. - When these. gates are open, the
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sign of the word entering the X-register is changed by the -

quartér adder. . o

A plus sign is represented by a 1 000011 and a minus
sign-by 0 00.0010." If either sign representation is applied
to a.quarter adder which, in' turn; is supplied at its other
input with a pulse in the two extreme positions, each sign
will ‘be-replaced. by the other.. Since a quarter adder

70

possésses 1o carry over, the two “additions” are as fol-
lows:

100 0911 0 00 0010
100 0001 100 0001
0 60 0010 1 00 0011

X-G153A is supplied with p(85,91)=¢(86,1) which
are the pulses in the two extreme positions and which ef-
fect the change in the sign of the word entering the X-
register through X-G153B.

The sign of the product or quotient is received from
CP-G161A and CP-G16iB in the comparator (see FIG-
URE 14) during the appropriate stages of multiplication
and division. The sign digit enters just after the sign
changing quarter adder X-Q152, :

Digits may be transferred from the A-register to the
X-register without entering the high speed bus. The digit
from the A-register is admitted to the X-register through
gate X-G114. This gate is controlled by the IER signal
and by the most significant digit signal from the. cycling
unit. X-G114 is inhibited by the time-out signal.

This path is used during multiplication to transfer the
least significant digit of each partial product formed in
the A-register into the X-register. This digit is shifted
into the space between words in the A-register, but before
it is deleted 'in the A-register, it is transferred through
X-G114 to the X-register. The point of entry to the X-
register is two decimal digits earlier time-wise than the
point of departure from the ‘A-register so that the digit
is shifted time-wise through the sign digit position in the
X-register. to the most significant digit position in the
H-register. Thus the least significant digit of each partial
product in the A-register is transferred to the X-register to
become the most significant digit therein.  Since the X-
register and the A-register both shift digits during multi-
plication, the digits transferred through X-G114 will
move to successively less significant positions.

The left shift path consists of an amplifier, an electric
delay line driver, a seven pulse time delay network, a
pulse former and reshaper, an amplifier and a gate
X-G123 (see FIGURE 14). The right shift path con-
sists of an amplifier and X-G123. The main recirculation
path is through X-G121 which is normally open. When-
ever the word in the X-register is to be shifted, X-G121
is inhibited and either X-G122 or X-G123 is opened. A
left shift is executed during various steps of division when
the OR signal opens X-GG122 and adds a seven pulse
delay to the loop. The right shift is executed during the
multiplication instructions when the TER signal is present
and during both multiplication and division when FT123
ispresent. ' The IER signal and FT123 are buffed together
to open X~G123 to provide the shorter path.

The IER signal, the OR signal and FT120 (which is
present in conjunction with FT123 during any right shift
operation) are buffed together to inhibit X~G121 and to
close the normal path. Before inhibiting X~(G121, these
signals pass through a gate X~G12¢ which is inhibited by
a time out signal. The normal path through X-G121,
therefore, is not closed during time out. The shift gate
X~G122 and X-G123 are inhibited by the time out signal
so that no shift can occur ‘during time out.

FT120 is present (but.not FT123 during the A1, B, L
and S1 instructions and the first step of multiplication)
and inhibits X-G12% in order to clear the X-register be-

‘fore accepting a new word from the memory during each

of these transfers. -

“Whenever a word in the X-registér is ‘shifted, one or
more of the extreme digits, depending upon the direction
of shift, moves into_the space between words. To insure
that the space between words is kept clear ‘of signals, a
delete signal is applied to X—-G121, X-G122 and X-G123
which inhibits each of these gates during 7(0-6).

The path leading to-thé multiplier-quotient: counter is

~ connected to the X-register left shift path, - The path to
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the multiplier-quotient counter starts at a tap on the seven
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pulse time delay network and continues through an ampli-
fier to the multiplier-quotient counter. All signals in the
X-register pass into the seven pulse delay even though
they may not pass through X-Gi22,

The path from the multiplier-quotient counter starts
at Q-G116A, Q-G1i6B, Q-G116C, Q-Gli6D and
Q-G116E in the multiplier-quotient counter. The path
enters the X-register through an amplifier, gate X-G137,
and a buffer into the main path, X-G137 is controlled
by the OR signal and is inhibited by the time-out signal.

The X-register output paths appear along the top of
the block diagram of FIGURE 14, The path through
cathode follower to the checking circuits is always open
to permit continuous comparison of the contents of the
duplicated X-registers. The output paths of the high
speed bus amplifier includes a cathode follower, an ampli-
fier and a gate X—G125, which is controlled by FT125.
This output is used during A2, S2, X, D15 and J instruc-
tions.

The L-Register

The L-register is a one word mercury delay line type
register. It holds the multiplicand during multiplication
and holds the divisor during division. When the com-
parator is testing two words for equality, the L-register
holds the standard against which a word in the A-register
is compared. The L-register is duplicated.

FIGURE 16 is the block diagram of the L-register.
The recirculation loop is shown with a heavy line. The
word enters from the high speed bus amplifier to input
gate L-G185A.

The L-register may be initially cleared by the initial
clear signal (IC) which is supplied from another portion
of the computer. One initial clear signal (IC1) closes
the clear gate 1-G186, stopping the recirculation of all
of the register contents until this signal is removed. At
this point, another initial clear signal (IC2) opens the
initial clear input gate G189 to permit the entrance of a
set of pulses #(79-85). The reason that such a set of
pulses are inserted into the L-register is to allow the re-
circulation loop to continue circulating some pulses
through the circulation line after the register has been
cleared in order to prevent the generation of spurious sig-
nals within the register.

There are three L-register output paths. One output
is through a parallel gating system composed of gate
L-G187, L-G188A and 1-G188B. All three gates enter
the contents of the L-register into the high speed bus
amplifier. 1-G187 is opened by an FT187 during the
comparison operation when words are tested for equality
or inequality. When L-G187 is open, the word in the
L-register travels to the comparator where the contents
from registers A and L are subjected to a comparison of
either magnitudes or algebraic signs. - Since the input to
the L-register and the outputs from the L-register all take
place through the high speed bus amplifier, reference is
made to the copending application S.N. 279,710 for a
more detailed discussion of these input and output con-
nections. The inputs and outputs of the L-register will
not be further discussed herein.

L-G188A and L-G188B are used during division and
multiplication operations. During the minor cycle when
these gates operate, the multiplier-quotient counter must
supply a <3 signal and must not transmit an IER or an
OR- signal to the gates. (These <3, IER and OR-
signals are described in the multiplier-quotient counter
discussion.) A sign gate signal (abbreviated as SG) on
L-G188A deletes the entire sign digit by inhibiting that
gate during the sign digit time interval. -Simultaneously,
another SG opens L-G188B to insert a decimal zero
(zero in the excess three binary system) into the sign
digit position. FT188 is present on both L-G188A and
1-G188B during these operations.

Another output from the L-register is to the checking
circuits, The checking circuits continuously compare

10

15

20

25

30

35

40

45

50

55

60

65

70

75

56

the contents of the duplicated L-registers to determine
whether or not the contents are identical.

Still another output from the L-register is through a
tap on the compensating delay network (Dc) shown in
FIGURE 16. A word leaving the L-register via this path
passes to the algebraic adder or to the comparator during
the multiplication or division operations. When a word
is read into the L-register FT185 opens L-G185B and the
input gate L-G125A. L-G185B inhibits the clear gate
1-G186 thereby clearing the L-register.

The F-Register
The F-register is a one word mercury delay line type

register. The F-register is used both in the extraction
and multiplication operations. The F-register is dupli-
cated.

The extraction instruction places one or more digits in
one word with the correspondingly located digits in an-
other word according to the digiis of an extractor word.
The F-register holds the extractor word that controls the
extraction process.

During multiplication, the F-register holds an operand
which is three times the absolute value of the multipli-
cand. If any digit of the multiplier is three or greater,
the quantity in the F-register is added to the partial prod-
uct in the A-register.

FIGURE 18 is the block diagram of the F-register.
The recirculation loop is shown with a heavy line. The
F-register has two input paths and three input paths. The
output through F-Gi94 admits 1(9-15) pulses during the
initial clear operation. These pulses are inserted into the
F-register recirculation loop during initial clear to prevent
spurious signals from being generated within the loop
after the F-register has been cleared. The input through
F-G190A admits words from the high speed bus ampli-
fier.

The contents of the F-register may be read out on any
one of three paths. One output leads to the high speed
bus amplifier, another output controls the extraction (re-
placement) of digits during the extraction operation and
still another output feeds the checking circuits to com-
pare the contents of the duplicated F-registers.

The output path to the high speed bus amplifier starts
at the second PFR shown at the upper left corner of the
block diagram. The word traveling along this path ar-
rives at two gates F~G188C and F-G192 simultaneously.
The output gate F-G138C of the F-register and the input

. gate A—G169A of the A-register are open whenever the F-

register’s contents is transferred over the high speed bus
amplifier to the A-register. The other output gate
F-G192 in the F-register output path also reads the F-
register contents into the high speed bus amplifier. Un-
like F—-G188C, F-G192 is not under the control of the
IER signal or of the =3 signal from the multiplier-
quotient counter.

The extraction operation uses thre words simultaneous-
ly; a word in the A-register, a word in the high speed bus
amplifier and a word in the F-register. The word in the
F.register is examined one digit at a time. For each digit
in the F-register which is odd, the corresponding digit
of the word in the A-register is cleared out and the cor-
responding digit of the word in the high speed bus ampli-
fier is inserted into the word in the A-register as a replace-
ment. For any even digits in the F-register nothing
happens.

The extract control signal is developed in the F-register
at a tap on the second compensating delay (Dc) in the
F-register recirculation loop. (See FIGURE 18.) This
tap is shown near the center of the lower part of the
recirculation loop on the block diagram FIGURE 18.
The tap is connected to F-G123. At F-G193, the least
significant digit of each computer digit (p8r) is examined
by the p8n signal. During the extraction operation,
FT193 is present and, when the word whose digits are
to be extracted into the A-register has been located in the



3,183,190

57

memory, the TS signal is present. Therefore, the results
of the p8n examination are communicated to the clock
gate F-G195A. TFor each odd digit in the F-register
F-G193 opens F-G195A to gate a timing pulse to the
FFR. For each even digit, no signal is developed by
F-G193 and, therefore, a TP—is passed by to FFR.

.- The extraction signals (E14 and E2-) control the
A-register input gate A~G105 and the A-register clear
gate A-G101B respectively. Both signals are present
when the flip-flop register (abbreviated FFR) receives
the positive timing pulse; both are absent when the flip-
flop register receives the negative timing pulse. The ex-
traction signals are, therefore, the control signals devel-
oped in the F-reg ster by the extractor word during the
time selection minor cycle when the word from the mem-
ory is available.

The output path for comparing the contents of the
F-register with the duplicate F-register goes through cath-
ode follower F-CF2 to the checking circuits.

FIGS. 20, 21 and 22 illustrate the cooperation among
the components described above in detail. The connec-
tions and elements utilized during addition and subtrac-
tion are shown in FIG. 20. In these figures, emphasis is
placed upon clearly setting forth the arrangement of parts
and their operation, and all hardware not necessary to
the description has been omitted. Only those components
and the portions of those components actually used in the
operation described are shown on the drawings, since the
detailed structure of each unit-has already been described.
FIG. 20 is considered first.

The addition operation of this system adds the contents
of the A register and the contents of a specific' memory
location which has been transferred to the X register.
The comparator examines the sign position (the 12th
digit) of both quantities and the relative magnitude: of
the two quantities.- The signals developed by the CP
control. the process of -addition in the AA. Preparatory
to the actual addition; the X and. A registers are cleared
and the two quantities to be added are inserted therein.
Gate G128 in the X register is opened and the output of
this gate inhibits gate G121 to clear the old contents of
the X register.. At the same time; gate G126 in the X
register is opened to -admit the word to be added to the
contents of the A register.
ister and the A register are transferred to the comparator
by way of special paths shown in FIG: 20, and the CP
performs its function” by examining the: algebraic sign
positions and the magnitudes of the inputs. The $2 and
the S1CP signals are ‘developed by the CP as they -are
reqhurcd and control the actual addition process in thé
algebraic adder. The contents of the A register are read

out of the A register and into the algebraic adder through

gate G109B and the contents of the X register are trans-
ferred to the algebraic adder through gate G425 and- gaté
G16%A. When the contents of the A and the X registers
are ‘presented to the comparaior, the relative absolute
magnitudes of the two words are compared by the binary
subtracter, and flip-flop FF1585 generates the S2CP sig-
nal,” when appropriate, to control:the input- switching
gates-of the algebraic adder. -In this manner, the smaller

quantity - is always applied through the complementer to -

the subtrahend input of the binary adder A and the larger

quantity is. always ‘applied to the ‘minuend input of that,

adder. The comparison of ‘the signs of the two quantities
contained in’the X and A régisters is made by the- half
-adder ' HA15% "and ‘half:-adder HA151, and their deter-
minations set ‘or restore fiip-flop ‘FF152 to genérate the
S1CP:signal when it-is required. - Since ‘the addition per-
formed by. the algebraic adder is an’ algebralc addltxon,
an aciual subtraction must be made if one of the signs'is
different from-the other, and the S1CP signal generated
by the comparator; -when it has ‘determined: that the two
- sign§ are different, conditions the complementcr to com-
plement the smaller quantity and ‘thus ‘achieve_ an alge-
braic addition: - When' the ‘addition ‘has- been tompleted
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by the algebraic adder in the manner described in detail
above, the result is sent to the A register by means of
gate G109E. A difference in position along the recircu-
lation path of the A register at which the information is
read out and the results are read in, is provided to com-
pensate -for the .delay produced during passage through
the algebraic adder. Thus, since there .is a delay of 8
pulse times in the adder, the sum from  the adder
approaches G189E at a later time from that at which it
left through gate G109B. As a result the sum enters the
recirculation loop of the A register at a point such that the
timing is the same as during a normal recirculation.

The A-instruction requires an average time of 525 mc.
or 13 minor cycles. The B-instruction is the same as the
A-instruction except that it provides for the simultaneous
transfer of information words to both the A and the X
register prior to the addition of those two words in the
algebraic adder. In a like manner, the X-instruction is
also similar to the A-insiruction, but utilizes the informa-
tion already contained in the A and the X registers, add-
ing that information to produce a sum which is trans-
ferred to the A register while the X register retains the
guantity it originally- had. The S-instruction algebrai-
cally subiracts the contents of a specified memory loca-
tion from the contents of the A register. This is accom-
plished in a manmuer similar to that of the A instruction
except that the complementer is energized to provide a

-subiraction operation by the algebraic adder rather than

the addition in the A-instruction. Each of these addition
and subtraction instriuctions utilizes the portion of the

11,

sysiem mesa ated in FIG. 20.
M ultiplication

FIG. 21 is a block diagram illustrating the components
which are used during multiplication and the cooperation
among  these components. The  components are illus-
trated in simyplified form eliminating all buffers, ampli-
fiers, gate circuits and other hardware not necessary to
the particular overation being illustrated. In this manner
a. comparaiively simplified block diagram is achieved
which illusirates the manner ‘in which the various com-
ponents of the system cooperate to produce a particular
operation without. unduly cluttering. the drawings and
rendering them highly complex.
© The M, N, and P-instructions all multiply the contents
of the L register with the contents of a specified memory
position and transfer the product-of this multiplication
to the A and the X registers. At the end of the multipli-
cation operation, the A register contains the 11 most sig-

‘nificant digits of a product preceded by a sign, and the X
régister contains the 11 least significant digits preceded

by the same sign. “iIn the following discussion, the
M-instruction is taken as the standard and differs from
the M:instruction ‘only in that the opposite algebraic sign
of the product is obtained; the P-instruction differs only
in that the round-off correction is not applied to the
product. These differences will be described with the
particular. steps in which thev occur. '

- The multiplication process requires 15 separate. steps.
In step: 1,. the multiplier word is transferred. from its
memory location into.the X register. - At the same time, .

the A register is cleared to decimal zeros, and the zeros

are ‘sent-to the algebraic adder "along with the absolute

" value "of  the “multiplicand,” which has previously been

placed in the I'register. "The sum'is sent to the A register.
In both step 2 :and step 3, the absolute value of the multi-

« - plicand (1CA\ID) is ‘again added to the contents of the

70

A tegistér, so that three timies the multiplicand is built up
in.the A register. ' On the fourth step the contents‘of rA
is-sent to the F register. In the M and N instruction a
Tound-off correction is placed.in"the A register during
siep 4, and thereafter the A regisier contains-the partial
product as it is developed on steps 5-15. The X register
initially contains the' multiplier (IER). On each of steps
-5 through 15, the - X register suppliés a neW multlpller
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digit to the multiplier quotient counter (MQC) and re-
ceives the LSD of the previous partial product from the
A register. By this repetitive process, the preduct is built
up in the A and the X registers. On step 3, the com-
parator determines the correct sign of the product and
stores it. (The N instruction stores the opposite sign in
the CP.) On step 14 the sign is supplied to the A and
the X registers.

The separate steps are as follows:

Step 1: After the appropriate instructicn has been set
up, the operations of the first step begin. Gate G139
in the MQC passes a pulse which places binary counter
BC120 in a state to open the backward gates. These gates
are used during steps 5 to 15. During step 1, the IER is
transferred from its memory location to the X register
and is checked for accuracy during its transfer. In the
X register, the clear gate G121 is closed to clear the con-
tents of the register, and the input gate is opened to allow
the admission of the IER during this transfer. The M
and P instructions use gate G126 for applying the initial
information to the X register. The N instruction uses
gates G153A and B which also accomplish a reversal of
sign. In the A register, the clear gate G181B is closed
to clear the contents of the register and a special input
gate G198 is opened to admit decimal zeros to the regis-
ter. At the same time, the alegbraic adder is switched
into the recirculation loop of the A register so that the
adder output, which, in this case, is the sum of the con-
tents of rL and rA, enters the A register. The algebraic
adder is inserted in the recirculation path of the A register
by opening gates G109B and G109E, allowing informa-
tion to pass from gate G169B into the adder and from the
adder through gate G169E back into the A register. The
input to the adder from the L register is through a special
path which utilizes gate G118A. Also during the first
step, decimal zeros are inserted into the sign positions of
the contents of both the A and the L registers so that in
multiplication the adder always receives two inputs which
have zeros in their sign positions. During step number
2, the contents of rA is added to the contents of rL, and
the sum is sent to the A register. The AA is inserted in
a recirculation path of the A register as it is done in the
first step and the A register is cleared to receive the sum
from the AA. Gate G110A is opened to admit the con-
tents of RL to the AA subtrahend input. In the AA, a
twelve place addition is now formed. The result is sent
to the A register. Since the A register contained the mul-
tiplicand and the L register contained the multiplicand,
at the end of the second step the A register contained two
times the multiplicand. During step number 3 the same
operation is accomplished as was performed during step
number 2 and in addition, the contents of the L register
and of the X register are seat to the comparator to deter-
mine the algebraic sign of the product. At the end of
the third step, the A register contains three times the
multiplicand. In the comparator, the sign is compared
and determined in the sign comparison and storage cir-
cuits and the resultant sign is stored in flip-flop FF152.

Step 4: the fourth step concludes the preparatory stages
of the multiplication operation. The subsequent stages
generate the final product. At the conclusion of the
fourth step, the F register contains. three times the multi-
plicand; the round-off correction has been transferred to
the X register (M and N instruction only); the sign of the
final product is stored in the comptrator; the L register
contains the multiplicand; the multiplier is stored in the
X register (shifted one place to the right); and the com-

plement of the least significant digit of the multiplier

is set up in the MQC.,

The contents of the A register (3XICAND) is read
out of the register through gate G160 to the input of the
F register G190A, and the A register is cleared by in-
hibiting gate G101B. When the A register is cleared,
decimal zeros are admitted through gate G198, filling

the recirculation loop of the register with decimal zeros.
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" After the quantity is read out of the A register it enters

the high-speed-bus. From the high-speed-bus the word,
which is three times the multiplcand, is transferred
through the input gate GI$0A to the F register and enters
the circulation path of that register. At the same time,
gate G199B inhibits the clear gate G191 of the F register
to clear its former contents. Thus, the result of the first
three multiplication steps is transferred into the F regis-
ter. While the contents of the A register is being trans-
ferred to the F register and the A register is being cleared
and filled with decimal zeros, the gate G109B and gate
G10%E are opened to place the algebraic adder in the cir-
culation loop of the A register.

