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The invention reiatés io a ;:ircmt arrangement for forming the sum of
products of a concatenation of data word pairs, comprising an add/subtract device
'whose function can be switched over via first control inputs, notably in respect of
addition and subtraction, at least one accumulator register, an input of which can be
5 coupled to an output of the add/subtract device and an output of which can be coupled
to an input of the add/subtract device, and also comprising a control device for
controlling the successive processing of the products. .
Arithmetical operations of this kind occur nbtably in digital signal
processors and serve, for example to realise scalar products as well as time-discrete
10 correlation, filter and convolution operations. In order to enable fast execution of such
operations there is customarily provided a multiplier device which successively receives
both data words of each pair and whose output is connected to one input of the
add/subtract device, the other input of this device being connected to the output of the
device via a so-called accumulator register. When the device is suitably constructed, a
15 multiplication/accumulation step as well as the required data word transfers can be
executed within a single instruction cycle of the processor. The formation of the overall
sum then requires merely a number of instruction cycles which is equal to the number
of data word pairs plus some preparatory instructions. _
Many fields of application of digital signal processing also involve
20 summing of products of a concatenation of data word pairs where one data word of each
pair can assume only one of the two values +1 or -1. Examples of such fields of
application are scalar products as well as time-discrete correlation, filter and
convolution operations with binary bipolar coefficients as they occur in signal
processing whenever binary signals are used. '
25 The formation of such a sum by means of a multiplier device with a
subsequent add/subtract device leads to uneconomical use of the multiplier, because it
performs merely multiplications by the factors +1 or -1 on the respective other data

words of the pairs, i.e. it realises merely a conditional change of sign of these data
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operatlons there is custonarlly provided a nultiplier device which
successively receives both data words® of* eédch* pair and whose output is
conrfected to one input of the add/subtract device, the other input of this
devi ce bei n§VOIHEEIMd t o t he out put of th2 device via a so- ARCTANLI3/00267
accunul ator register. Wien the device is suitably constructed, a
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uneconomically used for multiplications by merely the factors +1 and -1.

Therefore, it is an object of the invention to provide a circuit arrangement
of the kind set forth which is fast and has a simple construction for said special case of
the values for the one data words.

10 _ This object is achieved in accordance with the invention in that for the
processing of data word pairs, in which the one data word of each pair is supplied as
one of the two bit values +1 or -1, the control device applies the individual values of
the one data words successively to at least one of the first control inputs of the
add/subtract device and executes, in parallel therewith, the supply of the other data |

15 words of each pair to another input of the add/subtract device.

The multiplication by the values +1 and -1 during the summing in
accordance with the invention is replaced merely by corresponding control of the
add/subtract device in that the other data words directly control the function of the
add/subtract device in respect of addition or subtraction. Thus, in each instruction cycle

20 there is performed a multiplication—accumﬁlation step without it being necessary to use a
multiplier device. However, should such a device be present anyway to process also
general data word pairs, the processing of the data words in the special case will
generally involve a smaller power loss because no signal transitions occur in the
multiplier device.

25 - The add/subtract device can be controlled in such a manner that the value
of the one data word of each pair is applied directly to the control input, whereas
essentially simultaneously the other data word of the pair is applied to the other input of
the add/subtract device. However, this always requires two transport operations for data
words for each pair. In order to simplify this operation, a version of the invention is

30 characterized in that there is provided a register which stores in parallel the values of
the one data words of at least a part of the concatenation of data word pairs and an
output of which is connected to at least one of the first control inputs of the add/subtract

____device. the register being a shift register which comprises a number of stages which can

This Sheet Has Been RTla

QLB




appl i catd on are scal ar products as well as tinme-discrete correlation,
filter and convol ution operations wth binary bipolar coefficients as they
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the control device. The register thus takes up the one data words of a number of
successive pairs in parallel and outputs these words serially, i.e. under the control of
5. the control device which also controls the supply of the other data words to the

add/subtract device. Thus, each step requires only one data word transport. Even more
general control of the processing of data words is possible in a further embodiment in
that the contents of th.e register can be shifted in a selectable direction in dependence on
the first control signals from the control device, and in that the register can be closed as

10 an end-around coupled shift register.

If the output of the register were connected directly to a control input of
the add/subtract device, the function thereof would in principle be dependent on the
contents of the register, so that the possibilities of use of the add/subtract device might
be limited. Therefore, in a further embodiment of the invention the function of the

15 add/subtract device can only be controlled, via the control input connected to the output
of the register, in dependence on at least one second control signal from the control
device. This enables cancellation of the effect of the register on the function of the
add/subtract device. This can be achieved in the simplest manner by connecting the

~ output of the register to a control input of the add/subtract device via a logic circuit

20 which also receives the second control signal. This allows for attractive functions to be
achieved, an example of which will be described in detail hereinafter.

A circuit arrangement in accordance with the invention can
advantageously be used in a processor, notably a digital signal processor, comprising at

least one data bus. The stages of the register are then preferably coupled to the data bus

25 and take over the data present on the data bus under the control of a third control signal
from the control device. The transfer of the one data words to the register is thus
carried out in the same way as the transfer of the other data words of the pairs by the
control device. Preferably, the control device is then formed essentially by the
instruction decoder of the processor. The output of the register may then be connectable

30 to the data bus in the same way as further registers in a processor, so that this register
can, generally speaking, also be used for the intermediate storage of an arbitrary word.

When the circuit arrangement in accordance with the invention is used in

a processor, the control device, as an instruction decoder, preferably generates an active
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words. US Patent 4,849,922 discloses an arrangenent of the kind set forth

i n which the rmltlpller Is realised by arithnetically shifted additions or
subttractions. The construction of this known device is somewhat sinpler
than that oWQ 944152378el nultiplier device4or data words wi t PGENL9I3/00267
positions, but such an arrangement is again uneconom cally used for
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the invention iR that for the processi ng of data word pairs, in which the
one data woxéd yoéanchecéxecafed fos twaidathiveardsix and y, in dependence on the value of the °
5 first control signal, by means of a special instruction during an instruction clock cycle.

