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The present invention relates to switching matrices
or function tables, and is more particularly concerned
with such devices employing transistors for the selective
control of current flow to a plurality of loads. In this
respect, the present invention provides a novel disposition
of input and output lines coupled to ome another by a
plurality of transistor elements whereby a resulting func-
tion table exhibits better operating characteristics than
has been the case heretofore, when diodes were used for
such devices.

Function tables are employed in many switching ar-
rangements and find considerable utility, for instance in
digital computation devices. For the most part, these
switching matrices or function tables employ diode ele-
ments, and driving sources are utilized for selectively
coupling energy via the said diodes to selected ones of a
plurality of output lines thereby to drive loads coupled
to the said lines. Because of the use of such diode ele-
ments, function tables in the past have acted to attenuate
energy from the driving sources, thus imposing certain
minimum restrictions on the power of the driving sources
which may be employed, as well as upon the utilization
which may be made of the over-all system.

The present invention serves to obviate these difficul-
ties and provides novel function table arrangements uti-
lizing suitably disposed transistor elements for selectively
energizing output lines in response to preselected input
signals, whereby the function table has power gain rather
than the aftenuation experienced heretofore. Because
of this characteristic of the present invention, the novel
function tables to be described may be operated with
extremely low level signals whereby the decreased at-
tenuation of the system permits greater efficiency to be
achieved. In certain of the arrangements of the present
invention, considerable economy of switching elements is
further achieved by selectively driving plural electrodes
‘of the transistors employed to achieve the desired switch-
ing function.

It is accordingly an object of the present invention to
provide novel switching matrices or function tables.

A further object of the present invention resides in the
provision of function tables employing transistor ele-
ments.

A still further object of the present invention resides
in the provision of novel function tables exhibiting power
gain rather than the attenuation characteristic of function
tables known heretofore.

Another object of the present invention resides in the
provision of novel function tables which may operate in
response to signal inputs of lower power level than has
been the case heretofore.

Still another object of the present invention resides in
the provision-of novel function tables utilizing fewer
switching elements than has been the case heretofore,

A forther object of the present invention resides in
the provision of function tables utilizing transistor ele-
ments wherein switching may be effected by selectively
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driving more than one electrode of the said transistor
elements.

Another object of the present invention resides in the
provision of function tables having a higher efficiency
of operation than has been the case with function tables
utilized in the past.

In accordance with the foregoing objects and advan-
tages of the present invention, function tables may com-
prise’ a plurality of input and output lines selectively
coupled to one another via a plurality of tramsistor ele-
ments exhibiting power gain. A plurality of loads may be
coupled to the output lines respectively, and these loads
may be so arranged with respect to the transistor ele-
ments employed that by changing the state of conduc-
tivity of certain transistor elements through the medium
of input signals, curreat is coupled to preselected ones
of the said loads.

In accordance with certain arrangements of the pres-
ent invention, the transistor elements may have only a
single electrode controlied by the said input signals there-
by to effect the desired switching and control functions.
In accordance with stiil further embodiments of the pres-
ent invention, however, more than one electrode of the
transistors employed may be controlled by signal sources
whereby the desired switching functions are accom-
plished with a greater .economy of switching elements
than has been the case in the past.

The foregoing objects, advantages, construction and
operation -of the present invention will become more
readily - apparent from the following descnptlon and ac-
companying- drawmgs in which:

Figure 1 is a schematic diagram of a function table
constructed in accordance with one embodiment of the
present mventlon and wherem only a smgle load is ener-
gized at a time.

Figure 2-is a modification of the arrangement shown
in Figure 1, utilizing a different disposition of loads so
that all but one load may be energized at a given time.

Figure 3 is a still further embodiment of the present
invention utilizing fewer sw1tchmg clements in selectively
energizing one load than is the case in the embodiment
of Figure 1.

Figure 3A is an additional embodiment of the present
invention which uses fewer switching elements than the
embodiment of Figure 2 and which selectively energizes
all but one load at a time.

Figure 4 is still another embodiment of the present
invention wherein plural electrodes of tramsistor ele-
ments employed are controlled by signal sources, thereby
to effect a still further economy of switching elements,
and which selectively energizes all but one load.