During the M and N instructions, the round-off cor-
rection is applied to the subtrahend input of the adder
through gate G11i2A at the same time that the decimal
zeros contained in the A register are applied to the minu-
end input of the adder. The result, which is the round-
off correction, is then transferred to the A register.

At the same time, the complement of the least signifi-
cant digit of the multiplier is transferred from the X
register through gate G1i2C and the complementing
amplifier into the MQC. In addition, all of the multiplier
digits are shifted one digit position to the right in the X
register, thus clearing the least significant digit position.
Gate G123 in the X register is opened and the clear gate
G121 is closed, eliminating a seven pulse delay and caus-
ing the multiplier to circulate through the right shift path
in the X register. The distributor in the MQC serves to
transfer a serially arranged digit into the MQC counters
1, 2, 3, and 4 in parallel fashion. At the end of the
fourth step, the clear gates of registers A, F, and X are
opened, and the input gate G109A of the F register is
closed.

In steps 5 to 15 the multiplicand is multiplied by the
separate digits of the multiplier and the results are added
in the properly shifted positions in the X and the A regis-
ters. The individual steps are identical in method as far
as the multiplication process. is concerned. Steps 14 and
15, which conclude the multiplication operation, perform
additional operations incidental to attaching the algebraic
sign to the final product.

At the end of the fifth step, the A register contains the
product of the multiplicand and the least significant digit
of the multiplier. This product is the result of the con-
secutive additions of the contents of the A register to the
contents of either the F or the L register. (The F register
contains three times the multiplicand and the L register
contains the multiplicand.) The decision as to the selec-
tion and the number of the additions is made by the
MQC which tests the IER digit for magnitude and, if
the digit is not zero, developes either the greater than or
equal to three signal (Z23) or the less than three signal
{<3). After the first test is made and the correspond-
ing addition is made to the contents of the A register, the
IER is effectively decreased by either three or one, as re-
quired, and tested again. This process is repeated until
the number of additions of the ICAND made to the con-
tents of rA is the same as the IER digit. Since the con-
tents of rA was zero in the beginning, at the end of the
opening multiplication step the A register contains the
product of the ICAND and the least significant digit of
the IER. When the IER is the same as the number of
ICAND additions made to the contents of the A register,
the contents of the A register are shifted to the right so
that its least significant digit goes to the X register. The
vacant digit space in the most significant digit (MSD)
position of the A register is filled with a zero. The con-
tents of the X register is also shifted to.the right and the
least significant digit (LSD) is thus brought into position
in the MQC to control the following steps. If the IER
digit is zero to begin with, the shifts in the ‘A and X
register occur immediately after the zero is set up in the
MQC.

In each of the steps which follows, additions of three
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times- the ICAND and/or one times the ICAND are
made to the shifted contents of the A register as required,
and the partial product is built up in the A and the X
registers. After the last digit of the IER has been multi-
plied, the algebraic sign, which was stored, is sent into
the sign position of both the rA and the rX, and the
process is complete. The A register then contains an al-
gebraic sign and the 11 most significant digits of a 22
digit product; the X register contains.the 11 least signifi-
cant digits and the same algebraic sign.

Throughout -the steps 5 to 13, the A register and the
high speed bus are open to the algebraic adder minuend
and subtrahend input respectively, except when the IER
signals appear at the end of each individual multiplication
step. The A register accumulates the partial product and
repeatedly supplies the adder minuend input. The adder
subtrahend input arrives from the high speed bus. The
F and L registers supply the high speed bus with the
ICAND and three times the ICAND respectively as re-
quired by the MQC.

The A register output, clear and input gating system
consists of gates G18%C, G109D, G109E, and G1693,
and fiip-flop FF181. During the IER minor cycle at the
end-of each step the IER signal on gate G109B prevents
the operation of this. gating system.

: The F register contents ‘are read out to the algebraic
adder through gate G188C when the >3 signal is present
when generated by the 223 gates in the MQC. The con-
tents of the L register are read out to gate G188A when
that gate:is opened by the <3 signal generated by the
&3 gates in the MQC, and when that gate is not inhibited
by the IER signal which occurs at the end of each step.
Since only the backward gates are tised during- multipli-
cation, bmary counter BC126 of the MQC is not stepped
and remains in the'condition it was orrgmally placed early
in the multiplication process.

When a particular combination” of bmary ones -and
zeros (a coded decimal digit) is admitted to the binary
counters of the MQC, one line of a function table'in the
MQC is excited. - When the line for zero, one or two is
excited, the appropriate gates pass a srgnal known as.the
less than three signal. - If some other line is excited, then
the gate developes a signal known as . the equal to or
greater than three signal. As these s1gnals are developed,
they are also. used to step the ' MQC counters appropriate-
ly, once when the <3 is developed and three times when
the 223 signal is présent. If the binary counters excite the
zero line, the IER signals are developed by the IER OR

gaies denoting the'end of the multiplication step.

The IER signals are responsible for the procedures
which end the particular step. In the F'register the output
gate GI88C is closed by the IER signal.  Similarly; -the
other output gates G188A and. G188B are closed by the
IER signal..*In the A and X registers, special paths with

a digit less delay than the normal recirculation movement

loop (right shift), are opened to shift the contents. of the
A and X registers to the right.. At the same time, the
paths through:the normal loop are cleared. In the X
register gate G123 deletes the least srgmﬁcant digit of the
IER and the remainder of the word is” passed under: the
influence of the TER signal.
signal to allow the LSD from the A register to ‘pass into
the MSD of the: X register:
position in the A register is filled by a decimal zero.

In-addition'to the final muitiplication, the fifteenth step

also transfers: the algebraic sign of the product from the
CP:to the A andithe X -registers.”

gate G161A or gate G151B will be opened to allow the
plus or the minus sign to be read out through ‘special
paths to both the A and the X reg1sters
of the, IER signal at the end of the last muitiplication

The IER: and MSD signal -

Depending’ upon
whether flip-flop FF152 in the CP is restored or.set; either-
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goes to the MSD position and leaves a vacant space avail-
able to receive the sign from the comparator. In the A
regrste1 no decimal zero is gated in as occurs on the pre-
vious steps; thus, the former SBW in the A regrster is
also available as a most significant position to receive the
sign from the comparator.

It should be noted that the M, N, and P instructions
each require an average time of 2150 mc. or 53 minor
cycles.

The D instruction, which is illustrated in simplified
block form in FIG. 22, divides the contents of a specified
memory location by the contents of the L register and
rounds off the quotient to eleven digits. At the end of
the instruction, the A register contains the rounded
quotient and the X register contains the unrounded. quo-
tient.. ‘The D instruction requires 16 separate division
stages or steps. During step 1 the dividend is placed in
the A register and the contents of the A register and
those of the L register are compared in the comparator to
determine the algebraic sign of the quotient. In addition,
the MQC is prepared for the first division step. During
the second division step, the sign is stored in the compara-
tor for use during the 16th step and the dividend is shifted
left one decimal digit. During the 12 steps from step 3
through ‘step 14, the actual ‘division process takes place.
During step 15, the round-off correction is applied to the
unrounded quouent in the X register and the result is.
sent to the A regisier. Durmg the 16th step, the algebraic
sign stored in the comparator is transferred to the rounded
quotient in the A register and also to the unrounded
quotient in the X register.

This information handling system employs a non-restor-
ing method of division. - In this method the divisor is
first ‘subtracted from the shifted dividend until an over-
draft occurs. “The number of subtractions, not counting
the last one (the one which produced the overdraft)
becomies the most significant digit of the quotient. The
dividend is again shifted left and the divisor is added back
until an overdraft ‘again occurs. “In- this case, the nines
complement of the number ‘of additions, again not count-
ing the last (which one produced the-overdraft), becomes
the second “quotient digit. This sequency of alternate
subtractions-and additions is continued, the dividend being
shifted before each step, until 12 quotient digits have been
determined. At the end a round-off correction is added
and the quotient is shifted right to become a rounded 11
digit quotient. = The 12th digit position receives ‘che alge-
braic sign.

“ The MQC counts the number of additions or subtrac-
trons necessary to cause an overflow signal to be developed
by the algebraic adder which actually performs the addi-~
tions ‘and subtractions. - The MQC cotints in only one
direction’ (from zero to 9); however, either forward or
backward readout’ gates may be used. By clearing the
binary countérs to decimal zero and counting: forward
when the complement readout gates are used (backward),
the effect is the same as clearing the counters to 9 and
counting backwardly.

Initially, the forward read-out gates are used. There-
'afte'r, the MQC reverses the read-out gates at the-end of
a step, when the OR signals appear, and -at the same
time, reverses the operation: (addition or subtraction). in
the AA ‘When the forward read-out gates are used, sub-
traction is. called for by the'S1X'signal. -When the comi-

5 plement read-out -gates -are used, -addition ‘is permitted

because the S1X signal is not developed. At the end of
a step, the OR signal shifts the contents of the A register

.-one place to the left and inserts the decimal zero in the

70"

The’ occurrence .

shifts the- contents of. both the A-and the X registers. In =~

- the -X register, the former snace—between—words (SBW)

75

vacant least ‘significant digit position... The OR signal
also shifts the contents of the X-register one place to
the. left to make room in the least sighificant digit posi--
tion for the: quotient -digit devéloped by the MQC. :
- In the first step of the D instruction ‘gate G138 in the

-MQC passes a pulse.to the binary counter BC12§ to place

the:counter in condition . to energize the forward gates,
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which are used first. Thereafter, BClsO is stepped at
the end of each operation by the OR signal, allowing a
t1 pulse to pass through gate G142 so that the counter
alternately opens the backward and the forward gates.
Also during the time of the first step, the dividend is read
out of the memory location and into the A register. In
the A register the former contents are cleared by the clos-
ing of the clear gate G161. The dividend enters the A
register from the memory at gate G105. At the time
the transfer to the A register occurs, the contents of the
L register are transferred to the comparator and the
dividend is also transferred to the comparator for the
determination of the sign.

During the second step of the division operation the
algebraic sign determined in the comparator is stored in
the sign storage flip-flop FF152. In the A register, dur-
ing this step, gate G103 is opened and gate G101 is
closed to provide for the left shift of the dividend. At
the same time, gate G171 is opened and a decimal zero
is fed therethrough into the vacant least significant digit
position. During the division steps 3 through 14, the
routine of actual division by the nonrestoring method is
carried out. The output of the A register is opened to
the minuend input of the alegbraic adder and the output
of the L register is opened to the subtrahend input of the
adder except when the OR signals are developed at the
end of any particular division step. The input, output,
and clear gating systems in the A register used during the
D instruction consist of gates G101, G109B, G109E,
and G108C. This system is operated as in other cases
when the algebraic adder is switched into the A register
recirculation group.

The algebraic adder, the MQC, the X register operate
together to accumulate the quotient digits. In the initial
division step, binary counter BC12¢ in the MQC is in
the condition necessary to open the forward read-out
gates, having been placed in that condition during the first
step. Gate G145B then passes the S1X signal to the
algebraic adder to condition the complementer for sub-
traction. During a subtraction routine in the algebraic
adder, gate G725 is opened by the SI1X signal but is
inhibited by carry pulses from the binary adder. This
continues until an overflow occurs, at which time no carry
pulses inhibit gate G725 and a pulse is permitted to pass
therethrough to gate CG117A in the MQC to become
the overflow signal and pass on to the IER—OR gates to
become the OR signal. In addition, the overflow signal
inhibits gate G145D in the MQC to prevent it from pass-
ing a £2 signal which steps the counters each minor cycle.
At this time the particular combination of lines excited in
the matrix of the MQC is excited by the number set up
in the binary counters. During the first division step,
the forward read-out gates are opened and the number
finally set-up is the first quotient digit. The vertical
matrix lines carry permissive signals to the output gates
which transfer, in serial form, the pulses of the quotient
digit to the X register. This is accomplished by the out-
put pulses along the distributor which open the output
gates of the MQC serially to allow the quotient digit to
transfer to input gate G137 of the X register in serial
form. The transfer occurs only when an OR signal opens
G122 and inhibits gate G121 in the X register to provide
a left shift of the information contained therein. Thus,
the digits set up in the binary counter of the MQC enters
the X register in the now. vacant least significant digit
position.

The OR signal applied to gate G193 in the A" register
shifts the contents of the A register left by closing gate
G181, . Thereby the former space-between-words which,
in the shift position becomes the least significant digit,
is filled by a decimal zero gated in at G171 by the OR
signal. At the same time, the OR signal opens gate G142
to allow a t1 pulse to pass to set binary counter BC12¢
to its other state and to clear the MQC counters to
decimal zero. ‘
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During the fourth division step, operations similar to
those which took place during the third division step are
performed. However, in this case the algebraic adder
uses gate G145C to detect overflow because there is no
S$1X signal available to open gate G725 and inhibit gate
G145C. A carry is delivered only at the time that over-
flow occurs and at that time passes gate G145C to become
the overflow signal for the MQC. In the MQC, the num-
ber set up in the binary counters is read out through
the backward read gates, and the X register receives the
complement of the number in the MQC. This digit is
the second quotient digit. By repeated steps such as
step number 3 and step number 4, a 12 digit quotient is
assembled in the X register during division steps 3-14.

During the division step 15, the contents of the X reg-
ister are sent to the high speed bus, and the A register is
cleared. The X register is not cleared but the round-off
correction is added to the X register and the result is
sent to the A register. At the end of the 15th step the
A register contains the 12 digit rounded quotient and the
X register contains the 12 digit unrounded quotient. In
the A register, gate G101 is closed to clear the register
and at the same time gate G125 is opened in the X reg-
ister so that the contents of the X register may be read-
out through gate G109A to the subtrahend input of the
algebraic adder. The round-off correction is admitted at
the algebraic adder minuend input through gate G111.
The output of the added is admitted to the A register
through gate G109E.

During the 16th division step, the rounded 12 digit
quotient is shifted to the right one digit and the algebraic
sign is applied from the comparator. The word in the
X register is also shifted only digit to the right and also
receives the algebraic sign from the comparator. The
shifts are accomplished in the A register by the opening
of gate G166A and the closing of gate G101. In the X
register, gate G123 is opened and gate G121 is closed to
accomplish the right shift. The appropriate signal is
read from flip-flop FF152 through gates G161A or G161B
dependent upon whether the signal is plus or minus.

MAJOR COMPONENTS, SCHEMATIC CIRCUIT
DIAGRAMS

The Comparator (Schematic)

The schematic drawing of the comparator is shown in
FIGURES 7a through 7k. The negative going signals of
30 volt amplitude appearing on the high speed bus are
communicated to the input gate CP-G152A via diode
CP-D500 (FIG. 7f). CP-G152A is controlled by FT152
and the check pulse eliminator signal (CPE). FTI152
is normally at 490 but under excitation for a comparison
operation it falls to +60. Check pulse eliminator is nor-
mally at 60 volts except during the check pulse interval
of each computer digit when it rises momentarily to 490,
thus eliminating any check pulses which may appear on
the high speed but word. The output of CP-G152A is
via diode CP-D501 through a common line leading to
CP-V502. The input from the X-register in the form
of positive going pulses are capacitively coupled into
CP-V503. The output of CP-V503 is connected to
CP-G152B by way of diode CP-D504. The negative going
pulse from CP-V503 pass through CP-G152B provided
that the output from CP-G152F is at 60 volts. In
addition, a check pulse eliminator (CPE) is applied by
way of diode CP-D3505 to CP-G152B. The output of
this gate is communicated via diode CP-D566 into a com-
mon line leading to CP-V502, which is a clock gate driver.
The output of the clock gate drives a pulse forming flip-
flop (FIG. 7d) composed of CP-V507 and CP-V508.
This forms one input to the comparator. ,

A second input from the high speed bus is shown at

- point 509 (FIG. 7f). This input drives fate CP-G152C.

75

This gate is controlled by function table signal 152 which
is normally at --90 but during excitation for a comparison
drops to +4-60 volts. "Also applied by way of CP-D510
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a check pulse eliminator (CPE) signal deletes the check
pulses in the computer digits entering from the high speed
but. A third signal applied to CP-G152C is FT156.
This signal is applied by way of diode CP-D511 and
CP-D512 to the junction point of CP~G152C. The out-
put of this gate is buffed into a common line leading to
the comparator circuits via diode CP-D513.

Another input to the comparator from the X-register
is by way of CP-V514. This valve receives the positive
going pulses from the X-register and applies them to gate
CP-G152D. This gate is influenced by function table
signal 156 and the sign gate signal SG. Either FT156 or
the sign gate signal is capable of. opening CP-G152D.
In the absence of FT156, only the sign of the word from
X is allowed to enter the comparator. One additional
restriction imposed upon CP-G152D is the output of gate
CP-G152E. This gate permits FT152 to drive CP-G152E
and, in turn, inhibit CP-G152D except during time out.
Time out signal is applied to CP-G152E by way of di-
odes CP-D514 and CP-DS515. FT152 is supplied to
CP-G152E by way of the normally conducting tube
CP-V516. The output of CP~V516 is communicated by
way of diode CP-D517 to CP-G512E. Also applied to
CP-G152D is the check pulse eliminator signal which
eliminates the check pulses from each computer digit
entering from the X-register. FT152 is also applied to
CP-G152F by way of normally conducting amplifier
CP-V518. The output of CP-V518 is connected by way
of CP-D519. The inhibition of time out is applied to
CP-G152F by way of diodes CP-D520 and CP-D521.
The combined signals of CP-G152F are then applied to
CP-G152B by way of diode CP=D5232.

Still another input to the comparator is the minus sign
signal generated in the cycling unit. This signal appears

at diode CP-D523. The minus sign consists simply of a.

p86 pulse. The minus sign normally enters via CP-G156A
except in the presence of FT156 which is applied from
the function table output circuits via normally cenducting
amplifier CP-V524. CP-V524 is for the purpose of in-
verting the function table signal, coaverting it from a
permissive polarity to an inhibiting polarity. It is applied
to CP-G156A by way of diode CP-D525. The outputs
of CP-G152D, CP-G152C and CP-G156A are buffed
together by diedes CP-D526, CP-D513 and CP-D527.
The output of these three diodes is capacitively coupled
into a clock gate driver CP-V528 (FIG. 7d).

A third source of input signals to the comparator is
CP-G151A (FIG. 7a), which receives the signals from
the A-register by way of a capacitor and is applied to
CP-V530 (FIG. 7a4). The negative going output signals
from this tube are applied to CP-G151A through diode
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CP-D3531. The conditions at CP-GE52A are confrolled

by the output of CP~G151C. CP-G151C is controlled
by FT151 whose polarity is reversed from a permissive
signal info an inhibiting signal by action of tube CP-V532.
The output of this tube is connected to the input gate
CP-G151A through CP-G151C by way of diode
CP-D533. CP-G151C also receives the check pulse
eliminator - (CPE) signal via diode CP-D534 and is in-
hibited during time out via CP-D535 and CP-DS536.
If the combined output of CP-G151C is at 60 volts, this
signal is communicated to CP~G151A. If the conditions
in CP-G151C are favorable, that is, FT151 is present and
time out is absent, then CP-G151A is inhibited. Under
this condition, the signal applied is a 90 volt signal mask-
ing any signals appearing from the A-register at the junc-
tion point of CP-G151A.