Embodiments of the invention will be described in detail hereinafter with

reference to the drawing. Therein:
Fig. 1 shows a block diagram of an arrangement in accordance with the
invention,
10 Fig. 2 shows an example of logic combination of the register output with
control signals.
Fig. 1 shows a general block diagram of a part of a processor, notably a
signal processor. An essential element thereof is formed by an add/subtract device 10
which is generally constructed as a so-called arithmetic and logic unit whereby not only
15 simple addition or subtraction of two data words can be performed, but also further
arithmetical and logic functions with these data words; this can be controlled via a
number of control inputs 9, excépt for addition and subtraction these further functions
being irrelevant in this context. The result of the processing function appears on an
output Z which is in this case connected, via a connection 11, to a number of
20 accumulator registers 26a to 26n, the result appearing on the output Z being _
transferrable to one of these registers under the control of control signals on the line 19.
The use of a plurality of registers is efficient for many functions of the processor, but
for the function to be described hereinafter one register would also suffice.
It is to be noted that the connection 11 as well as the connections leading
25 to the inputs A and B and further connections and lines shown, provided with a stroke,
in reality consist of a number of parallel lines as usual via which the data words are
- transported in parallel.
The contents of one of the registers 26a to 26n can be read by way of
control signals, via a line 21, and be applied to the input B of the unit 10 via the
30 connection 17 and a multiplexer 18. Like the multiplexer 16, the multiplexer 18 is
controlled, via control lines (not shown for the sake of simplicity), by the control device
12 which also feeds the control lines 19 and 21 as well as further control lines yet to be

described. This control device constitutes essentially the instruction decoder for
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gne_of the two bit values +1 or -1, the control device applies the
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t he specival
multiplexer 16 connects, in dependence on its control signal, the output of a register 22

or a connection 25, originating from other elements of the processor which are not
shown, to the input A of the unit 10. The registers 22 and 24 are controlled to store
each time one data word, preferably again under the coﬁtrol, not shown, of the control
10 device 12, which data word is supplied, for example by a memory 30 via a data bus 20.
The data bus 20 may be identical to the data bus 20a, but it is alternatively possible to
use more than two data buses, it then being pdssible for the registers 22 and 24 to be
connected to different data buses. '
The arrangement described thus far operates as an accumulator if the
15 multiplexer 18 is controlled so that the connection 27 is connected to the input B. Each
new data word applied to the input A via the register 22 and the muitiplexer 16 is then
added to the contents of one of the registers 26a to 26n and is preferably stored in this
register again. Thus, a sum of a numbér of successively supplied data words is formed.
It will often be necessary to form not only the sum of a concatenaﬁon of
20 data words, but also the sum of the products of a concatenation of data word pairs,
where the one data word of each pair can have only the value +1 or -1. Each of these
one data words thus has a length of only one bit and represents, for example a
_ coefficient. For the processing of such a concatenation of products there is provided a
register 14 which receives the bits of the one data words of a concatenation of data
25 word pairs in parallel via, for example the bus 20, and writes this data under the control
.of a control signal on the line 23 from the control device 12. The register 14 is
constructed as a shift register which comprises a number of stages, each stage storing
one bit of the data word supplied; via a control signal on the line 13 from the control
device 12, the contents of all stages can be shifted in parallel so that the contents of
30 each stage successively appear on an output 15 of the register 14. This output 15 is
connected, via a device 28 to be described hereinafter, to a control input 9 of the
add/subtract unit 10 and the add/subtract unit 10 is switched either to addition or
sub&éction, depending on the value of the bit appearing on the output 15, i.e. of the
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generdILy invol ve a snaller power |oss because no signal transitions occur
In the nultiplier device. The add/subtract device can be controlled in such
a manner that the value of the one data word of each pair is_ a Plied
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directly t NOnS4/ASAT8 ol input, whereas esfentially sinmultandBalNL930026%cr -

data word of the pair is applied to the other input of the add/subtract
devi ce. Hownealata whrdsobid dataswordpaiim.es two transport operations for data

words for each pair. Jn order .to,simalif I, operatjion..a versio _t he
invention i s charact #Pf@ﬂ“&nﬂmﬂﬁ o‘?ﬁéﬁr@? iglf)‘?"g egeéﬁu ngé"ﬁsqngr%?’(?ﬁé of
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the concatenation Of data word pairs and an output of which is connected to
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unit 10. In dependence on the bit value on the output 15, the applied data word is then
added to or subtracted from the intermediate result accumulated thus far.

Taking into account transit times and delays in the individual elements,
the actual timing is such that first the one-bit values of the one data words are

10 transferred to the register 14 and subsequently the other data word of a data word pair
is read from the memory and applied to the register 22, after which this data word is
taken up by the register 22 and appears on the input A after a short delay, at the same
time the register 14 receiving a shift signal so that the associated one data word of this
pair appears on the output 15 and hence on the control input 9 of the unit 10. This shift

15 signal for the register 14, however, can also be generated briefly before the writing of
the new data word into the register 22, or preferably briefly after the processing of each
of the other data words, so that the add/subtract unit 10 has already been prepared for

 its new function when a new other data word appears on the input A. '

In order to prevent control of the function of the add/subtract unit 10 by

20 the signal on the output 15 of the register 14 when it is used for an arithmetical
'operaﬁon other than the formation of the sum of a concatenation of products, a logic
device 28 is connected between the output 15 and the control input 9 of the unit 10,
which logic device is controlled by the control device 12 via a control lead 17a. Thus,
via the control lead 17a it can be prevented that the function of the unit 10 is influenced

25 by the signal on the output 15, so that in that case the function is controlled exclusively

| by the signals on the control line 17 from the control device 12.

Furthermore, the outputs of all stages of the register 14 are connected
parallel to the data bus 20a and the contents of all stages can be transferred to this data
bus 20a by way of a corresponding control signal from the control device 12. The

30 ,register 14 can thus also be used as an arbitrary storage register when the special
function for controlling the add/subtract device is temporarily not required.