Figure 4A is a further embodiment of the present in-
vention in which plural electrodes of each switching ele-
ment are used for control, and which selectively energizes
a single load at any given time; and

Figure 5 is a still further embodiment of the present
invention acting as a transistor ‘encoding function table.

Referring now to Figure 1, it will be seen that, in
accordance with the present invention, a function table
may comprise a plurality of output lines 1¢ through 13
inclusive, selectively controlled by a plurality of input
lines 14 through 17 inclusive. In the particular arrange-
ment illustrated in Figure 1, a total of four input lines

- are employed for selectively driving a total of four output

70

lines; but it will be appreciated that more or less input
lines and output lines may be employed without depart-
ing from the concepts of the present invention, - Fach of
the output lines 1€ through 13 inclusive, is coupled at one
of its ends to a load 18 through 21 respectively, and is
coupled at the other of its ends to comstant current
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sources comprising voltage sources V and resistors R1
through R4, which produce currents I1, 12, I3 and 14,

In addition, each of lines 10 through 13 inclusive in-
cludes a clamping diode D1, D2, D3 and D4 respec-
tively, each of which clamping diodes is coupled .to a
source +-E, whereby the output lines- are- clamped. at the
potential +E. This potential +-E is assumed, for pur-
poses of the present discussion, to be the maximum safe
operating potential on the several transistors to be de-
scribed, and it will be appreciated that the several clamp-
ing diodes D1 to D4 are here illustrated for purposes of
completeness only and that, in many cases, they will not
be necessary or their functions might be performed by
further circuit connected for instance to the output of
the function table.

Input lines 14 and 15 are coupled to a flip-flop 22, and
input lines 16 and 17 are similarly coupled to a further
flip-flop 23. Each of flip-flops 22 and 23 provides a pair
of output potentials, as shown, and these potentials are
so characterized that when input line 14 is positive, input
line 15 will be negative, and vice versa; and that when
input line 16 is positive, input line 17 will be negative,
and vice versa. ' The several input lines are coupled to the
several output lines by the transistors arranged as shown.
Thus, input line 14 is coupled to output lines 10 and 11
by transistor elements 24 and 25 respectively. Input line
15 is coupled to output lines 12 and 13 by transistor

. elements 26 and 27 respectively. Input line 16 is cou-
pled to output lines 10 and 12 by transistor elements 28
and 29 respectively; and input line 17 is coupled to out-
put lines 11 and 13 by transistor elements 30 and 31
respectively.

In the particular arrangement of Figure 1, as well as
in the arrangements of Figures 2 through 4, type NPN
transistors have been assumed, although it will be ap-
preciated that the invention will operate as well with
PNP or other types of tramsistors. -Similarly, it will be
noted that, in-the arrangement of Figure 1, each of the
transistors 24 through 31 utilizes a grounded emitter con-
nection; but again it will be -apparent that a grounded
base or grounded collector connection also could be em-
ployed,. if desired.

In operation, the several tramsistors 24 through 31
may assume either a low impedance or a high impedance
state in response to controlling signal inputs from the
flip-flops 22 and 23. Inasmuch as the loads 18 through
21 are coupled to an end of the several output lines oppo-
site to that coupled to the constant current sources, an
output will be passed to a preselected one of the said
loads only when all transistors:coupled.to the corre-
sponding output line are in a high impedance state. If,
due to the input signals applied, one or more of the
said transistors associated with a given output line should
be switched to a low impedance state, current from the
associated constant current source will be shunted to
ground through the said transistor, and will not be
coupled to the load. Inasmuch as NPN type transistors
have been employed, any given transistor will be in a low
impedance state when its base is switched positive by one
of the flip-flops 22 or 23 coupled to.its associated input
line.

Thus, if lines 14 and 16 should be switched positive by
flip-flops 22 and 23, each of transistors 24, 25, 28 and 29
will assume a low impedance state and current will be
coupled only to load 21 from the constant current source
comprising. V and R4. Similarly, if lines 15 and 16 are
switched positive, transistors 26, 27, 28 and 29 will
assume a Jow impedance state and current will be passed
only to the load 19 from the source comprising V and
R2. A similar analysis applies to the several other pos-
sible input line potential arrangements; and it will be
appreciated that, due to the arrangement of Figure 1,
for any given setup of flip-flops 22 and 23 one and only
one of the loads 18 through 21 will be energized from
its associated constant current source. Due to the use
of transistors, moreover, which of the loads is energized
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4
may be controlled by the relatievly low output power of
the flip-flops 22 and 23, and the over-all function table
will in fact exhibit a power gain rather than the attenua-
tion present in function tables known heretofore.