Still another input to the comparator is via CP-G151B.
The signals from the L-register are applied capacitively
to the input amplifier CP-V537 where the signal from the
L-register is inverted. This inverted signal is applied to
CP-G151B by way of diode CP-D538. To the gate
CP-G151B are applied FT151 through diode CP-D539,
the time out signal by way of CP-D540 and the check
pulse eliminator signal (CPE) by way of CP-D541, The
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combination of these three signals is applied to CP-G15iB
by way of CP-D542. Under favorable conditions, i.e.,
the presence of FT151 and the absence of time out the
signal applied by way. of CP-D542 is a 60 volt potential
permitting the signals coming from CP-V537 to enter the
comparator. During the check pulse eliminator signal,
the potential on CP-D542 rises to +90 and thus masks
the pulses arriving from CP-V537, thereby eliminating
them. The outputs from CP-G151B are combined with
the output of CP-G151A by CP-D343" and CP-D543
respectively.  The combined output signal is then capaci-
tively coupled into normally conducting amplifier CP-
V544; which is a clock gate driver. The output of the
clock gate driver CP-V544 is applied fo a pulse forming
flip-flop. composed of CP-V545 and CP-V546. The out-
put from CP-V546 is applied to half adder CP-HA150
(FIG. 7c). 1t is also applied through a six section delay
line with taps to a binary subtracter (FIG. 7b). Into the
other- side of the binary subtracter, noted as minuend
input, are supplied the signals generated in the input gate
system CP-G152B or CP-G152A (FIG. 7f) through a
pulse former consisting of CP-V5¢8 and CP-V567 (FIG.
7d). The output of CP-V587 is applied via a delay line
to the minuend input of the binary subtracter. The out-
put from CP-V546 becomes the subtrahend inpuf of the
binary subtracter.

The effect of the binary subtracter is to obtain a signal
from a flip-flop which indicates the identity of any pair
of quantities applied to the two input systems of the com-
parator. The pulses applied to the subtrahend input are
positive going pulses while those applied to the minuend
input are negative going. The output from the two input
amplifier valves CP-V547 and CP--V548 are each clamped
between the limits —71 and —89 volts. These output
signals are applied each to two gates. These gates are
supplied with clock pulses, indicated by TP+ and TP—.
The configuration of diodes associated with these two
clock gates is such that if a signal is applied to both inputs,
neither clock gate will produce an output pulse but if
only one of the inputs is excited, there will be an output
pulse from the clock gate to the flip-flop whose polarity
will indicate which input was excited and consequently,
which one was not. - A typical operation might be illus-
trated by applying a pulse to CP-V547 and no pulse to
CP-V548. Under these conditions CP-V547 will assume
an anode potential of —89 volts. ~ Similarly CP-V548 will
maintain an anode potential of —89 volts. Considera-
tion must now be given to the potentials permitted at two
points 549 and 550. Point 549 will not be clamped from
the upper level by —89 volts applied from both CP-V547
and CP-V548. Point 558 will be clamped from a lower
limit by the minus 89 volts from CP-V547 and CP-V548.
Due to the D.C. average level of the timing pulses it is
now possible to say that a zp— will be gated through point
550. The fp+ normally rises from —91 to —53 volis.
Due to the clamping at —89 on point 549, only approxi-
mately three volts of the positive tp could effect point 549.
However, the negative timing pulse ranges from —71 to

-—109 volts due to the 18 volt differential, so that an 18

volt negative going pulse will be applied to CP-V555 and
CP-V356 of a pulse forming flip-flop.

This may be referred to as a set pulse to flip-flop
CP-FF156. A set pulse, therefore, may be considered
to indicate inequality in the two inputs to the binary sub-
tracter. Furthermore, the inequality is in favor of the
subtrahend input which carried a binary one or a pulse.
In converse manner, it can be shown that if a pulse is
applied to the minuend input but not to the subtrahend,
a positive timing pulse will be gated to CP-FF156 and
will cause CP-V555 to conduct and thereby indicate in-
equality but this time in favor of the minuend input. If
both inputs receive a pulse simultaneously, then neither
tp is gated to CP-FF156 and the flip-fiop is left in what-
ever state it was placed by the previous input combination.
A reset pulse is applied to CP-FF156 by way of valve
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CP-V557, a normally conducting valve which receives
negative pulses from the cycling unit designated as 5.
The output of this tube is connected to the reset side of
the clock gate by way of CP-D558. In order to avoid the
restrictions placed upon the fp inputs to the two clock
gates by CP-V547 and CP-V 3548, an additional #p input
is applied to the output of CP-V557 in order to sharpen
the signal produced at CP-V557. This timing pulse input
is by way of CP-D559. The combined action of CP—
V557 and the p input 559 is such as to produce a negative
going signal which is buffed into the clock gate circuit
by way of CP-D560 and thence to CP-FF156. The com-
bined effect of these two inputs, the ¢5 in the cycling unit
and the ¢p from the timing pulse generator produce a
positive going pulse which causes CP-V555 to conduct in
CP-FF156. This restoring action or resetting takes place
prior to any inputs to the subtrahend or minuend input
of the binary substracter. In the restored condition, CP-
FF156 indicates that the subfrahend is greater than the
minuend input and this assumption is made prior to any
comparison. If both inputs should be identical, it will
appear as if the minuend was greater. The output-of
CP-FF156 is obtained from CP-V555 through CP-V561.
CP-V561 is normally conducting but when CP-FF156 is
in restored condition, the lower anode potential on CP-
V555 cuts off CP—V561 and gives a 90 volt signal out as
the signal indicating that the minuend is greater than the
subtrabend.

For purposes of comparing the signs of quantities
entering the comparator, two half adders are used in cor-
responding circuits. These half adders are CP-HAI151
and CP-HA150. The operation of these two circuits is
identical, although the significance of each is different
from that of the other, and the description of that opera-
tion will be restricted to half adder 150 (FIG. 7¢). The
signals appearing via CP-G152C, CP-G152D and CP-
G156A (FIG. 7f) are buffed together and applied to the
pulse former consisting of CP-V557 and CP-V558 (FIG.
7d). This pulse forming flip-flop is driven from a clock
gate. The output from the pulse forming flip-flop is ob-
tained from CP-V558. Turning now to the other input
to CP-HA159 namely through gates CP-G151A and
CP-G151B, any input pulses occurring at these two
gates appear at the anode of a pulse forming flip-flop
composed of CP-V545 and CP-V546 (FIG. 7a4). The
output pulses are obtained from the anode circuit of
CP-V546, which drives a short delay line section.

As shown in FIG. 7c¢ the two input amplifiers from
CP-V557 and CP-V558 (a flip-flop) are CP-V564 and
CP-V565. The input amplifiers from CP-V545 and CP-
V546 (a flip-flop) is through CP-V562 and CP-V563.
The operation of a half adder has been described else-
where (see copending application S.N. 279,710) but in
quick review it is as follows. The signals applied to
CP-V563 and CP-V565 are undelayed from the corre-
sponding flip-flop inputs. Connected between the anodes
of CP-V563 and CP-V565 is a gating arrangement com-
posed of diodes CP-D567 and CP-D568. When and
only when both anodes of CP-V563 and CP-V565 drop
to 60, the junction point between the two diodes also
drops to 60 volts. This voltage change is connected
via diode CP-D569 to CP-V566. This signal is referred
to as the carry signal and indicates when two binary ones
have been applied to both inputs of the half adder. The
delayed inputs to the half adder are via CP-V562 and
CP-V564. Connected between the anodes of these two
valves are two diodes CP-D569” and CP-D570. These
diodes serve as buffing diodes which pass a pulse appearing
at either input valve into the sum dipe. The sum pulse
appears at diode CP-D571 where a gate is formed which
depresses the sum pulse if there is a carry pulse. This
depression occurs via diode CP-D572. In the case when
there is only one input, no signal is applied to CP-D572
to inhibit the carry gate and, therefore, the pulse appear-
ing on either one of the two delayed input valves passes
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through CP-D571 and out the sum output line via diode
CP-D573. If, however, two pulses do occur, the signal
appearing on diode CP-D572 suppresses the sum pulse
coming from CP-V362 and CP-V564. The behavior
then of the half adder is such as to produce a pulse if
one and only one input is excited but produce no
pulse if both inputs are excited. The output of CP-
HA150 is connected to a gate CP-G156B via two valves
CP-V574 and CP-V575. The output of CP-HAI50 is
also connected via CP-V576 to a clock gate and pulse
former CP-FF150, which stores the comparison of the
sign digit position of the two words applied to the com-
parator. By the fact that CP-FF159 is put into normal or
restored condition by a 786 pulse from the cycling unit
it is of no importance that the previous pulses of the
word being prepared have been effecting CP-FF150. The
only essential period for CP-FF15¢ is that interval be-
tween 186 and 2 which corresponds to p84-p91.

Associated with the half adder CP-HA131 in the flip-
flop CP-FF1i51, the corresponding flip-flop is CP-FF151.
The outputs from these two flip-flops control CP-G172B
and CP-G172D (FIG. 7j).

CP~G172B is controlled by the- signal developed in
CP-G172A (FIG. 7h) and appears at point 580. In ad-
dition, it is controlled by the output of flip-flop CP-FF153
(FIG. 7h) which appears on lead 581. The other con-
trol signals are the set outputs from CP-FF159 and CP-
FFi51, FT172 and a p91 pulse from the cycling unit.
The output applied by CP-FF151 is inhibitory while
that from CP-FF159 is permissive as are FT172 and the
output of CP-FF153. The signal from CP-G172A is
inhibitory. The combined effect of these signals is com-
municated to CP-FF155. This output is in the form
of a p91 pulse which sets CP-FF155.

CP-G172D is controlled by FT172, a permissive signal
via CP-V582. In addition, this gate is controlled by
the restored or reset outputs of CP-FF150 and CP-FF151.
Both of these signals are permissive. The output of CP~
G172D is applied as an inhibitory signal to CP-G167.
The input to CP-G167 is via diode CP-D583. The other
control -signals associated with CP-G167 are a p91 ap-
plied from the cycling unit via diode CP-D584, a per-
missive signal, either by FT'156 by way of valve CP-V585
or FT159 by way of CP-V586. Either signal if present,
inhibits CP-G167. In addition, the output of CP—G172A
is applied by way of valve CP-V387 and is permissive in
nature. An additional signal is also applied to CP-Gi67
which is the output of CP-FF154 (FIG. 7h). This sig-
nal appears by way of CP-V588. The signals appearing
on CP-V587 and CP-V588 are buffed together by diodes
CP-D589 and CP-D590. Either signal is sufficient to
apply the necessary permissive signal on CP—G172D pro-
vided the other signals are also favorable. The output
of CP-G167 is a p91 pulse which is applied to CP-FF155.

The third source of signals to CP-FF155 are via CP—
G156C. CP-G156C is controlled by FT156 supplied by
way of of CP-D5%1 and a p91 from the cycling unit
applied via CP-D592 and finally, the output from the
restored or reset side of CP-FF153 by way of CP-D593.
The output of CP—-G156C is buffed into the common
line to CP-FF155 by way of CP-D5%94. The common
input line to CP-FFI55 is by way of valve CP-V595.
This valve drives an eight section delay line for the pur-
pose of delaying the output pulses from the three gates
supplying signals to CP-FF155 for approximately two
pulse times. The purpose of this delay is to prevent the
generation of the signals at CP~FF155 until the proper
time. The output of the delay line drives CP-V396
which, in turn, is connected to the set input of CP-V155.
CP-FF155 is composed of valves CP-V597 and CP-V598.
The output of CP-FF155 is the CT or additional transfer
signal which is used during the Q and T instructions
in order to transfer control to a new memory location.

“These output signals are passed via CP~V59%9 and CP—

V6089 on the one side of CP-FF155 to the contro] counter
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and checking circuits. The other output from CP-V558
is by way of valves CP-V6d1 and CP-V682 (FIG. 7i).
CP-V6901 supplies the signal to CP—G438 and CP-G439
in the checking circuits while CP-V 662 supplies the signal
to CP-G168B. This signal is eventually conmected to
the algebraic adder as signals S2A and S2B which cause
the complementer to complement the incoming signal
to the subtrahend input of the algebraic adder in order
to perform a subtraction. CP-G169B is controlled by
FT160 applied by way of CP-D693 and a time out in-
hibition applied by way of CP-D§84. FT160 is permis-
sive while the time out signal is inhibitory. The output
of CP-G168B is applied by way of a diode to valves CP—
V685 and CP-V606 which, in turn, generate S2A. and
S2B respectively. CP-FF155 is restored by signals from
CP-G159% which are applied to CP-V588.

One additional feature of CP-¥155 is the initial trans-
fer control switch which permits the operator to observe
whether or not a transfer of control is going to take place
and i so, force the computer to ignore the transfer in-
struction and proceed along the original sequence of in-
structions. ~ This transfer switch is shown just below
CP-FF155 and applies a forcing signal to CP-FF155
which places it in whatever position the operator chooses
without regard to the input signals which may have been
generated by the comparator. CP-G157 and CP-G158
(FIG. 7i) compare the conditions of CP-FF150 and CP--
FF151 in order to determine their likeness or unlikensss
of setting and thus give an indication of the comparison
of the signs of the words entering the comparator. Both
gates are controlied by both cutputs from these flip-flops.
However, the control is such that the set ouiput of CP-
FF151 is permissive on CP-G158 while the restored out-
put of CP-FF151 is inhibitory on CP-G157. A similar
system is on CP-G158.

The signal from CP-FFi5¢ is applied to CP-G157
and CP-G158 by way of CP-Véil and CP-V612 re-
spectively. ' Adjacent to CP-V611 is CP-V61I§ which
provides the signal from CP-FF15§ to CP-G172B, dis-
cussed above. CP-V§12 is the input:valve from CP-
FF15¢ to CP-GI1S7 and CP-G158. Adjacent to CP-~
V612 is CP-V§13 which provides the signal for CP-
G172D already discussed above.

‘The signals from the two outputs of CP-FFI51 are
applied to CP-G157 and CP-G158 by way of CP-D614
and CP-D¢&15 respectively. These signals are developed
through amplifier and signal level changing stages between
CP-FF151 and the input diodes. In addition to the. sig-
nals from CP-FF15¢ and CP-FF151 a cycling unit pulse
p91 is applied to the two gates by way of CP-D§16 and
CP-D637. Still another control signal on these two gates
is FT'159 which, by way of CP-Vé18 can inhibit the op-
eration of both gates. Normally CP-V§18 is conducting
and its anode is, therefore, 4-60 volts. This voltage level
is communicated to the two gates by way of CP-D61%
and CP-D$28. With the anode potential at each-of these
diodes at 60, no inhibition is applied to either gate.
When FT159 is present, the anode potential of CP-V618
rises to +90 volts and by way of CP-D619 and CP-D626,
inhibits any activity in gates CP-G157 and CP-G158.
The signals from the two flip-flops CP-FF156 and CP-
FF151 are all -60to 190 volt signals but the oppositely
phased signals from each side of each flip-flop is combined
in CP-G157 and CP-G158. Initially with both flip-flops
restored, the following conditions exist: CP-D621 and
'CP-D615 each are at +90 volts, and CP-D622 and CP-
D614 are at 60 volts.  The presence of the two 90 volt
signals is sufficient to inhibit both gates. 1If either flip-flop
reverses its state, the two dicdes corresponding to it will
exchange their voltages, that is, if CP-FF15) is set then
the potential on CP-D621 is +60 volts and that on CP—
D622 is 90 volts. In this condition CP-G158 has 60
voits applied to it by CP-D§21, CP-D614 and CP-D628.
it is then possible for the negative going p91 from the
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the gate. {In the meanwhile the 90 volts applied to CP-
D622 and CP-D615 are sufficient to inhibit CP-G157.
If the opposite condition obtains, ie., CP-FF151 is set
and CP-FF150 is restored, the same condition exists in
CP-G157 as previously existed in CP-G158. In this case,
CP-(G157 passes the p91 to the output. If both flip-flops
are set, then CP-D621 and CP-D615 each have 60 volts
impressed on them and CP-D§22 and CP-D614 have 90
volts impressed on them. This condition is the same as
the initial one in which both flip-flops were initially re-
stored. Thus, CP-G157 and CP-G158 only pass a pS1
to the output if the two flip-flops are in opposite states.
In identical states, neither gate passes a pulse, The output
from the two gates are buffed together by CP-D623 and
CP-D624 into a common output line which passes to
CP-FF152.

The input to FI'152 from CP-G157 and CP-G158 is
via CP-V625 (FIG.7¢). The output of CP—V6325 passes
through a’delay line and into an amplifier CP-V626.
The output of CP-V626 then is passed to the set input of
OP-FF152. When CP-FF152 is in set condition, it in-
dicates that the quantity generated in the A-register as the
result of an arithmetic operation is negative. Conversely,
CP-FFi52 indicates a positive quantity when restored.
I a pulse arrives from CP—Gi157A, this indicates that a
niegative sign is required and, therefore, CP-FF152 is set.
CP-FFi52 is restored by a p91 pulse gated through CP-
G159, CP-G159 is controlled by FT159 applied via CP-
V627 into a gate CP-G159. If CP-V627 is cut off, its
anode rises to 60 volts and permits the p91 pulse from the
cycling unit to pass through to CP-V628 which in turn is
connected to the restore input of CP-FF152. CP-FF152
is composed of CP-V628 and CP-V629. The output of
CP-FF152 is obtained from the anodes of both valves.
That from CP-V628 is connected via CP-V638 to CP-
G161B. - That from CP-V629 is connected via CP-V631
to CP-G160A and CP-Gi61A. The same pulse which
restores CP—FF152 is also connected to restore CP-FF155,
discussed above.

The set output from CP-FF152 is connected to CP—
GI6LA by way of dicde CP-D846 (FIG. 7k). Corre-
spondingly, the restore output of CP-FF152 is connected
into CP-Gi61B by way of dicde CP-D641. In ecach
case FT161 is also applied to the gates diodes CP-D642
and CP-D643. FEach gate is furthermore inhibited by
the time out signal via diocdes CP-D743 and CP-Dé644.
These two gates are mutually exclusive in that only one

‘of them can be opened since the signals applied from

CP-FF152 are permissive in each case and since only one
such permissive signal is possible at one time. CP-
Gii61A generates the minus sign if such is called for.
In this case, CP-FF152 is set and FT161 is present. The
minus sign is substantially at 87 equal to #86. It is suf-
ficient to gate this one pulse through CP-G161A from
the cycling unit. This pulse is applied via CP-D645.
In the case of CP-G161B it is necessary to gate a decimal
zero (indicated by the symbol Z which also represents a
plus sign) if the quantity is positive. The Z or 4 signal
is applied via CP-D646 to gate CP-G1i61B. Two addi-
tional signals are applied to these two gates, either of
which is sufficient to conirol the gates. One is the IER
signal during multiplication and the other is FT106. These
are applied to the two gates via CP-D§47 and CP-D§43,

respectively. The output of the two gates are buffed to-

gether via CP-D§49 and CP-D&58 into a short com-
pensating delay and there into CP-V651.  CP-V§651 am-
plifies the output signal and applies it to cathode follower
CP-V652. The output of the cathode follower drives the
input point in the A and X-registers for the sign signal.

In addition to the Z signal from the cycling unit, one
other signal (SG) the sign gate signal, is applied through
CP-D653 to CP-Gi61B. This signal inhibits this until
the one computer digit time corresponding to the Z which
is required for the sign position occurs. Normally, the
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Z signal continues to supply decimal zeros through every
computer digit time within the word time.

One other gate driven by CP-FF152 js CP-G16%A.
This gate generates the control signal SICP which causes
the complementer to operate in the algebraic adder. CP-
G169A is controlled by FT160 as well as the set output of
CP-FF152. CP-G160A is also inhibited during time out.
If OP-FF152 is set and FT160 is present and time out is
absent, a signal is applied to CP—V654 which is connected
to the complementer in the algebraic adder.

CP-FF156 controls CP-G172A and CP-G172C (FIG.
7h). The set output of FF156 is applied to these two
gates by way of CP-D660 and CP-D661. CP-Gi72A
is further controlled by ET172 applied via CP-D662, the
output of CP-FF153 by way of valve CP-V663 and a p91
pulse from the cycling unit applied via CP-Ds564. All
signals are permissive except the output from the restore
side of CP—FF153. If all conditions are favorable, CP-
G172A gates a p91 pulse to an ontput amplifier CP-V665
by way of OP-D§66. CP-V665, a normally conducting
amplifier, then applies the signal to CP-G172B at point
580 (FIG. 7j).

The output of CP-FF156 applied through CP-D§61
to CP_G172C controls this gate along with FT172 via
valve CP-V6s7 and a p84 pulse from the cycling unit
applied via CP-Dg68. The output of CP-G172C via
CP-D669 is applied to the set input of CP-FF154. CP-
FF154 consisting of valves CP-V676 and CP-V6&Ti de-
velops a signal for CP-G167 (FIG. 7i). The output for
CP—G167 is obtained from the anode of CP-V678.
The reset or restore circuit for CP-FF154 is simply a p7
pulse from the cycling unit which every minor cycle
restores CP-FF154 so that CP-V&71 is non-conducting.