Fig. 2 shows an example of the construction oi:' the logic device 28, as
well as of the construction of the add/subtract device 10 which, however, can actually
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3 be filded in paral l el, an output of one of these stages constituting the
output of the register, the contents of the register being bit-w se

shiftable b%'pdi rst_control signals fromthe control device. The reaqister
t hus t akes PAH2I8 data words of a nunffer of successive pRGIENL$3/00267
paral l el and outputs these words serially, i.e. under the control of the

control devixeeutgianknadditionscersubtpetionsdn Jbis sage. GFheribtragtioaris perfarmed i t o
e 20 SO SR T, AR COL ST e B BT 9 5 an
possi bl e i nadditional Gfit of WEOHWERNposition are added. To this end, the add/subtract unit 10
éomprises an adder 40 whose inputs a and b receive the data words applied to the inputs
S A and B of the unit 10, via the multiplexer 42 and 44, respectively, either directly or
via the inverter stages 46 and 48, in 'complement form. The adder 40 also comprises a
carry unit 41. The output z of the adder 40 is connected to the connection 11.
This device enables the two functions A-Bk; or B-Ak; to be executed, k;
being a coefficient having the value +1 or -1, depending on the binary value present on
10 the output 15 of the register 14. For this purpose there are provided two special
instructions, and for the first function the control device 12 in Fig. 1 produces a logic
"1" on the line i within the control line 17a, which logic "1" is applied to one input of
an OR-gate 50 in the device 28, so that also the line 51 continuously carries a logic "1"
and the multiplexer conducts the data word on the input A without modification. The
15 signal on the other input of the OR-gate S0 is then irrelevant. The line j carries a logic
"0" and when the line 15 also carries a logic "0" in conformity with k = -1, the
inverter 54 generates a logic "1" on the line 53, via the OR-gate 52, so that the data
word on the input B is also conducted further without modification, via the multiplexer
44, and both data words are added without carry. However, if the line 15 carries a logic
20 "1" in conformity with k = +1, the line 53 carries a logic "0" so that the multiplexer
applies the complement of the data word on the input B to the adder 40 which also |
receives, on the carry input 41, a carry signal so that A-B appears on the output. For
the second function mentioned the line i carries a logic "0" and the line j carries a logic
"1", so that in the case of a logic "0" on the line 15 the sum of the two data words on
25 the inputs A and B is formed again, whereas in the case of a logic "1" on the line 15,
corresponding to k = +1, the difference B-A is formed on the output z of the adder
40. Thus, it is decided by the content of the register 14 which appears at the output 15
whether the add/subtract unit 10 forms the sum or the difference of the two data words
applied, the register being constructed as an end-around shift register, the signals on the
30 lines i and j, generated in dependence on the special instructions, determining the sign
of this difference, so that each of these arithmetical functions can be formed in only one
instruction clock cycle. _
When both lines i and j carry a logic "0", further inputs, not being
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I hat the contents of the regi ster can be shifted in a selectable direction
i n dependence on the first control signals fromthe control device, and in

that* the regi ster can be closed as an end-around coupl ed shi i | f
the out put WO 94d52%i ster were connectedddirectly to a cont%ﬁlﬁﬂbﬁ‘ﬁéﬂ
t he add/ subtract device, the function thereof woul d in
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when the one data word of each pair can assume only the values +1 and -1, one data
word pair being processed per instruction cycle.
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output of the register to a control input of the add/subtract device via a
Ioglc circuit which also receives the second control signal. This al | ows
for ‘attractive functions to be achieved, an exanple of which

descri bed iWQIR4/45278ereinafter. A circui® arrangenent in ac #B@Wg‘%

the invention can advantageously be used in a processor, notably a digital
si gnal prodZsAIMS: COW data bus. The stages of the
regi ster are then pref Mﬁucoupl ed to the data bus and take over the data

present on the data bu !m”m')”uﬂl, of a third control signal from
t he control device. one data words to the register is

thus carried out in the samne vva as the transfer of the other data words of
the pairs by the control device. Preferably, the control device is then
formed essentially by the instruction decoder of the processor. The out put
of the register may then be connectabl e

1L A circuit arrangement for forming the sum of products of a concatenation
of data word pairs, comprising an add/subtract device whose function can be switched
over via first control inputs, notably in respect of addition and subtraction, at least one
accumulator register, an input of which can be coupled to an output of the add/subtract
5 device and an output of which can be coupled to an input of the add/subtract device,
and also comprising a control device for controlling the successive processing of the
products, characterized in that for the processing of data word pairs in which the one
data word of each pair is supplied as one of the two bit values +1 or -1, the control
device (12) applies the individual values of the one data words successively to at least
10 one of the first control inputs (9) of the add/subtract device and executes, in parallel
therewith, the supply of the other data words of each pair to another input (A) of the

add/subtract device (10)..
2. A circuit arrangement as claimed in Claim 1, characterized in that there is

provided a register (14) which stores in parallel the values of the one data words of at

15 least a part of the concatenation of data word pairs and an output (15) of which is
connected to at least one ot the first control inputs (9) of the add/subtract device (10),
the register (14) being a shift register which comprises a number of stages which can be
filled in parallel, an output of one of these stages constituting the output (15) of the

_ register (14), the contents of the register being bit-wise shiftable by first control signals

20 (13) from the control device (12).

3. A circuit arrangement as claimed in Claim 2, characterized in that the
contents of the register (14) can be shifted in a selectable direction in dependence on the
first control signals (13) from the control device (12), and that the register (14) can be
closed as an end-around coupled shift register.

25 4. A circuit arrangement as claimed in any one of the Claims 1, 2 or 3,
@g;ggggmd_m_m the function of the add/subtract device (10) can be controlled, via
the control input (9) connected to the output (15) of the register (14), only in
dependence on at least one second control signal (17) from the control device (12).
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t-0. t he data bus in the”, !& H lfher registers in a processor, so
that  this register can,s 4 ng, also be used for the

i nternmedi ate _storage of an arbitrary word. Wien the circuit arrangenent in
accor dance WOPHKR™Bnvention is used in d%processor, the corﬂqﬂNqMQ%7

as an instruction decoder, preferably generates an active 4 value of the
first and the second Asircuitjarmngemment asclaimed ip Clyjasé, characterized jnthatthe of a

st uct i onoRBpESEas 4F HeORalit e RI@HRER 1§ odmEbrifBle Aot the el worash ce.
for exanpl edévice €10) vinn® logie irbuit €28) autticl also 3Bekives the second control signal (17).
6. A circuit arrangement as claimed in any one of the preceding Claims,

5 used in a processor, notably a digital signal processor, comprising at least one data bus,
characterized in that the stéges of the register (14) are coupled to the data bus (20) and
take over the data present on the data bus (20) under the control of a third control signal
(23) from the control device (12).

7. A circuit arrangement as claimed in Claim 6, characterized in that the

10 control device (12), as an instruction decoder, generates an active value of the first and
the second control signal only in response to the appearance of a predetermined
instruction code.