As described in reference to Figure 1, the several
loads are individually energized from their associated
power sources, and when one load is so energized, the
other loads will not be energized. In certain arrange-
ments, however, the converse of this operating character-
istic is desired, in that all but one of the several loads
should be energized in response to a given control signal
input. This operating characteristic may be achieved by
the arrangement shown in Figure 2, and it will be seen
by examination of Figures 1 and 2, that the disposition
of the several tramsistor elements with respect to the
input and output lines and with respect to the constant
current sources and clamping diodes may be the same as
was the case in Figure 1. Common numerals have ac-
cordingly been -employed in Figures 1 and 2 and the
operation of the arrangement of Figure 2 is the same
as has been described in reference to Figure 1 except for
the disposition of the several loads.

Thus, in the arrangement of Figure 2, loads 32
through 35 inclusive are disposed in series with the
several control transistors 24 through 30 inclusive, rather
than being parallel with them as is the case with the
loads 18 through 21 of Figure 1. Due to this dispo-
sition of loads in Figure 2, therefore, current will be
passed from a given constant current source through a
load in series therewith only when at least one of the
transistors coupled to the associated output line is in a
low impedance state. This, of course, is the direct con-
verse of the operation described in Figure 1, in that, in the
arrangement of Figure 1, no current was coupled to the
load when at least one of the trausistors coupled to its
associated outpnt line was in a low impedance state.
The relative outputs of the flip-flops 22 and 23 of Figure
2 are precisely the same as those of Figure 1 and, there-
fore, due to the disposition of loads in Figure 2, only
one load will be de-energized, rather than energized,
for a given input signal configuration. By way of ex-
ample, if input lines 14 and 16 should be positive the
transistors 24, 25, 28 and 29 will be in the low imped-
ance state whereby current I, 12 and I3 may flow through
the.loads 32, 33 and 34 in the output lines 10, 1 and
12. Inasmuch as each of transistors 27 and 31 is in a
high impedance state, however, no current may flow
in the output line 13, and no power will be coupled
to load 35. A similar analysis applies to the other
possible input signal configurations from the flip-flops
22 and 23.

Each of the arrangements shown in Figures 1 and 2
utilizes a total of eight transistors for switching a total
of four output lines from the four input lines coupled
to the flip-flops. By utilizing a different disposition of
transistor elements, however, a certain economy of these
elements may be achieved without detracting from the
operation of the system. Thus, referring to Figure 3,
an arrangement is shown wherein a total of only six
transistor elements are employed for the switching of
four output lines. In this particular arrangement, the
output lines have been designated as 46 through 43 in-
clusive, and these lines are each coupled at one of their
ends to a constant current source comprising potential
source V and resistors R5 through R8 inclusive; and
include clamping -diodes operating in the manner dis-
cussed in reference to Figures 1 and 2.

The -output lines 40 through 43 include loads 44
through 47 inclusive; and each-of these output lines
46 through 43 is further coupled at one of its ends
to transistors 48 through 51 respectively. A further
pair -of - transistors 52 and 53 is -also employed, and
these latter transistors are coupled to the several tran-
sistors -48 “through 51, as-shown. Controlling- signal in-
puts - are-provided: by flip-flops--54--and- 55, - selectively
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driving input lines 56 through 59 inclusive. Input line
56 is coupled to the base of transistors: 49 and 51,
while input line 57 is couplad to the base of transistors
48 and 50. Input line 58 controls the base of transistor
53, while input line 59 conirols the base of transistor
52. The emitters of transistors 48 and 49 are con-
nected in parallel to the collector of transistor 52, while
the emitters of transistors 560 and 51 are similarly
coupled in parallel to the collector of transistor 53; and
the emitters of each of transistors 52 and 53 are ground-
ed, as shown.