The output from CP-HALS0 is applied via CP-D672
to CP-G156B. In addition, the sign gate (SG) signal is
applied via CP-D673 and FT 156 is applied through CP—
D674. Each of these signals is permissive except the sign
gate signal which is inhibitory during the sign gate or
twelfth digit position. Otherwise, this signal is also per-
missive. The output of CP-G156B via CP-D675 is ap-
plied to CP-V676 which, in turn, is applied to the set
input to CP-FF153. The set input is composed of a
clock gate CP-CG144C which in addition to the output
of OP—V476 is controlled also by timing pulses (tp) from
the time pulse gemerator. CP-FIF153 is composed of
CP-V§77 and CP-V678. The restoring circuit for CP-
FFi53 is designated CP-G141C. CP-G141C is a gate
controlled by the p5 pulse from the cycling unit which, i.n
turn, gates a fp from the timing pulse generator. This
indicates that CP—FF153 is restored every minor cycle at
time p5. The output of CP-FF153 is obtained from the
anodes of both valves. The signal from CP-V&67 8 is ap-
plied to CP-V663 already described in connection with

CP-G172A and CP-V679% which develops the signal for .

CP-G156C already described above. The output from
the anode of CP-V667 is applied via valve CP-V680 to
CP-G172B also described above.

The Algebraic Adder (Schematic)

The algebraic adder (AA) is shown schematically in
FIGS. 1la through 11z )

The minuened input from the A-register is applied to
the “addend” input of binary adder A via amplifier AA—
V14 and gate AA-GT00A, a compensating delay line
and cathode follower AA-V10 (FIG. 11a). The ter-
mination network for the compensating delay line con-
sists of diode AA-DK38, resistor AA-RJ38, diode AA—
DN36 and resistor AA-RM36. Both resistors AA-RJ33
and AA—RM36 are returned to a --80 volt source. When-
ever the junction point of AA-GT80A is at 60 volts
diode AA—DN36 connects drawing current from the 80
volt source and resistor AA-RM36 terminates the delay
line.

When the junction point of
volts, diode AA-DK38 connects

AA-GT80A is at 490
drawing current from

ot

10

25

30

35

40

50

60

65

70

72
the 480 volt source and resistor AA-RJ38 terminates
the delay line.

The subtrahend input from the A-register is applied
to the complementer via AA-V1i4’, AA-G791C, a com-
pensating delay line network consisting of two inductors
and a capacitor, and cathode follower tube AA-V10’
(FIG. 11b). The network of the compensating delay
functions similarly to the termination network for the
delay line between AA-G709A and cathode follower
AA-Vi0. The minuend input is also applied to gates
AA-GT06B (FIG. 11a) and AA-GT01A (FIG. 11b)
while the subtrahend input is applied to gates AA-G701B
(FIG. 11b) and AA-GT06C (FIG. 11a).

FT714 inhibits AA-G700B via the normally conduct-
ing inverter tube AA-V13. Signal §”2 from the com-
parator (FIG. 1lc) opens AA-G760C via a coupling
capacitor and amplifier AA-V9.

The output signals from AA-G70§B and AA-G7C6C
are buffed togethed by bufiing diodes. The buffed signal
is applied to the addend input of the binary adder A via
the normally conducting delay line driver tube AA-VS,
a resistor, a coupling capacitor, an amplifier AA-V12, a
buffing diode and a cathode follower AA-V16.

The buffed signal also reaches AA-G714 and AA-G718
via delay line driver AA-V8, a seven pulse time delay line,
a typical clock gate and PFR network and amplifier
AA-V1¢”. The signals which pass through AA-G714
and AA—G718 are buffed together by buffing diodes. The
buffed output signal reaches AA output line via the nor-
mally conducting inverter tube AA-V9 (FIG. 1lc), am-
plifier AA-V5 (FIG. 11s), a buffing diode, a compen-
sating delay line, a normally conducting clock gate driver
tube AA—V7, a typical clock gate and PFR circuit, and
cathode follower tube AA-VIOIV.

The output signals of AA-G701A and AA-G701B
are buffed together by diodes. The buffed signal reaches
the AA output line via a normally conducting delay line
driver tube, AA-V8", a seven pulse time delay line, a
normally cut off clock gate driver tube AA-V2, a typical
clock gate and PFR circuit, amplifier AA-V5’, AA-GT15,
a buffing diode and the same circuitry as the buffed output
signal from AA-G714 and AA-G718.

The output signal from cathode follower AA-V10’
(FIG. 11b) is not applied to the control grid of the nor-
mally conducting complementer input tube (FIG. 11h),
which inverts the input signal. The complementer is a
typical half adder circuit, which consists of tubes AA-V41,
AA-V51, AA-V61, AA-VT1, and AA-V8L and asso-
citaed circuitry. The output signal from the comple-
menter is applied to the augend input of binary adder A
via the check pulse delete gate AA-G724.

The binary adder A (FIGS. 1lg, 1li, and 11j) is a
typical full binary adder circuit where the addendd input
is inhibited by the check pulse eliminator signal (CPE)
from the CU via the normally cut off inverter tube AA-V1
and a buffing diode. When a CPE is present the junction
point of the positive clock gate is held at —88 volts thus
preventing the PFR flip-flop from being set.

The carry output signal from binary adder A is ap-
plied to AA-GT722 and AA-G723 (FIG. 11k) via cath-
ode follower AA-V112 (FIG. 11j) and amplifier
AA-V92 (FIG. 11k).

The signal which passes through AA-G723 reaches
the binary adder A carry input line via compensating
delay line, a normally conducting clock gate driver tube
AA-Vi22, a typical clock gate and PFR circuit, a nor-
mally conducting delay line driver tube AA-V1i3, a
two pulse time delay line, amplifier AA-V72, AA-GT21,
two buffing diodes, and another compensating delay line
and lead AA-121.

The signal from AA-G723 also opens AA-GT731 and
AA-G732 (FIG. 1l0) via cathode follower tube
AA-V114, a normally conducting clock gate driver tube
VV-V1g2, a clock gate, AA-FF706 and amplifiers
AA-V211 and AA-V221 respectively. AA-FF766 is
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restored by a TP~ pulse whenever the #7n pulse passes
through inverter AA-V73 and lowers the potential of
the negative cleck gate junction point from —71 volts
to —89 volts. The pulses which pass through AA-G731
and AA-G732 are buffed together. The buffed output
signal is applied to the augend input line of binary adder
B (FIG. 11n).

The signal which passes through AA-G722 is buffed
into the carry input line of binary adder A via a buffing
diode and a comipensating delay line and lead AA-~121.
The signal which passes through AA-G727A (FIG, 11;)
is also buffed into the binary adder A carry line input AA—
121 via a buffing diode. The signal which passes through
AA-G727B is buffed into the binary adder A carry input
line via a buffing diode. The carry output signal from
binary adder A is also sent to the AA-G145C (FIG. 1im)
via cathode follower AA-V112, a coupling capacitor,
and an amplifier AA-VS3. The signals from the anode
of AA-V53 are also applied to AA-G725 via the nor-
mally conducting inverter tube AA-V43. The signals

10

20

which pass through gates AA-G345C and AA-G72S are -

buffed together by buffing dicdes. The buffed output
signal is sent to the MQC via cathode follower AA-V212.

The “sum” output from binary adder A is applied to
the addend input line of binary adder B via a compensat-
ing delay line (FIG. 11i), a normally conducting clock
gate driver .tube AA-VI23 (FIG. 11j), a typical clock
gate and PFR circuit, amplifier AA-V103, a normally
conducting delay line driver tube AA-V113, and a three
pulse time delay line. Binary adder B (shown in FIGS.
11n, 11p, and 11r) is a typical full binary adder circuit.
The “carry” output from binary adder B is reapplied to
its input via AA-G713 (FIG. 11r) and a one half pulse
time delay line.

The “sum” output signal from binary adder B reaches
the AA output line via a compensating delay line, a
buffing diode, a normally conducting clock. gate driver
tube AA-V124, a typical clock gate and PFR circuit, a
compensating delay line, amplifier AA-V4, AA-G736, a
buffing diode, a compensating delay line, a typical clock
gate and PER circuit, and cathode follower AA-VI§LV.

The “sum” output pulse is also applied to the control
grid of the clock gate driver tube AA-V134-(FIG. 11q)
via a cathode follower AA-V114 and a coupling capacitor.

When AA-V134 is cut off, a positive-going pulse from
its anode is applied to the control grid of clock gate driver
AA~V125 and causes it to conduct. The next TP— pulse
passes through the negative clock gate and sets the high
speed binary counter AA-BC786 to the “0” position when
the signal from the anode of the normally conducting
tube AA-V114, holds the juniction point of the megative
clock gate at —89 volts.

When this counter is in the “0” position, the signal
from. the anode of AA-V24 passes through a compensat-
ing delay line and is applied to the control grid of the
normally conducting amplifier tube AA-Vi44. The same
signal also cuts off AA~-V114 which causes the junction
point of the positive clock gate to be held at —71 volts
allowing the next TP-- to pass through a buffing diode
and to restore the ccunter to the “one” position. The
counter can also be restored to the “one” position when
a p7n pulse opens a positive clock gate via a normally
conducting clock gate driver AA-V84. The next TP
signal then restores AA-BC700 via a buffing dicde when
the junction point. of the positive clock gate driven by
AA-V134 is held at —71 volts by a signal from the
anode of AA-VIil4. Tube AA-V114 serves as a memory
which remembers the previous state of AA-BC780.

The “0” output signal- from the compensating delay
line reaches the AA output line via the normally conduct-
ing amplifier AA-V114, AA-G735, a buffing diode, a
typical CG and PFR circuit, amplifier AA-V44,
AA-GT36, another buffing diode, a compensating delay
line, another typical CG and PFR circuit, and cathode fol-
lowers AA-VI6IV and AA-V11.
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The buffed output signal from AA-G76%B and
AA-GT66C (FIG. 1l1a) is applied to AA-G784 and
AA-G706 (FIG. 1lc). The signal which passes through
AA-GT709 opens the negative clock gate AA-CGTI11A
via a buffing diode, a normally conducting inverter AA-V5
and clock gate driver AA-V12,

The signal which passes through AA-G786 opens the
positive clock gate AA-CG710A via a buffing diode, a
compensating delay network and a normally conducting
clock -gate driver AA-VI15. TT160 is buffed into the
AA-CGT718A input line via AA-GI60C and a buffing
diode. - The signals which pass through these positive
and negative clock gates are buffed together by buffing
diodes.

The buffed output signal sets AA-FF700 when it is
positive-going and Testores AA-FF7868 when it is nega-
tive-going. The set output signal from AA-FF760 opens
clock gates AA-CGT88A and AA-CGTE8A via clock gate
driver AA-V146. The signals which pass through these
clock gates are buffed together; the resultant buffed out-
put signal sets AA-FF7¢2 if it is negative-going and re-
stores AA-FF762 if it is positive-going.

The restored output. signal from AA-FF702 alerts
AA-GT718 (FIG. 11a) via amplifier AA-V76. The set
output signal from AA-FF782 opens gate AA-G714 via
amplifier AA-V116, inhibits AA-G736 via amplifier
AA-VTT (FIG. 11f), a buffer diode, cathode follower
AA-V187, and the normally conducting inverter tube
AA-V3T7 (FIG. 115), and alerts AA-G727B via amplifier
AA-V77, a buffer diode, cathode follower AA-V87, a
normally conducting inverter tube AA-V87 (FIG. 11k),
and a normally cut off inverter tube AA-V47 (FIG. 11j).

The AA-FF702 set output signal also opens AA-G721
via amplifier AA-V77 a buffing diode, cathode follower
AA-V97 and a normally conducting inverter tube
AA-VET. The signal from the cathode of cathode fol-
lower AA-V97 inhibits AA—G726 via connection L and
lead AA-138 (FIG. 11;) and the normally conducting in-
verter tube AA~V98 (FIG. 11m).

When the AA-FF702 set output signal is applied to
the suppressor grid of the coincidence gate tube AA-VE7
(AA-G728) in the presence of a positive-going signal on
the AA-VE7 control grid, a negative-going signal from
the anode sets AA-FF764 (FIG. 11f). The AA-FF784
set output signal is applied to error gate AA-G216. The
buffed cutput signal from AA-G761A and AA-G781B is
applied to AA-G705 and AA-G797 via delay line driver
tube AA-V811 (FIG. 11b) and amplifier AA-V318
(FIG. 11d).

The signal which passes through AA-G705 reaches
clock gate AA-GT1!B via a buffing dicde, a normally
conducting inverter tube AA-V38 and clock gate driver
AA-V58. The signal which passes through AA-G707
is applied to AA~CG71€B via a buffing diode, a com-
pensating delay line, and the normally conducting clock
gate driver tube AA-Y4. An FT160 is buffed into the
AA-GT10B input line via AA-G168D and an input diode.

_The signals which pass through clock gates AA-CG71¢B

and- AA-CG71i1B are buffed together by buffing diodes.
The buffed output signal sets AA-FF701 if it is positive-
going and restores AA-FF701 if it is negative-going.

The AA-FF701 set output signal is applied to clock
gates AA-CG708B and AA-CG709B via the normally
cut off clock gate driver tube AA-~V919 (FIG. 11f).
The signals which pass through these clock gates are
buffed together by buffing dicdes. When the buffed out-
put signal is negative-going, it sets AA-FF763 and when
it is  positive-going, it restores AA-FF703. The
AA-FF763 set output signal opens AA-G715 via ampli-
fier AA-V49 (FIG. 11d) and is also applied to the con-
trol grid of coincidence gate tube AA-V67 thereby open-
ing AA-G728. The AA-FF703 set output signal is also
buffed together with AA-FF762 set output signal via am-
plifier AA-V58 and a buffing diode.

Flip-flop AA-FF707 is set by a ¢14 pulse which passes
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through AA-G733 (FIG. 117). The AA-FF747 set out-
put is buffed together with the AA-FF782 and AA-FF763
set ouiput signals via the mormally conducting inverter
tube AA-V128, connection X (FIG. 11f), AA-GTS5,
and a buffing diode.

AA-FF705 is set by a nmegative-going puise from the
X-register via a coupling capacitor and a buffing diode or
by the pulse which passes through AA-G726 (FIG. 11m)
and a buffing diode.

The Multiplier-Quotient Counter (Schematic)

The schematic diagram of the multiplier-quotient count-
er is shown on FIGS. 9a through 9m.

An input pulse from the X-register is applied to the
MQC disiributor line via inverter tube Q-Vi41 (FIG.
9d), Q-G112C, a buffing diode, a typical clock gate and
PER circuit, amplifier Q-V181 (FIG. 99), and the nor-
mally conducting distributor driver tube Q-V91.

The distributor line output pulses 16, £7, 18, 19 and 12
are sent to the X-register via gates Q-G116A through
Q-G116E, corresponding buffing diodes, a typical clock
gate and PFR circuit, and cathode follower tube Q-V1
(FIG. %a).

The distributor line output pulses which occur at time
19, 110, t11 and 12 are applied to the normally conduect-
ing tube of binary counters MQCL, MQC2, MQC3 and
MQC4 and set the four binary counters to the “one” po-
sition via gates Q-G118A through Q-GI19D.

Cathode follower tube Q-V44 (FIG. 9i), connects the
anode of the normally conducting tube of MQC#4 to the
normally cut off tube of MQC3 and similarly cathode
follower tubes Q-V71 and Q-V182 connect MQC3 to
MQCZ and MQC2 to MQC1 respectively. The binary
counter MQC1 is triggered by a pulse from a cathode
follower tube.

The output signals from the four stage binary counters
are applied to a deccding function table via gates
Q-G179A through Q-G179H and Q-G188A through
Q-GI180H. - The “0” output signal from the MQC func-
tion table is generated by line Z Q-24 and is applied to
Q-G147A and Q-GH47E via amplifier tubes Q-V1i1l re-
spectively. The signal which passes through Q-G147A
inhibits Q—-G148 via a normally conducting inverter iube.
The signal which passes through Q-G147E sets the (IER)
flip-flop Q-FF121A and also sets the (IER, OR) flip-flop
Q-FF121C via buffing diodes.

The (OR) flip-flop Q-FF121B is set by cverflow (OF)
signal via a pulse spreader network consisting of a resistor,
two diodes, an impedance matching network formed by
a resistor and a capacitor and an open-circuited section
delay line, a normaily conducting delay line driver tube, a
two pulse time delay line, an amplifier tube, a coupling
capacitor and two coupling diodes. The OF signal from
the delay line driver also sets the (IER, OR) flip-flep
Q-FF121C via a coupling capacitor, a buffing diode and
a coupling diode.

The “0” MQC signal also restores Q-FF128 via an
amplifier, a coupling capacitor and two coupling diodes.
The signal from the amplifier also inhibits Q-G147C via
a normally conducting inverter tube.

The =3 signal is obtained from the set output state of
Q-FF120 and is applied to the F-register via an amplifier.
The =3 signal is also applied to Q-G130, permitting a
28 and a 160 pulse to pass through gate Q-G147D via
a normally conducting inverter tube and an amplifier. The
signal which passes through Q-G147D is then applied to
the control grid of a cathode follower, the output signal
from whose cathode advances the four binary counters
MQC1, MQC2, MQC3 and MQC#4 via lead Q-60 (FIG.
9m). The signal from the anode of this cathode follower
is applied to Q-G118 via lead Q-61 amplifier Q-VI22
and a buffing diode.

The pulse which passes through Q-G113 is applied
to the coatrol grid of the normally conducting amplifier
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tube Q-V132. The negative-going “carry” output is thus
secured from the anode of Q-V132.

This carry signal passes through Q-G145A and is ap-
plied to the control grid of a cathode follower tube and to
the control grid of a normally conducting inverter tube.
The “improper division” output signal from Q-G145A is
sent to the algebraic adder (AA).

The carry signal is also applied to the control grid of a
normally conducting inverter tube via Q-G127B. The
signal from the anode of the inverter tube is sent to the
control circuits as the MQC-m signal via a cathode fol-
lower.

The signal from the inverter tube is also applied to the
control grid of another inverter tube, the anode signal
from which sets Q-FFi25 and a differentiating network
(FIG. 9¢) via a buffing diode, consisting of a capacitor
and resistor and two coupling diodes. The Q-FF125
output signal then clears the four binary counters to deci-
mal zero via amplifier Q-V52, and a differentiating net-
work consisting of a resistor and a capacitor. Diode
DRM-24 is an upper clamp which prevents the clearing
signal from rising above —191 volts.

At ¢1 pulse is applied to the control grid of a normally
conducting inverter tube via Q-G142. The signal from
the anode of this inverter tube is applied to the control
grid of two amplified tubes. The signal from the anode
of one amplifier tube sets Q-FFi24 via a cathode fol-
lower, a differentiating network consisting of a capacitor
and resistor RM17 and two coupling diodes (FIG. 9¢).
Diode DMZ%§ is an upper clamp for the grid potential of
the normally conducting tube of Q-FF124, preventing it
from rising above —95 volts. The Q-FF124 output sig-
nal clears the four binary counters to decimal zero via
amplifier tube Q-V52 and a differentiating network con-
sisting of a capacitor and resistor. Diode DM17 (FIG.
9f) is an upper clamp which prevents the signal from
rising above —120 volis.

The signal from the anode of the above-mentioned in-
verter tube is applied to the control grid of amplifier
Q-Vi02 (FIG. 9j) via a coupling capacitor. Diodes
DJ36 and DK36 which are connected across the grid
resistor provide D.C. restoration for the incoming signal.

The signal from the anode to Q-V102 is applied to a
typical binary counter, Q-BC123.

During the division process a z1 pulse passes through
Q-G139 and sets this counter to the “one” position.
When the counter is in the “one” position, the Q-V102
output signal is applied to all backward gates Q-G179A
through Q-G179H via the normally conducting inverter
tube Q-V62.

During the muitiplication process a ¢7 pulse passes
through Q-G138B and sets Q-BC120 to the “zero” posi-
tion. When Q-BCI126 is in the “zero” position, the
output signal from the anode of Q-V102 is applied to all
forward gates, Q—G180A through Q-G186H via inverter
tube Q-V72. The MQF signal is also applied to Q-G118
via inverter tubes Q-V52 and Q-V42, and amplifier
Q-V212.