\
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X + y*can be executed for two data words x and y, in dependence on the

val ue ofobiygsHirst control signal, by neans of a special |p§'i-mg§,b&@7dur| ng
an imstruction clock cycle. Enbodi nents of the invention will be described
in detail hereinafter with reference to the drawing. Therein: Fig. 1 shows
a bl ock diagram of an. arrangenent in rdance with the invention, Fig. 2
shows an exanple of |ogic conbi nationflﬁt he regi ster output with control
signals. Fig. 1 shows a general block diagramof a part of a processor,
notably a signal processor. An essential elenent thereof is forned by an
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si npl*e addition or subtraction of two data words can be perforned, but also
furt herWQr34{I8#Mt i cal and | ogic functions with these data wWRCTHNLBMWITcan be
controlled via a nunber of control inputs 9, except for addition and
subtraction these further functions being irrelevant in this context. The
result of the processing function app2 2 on an output Z which is in this
case connected, via a connection 11, ;( nunber of accunul ator registers
26a to 26n, the result appearing on the output Z being transferrable to one
. of these registers under the control of control signals on the line 19. The
use of a plurality of registers is efficient for many functions of the
processor,. but for the function to be described hereinafter one register
woul d also suffice, It is to be noted that the connection 11 as well as the
connections | eading to the inputs A and B and further connections and Ilnes
shown, provided with a stroke, :
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in reality consist of a number of paral [ el lines as usual via | ks Npes
data words are transported in parallel. The contents of one of t%e

regi sters 26a to 26n can be read by way of control signals, via a line 21,
and be applied to the input B of the unit 10 via the connection 17 and a
mul ti pl exer 18. Like the multiplexer *¥611lthke nultiplexer 18 is controlled,

via control lines (not shown for the sake of sinplicity), by the control
device 12 which also feeds the control lines 19 and 21 as well as further
control lines-yet to be described. This control device constitutes

essentially the instruction ING CIRCUITRY

ABSTRACT

In ﬁiocessors, in particular digital signal
processors, it often happens that products of a chain
of pairs of datalwords must be sumﬁed, for example for
correlation or convolution operations, in which each
data word of each pair may only have one of both
values +1 or -1. Accor&ipg to the invention, one data
word of each pair is supplie@ to a summing/subtracting
arrangement, instead of being supplied to a multiplier
for forming a product, and determines whether the
summing/subtracting arrangement carries out a summing
or a substracting operation. One input of the
summing/substracting uQit. receives the other data
words of the pairs of data words and the other input
is connected to the output of the accumulator
\_ register. A costly multiplier arrangement can thus be

dispenseﬁ with, or when it ig anyway available, it is

not used, so that the proceséor dissipates less power.

[OvE——
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decodin the I nStructi rds successwely read from an instructémmz v
9 % actl

nMenory, ndh pplled via a data bus 20a. This data bus 20a can
al’so recelv read fromone of the registers 26a to 26n. - heet
dependence signal, the multiplexer 18 co’ﬁtmeowh%mmgl"'e"f‘ﬁ@ shee
confiection 27 or the outout of a registe? 24 to the input B of ,the m\@to
Smlarly, the nmulti Iexer 16 connects, in dependence OB&#tS ca Eﬁj

?gl nating from

sigmal, the HHBI ter 22 of€LAIMSnection 25

ot her el errenﬂmmm"m"t“ or which are not shown, to the input A of the-
unit 10. The fegfsterd 27 and 24 are controlled to store each ti rre one data
word, pr eflergla{rymagalm-,“ﬂ% ata% devi ce
12, whi ch data word is su ﬂf fogﬁﬁeé)?%of{‘éﬁngw menory vila a data bus
20. The dat acbmpri fg:may be |dent|cal to the data bus 20a, but it is

al ternativel ¥negr?ss o'r sllxpepl}t'ix_?g first and second data words of the data word pairs, the first data words

represented by a sign value; _
means for supplying first and second data words of the data word pairs, the first data words ~ ~
represented by a sign value; -
an add/subtract device having two data inputs, a first control input, a second contro] input

~ and an ontput, for performing one of addition and subtraction in response to control signals
received at the first control input and the second control input; . :
at least one accumulator register having an input coupled to the output of the add/subtract
device and having an output coupled to one data input of the two data inputs of said
add/subtract device; : _
a shift register having a predetermined number of stages, having paralle] inputs and having a
serial output coupled to the first control input of the add/subtract device for storing, in
parallel, sign values of the first data words of at least part of the concatenation of data word
pairs, each sign value being bit-wise shiftable by a shift control signal; and
‘a control device coupled to said supplying means and to said shift register to control a
transfer of the first data words of the at least part of the concatenation of data word pairs in
paralicl to the paralle] inputs of said a shift register, to control writing of the first data words
into the stages of said a shift register and to supply shift control signals to said a shift
register and control transfer of the second data words to the other data input of said
add/subtract device. | |

2 A cireuit arrangement as claimed in claim 1,
wherein:
contents of said shift register can be shifted in a selectable direction in dependence on

further control signals from said control device; and
‘said shift register is closed as an end-around coupled shift register.
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use nore than Two data buses, it then being possible for the registers 22
and 24. to be co "Mlm“"eht data buses. The arrangenment descri bed
thHus far operat mﬂmmmu tor if the multiplexer 18 i's controlled so
that the connecti*onc27tis* cdnnécted to t i nput B. Each new data word

appllied to the input A via the register and the nultiplexer 16 is then
added to the contents of one of the registers 26a to 26n and is preferably
stored in Phié cirsyit exrangement #s claimed inglaimd, of a nunber of successively

suppl i ed data?mor.ds is formed. It will often be necessary to formnot only

the sumof a enation of data words, but also the sumof the products
of a concat erth¢ fimotiod ofisdichaddisubtyaet device\isieontrolled; viathe denrtzolinput cofneetedito e r

S A b, ey O i s L

control input of said add/subtract device, supplied from the control device.

4 A circuit arrangement as claimed in claim 4,

wherein the output of the shift register is connected to the first contro] input of said

add/subtract device via a logic circuit which receives the second control signal from said
control device, : o | - |

5 A circuit arrangement as claimed in claim 1,
used in a processor, comprising at least one data bus,
wherein the stages of said shift register are coupled to a data bus and receive data present on
the data bus under control of a third control signal from said control device.

A circuit arrangement as claimed in Claim 5, characterized in that the
control device (12), as an instruction decoder, generates an active valixe of the first and

the second control signal only in response to the appearance of a predetermined
instruction code.