In operation, current may pass from a given constant
current source through a given load only when a return
path to ground is provided through the several tran-
sistor elements 48 through 53. Due. to the relative dis-
position of the several transistor elements, however, one
and only one such return path to ground is provided for
any given signal output arrangement of flip-flops 54 and
55, whereby a single one of the loads 44 through 47 is
energized for a given controlling signal arrangement
from the pair of flip-flops; and the other loads are de-
energized. By way of example, let us assume that lines
56 and 58 are positive whereby transistor elements 51,
49 and 33 are switched to a low impedance state. For
this particular disposition of input signals, current I8
will flow through the load 47 and thence through the
line 43 and transistors 51 and 53 to ground. No ground
return, however, is provided for any of the other loads,
whereby loads 44, 485 and 46 remain deenergized.
Similarly, if lines 57 and 58 should be switched posi-
tive, current I7 will flow through load 46 and thence
via transistors 50 and 53 to ground, whereby load 46 is
energized and the other loads remain de-energized. A
similar analysis applies to the other possible controlling
signal configurations from the flip-flops 54 and 55.

As described in reference to Figure 3, several loads
are individually energized from their associated power
sources and when one load is so energized the other
loads will not be energized. In certain arrangements,
however, the converse of this operating characteristic
is desired in that all but one of the several loads should
be energized in response to given control signal input.
This operating characteristic may be achieved by the
arrangement shown in Figure 3A and it will be seen by
comparison of Figure 3 and Figure 3A that the disposi-
tion of the several transistors with respect to the input
and output lines and with respect to the comstant cur-
rent sources and clamping diodes may be the same as
was the case in Figure 3. Common numerals have ac-
cordingly been employed in Figures 3 and 3A and the
operation of the arrangement of Figure 3A is the same
as has been described in reference to Figure 3 except
for the disposition of the several loads.

Thus, in the arrangement of Figure 3A, loads 36
through 39 inclusive are connected in parallel with the
several control transistors 48 through 53 inclusive rather
than being in series with them as is the case with the
loads 44 through 47 inclusive in Figure 3. Due to this
disposition of loads, therefore, current will be passed
from the given constant current source through a load
in series therewith only when at least one of the tran-
sistors coupled to the associated output line is in a high
impedance state. This, of course, is once more the
converse of the operation described in Figure 3 in that,
in the arrangement of Figure 3, no current was coupled
to a load when at least one of the transistors coupled
to its- associated output line was in a high impedance
state. The relative outputs of the flip-flops 54 and 53
of Figure 3A are precisely the same as those of Figure
3, and .due to the disposition of loads in Figure 3A only
one load will be de-energized rather than energized for
a given input signal configuration. - Rectifiers DS
through D8 prevent flow in the reverse direction through
loads which are de-energized: By way of example, if
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49, 51 and 53 will be in the high impedance state where-
by curreats I6, I7 and I8 will flow through the loads 37,
38 and 39. Since transistors 48 and 52 will be in the
low impedance state, curreni IS will be shunted through
these transistors and will not flow in load 36. A similar
analysis applies to the other possible input signal con-
figurations for the flip-flops 54 and 55.

A still greater economy of transistor elements may be
achieved by selectively driving more than one electrode of
the switching transistors. Thus, in the arrangement of
Figure 4, the several transistors have both their bases
and emitters selectively energized, whereby the transistors
act as two-input gates, and half as many transistors are
employed in the function table as would be employed if
diodes or the arrangements of Figures 1 or 2 were utilized.
It will be appreciated, of course, that any pair of control
elements of the several fransistors may be so controlled,
and other arrangements will be suggested to those skilled
in the art. It should further be noted that the economy
of transistor elements achieved by driving a pair of con-
trol electrodes rather than the single electrode drive de-
scribed heretofore, is at the expense of power gain in-
asmuch as greater driving power must be utilized. Never-
theless the function table of Figure 4 for instance, still
achieves a certain power gain and, due to the accompany-
ing economy of switching elements, this form of the in-
vention is extremely valuable.