The signal from the anode of the normally conducting
inverter tube Q—V42 is sent to the complementer via am-
plifier Q-V32, Q-G145B and the normally conducting
amplifier tube Q-V43. :

When a £19 pulse passes through Q-G112D (FIG. 9¢c)
it is applied to the normally conducting amplifier Q-V133
via a coupling capacitor. The positive-going pulse from
the anode of Q-V133 alerts Q-CG152 and allows a TP+
to fire the blocking oscillator trigger tube Q-V123 via a
coupling capacitor.

When Q-V123 conducts it applies a negative-going
pulse to the tertiary winding of the blocking oscillator.
Both halves of the blocking oscillator tube are normally
cut off since their control grids are returned to a —30
volt source via the secondary winding of the blocking
oscillator and a resistor. The negative-going trigger
pulses in the tertiary winding induces a positive-going

-
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pulse in the primary and the secondary winding of the
blocking osciliator.

The positive-going pulse induced in the secondary
winding raises the control grid poténtial of both halves
of Q-V113 sufficiently high to cause them to conduct.
As the control grid potentials increase, the anode po-
tentials of Q-V113 decreases causing regenerative feed-
back in the tertiary and secondary windings. The pri-
mary winding of the blocking oscillator applies a sharp
pulse to the control grid of the four fransfer gate tubes
Q-V73, Q-V83, Q-V93 and Q-V163.

When the potential across the grid capacitor becomes
sufficiently large to exceed the regenerative voltage across
the secondary winding, the control grid potentials of
Q-V113 decrease, the anode potentials increase and de-
generative feedback causes both halves of Q-V113 to
cut off.

The L-Register (Schematic)

The schematic diagram of the L-register is shown in
FIGURES 17a through 17e. Since the block diagram
of the L-register has already been described in detail, and
since the electronic circuiiry of the A-register has been de-
scribed in considerable detail (much A-register circuitry
being duplicated in the L-register), it is believed that the
following discussion on the L-register will be self-explan-
atory.

. The main recirculation loop of the L-register is shown

on FIGS. 17a, 175, 17c and 17d.  Incoming signals to the
recirculation loop enter either through L-D109 or through
diode L-Di81. (See FIGURE 17¢.) The signal thus

-entering the main loop travels through a compensating

delay lire, a driver tube L-V1, and enters a typical one
word mercury delay line chassis, then travels through a
normally conducting tube L-V13 into the clock gate.
This clock gate is shown in FIGURE 17b. The signal then

‘leaving the clock gate enters the pulse former flip-flop
formed by L-Vi1 and L-V12. The oufput signal from
-L-V12 travels through a normally conducting driver tube

L-V18, through a second compensating delay line (both
of which are shown in FIG. 17a), and then travels through

_amplifier 1-V3, through clear gate I1-G186, and back

to the point of entry. This pulse, of course continues
to recirculate in the loop until the clear gate is closed.
The cutput signals-yielded by the L-register travel from
the anode of L~V11 of the pulse former flip-flop, through
a cathode follower L-V35, into the A-register and the com-
parator. The signal also travels from the anode of
1-V11, through cathode follower L-V14, to the checking
circuits.. Finally the output signal yielded by L-Vii

.travels through cathode follower L-V12 (see FIGURE

17a) and through gates L-G188« and L-G188b into the
(These gates are shown in

The X Register (Schematic)
The X-register is shown schematically in FIGS. 154—

« 15g.  The main recirculation loop is indicated by a heavy
- line.

An incoming pulse enters the main recirculation loop
via X-DJ31 or buffing diode X-DN3. The pulse in the

~main recirculation is applied to a typical one word mer-
“cury delay line chassis via a normally conducting driver

tube, X-V5. The pulse which leaves the mercury delay
line reaches its point of eatry via a typical clockgate and
PFR circuit, inverter tube X-V14, amplifier X-V8, clear
gate X—G121, two buffing diodes, a normally conducting
compensating delay line driver tubs X~V10, a compensat-
ing delay line and amplifier X-V7. The pulse continues

“to recirculate in the loop until the clear gate X-G121 is_

closed. :

When a pulse circulating in the main recirculation loop
enters the left shift circuits it re-enters the main recircu-
lation loop via amplifier X-V9, a normally conducting
delay line driver tube X-V8, a 7 pulse time electric delay

line, a typical clockgate and PFR circuit, amplifier X-VS5,
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gate X-G122 and buffing diodes X~-DM18 and X-DN18.

When a pulse enters the right shift circuits from the
main recirculation loop it re-enters the main recirculation
loop via amplifier X-V8 and X-G123 thus by-passing a
portion .of the main recirculation loop.

The X-register output to the high speed bus is ob-
tained from the control grid of inverter tube X-V14 via
cathede follower X-V5. The digit output from the X-
register is sent to the MQC distributor line from the
delay line in the left shift circuits via amplifier X~V 14.

The A-Register (Schematic)

The schematic diagrams of the A-register are shown in
FIGURES 134-13s. The direct input to the A register
from the high speed bus is by way of diode A—D306 and
A-G165 (FIG. 13a). The negative going pulses which
appear on the high speed bus can pass through A-G163
provided FT105 is present and time-out signal is absent.
The FT105 signal is normally at 90 volts but during a
direct input operation, that is, direct to the A register
and not by way of the algebraic adder, the signal 105
drops to plus 60 volts. In opposite manaer, the time-out

signal is normally at plus 69 volts except during the time-

out period when it rises to plus 90 volts. The time-out
signal, therefore, inhibits A~G165 during time-out but
otherwise permits pulses to pass from the high speed
bus to the input circuit of the A register provided FY105
is also present.

A second source of signals directly entering the A
register is via gate A-G115. This gate inserts a decimal
five in the least significant digit position and decimal zeros
elsewhere as part of the initial clear operation of the A
register. - The signal for the decimal five is generated in
the cycling unit and is applied to gate A~G115 via diode
A-D302. Also applied to gate A—G115 is the initial clear
signal from the supervisory control. This signal is ap-
plied through diode A-D36€3 (FIG. 13a). The IC signal
is normally at plus 90 volts but during initial clear, the
IC signal drops to plus 60 volts permitting the similar
potential change of the pulses of the decimal five signal
to enter through A-G115 into the A register. Diode
A-D304 is a buffing diode which prevents a back circuit
with the signals arriving from valve A-V305.

The input from the comparator for the sign indication
for a word in the A register following a multiplication
or a division operation is applied through A-V3€5 to the
direct input of the A register. The sign digit from the
comparator appears in the form of positive going pulses
which are capacitively connected to A-V385, a normally
non-conducting amplifier. The output of A-V305 is
clamped between 60 and 90 volts. The pulses appear-
ing ai the anode of A-V305 are negative going pulses be-
tween the limits of the clamping diodes.. The combina-
tion of the initial clear signal from A-G115 and the sign
pulses from A-V3605 are buffed into the input amplifier
of the A register A-V306 by way of diode A-D3&7.
A-D3§7 and A-D308 serve as buffers to prevent back

_circuits between the sign and initial clear signals and the

main input from the high speed bus and the recirculating
signals from gate A-G109C.

The input amplifier A-V396 (FIG. 135) is a clock gate
driver whose anode.is clamped between minus 71- and
minus 89 volts. Any signals applied to the grid of
A~-V386 appear as positive going pulses at the anode and
in turn are applied to the clock gate following A-V306.
The clock gate is a standard array of diodes and timing
pulse input signals from the cycling unit. (See copend-
ing application S.N. 27%,710.) Following the clock gate
is a pulse forming flip-flop' composed of A-V389 and
A-V31§. The output positive-going pulses from this pulse
forming flip-flop is applied to A-V311, a normally con-
ducting valve whose  lower ancde potential is clamped
at +60 volts and whose upper limit is approximately -- 80
volts. The output signal from A-V311 is capacitively cou-
pled to A-V312, a delay line driver circuit. The anode
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of A-V212 is clamped between plus 80 volts and plus
106 volts. The signals appearing on the anode of A-V312
are positive going pulses and these in turn are applied
to a compensating delay. The delay normally encoun-
tered in. passing through one or two amplifiers is not suf-
ficient to equal a half-pulse of delay. Because these ad-
ditional pulses are going to be applied within the block
marked “mercury delay line,” the compensating delay
is inserted and adjusted such that the timing of pulses
arriving at the clock gate have proper timing, A-V313
(FIG. 13c¢) is an amplifier which produces 30 volt nega-
tive-going pulses at its anode. These signals are applied
through diode A-D314 to a junction point 315. Into
this junction point 315 also come pulses either from the
ouiput of the algebraic adder via diode A-D316 or from
the right shift path via diode A-D317. The nature of
the signals applied via these diodes are identical, namely,
they are negative going signals of 30 volt amplitude
clamped between the limits of plus 90 and plus 60 volts.
The pulses arriving through A-1D316 will be described as
the cutput pulses from the algebraic adder. The pulses
arriving on A-D317 will be described during the right
shift operation.

Pulses arriving at junction point 315 pass into a com-
pensating delay whose purpose is to bring the pulses into
proper timing for the operation of a clock gate which
appears in the beginning of the one word delay line as-
sembly. Between the delay line and the clock gate driver,
however, is an additional amplifier A-V318, a normally
conducting amplifier whose output pulses are of approxi-
mately 20 volt amplitude positive going and whose lower
level is clamiped at plus 60 volts.

The output of the one word mercury delay line chassis
(see copending application S.N. 279,710) is in the form
of negative going pulses which are capacitively coupled
to A-V318. A-V3I9 is a standard clock gate driver
whose output is coupled to a typical clock gate composed
of an array of diodes and timing input pulse signals from
the cycling unit. The output of the clock gate is applied
to a pulse forming flip-fiop composed of valves A~V329
and A-V321 (FIG. 13d). The positive-going output
pulses of A-V321 are applied to A-V322 (FIG. 13¢)
and A~V328 simultaneously at junction point 327. The
purpose of the connection via A~V328 is for transferring
the least significant digit of the partial product to the
X register just before being cleared from the A register
by the MSD signal at A-G124 (FIG. 13¢). The timing
requirement at the input point to the X register is such
that point 327 in the A register must be used for trans-
fer from A to X. The output signals from point 327 are
applied through valve A-V328, a cathode follower cir-
cuit which passes the positive going pulses from A-V321
to a gating circuit A-C114 (FIG. 13d).

A~G1i4 is controlled by three signals, MSD, IER and
time-out. As mentioned in connecticn with A-G124 the
least significant digit of the partial product is at this
point in the A register in time with the most significant
digit (MSD) time at the C.U. Therefore, the MSD sig-
nal from the cycling unit is used to operate A-G114.
However, in addition to this signal, the IER signal which
marks that minor cycle intreduced between each stage of
the multiplier operation during which the new multiplier
digit is transferred to the MQC, is here used to control
the passage of the least significant digit of the partial prod-
uct from the A register to the X register. In order to
introduce sufficient time for the new control signals for
the TER stage to establish themselves, the time-out signal
is applied for one minor cycle. The signals appearing
at the anode of A-V329 (FIG. 13d) are negaiive going
signals of 30 volt amplitude clamped between the limits
of plus 90 and plus 60 veolts. The MSD and IER signals
are both normally at 90 volts except during the significant
portion of their cycle during which time they fall to plus
69 thus permitting signals from A-V329 to pass through
A-G114. In addition, however, the time-out signal which
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is normally at plus 60 volts rises to plus 90 during the
time-out inierval. The ©0 volt signal on the time-out
input therefore inhibits any signals through A-G114 until
time-out is reieased.

The ouiput pulses of A-V322 (FIG. 13¢) are nega-
tive going pulses of 30 volt amplitude and these are ap-
plied to gate A-G224. The purpose of gate A-G124 is
to delete any digits shifted into the space between words.
Due to the timing at this point in the register, the C.U.
signal equivalent to the space between words corre-
sponds to the most significant digit (MSD) which signal
is represented by the cycling unit signal #(79-85). This
signal is applied to the main circulation path by way of
diode A-D323 (FIG. 13¢). Normally, the MSD sig-
nal is at plus 60 volts but during the interval #(79-85)
this signal rises to pius 90 volts and effectively masks any
signals arriving from A-V322 by way of dicde A-D314.
The purpose then of the MSD input signal at this point
is to clear the space between words during each circula-
tion of the contents of the A register.

The pulses which pass through A-G124 (FIG. 13¢)
are communicated by way of diode A-D325 to the input
of A-V326. A-V32§ drives a compensating delay line
equal to seven pulses of delay. A tap on the seven pulse
delay line is connected through a capacitor to A-V330,
a clock gate driver. The output of A-V330 drives a
standard clock gate array of diodes and input timing
pulses from the cycling unit, The output of the clock
gate drives a pulse forming flip-flop composed of A-V331
and A-V332 (FIG. 13e¢). The positive-going output
from the pulse former is obtained from the anode circuits
of A-V331 and drives a normally non-conducting am-
plifier A-V333 (FIG. 13f). The output of A-V333
is clamped on its lower limit at plus 60 volts. These
pulses are coupled capacitively to A-V334 (FIG. 13g),
a normally conducting amplifier whose output is clamped
between plus 80 and plus 166 volts. The output of
A~¥334 is applied to a-seven pulse delay line section.
The purpose of the seven section delay line is to intro-
duce seven pulses of delay (equal to one computer digit)
in order to permit right shifting to occur. The right
shift connection is from junction point 335 (FIG. 13f).
The path through the right shift circuit will be discussed
separately below.

A tap at the very beginning of the seven pulse delay
line, connected to the ancde of A-V334 (FIG. 13g) is
also connected to an output clock gate pulse former
circuit which eventually leaves the A register by way
of gate A-G160 (FIG. 13h) and passes those signals
in the A register to the high speed bus system. The
clock gate driver of this output circuit is A~V336 (FIG.
13g) which, in turn, is followed by standard clock gate
array. The cutput of the clock gate drives a pulse form-
ing flip-flop composed of A-V337 and A-V338 (FIG.
134). The output of the clock gate is obtained from the
anode of A-V337 and is applied tc a cathode follower
A-V 339. The outputs of A-V337 are in the form
of positive going pulses clamped between the limits of
minus 35 volts and minus 5 volts. The output of
A=V339 is connected by a capacitor to A-V340 a phase
inverter and amplifier for the output gate A-G180.
A-G100 is controlled by FT100. The pulses appearing
at the anode of A-V349 are negative going pulses of 30
volt amplitude clamped between the limit of plus 90
volts and plus 60 volts. These signals are permitted to
pass through A-G189 when FT100 is at plus 60 volts.
A-G109 15 closed whenever FT100 rises to 90 volts. FT
signal 100 is normally at plus 90 volts except during an
output instruction from the A register to the high speed
bus.

The other tap from the end of delay line section (FIG.
13g) associated with the anode of A~V334 is connected
to a clock gate driver A-V341 (FIG. 13g). 'The out-
put of A-V341 is connected to a standard clock gate
array which In turn is connected to a pulse forming flip-
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flop ‘composed of A-V342 and A-V343. - Thé normal
recirculation path of the ‘A register is obtained from
the anode of A-V342. These pulsss are positive going
between the limits of minus 35 and minus 5 volts. They
are applied to the Input grid of A-V344 (FIG. 130),
a normally nonconducting amplifier. The output of

‘A-V344 is clamped between. plus 60 -and plus 90 volts

and is applied by way of diode A-D345 (FIG. 13j) to
A-GIGIB. AGI0IB is the gate which is normally
closed during any shift operations and for any clearing
operations.

10

Altogether, there are five possible sources of inhibition

~which can be applied ‘to A-G101B. . Associated with

this gate are three other -gates which combine the con-
ditions required by various operations to close A~G1981B.
A-GI0IA (FIG. 13k) 'is the gate which  inhibits
A~G181B during that stage in multiplication and di-
vision during which the partial product or the remainder
is shifted one digit either rtight or left depending on the
particular instruction' or -which clears the "A register.
The conditions' necessary for the- shift operation are:

(1)*The IER, OR ssignal is present indicating the be-
tween steps cycle ocurrmg m division and multipli-
cation.

(2) Time is. not out.

The conditions for a clearing - operation are:

(1) FT signal 101 is present.
2) Tlme is not-out.

A—GMIA is co*nposed of valve A-V346 and various
diodes which combine the signals mentioned above. ~The
IER, OR signal arrives by way-of diode A-D347. This
signal is generated by a flip-flop in the MQC.  Tts level
is at plus 90 volts but during the IER, OR stage, it drops
to plus 60 volts.
is connected into- A~GL8IA by way of diode A-D348.
This sighal also. is normally at plus 90 volts but during
the clear operatlon drops to plus 60 volts. Diodes
A-D348 and A-=D347, therefore, buff either signal into
the input grid of A-V246. The connection of these two
signals into the grid of A-V346 is through a divider cir-
cuit consisting of a 10K resistor, a’ 50X resistor ‘and a
182K resistor placed in. series between a plus 166 volt
potential source and a minus 301 volis potentlal source
(FIG., 13k). -
that the potential applied as bias to the grid of A-V346
is such that A~V346 normally conducts. When ‘the sig-
nals 101 or IBR, OR draw their respective diodes from
90 v. down to' 60 v. a signal is impressed upon A-V346
which cuts this tube off. . The anode of A-V346 is
clamiped between 90 and 60°volts. - When neither signal

101 nor IER, OR 'is “present, the anode potentlal of

~V346 is plus-90 volts.  During the presence of either.
signal the anode drops to plus 60 volts, A-V346, there-
fore, serves ‘purely as an inverting elément to produce
the ‘right polarxty of signal for A-G161A. The output
of A-V34$ is communicated 'to ;JA-G101A by way of
- The ]uncuon point of
A-GI8IA js returned to plus 380 . volts; Whenever
A-V346 is at plus 90 volts, ‘diode A-D349 effectlvely
clamps the junction point of A—G181 to a potential of plus
90 volts.’
time-out ‘signal input by way ‘of ‘diodes: A-D359 and
A-D351. - The time-out. signal normally exists at plus
98- volts except during time-out ‘when it falls to plus 60
volts: - The ‘junction point ‘between these diodes, there<
fore, follows.the time-out signal ‘alternating between plus
90 when time-is not out and plus 60 during time-out.
Since the anode of A-V346 is normally at” 60 volts, the

junction point -at A-G101A is held. at- plas 60 volts by -

the action -of time-out ‘as well as_thoss signals “applied
to ‘A-V346." When this tube stops conducting and its
anode tises to plus: 80, mdlcatmg the, presence of ‘one
of the ‘two signals’ appearing on: ifs grid, its  diode

The proportion of these resistors ‘is such,
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A—D349 W111 only permit the ]unc’uon of A-G101A to
rise to 90-if the time-out signal also rises to plus. The’
polarization of the two diodes A-D349 and A-D351
is ‘such ‘that both signals must rise'to 90 volts before the

- gate itself can rise to plus 90. Effectively then the

time-out prevents the signals 101 or IER, OR from pass-
ing through A-G191 to diode A-D351.

A second source of signals which inhibit A-G181B' is
from the T register where the extract signal (E) is gen-
erated in-a flip-flop (FIG. 13%).  This signal, designated
the E signal; is capacitively coupled into A=V353, a nor-

“mally conducting amplifier, whose anode is connected -

by way of diode A-D354 to the gate A~-G101B. The
signal appearing at anode of A-V353 is identical to that
appearing at diode- A-D352 in'gate A-G101A. This
signal is normally at plus 60 volts until the E signal occurs
when it rises to plus 90 volts.

A third source of signals to gate A—GlﬂlB is from
A~G178 and A-G102B (FIG. 13k).  A-G17¢ is for
the purpose of by-passing the sign digit through the nor-
mal recirculation path’ when the normal recirculation

path is otherwise closed due to a shifting opération.: In
thls gate, FT170 is normally at plus 90 volts except dur-
ing the shift operation when the 170 signal is excited.
The DG signal from the cycling unit (9-85) also is Hor-
mally at plus 90 volts except during the perlod (9-83).
In -addition, the time-out signal, ‘which is normally at
plus 60 except during time-out when it rises to plus 90
volts is applied to A-G178. A combination of these
three signals produces at diode A-D355 a signal which
passes from plus 90 to plus 60 during the interval (9-85).
Diode A-D355 is a buffing diode which combines the
signals from gate 170.into a junction point. . .