7 Acircuit arrangement as claimed in claim 3,
wherein: . .
| the function of said add/subtract device is controlled, via the control input connected to the
output of the shift register, in response to control signals received at the second control input
of said add/subtract device, supplied from the control device.
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coefficient or the proce irng of such a concatenation of products there
i's proyvide M (ﬂmum ich receives the bits of the one data words of
a concaten Im pairs in parallel via, for exanple the bus 20,
and wites th| S d'ataf'urfdel* the control of ,a control signal on the |line 23
fromthe control device 12. The regi sterlh4 is constructed as a shift

regi ster which conprises a nunber of stages, each stage storing one bit of
the;data word supplied; via a control signal on the line 13 fromthe
control device 12, the contents of all stages can be shifted in parallel so
that the (gonhfnts of each stage successively appear on an output 15 of the
regi ster 14 Afcut mm%udmmn(mM3 via a device 28 to be descri bed

her ei nafter'ug‘eg@ g{&gsgi. do%%ﬁ& i the gdd/subtraot unit 10 and the

add/ subt r act ﬁnlt IS sw £ion or subtraction, :
dependi ng on™ ¢ sfagesiofisnid shift regispeard atipA tb B e Hul thd Qeivk - dfita pRtecht G

the data bus under control of a third control signal from said control devxce
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6 one data word of a data word -pair. The control signals on the line 13

t hus determ ne which one data word of each:-pair appears on the output 15 of
the register 14, and via a control line 31 the nmenory 30 is controlled so
that it reads the other data word associated with the data word pair and
applies it, via the data bus 20 and the l%gister 22, to the input A of the
unit 10. I n dependence on the bit value on the output 15, the applied data
word is then added to or subtracted fromthe intermediate result :
accunul ated thus far.

PRODUCT SUMMING CIRCUITRY

ABSTRACT

In processors, in 'pérticular digital signél
processors, it often happens.that products of a chain
of pairs of data words mnsg;bg summed, for example for
correlation or convolution operations, in which each
data' word of each pair may only have one of both
vﬁlues +1 or -1. Accbrding to the invention, one-data
word of each pair is supplied to a summing/subtracting
arrangement, instead of being supplied to a multiplier
for fom:'.:ig. a p;oduct. and determines whether the
summing/subéracting a:rangément carries out a summing
or a substracting operation. One input of the
- summing/substracting ugiﬁ receives the other data

_‘words of the pairs of data words and the other input
is connected to the output of the accumulator
- register. A costly multiplier arrangement can ;hus be
dispensed with, or when it is anyway available, it is

not used, so that the processor dissipates less power.

FIGURE 1
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AR I N TSHERTS 89
Tak1 ng into account transit tinmes and del ays |th ndmmﬁuah ellen:en S,
tHe actual tinmi ng is such that first the one- bl’!/\l«al 4HeP ofw-JL--g, OI’I!G.,.
words are transferred to the register 14 and su’b’sequesmly;?
word of a data word pair is read fromthe nmenpryf and.. applm.a__, &Q!t e‘,“ a4
regi ster 22, after which this data word is taren up by th regl ster P2 and ¢
appears on the input A after a short del ay, ,Lhe SAME.. t' [re the ng ster !
14 receiving a shift signal so that the asso Pne dat-a 4 thi-s |
pair appears on the gifgMit arrangamenta MNg EsPNn‘PL smt 9 of the unit’
10. This shift signal for the register 14, however, can also be generated
briefly before the witing of the new data word into the register 22, or
“preferably briefly after the processing of each of the other data words, so
that the add/subtract unit 10 has already been prepared for its new
~function when a new ot her data word appears on the input A

The invention relates to a circuit arrangement for forming the sum of
products of a concatenation of data word pairs, comprising an add/subtract device
whose function can be switched over via first control inputs, notably in respect of
addition and subtraction, at least one accumulator régister, an input of which can be
coupled to an output of the add/subtract device and an output of which can be coupled
to an input of the add/subtract device, and also comprising a control device for
controlling the sﬁccessive processing of the products.

Arithmetical operations of this kind occur notably in digital signal
processors and serve, for example to realise scalar products as well as time-discrete
correlation, filter and convolution operations. In order to enable fast execution of such
operations there is customarily provided a multiplier device which successively receives
both data words of each pair and whose output is connected to one input of the
add/subtract device, the other input of this device being connected to the output of the
device via a so-called accumulator register. When the device is suitably constructed, a
multiplication/accumulation step as well as the required data word transfers can be
executed within a single- instruction cycle of the processor. The formation of the overall
sum then requires merely a number of instruction cycles which is equal to the number
of data word pairs plus some preparatory instructions.

Many fields of application of digital signal processing also involve
summing of products of a concatenation of data word pairs where one data word of each
pair can assume only one of the two values +1 or -1. Examples of such fields of
application are scalar products as well as time-discrete correlation, filter ind
convolution operations with binary bipol_ar coefficients as they occur in signal
processing whenever binary signals are used.

The formation of such a sum by means of a multiplier device with a
subsequent add/subtract device leads to uneconomical use of the multiplier, iiecause it
performs merely multiplications by the factors +1 or -1 on the respective other data

- words of the pairs, i.e. it realises merely a conditional change of sign of these data
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In order to prevent control of the function of the add/subtract unit 10 by
the signal on the output 15 of the register 14 when it is used for an
arithmetical operation other than the formation of the sumof a
"concat enati on of products, a |logic devize 28 is connected between the
output 15 and the control input 9 of the unit 10, which logic device is

control | ggeddy the control device 12 via a control lead 17a. Thus, via the
control lead 17a it can be prevented that the function of the unit 10 is

} nf | ;J_ence_d by the EFdLmntd:; 49,9022 disgloses1an armangement phtherkind setferthin
- function i.s . .contral. 4 ' YA : j i
{1 om t heWtish Mg AR TEaiiiad b5 A ipiciiy AN ucilons b SBRAGRs, THE L

regi ster cdduRicBof BN BAS kRGWR Yedick ¢ sdmewiut stinpier Bian thitcofanparaiiel moldpliet s of
all stages can be transferred to this data bus 20a by way of a

cor r esporddvice fomdata svords withl manyopositionsc but sush ancarrangement isagain
uneconomically used for muitiplications by merely the factors +1 and -1.

'Therefore, it is an objéct of the invention to provide a circuit arrangement
of the kind set forth which is fast and has a simple construction for said special case of
the values for the one data words.