Referring to the particular arrangement of Figure 4, it
will be seen that the function table may comprise a
plurality of output lines 60 through 63 inclusive, coupled
respectively to a plurality of loads 64 through 67 in-
clusive., The several ocutput lines 60 through 63 are also
coupled to constant current sources comprising potential
sources El and resistors R9 through R12 inclusive.
Output lines 60 through 63 are selectively controlled by
transistors 68 through 71 inclusive, there being a single
transistor for each output line in the arrangement shown;
and the collectors of the several transistors 68 through 71
are connected respectively to the several output lines 69
through 63. .

The emitters of transistors 68 and 69 are coupled in
parallel to one side of flip-flop 72, represented by input
line 73; and the emitters of transistors 70 and 71 are
coupled to the other side of the said flip-flop 72, repre-
sented by input line 74. Similarly, the bases of transis-
tors 68 and 7§ are coupled via resistors R13 and Ri4
to one side of flip-flop 75, represented by input line 76;
while the bases of transistors 69 and 71 are coupled via
resistors R15 and R16 to the other side of flip-flop 75,
represented by input line 77. Thus, examining the cir-
cuit as a whole, it will be seen that a single transistor is
employed for switching each of the output lines, and that
the collector of each of these transistors is coupled to its
associated output line; while the emitters of the several
transistors are coupled to one flip-flop and the bases of
the several transistors are coupled to a second flip-flop.

In operation, when the transistor coupled to a given
output line is in a high impedance state, that transistor
cannot draw current from its associated source J-E; via
its associated resistor R9 through R12, whereby the line
will be at a potential 4+-E;. If, however, the transistor is
switched to a low impedance state, the said transistor
will conduct, and the output potential of the line will drop
to a value below 4-E;, thereby giving a significant cutput.
By way of example, if lines 73 and 76 are switched posi-
tive by flip-flops 72 and 75, only transistor 7¢ will have
its base switched positive with respect to its emitter, and
transistor 70 will draw current from the source J-E; via
resistor R11, dropping the potential of line 62 to a value
below +E,. The other lines 60, 61 and 63 will remain -
A similar analysis applies to the
several other possible output configurations of flip-flops
72 and 75.

The resistors R13 to R16 inclusive are provided to
limit -base current. . For example, when transistor 70
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conducts, in the manner described above, it draws suffi-
cient current through its base electrode via resistor R13
to drop the base potential substantially to the emitter
potential, and the current in the base of transistor 70 is
thus determined by resistor R13 as well as by the rela-
tive potentials of lines 74 and 76. The same analysis,
of course, applies to the other transistors 68, 69 and 71.

As described, an output is signified in the ararngement
of Figure 4 by a drop in output potential below.the value
+E;. It will be appreciated, however, that this state of
operation may also be considered to provide outpuis on
all but one of the output lines and that the outputs are
signified by the presence of a --E; potential, while no
output is achieved when the potential of an output line
drops below +E;.

As described in reference to Figure 4, all but one load
is selectively energized for each combination of input
signals. In certain arrangements, however, the converse
of this operating characterist’c is desired in that only one
of the several loads should be energized in respoiise to
given control signal input. - This operating characteristic
may be achieved by the arrangement shown in Figure
4A, and it will be seen by examination of Figure 4 and
4A that the d’sposition of the several transistors with re-
spect to the input and output lines and with respect to
the constant current sources may be the same as was the
case in Figure 4, Common numerals have accordingly
been employed in Figures 4 and 4A, and the operation
of the arrangement of Figure 4A is the same as has been
described in reference to Figure 4 except for the disposi-
tion of the several loads.

Thus, in the arrangement of Figure 4A, loads 95
through 98 inclusive are connected in series with the
several control transistors 68 through 71 inclusive rather
than being in parallel with them as is the case with the
loads 64 through 67 inclusive in Figure 4. Due to this
disposition of loads, therefore, current will be passed
from the given constant current source through a load
in series therewith only when the transistor to which it
is coupled is in a low impedance state. This, of course,
is again the direct converse of the operation described
for Figure 4 in that, in the arrangement of Figure 4, no
current was coupled to a load when the transistor to
which the said load was coupled was in a low impedance
state. The relative outputs of the flip-flops 72 and 75
of Figure 4A are precisely the same as those of Figure 4,
and due to the disposition of loads in Figure 4A only one
load will be energized rather than de-energized for a
given input signal configuration. By way of example, if
input line 73 should be negative and input I'ne 77 should
be positive, transistor 68 only will be in the low impedance
state whereby current will flow through load 95 only.
Since transistors 69, 70 and 71 will be in a high im-
pedance state, no current will flow in loads 96, 97 and
98. A sim'lar analysis applies to the other possible input
signal configurations for the flip-flops 72 and 75.