A-G102B is a clear gate used only during a transfer
from the A register to the memory. - For such a transfer,
FT162 which is normally at plus 90 volts, drops to plus 60
volts. At the same time, the TS signal which is normally
at plus 90 volts also-drops to plus 60 volts-and for the
length of one word when the word from A may
enter the memory. location specified. " Thus the output
of A-G182 passes to diode A-D356 and there meets at a.
junction point with the cutput from gate A~G170,

A voltage variation from either A~G170 or A-G102B
is .capacitively connected to A-V357. A-V357 (FIG.
13%) is a normally conducting amplifier which, when it
receives a signal-from either A~G17¢ or A-G102Bis
cut-off. - Its'anode potential, which is normally at plus 60,
rises to plas 90 being limited in esach case by-clamping
The signal, therefore, impressed by A-V357 on
diode A-D358 is identical to that impressed upon-diodes
A-D354 and A-D352 by the other giates. These three
diodes, therefore, buff together all the signals of the

-several gates - whose outputs ‘can inhibit A-G161B. In

each case, these signals' pass from ‘60 volts to 9¢ and in
so doing impress on A-G161B by way of diode A~D359
(FIG. 13/) masking signals' which prevent any signals
appearing at diode A-D345 from passing through to the
normal recirculation path. i

-One additional s1gnal which. also joins the recircula-

'tlon path-at this point is the initial clear signal: (IC). by~

way:-of diode A-D36¢ (FIG. 13j). During initial clear

- the signal IC from the supervisory control rises' from.

Also -connected ‘to this ]unctlon point is the

65

70

75

plus 60 to plus 90 and masks -any signals appearing at.
diode A-D345. .The output of A~G101B passes to diode
AD361 and then in the normal -recirculation  path- to.
diode  A-D362. To.the junctxon point - between - these
two diodes comes a signal via dlode A-D363 (FIG. 13f)-
from ‘the shift path one computer digit:time shorter

~(right’ shift) than the normal path:. This path will- be

discussed later, Following diode A—D362 is an output
point ‘going to A-G103 and.A-G104 (FIG. 137) .whose
purpose will be discussed later.. The normal recircula-
tion path continues * to --valve- .A-V364 (FIG. 13q).

A-V364 is a normally conducting amplifier which re-:

celves the negative. going- signals from A-G10iB. The
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output of A-V364 is clamped between 60 and 90 wvolts.
The output. pulses from A-V364 are connected to a
junction point 365 (FIG. 13a) by way of diode A-D366.
Junction point 365 receives the signals not only from
A-V364 which are completing a recirculation of the
register but also certain special signals which are injected
into the A register for various purposes. In general,
these signals are (s and the various conditions under
which they are inserted into the A register will be dis-
cussed later. Signals reaching point 365 are capactive-
1y coupled into A-V367 a normally non-conducting ampli-
fier whose anode is clamped between plus 90 and plus 60
volts. The anode potentials are negative going pulses
which in turn are connected fo junction point 368 (FIG.
13a). Junction point 368 is that point at which signals
may leave the A register to enter the algebraic adder
through a special gate A-G109B (FIG. 13m). Signals
passing point 368 are communicated through diode
A-D369 to gate A-G109C (FIG. 134). Control signals
are impressed on A-G109C by way of diode A-D370.
These signals are generated in a special gating circuit
not shown in this figure but which will also be discussed
later. The effect of the signals on diode A-D37¢ is to
clamp the junction point of the gate at plus 90 thus pre-
venting the negative going signals from A-V367 from
passing through to the output diode A-D371. If no
inhibition is applied through diode A-D370, the signals
pass through diode A-D371 to diode A-D308. Diode
A-D308 marks the point at which the signals first ap-
peared from the high speed bus and thus the normal
recirculation path of the A register is completed.

Associated with the normal recirculation path- within
the A-register are numerous auxiliary paths and special
input circuits. Three of the special paths are called the
shift paths. There is one left shift path and two right
shift paths in the A-register. In each case a seven pulse
delay is either added or removed from the normal path
of circulation in order to bring about a shift in time of
seven binary digits which is equal to one computer digit
of the contents of .the A-register. Also, in each case,
certain control signals are developed to inhibit the nor-

mal path through A-G161B (FIG. 13j) while other con-

trol signals operate to open one of the three alternate
routes. The left shift path picks up from junction point
372 (FIG. 13i) which is between A-V342 (FIG. 13g)
and A-V344 (FIG. 13/) in the normal recirculation path.
Signals passing this junction point are also. communi-
cated to A-V373 (FIG. 13i). A-V373 is a normally
non-conducting amplifier whose ‘anode is clamped at a
lower limit of plus 60 volts. The signals appearing on
the anode of A-V373 are capacitively coupled to A-V374
a normally conducting amplifier whose output is clamped
between --80 volts and 4106 volts. A—-V374 drives a
seven pulse delay line. This delay line introduces the
additional seven pulses of delay which, upon each re-
circulation of the contents of the A-register increases the
timing of the contents by one computer digit, i.e., seven
binary pulses. There are two taps from the seven pulse
delay line. The earlier tap drives A-V375 (FIG. 13i),
a cathode follower which in turn communicates to the
comparator the contents of the A-register. It will be
noted that even though the left shift path controlled by a
gate appearing later in the circuit -may not be open,
A-V375 is still able to communicate the signals in the
A-register to the comparator from this branch circuit.
The connection between the A-register and the com-
parator is used during various comparison operations such
as that preceding the multiplication and division opera-
tions as well as addition and subtraction and further for
the Q and T instructions. The later'tap on the seven,
pulse delay line appearing in the anode circuit of A-V374
is -connected to A-V376 ‘(FIG. 13i) a normally ron-
conducting - amplifier.  A-V376 is a clock gate driver.
Following the clock. gate is a pulse forming flip-flop
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composed of valves A-V377 and A-V378. The positive
going output pulses from the pulse forming flip-flop ap-
pear in the anode of A-V377. These pulses connect
to A-V379% (FIG. 13}) a normally non-conducting ampli-
fier whose anode is clamped between --60 and -}-90 volts.
The purpose of A-V379 is to shift the level of the pulses
appearing at the anode of A-V377 from —5 to —35
up to the +60 90 volt range. Obviously an inversion
also occurs in A-V379. A-V37% drives A-G104 and
A-G103 (FIG. 13j) A-G1i04 is the gate normally used
to pass the contents of the A-register through a longer
delay path than normal thus shifting it in significance
one decimal digit in the more significant direction, with
the exception of the sign digit. Three control signals
are applied to A-G194, FT104, the digit gate (DG)
signals and the time out signal. When an instruction
calls for the left shift without shifting the sign, FT104
develops by dropping from <4-90 to --60 volts. This
signal is communicated to A-G164 by way of diode
A-D389. The DG signal also drops from 490 to 460
during each minor cycle in the interval from #(9-85).
Otherwise this signal is at 90 volts. The DG signal
is communicated to A-GI¢4 by way of diode A-D331.
Finally, the time out signal is communicated to A-G1¢4
by way of diode A-D382. Time out signal normally is
at 460 except during time out when it rises to 4-90
and thereby inhibits the other signals applied to A-104
from being effective in permitiing the pulses from
A-V379 (FIG. 13j) to pass through the gate. As soon
as time out is released, if the other signals are present,
the junction point at A-G104 may follow the voltage vari-
ations appearing on the anode of A~V379. These varia-
tions are communicated by diode A-D383 to the junction
point of the gate.

A~G163, which is a paralle]l path from A-V379 into
the normal recirculation path of the A-register, is op-
erated whenever the entire word in A is to be shifted to
the left. The conditions under which this action occurs
is during a division or during a full shift instruction.
There are, therefore, two principal control signals, FT103
for the full word shift instruction and the OR signal
from the multiplier-quotient counter used during division.
These two signals are buffed together by diodes A-D384
and A-385. Both these signals normally are at +90
volts. Therefore, A-D386 effectively clamps the junction
point of A—G163 also at }-90 volts. When either signal
drops to 4-60 volts or both, the diode A-D336 removes
the 90 volt clamp from the junction point of A-G103.
In order for the negative going pulses appearing on the
anode of V379 to pass through A-G1¢3, however, it is
necessary that the time out signal also be at 460 volts.
This condition occurs whenever time is not out. Time
out signal is communicated to the gate by way of diode
A-D387 (FIG. 13j).

A-D388 and A-D389 buff the outputs of A—-G104 and
A-G103 together and A-D390 applies the combined
output into the main recirculation path.

There are two right shift paths each of which removes
effectively seven pulses of delay from the normal re-
circulation paths, and therefore, decreases the significance
of the contents of the A-register by one computer digit
for each circulation of the contents with the shift gates
in the shifting position. The right shift path by way of
A~-G106A (FIG. 13]) is used for any complete word
This operation occurs during multiplication, as
the entire partial product is shifted to the right and also
in response to the specific right shift instruction for the
entire word.  The other right shift path by way of
A-G107A is used for a partial shift in which the eleven
digits of a numerical - quantity may be shifted to the
right one place per circulation but in which the sign digit
or twelfth digit is maintained in its normal position and
zeros are. inserted between the sign digit and the first
significant digit. The forward shift path by way of

~N



3,133,190

85
A-G186A leaves the normal recirculation path at junc-
tion 391 (FIG. 13{). The signals are applied by way of
A-D392 (FIG. 13e) to A-G186A.  A-G186A is con-
trolled either by:the IER signal or the FT106. Both of
these signals are normally at 490 wvolts during the cor-
responding right shift operation diop to --60 volts., The
negative going signals appearing at the anode of A-V344
(FIG. 13{) are therefore permitted to pass through
A-G166A whenever either signal drops to 60 volts and
time out signal is at -+60 wolts also. The output of
A-G106A is communicated to a normally conducting
amplifier A~V393 (FIG. 13). The output of this valve
is applied to a compensating delay line section equal to
about two pulses of delay. :
The reason that the two pulses of ‘delay are introduced
at this point is that this right shift path is in parallel
with 9 pulses of delay in the normal recirculation path.
It will be observed that the normal recirculation path
carries a delay of 8 puises between the point of departure
and ' the "point of return of the right shift-path in the
normal path for the algebraic adder and an additional
one pulse of delay in a compensating delay at'a pulse
former  cireuit.: - Since the shifting path must only be
shortened by seven pulses, an additional two must be put
into this right shift path in order to bring about the
proper timing at the point where the right shift path re-
turns to the normal path. The output of the delay line
is “capacitively coupled to an amplifier. A-V3%4 (FIG.
13e). This valve produces 30 volt signals clamped be-
tween 90 and ‘+60 volts.
cated from A-V394 ‘to the normal recirculation path
by way of A-D317 (FIG. 13c) which in turn connects
to the regular path-at junction point 315.
) Another connection leading:out of the A-register is
from the anode of -A-V343 (FIG. 13g). Signals ap-
pearing at A-V343 are commnmicated to a cathode fol-
lower A—V395. -The output of A-V3%5 drives checking
circuits for the A-register duplication. B ’
The 189 gating system is for the purpose of stopping
the pomal ‘path of recirculation in: the - A-register .and
opening a parallel path through the algebraic adder. In
this system are gates A-GI99E and A-G10%B which,
when open permits the contents of A-register to pass into
the minuend input of the algebraic adder. A-G169C
(FIG: 13a) is in the main path of recirculation just fol-
lowing the tap to A—G199B. When inhibited A-G168C
prevents the contents of the  A-register from passing
through the normal recirculation path. - A-G163F (FIG.
13m) " permits. a  pulse to set a fip-flop” A-Fridl
(A<V465 and A-V466—FIG. 13m) for the purpose of
maintaining a signal on A-G109E (13n) which permits

the output of the AA to re-enter the normal recirculation’

path of the A-register. The purpose of A-FF181 is to

apply a signal to A~G109E -at a different interval of time

Arom that normalily defined by -the function table signals.

The timing of the A-register at this poift is -such that a-

minor cycle does not fall in the range of the normal func-
tion table signal minor cycle.
A-G113 (FIG. 13m) are used to develop the various
control signals’ to - control A~G199B . (FIG. '13m),

A-G109C (FIG. 13a) and  A-GL89F  (FIG. 13m).

A-G109D and A-G113 (FIG. 13m) -are parallel gates
" which process function.table signals and other signals-in
order to: develop -the 'signal- finally applied ‘to-these’ three
gates A-G105B, A-G10%C -and 'A-GI0SF.
conirolléd by FT113, time out, and the ‘delete signal
(#(2-8)). These three signals are applied to ‘A-G113
via A-D490 through A-D4§2 (FIG. 13m) respectively.
~All three-signals are. normally at <90 volts. - When
FT113 is present, it falls to 460 volts. =
mally at 460 volts:but during time out it goes to --99;
This, therefore, inhibits-A-G113 during time out.
delete signal (DEL) isinormally at 460 except during the
interval #(2-8) therefore, ‘the :signal impressed ~upon

A~D403 isa dropping potential ﬁqm‘ 90 to-60 volts, ex--

The signals are communi--

A-Gil3 is.

Time out is -nor-
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cept during time out and during the interval 7(2-8).
The signal developed in gate A-G189D is identical to
that developed in ' A-G213. " The conditions in A~G169D
are obtained by a combination of FT109, time out, delete
(DEL) and IER, OR. The combined signals from
A-G199D are communicated to junction point 484 by
way of A-D405. The negative going signals appearing
at..junction’ point - 404 are capacitively coupled into
A=~V406 (FIG. 13m). This signal is of approximately
20 volts amplitude. ‘The output of A-V486 is a 30 volt
signal which is ‘normally at -}-60 but during excitation
rises to .--90 volts. This signal is applied directly to
A~G10¢C which exists in the normal path of circnlation
in the A-register. As. this signal rises to 490 volts, it
prevents any. of the negative going signals appearing in
the circulation path from passing through A-G199C.
The signal appearing on' A~V4496 is also communicated
through a capacitor to A-V407.  A-V487 is essentially
an inverter which changes the signal from A-V406 to a
signal of opposite polarity. This signal from A—V447 is
communicated by way -of A-D403 to A-G199B and
A-D409 to A-G199F. ' These gates in opposite fashion
from A-G169C require a signal going from 90 to +-60.
The signals in the A-register recirculation path appear at
A-D41¢ in- A-G109B. When the voltage applied to the
cathode of A-D468 is -|-60 volts, the normally more posi-
tive potential applied to A-D408 from A-V467 is suffi-
cient to mask the negative going puises which appéar in
the niormal recirculation path of the A-register also ap-
pearing at A-D419. When the A-D468 conducts indi-
cating a permissive signal applied to A~G108B, the drop in
anode.potential is sufficient to allow the negative going
pulses from the A-register to pass through A-G189B to
A-D411 (FIG. 13m) and from there to A~V412 (FIG.
130).: .

Also combined at A~V412 are three other sources of
input signals to the minuend input of the algebraic adder.
These signals arrive from gates A~G212A, A—G238A. and
A-G111 (FIG. 130). 'A-G212A is the gate by which
the contents' of the control counter (CC) can be applied
to the minuend input of the algebraic adder.” The signals
from the' control counter are applied to A~V413 a nor-

. mally non-conducting: amplifier ‘whose output is ‘commu-
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nicated by A-D414 to the junction point of A-G212A.. ..
The conditions necessary for A—G212A to pass signals. .
from A+V414 into A~V412 are thaf FT212 be present,
that TS be present and that there be no overflow (OF).
The negative going signals appearing at the anode of
A-V413 are permitted to pass this gate provided these
conditions are met and are buffed into the common line

t0. A~V412 by way of A—D415." The second source of

signals is the control register whose circulation path is
connected to:A-V416 (FIG. 130) a normally non-con-
ducting amplifier. The negative pulses appearing on its
-anode are conitected to A-G320A by’ A-D417. . The con-

- ditions necessary for A-G230A to pass the signals from

In addition, A-G168D and .
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A=V416 to A-V412 are that FT230 be present ‘and that
time out be absent.. When these conditions are met, sig-
nals from A-V416 pass by way of A-D418 into the com-
mon-line to' A-V412. " A<G238A is used whenever the
word in the control register must be: angmented by ten

“in order to accommodate multi-word transfers within the.

computer, - Finally the signals appearing at A—~G1i1 are
also buffed into the common line to A-V412 by way of -
A-D419 (FIG..130). " The signal which is gated through

“A=G111 is a-000. 000' 000 005 which represents the quo-
tient round off quantity added in during the last stage of . -

the division. The conditions nécessary for A-G1i11 to-
pass. this quantity into thé minuend input.of the alge-
braic ‘adder.are. the presence of FT111 and the ab-:
sence-of time out. - A-V412 is.ta clock gate driver, All

. signals appearing at it-are then applied to a clock gate and
“-a pulse former flip-flop following it composed of A—V420

75

‘and A-V421 (FIG. 130). . The output of the pulse form-
‘ing flip-flop is the anode of A-V421. . These signals are
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communicated both to the minuend input of the algebraic
adder and to the odd-even checker for the algebraic
adder #1. ‘This latter connection is by way of A-V422
(FIG. 13n). Concurrent with the operation of A-G212ZA
described above is the operation of A~G212D. This gate
shown in FIG. 13p, consists of diodes A-D423 through
A-D426. To A-D423 is applied the quantity 000 000
000 001 from the cycling unit. In addition to this sig-
nal, FT212 and the time selector signal (TS) are ap-
plied to A-D425 and A-D424 respectively. In the pres-
ence of FT212 and the TS signal, the quantity 000 000
000 091 is admitted through A-D423 and communicated
by way of A-D426 to the common line leading to the
subtrahend input of the algebraic adder. This quantity
is the quantity which is added to the control counter read-
ing during each 8 cycle in order to increase that reading
by unity. Also buffed into this line is the output of
A-G242B (FIG. 13p). A-G424B supplies decimal zeros
to the A-register during multi-word transfers involved in
the input-output instructions. During such instructions,
the instruction word stored in CR is continuously read
through the algebraic adder. At the end of each series
of ten word times, the quantity in CR must be increased
either by 000 000 000 010 or 000 010 000 000. These
two quantities are chosen depending upon whether the
input-output instruction occurs in the § or ¥ cycle of op-
eration. During nine minor cycles the decimal zeros
supplies to A—-G242B are applied to the subtrahend input
of the algebraic adder while the word in CR passes to
the minuend input via A-G230. During the tenth minor
cycle (also in the case of periodic memory check and
memory clear at the end of 13 cycles) A-FF202 applies
a permissive signal to A-G232A and A-G233A (FIG.
13p). Depending upon whether FT232 or FI233 is
present, one or the other gate will admit the word which
will augment the memory location either by ten in the ¥
position or in the & position. The combination of
A-FF203 (FIG. 13g) and A-FF202 (FIG. 13p) operate
on A-G233A and A—-G232A. The initiating pulse is ap-
plied to A—FF203 from the multiplier-quotient counter in
the control circuits. When set, A-FF203 delivers a neg-
ative going pulse to A-V427 (FIG. 13q). After pass-
ing through a short delay, the output of A-V427 is ap-
plied to A-V428 (FIG. 13g). A-V428 drives A-G242A
(FIG. 13¢). This gate is operated by FT242 and is in-
hibited by time out. If these two signals are present plus
that from A-V428 a p2 pulse passes through A-G242A
to set a A-FF202 to restore A-FF203. :

When set, A—FF262 applies a permissive signal to A—
G233A and A-G232A (FIG. 13g). A separate ampli-
fying valve A-V429 (FIG. 13p) inverts the output signal
from A-FF202 and shifts its level to the 60 4-90 volt
range. This signal is applied to the two gates by way of
AD430. and A-D431 (FIG. 13p). A-G233A is also
supplied by FT233 via A-D432 (FIG. 13p) and with the
quantity from the cycling unit 600 010 000 000, by way of
A-D433. A-G232A is supplied with FT232 by way of
A-D434 and with the quantity from the cycling unit
600 GCO 000 010 by way of A-D435. In each case, the
signals applied to these input diodes are all normally at
490 volts except during excitation when they drop to
160 volts. The output signals are buffed together to a
common line by way of A-D436 and A-D437. This
buffed output in turn is buffed into the outputs from A-—
G212D and A-G242B by way of A-D438 and A-D439.
The common output is then applied by way of a capacitor
to valve A-V44¢ (FIG. 13r). It is a normally conduct-
ing tube which drives a buffing diode A-D441. '

Also arriving at junction point 442 are the signals gen-
erated in A-G110A, A-G110B, A-G109A and A-G112A
(FIG. 13r). A-G28%A consists of A-D443 through
which is applied the FT109, A-D444 through which is
applied a time out.inhibition and A-D445 through which
comes signals appearing on the high speed bus. A=
G163A is that gate through which signals pass into the
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A-register from the high speed bus by way of the alge-
braic adder. The output of A-G189A is buffed into a
common line to the adder by way of A-D446 (FIG. 13r).