This object is achieved in accordance with the invention in that for the
processing of data word pairs, in which the one data word of each pair is supplied as
" one of the two bit values +1 or -1, the control device applies the individual values of
the one data words successively to at least one of the first control inf,mts of the
add/subtract device and executes, in parallel therewith, the supply of the other data
words of each pair to another input of the add/subtract device. ‘
The multiplication by the values +1 and -1 during the summing in
accordance with the invention is replaced merely by corresponding control of the
" add/subtract device in that the other data words directly control the function of the
add/subtract device in respect of addition or subtraction. Thus, in each instruction cycle
there is performed a multiplication-acéumulaﬁon step without it being necessary to use a
multiplier device. However, should such a device be present anyway to process also
general data word pairs, the processing of the data words in the special case will
generally involve a smaller power loss becauﬁe no signal transitions occur in the
multiplier device. |
" The add/subtract device can be controlled in such a manner that the value
- of the one data word of each pair is applied directly to the control input, whereas
-~ essentially simultaneously the other data word of the pair is applied to the other input of
the add/subtract device. However, this always requires two transport operations for data
words for each pair. In order to simplify this op'ération, a version of'the invention is
characterized in that there is provided a register which stores in parallel the values of
the one data words of at least a part of the concatenation of data word pairs and an
output of which is connected to at least one of the first control inputs of the add/subtract

device, the register being a shift register which comprises a number of stages which can
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regi ster 14 can thus also be used as an arbitrary storage register when the
gpecial function for controlling the add/subtract device is tenporarily not -
required. Fig. 2 shows an exanple of the construction of the |ogic device
28, as well as of the construction of ti§e add/subtract -device 10 whi ch,.
however, can actually 7 execute only additions or subtractions in this-

- case. " Thebs fitled a¢ parallel, an Rt ofRee iof these 'strgéL SaHsEIGENG the blitput ofthe! he
conpl ement of the value to be subtracted as well as an additional unit of

the | owesTeghuen, theeonignts gfithedregisier ting bitrwise: shiftabdeiby disstr cantrol signals drom
the control device. The register thus takes up the one data words of a number of
successive pairs in parallel and outputs these words serially, i.e. under the control of
the control device which also controls the supply of the other data words to the
add/subtract device. Thus, each step requires only one data word transport. Even more
general control of the processing of data words is possible in a further embodiment in
that the contents of the register can be shifted in a selectable direction in dependence on
the first control signals from the control device, and-in that the register can be closed as
an end-around coupled shift register.

If the output of the register were connected directly to a control input of
the add/subtract device, the function thereof would in principle be dependent on the
contents of the register, so that the possibilities of use of the add/subtract device might
be limited. Therefore, in a further embodiment of the invention the function of the
add/subtract device can only be controlled, via the control input connected to the output
of the register, in dependence on at least one second control signal from the control
device. This enables cancellation of the effect of the register oh the function of the
add/subtract device. This can be achieved in the simplest manner by connecting the
output of the register to a control input of the add/subtract device via a logic circuit
which also receives the second control signal. This allows for attractive functions to be
achieved, an example of which will be described in detail hereinafter.

A circuit arrangement in accordance with the invention can
advantageouﬁly be used in a processor, notably a digital signal processor, comprising at
least one data bus. The stages of the register are then preferably coupled to the data bus
and take over the data present on the data bus under the control of a third control signal
from the control device. The transfer of the one data words to the register is thus
carried out in the same way as the transfer of the other data words of the pairs by the
control device. Preferably, the control device is then formed essentially by the
instruction decoder of the processor. The output of the register may then be connectable
to the data bus in the same way as further registers in a processor, so that this register
can, generally speaking, also be used for the intermediate storage of an arbitrary word.

When the circuit arrangement in accordance with the invention is used in

a processor, the control device, as an instruction decoder, preferably generates an active
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conprises an adder 40 whose inputs a and b receive the data words applied
te the inputs A and B of the unit 10, via the nmultiplexer 42 and 44,
respectively, either directly or via the inverter stages 46 and 48, in
conpl ement form The adder 40 al so conpr4ses a carry unit 41. The output z
of the adder 40 is connected to the connection 11. This device enabl es the

two funct ivams ofthkfiss ahd e SiscOid ebrthol lsigria¢ oﬁﬁgfeg%nsi‘ ké*tHel appedriceof a

coefficient having the value +1 or -1, depen on the binary val ue
present opredeterminediinstmption code Bacguse: ofr thisddirettly instructipnrdependenteantroh o

o0V 950 WPrGPES' gl SIS Ryt ah R bt if R BRSO

line 17a, yuby edh bOekdeutel for twalRtal Wekds & £iFy, MPapendents offth@ 9dlGe 2P te) t he

device 28, so that also the Iine 51 continuously carries a logic "1" and

t he nul ti firstxeantrobsignal; dytmeandaf a special imstrudtion dysing a0 imstrision cleck ¢yickeat i on.

The Embodiments of the invention will be described in detail hereinafter with
reference to the drawing. Therein:

Fig. 1 shows a block diagram of an arrangement in accordance with the

H invention,

Fig. 2 shows an example of logic combination of the register output with
control signals. |

Fig. 1 shows a general block diagram of a part of a processor, notably a
signal processor. An essential element thereof is formed by an add/subtract device 10
which is generally constructed as a so-called arithmetic and logic unit whereby not only
simple addition or subtraction of two data words can be performed, but also further
arithmetical and logic functions with these data words; this can be controlled via a
number of control inputs 9, except for addition and subtraction these further functions
being irrelevant in this context. The result of the processing function appears on an
output Z which is in this case connected, via a connection 11, to a number of
accumulator registers 26a to 26n, the result appearing on the output Z being
transferrable to one of these registers under the control of control signals on the line 19.
The use of a plurality of registers is efficient for many functions of the processor, but
for the function to be described hereinafter one register would also suffice.

It is to be noted that the connection 11 as well as the connections leading
to the inputs A and B and further connections and lines shown, provided with a stroke,
in reality consist of a number of parallel lines as usual via which the data words are
transported in parallel.