A transistor encoding function table is shown in Figure
5, and this particular arrangement employs PNP type
transistors to illustrate one possible variation in the tran-
sistor types which may be utilized in the several embodi-
ments of the present invention. The arrangement of Fig-
ure 5 again comprises a plurality of output lines 80
through 83 inclusive, and a plurality of input lines 84
through 87 inclusive. Input line 84 is connected to out-
put line 89 via transistor 88. Input line 85 is connected
to output lines 81 and 82 via transistors 89 and 90, In-
put line 86 is connected to output line 83 via transistor 91,
and input line 87 is connected to output lines 80 and 83
via transistors 92 and 93. The several output lines 8¢
through 83 are also coupled at one of their ends to a
source of negative potential —E, via resistors R17 through
R20 respectively; and the several transistors once more
are shown to utilize the grounded emitter connection by
way of example only.

In operation, and due to the use of PNP type transis-
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tors, a given transistor will be switched to a low imped-
ance state when its base is switched negatively with re-
spect to its emitter, When a transistor coupled to a given
output line is so switched to a low impedance state, cur-
rent will flow from ground through the emitter of the said
transistor and thence via one of the resistors, R17 through
R20, to the source of negative potential —E, whereby the
appropriate line 80 through 83 will rise to a potential
which is positive with respect to —E, thereby to give a
significant cutput. Thus, if line 84 should be switched
negative, while lines 85 through 87 are positive, output
line 80 will swing positively from —E, while output lines
81 through 83 will remain at the —E potential. If line
85 should go negative, while the other input lines remain
positive, output lines 81 and 82 will swing positive, from
—E, while lines 80 and 83 remain at the negative poten-
tial —E. A similar analysis applies for negative switch-
ing of line 86, and of line 87.

While I have described preferred embodiments of the
present invention, it will be appreciated that this descrip-
tion is meant to be illustrative only and is not limitative
of my invention. Many variations will be suggested to
those skilled in the art, and all such variations as are
in accord with the principles discussed, are meant to fall
within the scope of the appended claims.

Having thus described my invention, I claim:

1. A function table comprising a plurality of loads, an
energization source, means coupling said energization
source to each of said loads, an individual transistor cou-
pled in parallel to each of said loads, said transistors each
having one electrode thereof connected to said coupling
means at a point between said energization source and
said loads, first signal means coupled to second electrodes
of said transistors and second signal means coupled to
third electrodes of said transistors, the impedance of said
transistors being dependent upon the relative signal output
states of said first and second signal means, whereby a
selected load may be energized by said energization source
only when the transistor coupled thereto is in a high
impedance state, said first and second signal means each
comprising a flip-flop having first and second outputs,
means coupling the first output of said first signal means
to the second electrodes of first selected ones of said tran-
sistors, means coupling the second output of said first
signal means to the second electrodes of other ones of
said transistors, means coupling the first output of said
second signal means to the third electrodes of second
selected ones of said transistors, and means coupling the
second output of said second signal means to the third
electrodes of other ones of said transistors, the combina-
tion of transistors comprising said second selected tran-
sistors including at least one transistor common to and at
least one tramsistor different from the combination of
transistors comprising said first selected transistors.

2. A function table comprising a plurality of loads,
means coupling an energization source to each of said
loads, including a plurality of control circuits respectively
coupled to said loads to provide different impedances in
circuit with said loads to control the energization thereof,
each of said control circuits including at least one transis-
tor means, a plurality of binary signal control means each
having first and second signal outputs, said first outputs
from a first one of said binary means being respectively
coupled to like electrodes of certain ones of said transistor
means and said second outputs from said first binary
means being respectively coupled to like electrodes of
other ones of said transistor means, said first outputs from
a second one of said binary means being coupled to like
electrodes of certain ones of said transistor means and
said second outputs from said second binary means being
respectively coupled to like electrodes of other ones of
said transistor means, the impedances of said transistor
means being in accordance with the signals applied to
the respective electrodes, . the coupling of said binary
means outputs to said transistor means electrodes being
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such that each of said electrodes is coupled to but one
of said outputs and each of said transistor means is cou-
pled to one of said outputs of each of said binary means
and controlled by a combination of signals therefrom,
whereby said lcads are energized in accordance with dif-
ferent combinations of said output signals.