A-G112A is used during multiplication and is spe-
cifically for inserting the round off quantity 050 000 000
000. The position of the five in this case is in the second
significant digit position since the quantity as it is de-
veloped in the A-register which will become the product
is gradually shifted to the right. Since this round off
quantity is inserted before multiplication begins the five
will, by the time the product is fully determined, have
been shifted into least significant position. The round off
quantity is generated in the cycling unit in the form of
negative going pulses between the limits of +90 and --60
volts. Also controlling gate A—-G112A are FT112 and
a time out inhibition signal applied through A-D447 and
A-D448 respectively. The output of A-G112A is buffed
into a common line with the output of A-G109A by way
of diode A-D449,

The combined outputs of A-G109A and A-G112A are
buffed into the outputs of A~Gi18A and A-G1i0B by
way of A-D450 (FIG. 13r). The 110 gating is used
during the initial three stages of multiplication during
which three times the muitiplicand is manufactured in the
A-register. Through A-G110A comes the signal from the
L-register representing the multiplicand. This signal
exists as positive going pulses which are applied through
a capacitor to A-V451. A-V451 generates negative going
pulses between 90 volts and 60 voits. The output of A-
V431 is applied to A-G118A via A-D452. A-G110A is
also controlled by the buffed effect of FI'110 and time
out. The presence of FT110 and the absence of time out
is required in order to have A-G110A open. One addi-
tional control signal applied to A-G110A is the sign gate
(SG) signal from the cycling unit. This signal exists
effectively from 1 to 786. Due to its polarity, its effect
on this gate is to hold it open for the 11 digits plus the
space between words during which the 11 digits of the
multiplicand from the L-register may enter the A-register.
A-G110B applics a zero to the sign position left vacant
in the multiplicand by the SG signal applied to A~G110A.
Purely for convenience the 050 000 000 000 from the
cycling unit is used to obtain this one zero in the sign po-
sition. The CU signal is applied by way of A-D453 to
gate A~-G110B. In addition, FT110 is applied by way of
A-D454, a time out inhibition is applied by way of A—
D455, and finally the sign gate signal (SG) is applied by
way of A-D45¢6. The polarity of the sign gate signal is
such that A—~G119B is only open during the interval 86
to ¢1. This interval defines the 12th digit position and,
therefore, selects only that most significant zero in the
quantity from the cycling unit. The outputs of A~Gil0A
and A—G118B are combined together through two diodes
and through A-D457 are buffed into the input of A~V458.
The cutput of A-V45§ representing any signals appearing
at A-G10%A, A-G112A, A-GI1i0A and A-GI116B are
buffed by way of A-D459 into junction point 442, Any
signal appearing at junction point 442 passes through a
short delay (FIG. 13n) bringing the timing of any of
these ‘signals into proper synchronism at a clock gate
driver A-V466. The output of the clock gate driver
gates ¢p’s into a pulse forming flip-flop composed of A~
V461 -and A-V462. The output signals from A-V461
are connected directly into the subtrahend input of the
algebraic adder and by way of A-V463 to the odd-even
checker in the case of algebraic adder 2 (FIG. 13r). -

The third gaté in the 109 system which is directly ef-
fected by the outputs of A-GI§9D or A-G1i3 is A~
G169F which gates a r14 pulse into A-FF101 (FIG.
13m). Due to the timing of the word appearing at the
output of the algebraic adder, it is necessary to develop
a separate signal which begins after the normal function
table signal would arise and must extend into the next
minor cycle beyond the point when the normal function
table signal would disappear.. In order to accomplish this
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effect, a separate flip-flop A-FF181 is used to develop this

oze minor cycle signal but is placed in time with respect
to the normal computer minor cycle. . This signal exists
from ¢14 of one minor cycle ta 712 of the following minor
cycle. Any signal to be applied to the gate system con-
sisting: of A-G199B (FIG. 13m) A-G103C (FiG. 134)
and A-G109F (FIG. 13m) is developed as'soon as fime
out disappears which is ‘approximately corresponding to
t1. This signal then lasts for an entire minor cycle. How-
ever, the output of the algebraic adder is approximately
9 which’ requires -then that A~FF161 be set in order to

open A-G182E (FIG. 13m) somewhere between 71 to.

14, Since the 2igebraic adder' may have been used in the
previous minor-cycle for other purposes it is not desirable
to open A-GIOSE until at least 79 when the last binary
pulse of the previous addition has left the output of the
algebraic: adder.
FF101 is 114 which is approximately five pulses into the
space between words. Therefore, A-G189F receives the
normal 109 signal via' A-D499 (FIG. 13m). Also ap-
plied to A-GI8ST by way of A-D4é4 is the £14 pulse
from the cycling unit. -The signal applied to' A-D483 is
normally at 90 volts.  When A~G189F is to pass a (14
the ‘signal.on A-D48% drops to 460 volts thus perinitting
the negative going pulse ¢14 to-enter the gate. The output
of the gate is capacitively coupled into a A-FFi91 con-
sisting of A~V465 and A-V466. The output of A-FFi¢1
is obtained from the :anode ‘of A-V46S." This signal is a
positive going. signal of sufficient amplitude to cavse A—
V467 to conduct. The output of A-V467 is a negative
going signal between 90 and 60 volts-and is applied by A~
D468 to" A~-G199E (FIG. 13n). " The restoring pulse to
A-FF16% is a 12 occurring two pulses short of a. four
minor cycle after the 114 which originally set A—FF181.
This pulse from the cycling unit is a negative going puise
capacitively. coupled into -the control grid of A-V466,
Thus the signal applied to A-D467 and in consequence to
gate A—GI$3E, is a minor cycle signal which is similar

to those-generated normally in the function table but dis-

placed from ‘the: normal minor cycle time by approxi-.

mately 12 pulses. The output of the. algebraic adder is
applied to A-V46% (FIG. 13n) in the form of positive
going pulses through a capaciter. ' The output of A~V469
is clamped between plus $0 and. plus 60 volts. The nega-
tive going pulses appearing at the anode of A-V462 repre-
senting the sum from the algebraic adder is applied to gate
A-Gi2E by way of A-D470 (FIG. 13a).

adder ‘output pulses pass through A-GIGSE inio the A-

register through ‘A-D31¢; and intc - the normal recirci-.

lation path-al junction point 315 (FIG. 13¢).. 7
F Register Schematic Write-Up

. The F registef is-a one word mércury delay line type
circulating register. During the M, N or P instructions, -

the F register stores: three times the multiplicand and
during the E instruction, it stores.the extfactor word.
"The input to the F register is at F-100 from the high
speed bus (see FIG: 19¢). -The negative going signal
from the-high speed-bus is impressed upon diode F=D161
moving the potential ‘of its"anode from 90 to 60 volts in
the presence;of pulses:” Thé diode forms one of the three
inputs to gate F-GI1%9A. The second signal which con-

trols input gate F~G190A is-FT190. * Function table sig-

nal 190 is ‘normally.at plus 90 volis; “‘Whenever. signals

Provided-
a permissive signal is applied to A-D4E8, the 'algebraic -
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'on'the high speed bus are inténded to enter the F regisfer, -
FT190 drops from plus 90 velts to plus 60 volts.” In

addition to FT190, a-third signal, time-out’ (TO), also
effects the operation of F=G198A. 'During the time-out
period, the time-out signal-is at plus 90.volts and is ap-
plied to-input gate F~GI%0A via diode F=D102.  If

70

either signal, ie., time-out or FT190 is at. 90 volts, .its -

potential appearing on the anode of its respective diode -
- is” sufficient to- hold the junction point -of this gate at

plus 90 volts drawing current f;om, 4 minus. 106 volt sup-
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ply through 12K ohm resistor. Therefore, in order for
signails from. the high speed bus to pass through this gate
into the F register, it is necessary to have FT190 at 60
volts and time-out at 60 volts. Under these conditions,
the signals on the-high speed bus are impressed on diode
F-D103.

The anode of diode F~D103 is connected to the anodes
of two other diodes F-D104 and F-D1$5, respectively,
which in turn are all connected into a six section delay
line stick. Diode F-D104 connects the initial clear sig-
nal, #(9~15) into the F register under: the influence of
the initial clear (XC) signal. Together the initial clear sig-
nal and the #(9-15) signal joiri in F-G194 to pass into the
F register. More details of this circuit will be given later.
The signals appearing on diode F~D185 are those which
bave made a complete circulation of the F register and
are refturning to the starting point. ' This also will be dis-
cussed later. : . )

The output of the six section delay line is a capacitor
connected to the F~V187, a normally conducting amplifier
tube. The output of this tube is obtained from the anode
circuit and is connected into a one word mercury delay
line chassis.  The operation of the circuit of the mercury
delay line chassis is described elsewhere. = (See co-pend-
ing-application S.MN. 279,710.) The lower limit on the
signal from F-V107 is clamped to plus 60 volts. - The
upper level of this signal is somewhere just below plus
80 volts. The pulses appearing on the anode of F~V107
are positive going pulses between plus 60 and just less
than plus 80 volts. . ‘

The output of the one word mercury delay line: chassis
is applied to the .grid of the F-V168, a normally con-
ducting amplifier. The ‘pulses obtained from the delay
line'circuit are negative going pulses. The output of
F-Vi08 appearing on the anode are clamped between
—71 volts.and —88 volts. - They are positive going sig-
rals which are then applied (see FIGURE 19¢) to . a
typical clock gate array of diodes and resistors connected
to the timing pulse generator. The operation of a typical
clock gate circuit is described in copending application
S.N. 279,710. The output of the clock gate is. applied
to a pulse forming flip-flop composed of F-V102  and
F-V1i8, 'The recirculating pulses are obtained’ from
the anode circuit of F-V189 and are 30 volts- in ampli~
tude and negative going between minus 4 volts.and minus
34 volts. These pulses are applied to the grid of F-V111
(see FIG: 19a), a normally conducting amplifier whose
principal purpose is to invert the polarity of the pulses

from F-V189. The signals appearing on the ‘anode of
"F-¥111 are clamped between plus 70.and plus 95 volts.

The output of F-V111 is applied to an eight section delay
iine normally referred to as a compensating delay. . Such

a compensating ‘delay in this. case is intended- to -equal . -

that delay experienced by pulsesleaving thé normal output
gate (to be described later) of the F register and passing
over the high speed bus system to re-enter the.input gate
of either.the F register or ‘some other similarly timed
register.  The tap which leads off the compensating- delay
to F-V112 (see FIG. 19¢) is adjustable, such that the
timing. at' F-V112-is corréctly timed with relation .to
any incoming signals. : . Lot
F-V1i2 js a normally non-conducting amplifier the

. -anode ‘of which is:clampéd between plus 60 and plus.90

volts.: The signals appearing on the anode of F-V112 are
negative going signals of 30 volt amplitude. The ‘output
of ‘F-Vii2- is -applied . to the. clear - gate ‘F-G190B.
F-G1%0V and F-G190A (see FIG. 19¢), the input ‘gate,
must be considered simultaneonsly. - In general, any- oc-
casion for opening an'input of a régister must also be
accompanied by a closing of the clear gate so.as to clear
out any ‘previously stored pulses’ circulating “within “the’
register in order not to superimpose the old set' of pulses
on top of the new. Both gates F-G190A and F-G190B -
are under the influence of FT'190 and the time-out: (TO)
signal. :As is normal elsewhere inthis computer, the
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function table signal 199 rises somewhat slowly and not
sufficiently accurately in time to open and close these
gates. The time-out signal is, therefore, used to control
accurately the operation of these two gates. The time-out
signal is a sharply determined signal generated by a fast
acting flip-flop. In the case of F-GI90A as previously
described it is sufficient that all inputs fall from plus 90
to plus 60 volts for a signal to pass into the F register.
In gate F-G190B, it is necessary that all signals com-
bine to hold the normal recirculation pass at plus 90
volts thus masking any pulses delivered from F-V112.
Since FT190 is normally at 90 volts when not present
and at plus 60 when present, F~V113 (see FIG. 19¢) is
introduced in order to invert function table signal 190.
The output of F-V113 is clamped between plus 60 and
plus 90 volis. The 60 volt clamp normally conducts in
the absence of function table signal 190. The effect of
time-out (TO) on gate F-G198B is to add an additional
gating signal to FT190 before it is applied to the clearing
gate of the F register. During time-out, the time-out
signal is at plus 60 volts and, therefore, permits diode
F-D115 to impress on diode F-D116 the 60 volt poten-
tial. The potential on diode F-D116, therefore, over-
rides the 90 volt potential that may be on diode F-D114.
However, when time-out releases diode F-D115 and holds
diode F-D116 up to plus 90 the inhibition on the func-
tion table signal 190 is removed and it is allowed to pass
through diode F-D117 to the main recirculation path of
the F register. In summary, therefore, in the presence
of function table signal 190 and in the absence of time-
out signal diode F-D117 holds the recirculation path at
plus 90 volts thus masking the signals from F-V112.
A similar but distinct action occurs in gate F-G121 (see
FIG. 19¢) by virtue of the initial clear (IC) signal from
the supervisory control. This signal is applied through
diode F-D118 to the recirculation path of the F register.
The IC signal is normally at plus 60 volis and, therefore,
does not influence pulses occurring at the anode of
F-V1i2. However, during the initial clear operation
diode F-D118 is connected to a plus 90 volt source and
therefore, masks or clears those pulses from the F reg-
ister which appear at the anode of F-V112.

Except during initial clear or action by FT190 and the
time-out signal, the pulses appearing at the anode of
F-V112 normally reach diode F-D165 (see FIG. 19¢)
where they appear as normal recirculating pulses which
then enter the six section compensating delay line. The
purpose of this second compensating delay line is to ad-
just the timing of incoming pulses or recirculating pulses
such that they reach the pulse former at the beginning
of the mercury delay line chassis in time to gate clock
pulses.

Concurrent to the clearing action applied to the F

register through F-G191 from the initial clear signal

from the supervisory control, initial clearing pulses,
1(9-15), are applied through F-G194 (see FIG. 19¢)
to the input of the F register. The entrance of these
pulses is controlled by the initial clear (IC) signal from
the supervisory control applied through diode F-D119,
these pulses are put into the F register during the initial
clear in order that the gain control circuit which ap-
pears in the mercury delay line circuit. be limited by
the presence of some pulses although not pulses that are
significant and have any meaning.

The output of the F register is obtained from the
anode circuit of the F-V110 of the pulse forming flip-
flop: (see FIGURE 19¢). The pulses appearing at the
anode of F-V110 are positive going pulses moving be-
tween -the limits of ‘'minus 4 volts and minus 34 volts.
The output pulses are applied to F~VI19 (see FIG. 194,
upper right) .a cathode follower which drives the check-
ing circuits which compare the contents at all times
of the two F registers which appear in duplicate.

The output pulses from. V-11{ are also applied to
F-V120, a cathode follower (see FIG. 194, middle),
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which in turn drives F-V12i. F-V1i21 drives two out-
put gates, F-G188C and F-G192. There is also con-
nected from the anode of F-V121 an output network
for observing the contents of the F register with an
oscilloscope. The outputs of F-G152 and F-G188C are
buffed together to enter the high speed bus system.
F-G183C is controlled by the combined action of FT188,
the IER signal and the greater than or equal to three
signal. FT188 appears during each of the three multi-
plication instructions, M, N, and P. The greater than
or equal to three signal appears whenever a multiplier
digit of three or more is set up in MQC. The IER
signal occurs whenever the computer has finished with
one multiplier digit and exists during the time in which
the next multiplier digit is transferred into the multi-
plier quotient counter. FT188 is normally at 90 volts
but when activated by one of the three multiplication
instructions drops to plus 60 volts. The greater than
or equal to three signal similarly is at plus 90 volts
except during that period when a quantity in the multi-
plier quotient counter is greater than or equal to three
duvring which time the signal falls from plus 90 volts
to plus 60 volts. The IER signal is nmormally at 60
volts except during the IER stage when it rises to plus
90 volts. Thus FT188 and the greater than or equal to
three signal are permissive in nature, while the TER sig-
nal is inhibitory. The IER signal is present on this
gate in order to prevent the quantity in the F register
from reaching the high speed bus when the new digit is
set up in' the MQC and which may be greater than or
equal to three. As soon as the computer is ready to
begin the actual transfer from the F register during multi-
plication, the IER signal disappears thus releasing gate
F-G188C. The signals which pass from F-V121 to the
high spesd bus are negative going signals between plus
60 and plus 90 volts.

The purpose of gate F-G192 is to transmit the pulses
stored in the F register to the high speed bus during
the G instruction which calls for the transfer of the
contents of the F register to the memory. F-G192,
therefore, has only FT192 to control it. - The normal
level of FT192 is plus 90 volts. During the G instruc-
tion, this signal falls to plus 60 and, therefore, permits
the negative going signals appearing at the anode of
F-V1i21 to pass through to the high speed bus.

During the extract instruction a word is stored in
the F register which indicates by the oddness and even-
ness of each of the computer digits within that word
whether or not the corresponding digits of a second
word are to be transferred into the A register to replace
corresponding digits in a third word previously stored
in the A register. The second word is obtained from
the memory and is available on the high speed bus in
synchronism with the words in the A and the F registers.
In order for a computer digit to be considered odd, it is
sufficient that a pulse appear in the least significant binary
pulse position of the seven for that computer digit. The
examination of this position occurs in the extract sig-
nal generator. A tap on the compensating delay line
following F-V111 (see FIG. 19a) is connected to F~-V122
(see FIG. 195, top left). - F-V122 amplifies all pulses
which appear at'the tap on the compensating delay and
applies those pulses to the grid of F-V123. F-Vi23,
a normally conductmg amplifier with a D.C. restoration
diode connected in its grid circuit, produces negative
going pulses of 30 volt amplitude between the limits of
plus 60 volts and plus 90 volts. The anode of F-V123
is connected to F-G193. The purpose of gate F-G193
is to select the least significant digit of each computer
digit for examination.. Three additional conditions are
imposed on F-G1%83: FT193, the time selector signal
(TS) and p8n. Each of these signals is normally at plus
90 volts.” Whenever an extract instruction is called for,
FT193 falls to plus 60 volts. - When the word to be ob-
tained from the memory finally becomes available, the
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time selector signal (TS) also falls from plus 90 volts
to plus 60 volts. The junction point of the:. gate, how-
ever, is still held at plus 90 by the combined -influence
of ‘the p8n signal and thé signal from  the anode of
F-V123. The p8n signal occurs évery computer digit
time and specifically .occurs during least significant binary
digit position of each computer digit. ~ As p8n appears
the junction point of the thrée input diodes falls to plus
60. ' If there happens simultaneously to be a pulse on
the anode of F-V123 then the junction point of F-G193
falls.to plus 60 volts. This signal is communicated via
diode F-D124 to clock gate driver F-V124. If p8n oc-
curs and there dis no pulse at F-V123, the potential on
the .anode-of F-V123.is plus 90 and this voltage super-
sedes all other controls on F-G193. * Similarly, if F-V123
produces. a pulse in the absénce or at other times than
a p8n then the 90 volt potential ‘applied through the
p8n input supersedes any signals on F-V123:thus hold-
ing the junction point at. F—G193 at plus 90 volts. - Thus
the output of gate F~G193 is a .result ‘of the combined
action of -the pulses applied to F-V123 and the p8x sig-
nal form the ¢ycling unit.  Whenever there is coincidence
and a pulse is applied to F-V124, this indicates ‘that the
computer digit then passing from F-V111 (see FIG. 19q)
in the main circulation path: to F-V112 (see FIG, 19¢)
is.considered an odd digit. - F-V124 impresses this in-
formation on the clock gate F-CG195 which is a’'stand-
‘ard array of diodes and input signals and .is: discussed
in copending application S.N. 279,710. In addition to
the standard circuit, a separate input marked tln is ‘ap-
plied to the TP minus side ‘of the clock gate. The #1n

10

20

25

30

signal is for the purpose of setting the extract flip-flop .

composed of F-V125 and F-VI26 (see FIG. 194) to’

known or standard ‘position before each examination
madeé by the p8n at gate F-G193 (see FIG. 19p5). - The
output of the extract flip-flop composed ‘of F-V125 and
F-V126 is obtained from the anode circuits .of the two
valves.  F=V125 is connécted to F-V127 and F-V126
is connected to F-V128. F-V127 and F-V12§ are cath-
ode followers which:produce the E1 and E2 signals.. The
El and E2'signals are the extract signals which are ap-
plied to the input gates in thé A register in -order to
control the clearing out of the digit in" A and replacing
it with a digit from-the high spved bus“in -the- case of
an odd. digit in ‘the extractor word‘in the F register. In
the case of even digits ini- the F.register, no action oc-
curs. The. extract flip-flop remains restored -and no El
or B2 signal appears to effect either the clearing or in-
put of the A register.. The magnitude of the voltage
appearing at the outputs of F—VIZS and F-V127-is ap-
proximately 30 volts. :

While various tube designations and equivalent 1dent1-

cation of componems have been made throughout the
accompanymg descrlptmn of schematic circuits of the
various .units .comprising this system, it should be ‘boine
in’ mind, that any form of component suitable for the
circuits can be ‘utilized.” Specifically, the various vacuum

tubes utilized” for this circuitry have been chosen from
- the group commerc1ally designated as follows: -25L6,
6BE6, 25D7, 7AK7, 6AKS5; 6ALS5, 6ANS, 6AV6 65V7,
4032,-807, 2050, 5651,.5545, 6AL16 and 5687,

The many diodes which have been referred to through-
out the description are of the germanium type and are
of any-form desired such as those numbered by. Sylvama
Corporation IN34A or WE400A or B:

The type of resistors .or capacitors utilized throachout
in the circuits - have been selected for the specific-duties
which they have to perform within these circuits andail

the componenis can be selected by anyone sklllcd in'thé.

art to serve the purposes specified.