The contents of one of the registers 26a to 26n can be read by way of
control signals, via a line 21, and be applied to the input B of the unit 10 vig the
connection 17 and a multiplexer 18. Like the multiplexer 16, the multiplexer 18 is
controlled, via control lines (not shown for the sake of simplicity), by the control device
12 which also feeds the control lines 19 and 21 as well as further control lines yet to be
described. This control device constitutes essentially the instruction decoder for
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signal on the other input of the OR-gate 50 is then irrelevant. The line j
carries a logic "0" and when the line 15 also carries a logic "0" in
conformty with k = -1, the inverter 54 generates a logic "1" on the line
53, via the OR-gate 52, so that the datag word on the input Bis also
conducted further without nodification, via the nultiplexer 44, and both

data word It Fed | ! ri a logic
i oy BUREE ICliGR Workd hlekessiVRIF AR from oh Rstclltn ey, 16F 2, ' The
mul ti pl exshovapandesappliedd viargpdatarbos 204, Thie ddmtbus\dfacanalsolreceing thie ¢dntents he

adder 40 which also receives, on the carry input 41, a carry signal so that

A-B appeaf®d Pmr@-ﬁﬂbmwm ARdo=dBond f uncti on mentioned the line i
L Pt S0 o Bl R L VR i, ol ke 222
- and B is tommeetiom@Zion the\betpenef a regisier 2414 thef input B @f ¢he' ddit A0, Simldriynehel5,
| multiplexer 16 connects, in dependence on its control signal, the output of a register 22
or a connection 25, originating from 6ther elements of the processor which are not
shown, to the input A of the unit 10. The registers 22 and 24 are controlled to store
each time one data word, preferably again under the control, not shown, of the control
device 12, which data word is supplied, for example by a memory 30 via a data bus 20.
The data bus 20 may be identical to the data bus 20a, but it is alternatively possible to
use more than two data buses, it then being possible for the registers 22 and 24 to. be
connected to different data buses.

The arrangement.described thus far operates as an accumulator if the
multiplexer 18 is controlled so that the connection 27 is connected to the input B. Each
new data word applied to the input A vig the register 22 and the multiplexer 16 is then
added to the contents of one of the registers 26a to 26n and is preferably stored in this
register again. Thus, a sum of a number of successively supplied data words is formed.

It will often be necessary to fdrm not only the sum of a concatenation of
data words, but also the sum of the products of a concatenation of data word pairs,
where the one data word of each pair can have only the value +1 or -1. Each of these
one data words thus has a length of only one bit and represents, for examplea
coefficient. For the processing of such a concatenation of products there is provided a
register 14 which receives the bits of the one data words of a concatenation of data
word pairs in parallel via, for example the bus 20, and writes this data under the control
of a control signal on the line 23 from the control device 12. The register 14 is
constructed as a shift register which comprises 2 number of stages, each stage storing
one bit of the data word supplied; via a control signal on the line 13 from the control
device 12, the contents of all stages can be shifted in parallel so that the contents of
each stage successively appear on an output 15 of the register 14. This output 15 is
connected, via a device 28 to be described hereinafter, to a control input 9 of the
add/subtract unit 10 and the add/subtract unit 10 is switched either to addition or
subtraction, depending on the value of the bit appearing on the output 15, i.e. of the
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corresponding to k = + 1, the difference B-Ais forned on the output z of
the adder 40. Thus, it is decided by the content of the register 14 which
appears at the output 15 whether the add/subtract unit 10 forms the sum or
the difference of the two data words ap@lied, the register being
constructed as an end-around shift register, the signals on the lines i and

i 'gener?%,?gddégwwgpg%&ewg%gﬂp special instructions, determning the

si gn of fterence, so that each of these arithmetical functions can
be formed in only ¢Fhe controt sighalsronche dine dPchus deteeming which pre-data word of

carry a | &%Cpa;r a'#p% rotnhtﬁe ou%liltlg of the rebg?s'tgrgu and via a control line 31 the

memory 30 is controlled so that it reads the other data word associated with the data
word pair and applies it, via the data bus 20 and the register 22, to the input A of the
unit 10. In dependence on the bit value on the output 15, the applied data word is then
added to or subtracted from the intermediate result accumulated thus far.

Taking inio account transit times and delays in the individual elements,
the actual timing is such that first the one-bit values of the one data words are
transferred to the register 14 and subsequently the other data word of a data word pair
is read from the memory and applied to the register 22, after which this data word is

. taken up by the register 22 and appears on the input A after a short delay, at the same
time the register 14 receiving a shift signal so that the associated one data word of this
pair appears on the output 15 and hence on the control input 9 of the unit 10. This shift
signal for the register 14, however, can also be generated briefly before the writing of
the new data word into the register 22, or preferably briefly after the procesﬁing of each
of the other data words, so that the add/subtract unit 10 has already been prepared for
its new functxon when a new other data word appears on the input A.

In order to prevent control of the function of the add/subtract unit 10 by
the signal on the output 15 of the register 14 when it is used for an arithmetical
operation other than the formation of the ‘sum of a concatenation of products, a logic
device 28 is connected between the output 15 and the control input 9 of the unit 10,
which logic device is controlled by the control device 12 vig a control lead 17a. Thus,
via the control lead 17a it can be prevented that the function of the unit 10 is influenced
by the signal on the output 15, so that in that case the function is controlled exclusively
by the signals on the control line 17 from the control device 12.

Furthermore, the outpﬁts of all stages of the register 14 are connected
parallel to the data bus 20a and the contents of all stages can be transferred to this data
bus 20a by way of a corresponding control signal from the control device 12. The
register 14 can thus also be used as an arbitrary storage register when the specxal
function for controlling the add/subtract device is temporarily not required.

Fig. 2 shows an example of the construction of the logic device 28, as
well as of the construction of the add/subtract device 10 which, however can actually
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8 shown, of the multiplexers 42 and 44, preferably controlled by the
control device 12 of Fig. 1, can determ ne whether the add/subtract unit 10
forms the sumor the difference of the data words appl.ied. The device shown
in'Fig. 1, exhibiting the details of Fid. 2, thus sinply enables the
formati on of the sumof products of a concatenation of data word pairs when
t he one dexeautecnty additienshomsubtractions ds thiseasen Thetshbtraction ds perfarnteddin- 1, one
data wor dt oais-Eortr)l;e)fetr;\%nP fo?'xcn?sz.se.e cpcegmgi)lgx%grqtuocft tLg Valué thla e subtracted as well as an

additional unit of the lowest position are added. To this end, the add/subtract unit 10

comprises an adder 40 whose inputs a and b receive the data words applied to the inputs

A and B of the unit 10, via the multiplexer 42 and 44, respectively, either directly or

vig the inverter stages 46 and 48, in complement form. The adder 40 also comprises a

carry unit 41. The output z of the adder 40 is connected to the connection 11.