3. The function table of claim 2 wherein said energiza-
tion source comprises a constant current source.

4. A function table as recited in claim 2 wherein said
transistor means are coupled to the respective loads to
provide variable impedances in series with said energiza-
tion source and said loads.

5. A function table as recited in claim 2 wherein said
plurality of transistor means have their first like elec-
trodes coupled to said loads at points between said loads
and said energization source, and their second like elec-
trodes returned to a point of reference potential so that
said transistor means are effective to shunt current flow
from said energization source to said loads in the presence
of transistor-conductive signals applied to their third like
electrodes by said binary means whereby a preselected
combination of output signals from said binary means de-
termines a single load to be energized.

6. A function table as recited in claim 2 wherein said
plurality: of transistor means have their first like elec-
trodes coupled to said loads at points between said loads
and a point of reference potential, and their second like
electrodes returned to a point of reference potential so
that said transistor means are in series with said loads
thereby to cause energization of said loads in the presence
of transistor-conductive signals applied to their third like
electrodes by said binary means, whereby a preselected
combination of output signals from said binary means
causes energization of all except a single predetermined
load.

7. A function table as recited in claim 2 wherein each
of said control circuits includes a first transistor having
a first electrode coupled to its respective load, second like
electrodes of said first transistors being coupled in groups
to first and second outputs from said first binary means,
and further comprising means coupling third like elec-
trodes of said transistors in groups to said first and sec-
ond outputs of said second binary means including fur-
ther transistors, said further transistors having first elec-
trodes coupled to said groups of first transistor third elec-
trodes, second like electrodes coupled to said first and
second outputs of said second binary means and third
like electrodes returned to a point of reference potential.

8. The function table of claim 7 wherein each of said
control circuits is coupled to its respective load at a point
between said load and said energization source thereby
to provide a shunt path for current flow from said energi-
zation source.

9. The function table of claim 8 wherein each of said
control circuits is coupled in a series circuit with its re-
spective load and the energization source.

10. A function table comprising a plurality of output
lines, an energization source, a separate first tramsistor
for each output line having a first electrode coupled
thereto, a load for each output line arranged in a series
circuit between said energization source and said first
electrode, first and second bistable means, second elec-
trodes of said transistors being coupled fo first and sec-
ond outputs of said first bistable means, a plurality of
further transistors, third electrodes of said first transistors
being coupled to first electrodes of said further tramsis-
tors, said further transistors having second electrodes cou-
pled to first and second outputs of said second bistable
means, and third electrodes connected to a common re-
turn circuit to said energization source.

11. A function table comprising a plurality of loads,
an energization source, output lines coupling said energi-
zation source to each load, a separate first transistor for
each output line having a first electrode coupled there-
to at a point between the respective load and said energi-
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zation source thereby to provide a shunt path for current
flow from said energization source, first and second bi-
stable means, second electrodes of said transistors being
coupled to first and second cutputs of said first bistable
signal means, a plurality of further transistors, third
electrodes of said first transistors being coupled to first
electrodes of said further transistors, said further transis-
tors having second electrodes coupled to first and sec-
ond outputs of said second bistable signal means, and
third electrodes connected to a common return circuit
to said energization source.

12. A function table as recited in claim 2 wherein each
of said plurality of control circuits includes an individual
transistor, first like electrodes on a plurality of said in-
dividual transistors being coupled together in first groups,
said first electrode groups being coupled respectively to
first and second outputs of said first binary signal means,
second like electrodes om a plurality of said individual
transistors being coupled together in second groups, said
second electrode groups being coupled respectively to first
and second outputs from said second binary signal means,
said first groups being different from said second groups.

13. The function table of claim 12 wherein each of
said control circuits is coupled. in a series circuit with
its respective load and the energization source.