Many other modifications and variations of the inven-
tion, adapted to meet specific enviromental cxrcumstanced,
* but not departing essvmlaﬂy from the essence thereof
will bé appareni to those skilled in the art.
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" couples ‘the ouiput of said first and s
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What we claim as new and desire to secure by Letters
Patent, is: .

1. The combination comprising a full binary adder for
operating on trains of electrical signals representatlve of
alphabetical and numerical .information; each of said
trains comprising ‘a first group of pulse positions repre-
senting by the combinations of pulses present and absent
in. individual positions of said group information of dif-
ferent relative values and a second group of pulse posi-
tions identifying by the absence of pulses therefrom in-
formation represented by said first group as. numerical
and identifying by the presence of pulses therein the in-
formation represented by said first group as alphabetical;
said-adder having a first input, a second input, and an out-
put; means for applying a first ‘train of electrical signals
to said first-input; means for applying a second train. of
electrical siguals to said second input; a bypass network
connecting said inputs and said output; a first means inter-
posed between said first input of the adder and said by-
pass network for detecting the presence of pulsbs in the
second. group of pulse positions in first trains of electrical
signals applied to said first input to cause ‘said first trains
of signals to be bypassed around said adder; and a sec-
ond means “interposed ‘between said second input of the
adder and said bypass network for detecting the presence
of pulses in the second group-of pulse positions in second
trains:of "electrical signals applied to said. second input
to. cause - said second trains of signals to be bypassed
around said :adder.

2..'The combination as’ defined in claim 1 further in-
cluding a first signal source génerating a first preselected
sequence of signals, a second signal source generating a
first” preselected sequence of signals, a ‘second full binary
adder having first and second- inputs. and -an output, ‘the
first input of said second birary adder being connected to
the output of said first binary adder, means responsive to
a-first stimulus to connect said first signal source to the
second input of said second binary adder and means re-
sponsive to.a second stimulus to connect said second sig-
nal source to the second mput of said second binary
adder. ‘

3.-The combination as defined in claim 2 further in=
cluding.ﬁrst‘and second storage devices for storing trains
of -electrical’ sibnal representative. of information, each
device having a means for allowing the'entry of trains
of electrical signals 1ep1vsentatlve of information, a first
cond;uonally responsive- transfer network including’ gat
ing means coupling the output of the first device to one
of the inputs of the first adder and ‘coupling the output
of the second device to ‘the other mput of the first adder
and a“second’ conditionally responsive transfer network
including gating means coupling the output of said second
adder to the entry means of one of the said storage
devices.

4. The cornbmation as de‘hled in cialm 3 wherein said .
first-network includes a condltmnally responsive switching
means actuaied by a predetermined set of stimnuli whersin
in a first condition said swiiching means: respectively
scond devices' to
said first ‘and second inputs of said first adder and in.a
second condition said switching means respectively couolea
the outpuls of said first and second devices to gaid second

: and first inpuis of said first adder.
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* 5. The combination as défined in, claim ™2 further in-

. cluding means selectively connected. i¢ one input of said
first"adder. for modifying a train- of -electrical ‘signals -

applied thereto, said means applymg to: said . input the
complement of the mfouna&on represented by said train
of swnals .

. The combmatum as defined in cIalm 1 tuxther con-
pnsm17 means connected to both said first and second' de-
tecting means for inhibiting the output of said bmary
adder when any’ detecting ‘means’ detects pulses in any
second ~group of pulse positions 1n tlams of "electrical
signals. ’
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7. The combination as defined in claim 1 further in-
cluding first and second storage devices for storing trains
of electrical signals representative of information, each
device containing a train of electrical signals representa-
tive of information -constituting an entry, a first condi-
tionally responsive transfer network including gating
means respectively coupling the outputs of said first and
second storage device to the first and second inputs. of
the said adder and a second conditionally responsive trans-
fer network including gating means for coupling the out-
put of said adder to the input of one of the said storage
devices.

8. The combination as defined in clalm 7 wherein said
first network includes a conditionally responsive switch-
ing means actuated by a predetermined set of stimuli
wherein in a first condition said switching means respec-
tively couples the output of said first and second devices
to said first and second inputs of said first adder and in a
second condition said switching means respectively couples
the outpuis of said first and second devices to said second
and first inputs of said first adder.

9. In combination a first register for storing a first
train of electrical signals representative of numerical in-
formation; a second register for storing a second train of
electrical signals representative of numerical information
having a value which is a predetermined multiple of the
vaiue of the information of said first train; a third reg-
ister having a recirculation storage path with a finite
recirculation period, adding means having first and second
inputs and an output; means for selectively connecting the
output from said third register to said first input of said
adding means and the input to said third register to said
output of said adding means to effectively place said add-
ing means in the recirculation path of said third register;
a counter; means for applying electrical signals to said
counter to represent the complement of a numerical
value; signal generating means responsive to the comple-
ment of information in said counter to generate a first
control signal when the complement of the value in said
counter is less than said predetermined multiple and a
second control signal when the complement of the in-
formation in said counter is equal to or greater than said
predetermined multiple; means responsive to said first
control signal for connecting said first register for the
period of one recirculation of said third register to said
second input whereby the contents of said first register
is added to the contents of said third register; means re-
sponsive to said second control signal for connecting said
second register to said second input for the period of one
recirculation of said third register whereby the contents
of said second register are added to the contents of said
third register; said third register acoumulating the results
of such successive additions; means operative when the
connection of said first register to said second input is
effective to step said counter forward one count; means
operative when the connection of said second register to
said - second input is effective for stepping said counter
forward a number of counts equal to said predetermined
multiple; and means for generating an ending signal when
said counter reaches the limit of its count to clear said
counter, to initiate the introduction of a new value into
said counter, and to cause the contents of said third reg-
ister to shift one digit to the right.

10. The combination defined in claim 9 wherein said
third register comprises first, second and third recircula-
tion paths; said first recirculation path providing a time of
recirculation equivalent to the length of time required
for the contents of the register to pass a given point,
said second recirculation path providing a time of recir-
culaticn which is shorter than the recirculation time of
said first path by an amount of time required for a single
decimal digit to pass a given point, said third recircula-
tion path providing a time of recirculation which is longer
than the recirculation time of said first path by an amount
of time required by a single decimal digit to pass a given
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point; a first normally open gate in said first recirculation
path; a second normally closed gate in said second re-
circulation path; and a third normally closed gate in
said third recirculation path; means responsive to said
ending signal to generate a control signal for. closing
said first gaté and opening said second gate for a period
equivalent to the recirculation time of said first path.

11. The combination defined in claim 9 wherein said
multiple is three.

12. The combination defined in claim 10 further in-
cluding a fourth register, second means for selectively
connecting the output from said third register to the input
of said fourth register, and a fourth normally closed
gate in said selective connecting means, said control signal
opening said fourth gate for the period of time that.the
least significant decimal digit of the information in said
third register is present at said fourth gate whereby the
least significant digit of the information accumulating in
said third register is transferred to said fourth register
upon each generation of said control signal.

13. An algebraic adder comprising a first binary adder
circuit having a first input, a second input, a first output
and a carry output; a first input terminal to said algebraic
adder and a second input terminal to said algebraic
adder; first, second, third, and fourth input gating means;
said first gating means being connecied between said first
input terminal and said first input to said binary adder,
said second input gating means being connected between
said second input terminal and said first input- to said
binary adder, said third input gating means being con-
nected between said second input terminal and said second
input to said binary adder, and said fourth input gating

‘means being connected between said first input terminal

and said second input to said binary adder; first means
for simultaneously inhibiting said first and third gating
means and for opening said second and fourth gating
means; means for applying a first train of electrical pulses
representative of a first numerical quantity to said first
input terminal to said algebraic adder, second means. for
applying a second train of electrical pulses to said second
input terminal to said algebraic adder; comparator means
for comparing the absolute magnitudes of said first and
second quantities; means responsive to a determination
of said comparator that the second quantity is larger than
said first quantity for generating signals for simultaneously
inhibiting said first and third gating means and for open-
ing said second and fourth gating means whereby the
train of electrical pulses applied to said first input ter-
minal is transmitted to said second input to said binary
adder and the train of pulses applied to the second input
terminal is transmitted to the first input to said binary
adder.

14. The apparatus defined in claim 13 further including
a complementer inserted between the output of said third
and fourth gating means and said second input to said
binary adder for obtaining the nines complement of the
quantities applied to said second input to said binary
adder.

15. The algebraic adder defined in claim 14 wherein
said binary adder comprises a third input, and further in-
cluding gating means connected to said third input to
provide additional signals for correcting the nmes comple-
ment to a tens complement output.

16. An algebraic adder for producing the sums of two
quantities represented by combinations of pulses in trains
of seven electrical pulse positions wherein the four least
significant pulse positions represent a numerical value, the
two immediately more significant pulse positions identify
the presence of alphabetic or symbolic imformation, and-
wherein the most significant pulse position represents a
check position for checking the existence of an erroneous
pulse combination; said algebraic adder comprising a first
input terminal to which a first quantity is applied; a sec-
ond input terminal to which a second input quantity is
applied; a binary adder having first, second, and third in-
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put terminals and first and carry output terminals; means
for connecting said first input terminal to said first input
of said binary adder; means for connecting said second
input terminal to said second input of said binary adder;
means connected to said first and second input terminal
for checking information supplied thereto for the presence
of pulses in said more significant pulse positions which
identify alphabetical and symbolical information; a flip-
flop responsive to said checking means for generating an
output signal upon the determination of the existence of
alphabetical or' symbolical information applied to said
first or second input terminals; a gating means connected
between the .output of said binary adder and an output
terminal from said algebraic adder; a first by-pass path
connected between said first input terminal and said out-
put terminal; and second by-pass path connected between
said second input terminal and said output terminal;
normally closed gating means in each of said by-pass
paths; and means for applying the output from said flip-
flop to said gating means in said by-paths to open said
gating means and to said gating means between the cutput

-of said binary adder and said output terminal to close said

gating means whereby alphabetical or symbolical informa-
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tion is transmitted from said first-and second input ter- ~

minals to said output terminal in unmodified form.

17. A multiplication and division counter and control
apparatus comprising a counter, means for stepping said
counter in response to an individual multiplication and
an individual division operation, first read gates connected
to the output of said counter, second read gates connected
to the output of said counter, a matrix connected to the
cutputs of said first and secod read gates, control lines
selectively energized by said matrix in accordance with
the value in said counter when said first read gates are
opened and selectively energized in accordance with the
complement of the value in said counter when said second
read gates are opened, and means. for selectively opening
said first and second read gates.

18. The apparatus defined in claim ‘17 wherein said
means for opening said first and second read gates main-=
tains said second read gates open durmg multiplication
operations.

19. The apparatus defined in cla1m 17 further including
means for causing said means for opening said read gates

to altemately open said first and second read gates on.

successive division operations.
20. The apparatus defined in claim 17 wherein said

means for selectively opening said read gates comprises a'

single stage binary counter.:

21, The apparatus defined in claim 17 further com-
prising output gates connected to said matrix for emitting
the value decoded by said matrix at the end of a division
-operation.

22. The apparatus defined in claim 21 further includ-
ing means for sequentially opening said output gates to
cause the value decoded by said matrix to be emitted in
serial form.

25

30

35

40

45

50 -~

55

23. The apparatus defined in claim 17 further includ- .

ing means for inserting the complement of a multiplier .

digit into said counter in parallel form.

24, The apparatus defined in claim 17 wherein said
control lines include a first line which is energized when
the counter has been stepped to the limit of its count, a

. second line’ which ‘is energized when the value in said

counter is less than a predetermined amount, and a third
line which is energized when the value in said counter is
equal to or greater than said predetermined amount..

25. An information comparator comprising a first infor-
mation input, a second information input, 4 sign input, a
magnitude detector, means for connecting said first infor-
mation input and said second information input to said
magnitude detector, said magnitude detector -generating
an output signal when information applied. to 'said first
information input has a greater value than information
applied to said second information input, an equality de-
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tector, means connecting said first and  second inputs to
said equality detector, said equality detector generating an
output signal when information applied to said second in-
put is not equal in value to information applied to said
first input, a first sign detector, means for connecting
said first input and said sign input to said first sign de-
tector, said first sign detector generating an output signal
when sign information applied to said first input is dif-
ferent from sign information applied to said sign input, a
second sign detector, means for connecting said second
and sign inputs to said second sign detector, said second
sign' detector generating an output signal when sign-in-
formation applied to said second input is different from
sign information applied to said sign input, and gating
means connected to the outputs of said magnitude, equal-
ity, first sign and second sign detectors and selectively
opened  to pass output signals only when the algebraic
value of information applied to a predetermined one of
said first and second inputs is greater than the algebraic
value of the information applied to the other of said first
and second inputs.

26. The comparator defined in claim-25 further com-
prising a magnitude memory for storing the output in-
formation from said magnitude detector.

- 27. The comparator defined in claim 25 further com-
prising an eguality storage for storing output information
from said equality detector.

28. The comparator defined in claim 25 further includ-
ing a sign comparator, means for connecting the output
from said first and second sign detectors, said sign com-
parator generating an output signal when the outputs from
said first and second sign detectors are different.

29. The comparator defined 'in claim 28 further in-
cluding a resulf sign storage for storing output informa-
tion from said sign comparator.

30. The comparator defined in claim 25 wherein said

‘magnitude detector comprises a first gate, a second gate,

and a flip-flop, means for connecting said first input to
said first gate so that information applied to said first
input opens said first gate, means for connecting said first
input to said second gate so that information applied to
said first input closes said second gate, means for con-
necting said second input to said first gate so that infor-
mation: applied to said second input closes said first gate,
means for connecting said second input to said second
gate so that information applied to said second input
opens said seécond gate, and means for connecting said
flip-flop to. the outputs of said first and second gates to
indicate which gate was last opened.

31. The comparator defined in claim 25 wherein said
equality detector comprises a third gate and a fourth
gate, means for connecting said first input to said third
and fourth gates.so:that information applied to said first

-input opens said third gate and closes said fourth gate,

and means for connecting said second input to said third
and fourth gates so that information applied to said sec-
ond input closes said third gate and opens said fourth
gate.

32. In an information handling system apparatus for
performing: division, said -apparatus comprising a first
electronic register having a recirculation storage path, an
input and an output and containing a first train of elec-
trical pulses representative of a dividend; a second elec-

_tronic register having an input and an output and con-

taining a second train of electrical pulses representative
of a divisor; an electronic algebraic adder having a first
input, a second input, binary- adder means connected to
'said: first input, a complementer connected between said
second -inpuf and said bmary adder means to supply to
said adder means the nines complement of a number ap-
plied to said second input, and means connected to said
binary adder means for correcting nines complement re-
sults 10 tens complement results; first gating means con-
nected between the output of said first register and the
first input to said algebraic adder, second gating means
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connected between the output from said algebraic adder
and the input to said first register whereby said algebraic
adder may be selectively inserted into the recirculation
path of said first register; the output from said second
register being connected to said second input to said alge-
braic adder; division control means including a counter,
a counter read-out means including a device for reading
out the complement of the value stored in the counter,
means for rendering the complement read-out effective
and non-effective, complement signal generating means in
said division control means for generating a signal render-
ing the complementer in the algebraic adder effective to
cause said adder to subtract the information applied to
said second input from the information stored in said first
register each time the information stored in said first regis-
ter circulates through its recirculation path; means in said
algebraic adder responmsive to the generation of a carry
by said binary adder means to step said counter during
subtraction; means responsive to the interruption of carry
generation by said binary adder means during subtraction
to halt subtraction operations and to cause read-out of
the value stored in the counter; third register means for
receiving the values read-out from said counter; means in
said division control means in response to the interruption
of repeated subtraction operations for rendering said
complementer in said algebraic adder ineffective to com-
plement, for rendering the read-out complementer in said
division control means operative to complement, for
causing the contents of said first register to shift one digit
to the left thereby producing an effective multiplication
of that quantity by the radix, and for initiating another
series of repeated transfers of the contents of said first
régister through said algebraic adder producing repeated
additions of the contents of the quantity applied to the
second input to said algebraic adder by the second reg-
ister to the contents of the first register; means respon-
sive to each circulation of the contents of the first register
through said algebraic adder to step said counter, means
responsive to the generation of a carry by said binary
adder means as a result of said additions to interrupt said
series of additions, to cause read-out of the complement
of the quantity stored in said counter to said third register,
-to shift the contents of said first register one digit to the
left, to render the complementer in said algebraic adder
operative, to render said read-out complementer in said
division conirol means inoperative, and to initiate a new
series of repeated circulations of the contents of said first
register through said algebraic adder to repeatedly sub-
tract the contents of said second register therefrom.

33. A mathematical sign determining apparatus com-
prising first and second dynamic storage devices for storing
trains of electrical pulses representing information in-
cluding a mathematical sign, a first half-adder having
first and second inputs and first and second outputs, means
for connecting the output of said first storage device to
said first input of said first half-adder, means for connect-
ing to said second input of said first half-adder a source
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of electrical signals representative of a first mathematical
sign, said first output of said first half-adder being ener-
gized when said first mathematical sign and the sign from
said first storage device are dissimilar and said second
output from said first half-adder being energized when
said two signs are similar, a second half-adder having
third and fourth inputs and third and fourth outputs,
means for connecting to said third input the output from
said second storage device, means for connecting to said
fourth input a source of electrical signals representative
of a second mathematical sign, said third output being
energized when the sign from said second storage device
is similar to said second mathematical sign and said fourth
output being energized when said sign from said second
storage device and said second mathematical sign are dis-
similar, and means for indicating when said first and third
outputs are energized.

34. The combination as defined in claim 33 further
including an apparatus for performing mathematical op-
erations on trains of electrical signals representative of
information, means for selectively coupling the outputs of
both devices to the said apparatus, said apparatus com-
bining the portion of the train of electrical signals not
representative of a mathematical sign from said first de-
vice with the corresponding portion of the train of elec-
trical signals from said second device.
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