14. A function table comprising a plurality of loads,
an energization source, output lines coupling said ener-
gization source to each of said loads, a plurality of tran-
sistors, each associated with a different output line and
having a first electrode coupled thereto at a point between
the respective load and said energization source, thereby
to provide a shunt path for current flow from said ener-
gization source, first and second bistable signal means,
second electrodes of first ones of said transistors being
coupled together in first groups, third electrodes on second
ones of said transistors being coupled together in second
groups, said first groups being coupled respectively to
first and second outputs of said first bistable signal means,
said second groups being coupled respectively to first and
second outputs of said second bistable signal means, the
combination of transistors in said first group being differ~
ent from the combination of transistors in said second
group.

15. A function table comprising a plurality of output
lines, an energization source, a separate transistor for
each output line having a first electrode coupled thereto,
a load for each output line arranged in a series circuit
between said energization source and said first electrode
of the respective transistor, first and second bistable
means, second electrodes of first ones of said transistors
being coupled together in first groups, third electrodes of
second ones of said transistors being coupled together
in second groups, said first groups being coupled respec-
tively to first and second outputs of said first bistable
signal means, said second groups being coupled respec-
tively to first and second outputs of said second bistable
signal means, the combination of transistors in said first
group being different from the combination of transistors
in said second group.

16. A function table comprising a plurality of loads,
means coupling an energization source to each of said
loads, including a plurality of control circuits respectively
coupled to said loads to provide different impedances in
circuit with said loads to control the energization thereof,
each of said control circuits including at least one tran-
sistor means, a plurality of binary signal control means
each having first and second signal outputs, said first out-
put from a first one of said binary means being respec-
tively coupled to like electrodes of certain ones of said
transistor means and said second outputs from said first
binary means being respectively coupled to like electrodes
of other ones of said transistor means, said first outputs
from a second one of said binary means being coupled
to like electrodes of certain ones of said transistor means
and said second outputs from said second binary means
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being respectively coupled to like electrodes of other ones
of said transistor means, the impedances of said transistor
means being in accordance with the signals applied to the
respective electrodes, the coupling of said binary means
outputs to said transistor means electrodes being such
that each of said electrodes is coupled to but one of
said outputs and each of said transistor means is coupled
to one of said outputs of each of said binary means and
controlled by a combination of signals therefrom, where-
by said loads are energized in accordance with different
combinations of said output signals, said transistor means
being coupled to the respective loads to provide variable
impedances in parallel combinations with said loads, said
combinations being energized by said sources.

17. A function table comprising a plurality of loads,
means coupling an energization source to each of said
loads, including a plurality of control circuits respectively
coupled to said loads to provide different impedances in
circuit with said loads to control the energization thereof,
each of said control circuits including at least one tran-
sistor means, a plurality of binary signal control means
each having first and second signal outputs, said first
outputs from a first one of said binary means being re-
spectively coupled to like electrodes of certain ones of
said transistor means and said second outputs from said
first binary means being respectively coupled to like
electrodes of other ones of said transistor means, said
first outputs from a second one of said binary means
being coupled to like electrodes of certain ones of said
transistor means and said second outputs from said second
binary means being respectively coupled to like electrodes
of other ones of said transistor means, the impedances
of said tramsistor means being in accordance with the
signals applied to the respective electrodes, the coupling
of said binary means outputs to said transistor means
electrodes being such that each of said electrodes is
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coupled to but one of said outputs and each of said tran-
sistor means is coupled to one of said outputs of each
of said binary means and controlled by a combination
of signals therefrom, whereby said loads are energized
in accordance with different combinations of said output
signals, each of said plurality of control circuits includ-
ing an individual transistor, first like electrodes on a plu-
rality of said individual transistors being coupled together
in first groups, said first electrode groups being coupled
respectively to first and second outputs of said first binary
signal means, second like electrodes on a plurality of
said individual transistors being coupled together in second
groups, said second electrode groups being coupled re-
spectively to first and second outputs from said second
binary signal means, said first groups being different from
said second groups, each of said control circuits being
coupled to its respective load at a point between said load
and said energization source thereby to provide a shunt
path for current flow from said energization source.
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