This device enables the two functions A-Bk; or B-Ak; to be executed, k;

being a coefficient having the value +1 or -1, depending on the binary value present on

the output 15 of the register 14. For this purpose there are provided two special .

instructions, and for the first function the control device 12 in Fig. 1 produces a logic

"1 oh the line i within the control line 17a, which logic "1" is applied to one input of

an OR-gate 50 in the device 28, so that also the line 51 continuously carries a logic "1"

and the multiplexer conducts the data word on the input A without modification. The

signal on the other input of the OR-gate 50 is then irrelevant. The line j carries a logic

"0" and when the line 15 also carries a logic "0" in conformity ﬁth.k - -1, the

inverter 54 generates a logic "1" on the line 53, via the OR-gate 52, so that the data

word on the input B is also conducted further without modification, via the multiplexer

44, and both data words are added without carry. However, if the line 15 carries a logic

1" in conformity with k = +1, the line 53 carries a logic "0" so that the multiplexer

applies the complement of the data word on the input B to the adder 40 which also

receives, on the carry input 41, a carry signal so that A-B appears on the output. For

the second function mentioned the line i carries a logic "0" and the line j carries a logic

"1", so that in the case of a logic "0" on the line 15 the sum of the two data words on

the inputs A and B is formed again, whereas in the case of a logic "1" on the line 15,

corresponding to k = +1, the difference B-A is formed on the output z of the adder

40. Thus, it is decided by the content of the register 14 which appears at the output 15

whether the add/subtract unit 10 forms the sum or the difference of the two data words

applied, the register being constructed as an end-around shift register, the signals on the

lines i and j, generated in dependence on the special instructions, determining the sign

of this difference, so that each of these arithmetical functions can be formed {n only one

instruction clock cycle.

When both lines i and j carry a logic "0", further inputs, not being
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9 CLAIMS 1 Acircuit for formng the sum of products of a concatenation of
data word pairs, conprising: means for supplying first and second data
vvords of the data word pairs, the first data woifds represented by a sign

- val ue; an add/subtract device having two data inputs, a first control

i nput, a second control input and an ougput, for perform ng one of addition
" and subtraction in response.to control signals received at the first
control § ACOnt £0! '

regi ster haV| nﬁﬁ%\ﬁgggﬁ%&p W rﬁ gﬁ‘?“ﬂ?ﬁ#f"&?ﬁgﬁgﬁuﬁ Pidg\t;l ce
and havi Fig.ah cantdetérmine phethet mecmlﬂlsﬁbtracu umulo édrmsmhe tsum ciathe diffigrenee of

sai d of the data words applied.
The device shown in Fig. 1, exhibiting the details of Fig. 2, thus simply
enables the formation of the sum of products of a concatenation of data word pairs
when the one data word of each pair can assume only the values +1 and -1, one data

word pair being processed per instruction cycle.
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addfsubtract device; a shift register having a predeterm ned nunber of
stéges—ham—rrg—‘parar-l—el—*r-nputs and having a serial output coupled to the

first c he add/subtract device for storing, in parallel,
sign va “j mlm "IIE& !‘ data words of at |east part of the concatenation
of data wore palrs sign value being bit-wi se shiftable by a shift -
control signal; and a control device cou% ed to said-supplying neans and to
said shift regi ster to control a transfer of the first data words of the at
| east part of the concatenation of datGLADVI§ pairs in parallel to the
parallel inputs of said a shift register, to control witing of the first
~data words into the stages of said a shift register and to supply shift

data vords tor Chai Sf Kbl s BehEk: AtohRRHRn oF S g st "0 SooO"
mea:sa ?ogrg;glymg first and second da.ta words of the data word pairs, the first data words

" represented by a sign value;
an add/subtract device having two data inputs, a first control input, 2 second contro] input
and an output, for performing one of addition and subtraction in response to control signals
received at the first control input and the second control | input;
at least one accumulator register having an ii:put coupled to the output of the add/subtract

- device and having an output coupled to one data input of the two datamputs of said
add/subtract device;
& shift register having a predetermined number of stages, having parallel inputs and having a
serial output coupled to the first control input of the add/subtract device for stonng. in
paraliel, sign values of the first data words of at least part of the concatenation of data word
pairs, each sign value being bit-wise shiftable by a shift control signal; and '
a control device coupled to said supplying means and to said shift register to control a
transfer of the first data words of the st least part of the concatenation of data word pairs in
paralie! to the parallel inputs of said a shift register, to control writing of the first data words
into the stages of said a shift register and to supply shift control signals to said a shift
register and control transfer of the second data words to the other data mpm of said
add/subtract device,

2 A circuit trangement as claimed in claim 1,
Wherain: :
contents of said shift ragister can be shifted in a selectable direction in dependence on

further control signals from said control device; and

_ said shift register is closed as an end-sround coupled shift register.
3 A circuit arrangement as claimed in claim 1,

- wherem:

the function of said add/subtract device is conolled, via the control input connected to thc
output of the shift register, in response to 2 sccond control signal received at a second
control input of said add/subtract device, supplied from the control device.

This is the replacement sheet

Dats:. Z 9 N!AY w



.

ATCiTcuit arrangerenrt as claimed in claim11, wherein: contents of said

shlft ifted in a selectable direction in dependence on
furt herﬁm ,mumf romsaid control device;, and said shift register
s closetl as an -andsa nd coupl ed shift register-. 3 A circuit
arrangenent as clained in claiml1, wherein: the function of said

add/ subt act device is controlled, via the control input connected to the

out put of the shift register, in respdlse to a second control signs

received at a second control input of said add/subtract device, supplied
fromthe control device.

4 A ci:cuit arTangement as claimed in claim 4,

wherexn the output of the shift register is connected to the first control input of said

add/subtract device via a logic circuit which receives the second control signal from sud
conrrol device,

5 A circuit arrangement as claimed in claim I,
used in & procsssor, comprising at least one data bus,
Wherein the stages of said shift register are coupled to 2 data bus and receive data present on
the data bus under control of a third control signal from said control device.

A circuit arrangement as claimed in Claim §, characterized in that the
control device (12), as an instruction decoder, generates an active value of the first and

the second control signil onlymruponsetoﬂleappannceofapredezemuned
instruction code.

7 A circuit trangement as claimed in claim 3,
wherein: _ ) .
the function of said add/subtract device is controlled, via the control input connected to the

output of the shift register, in response to control signals received at the second control input
of said add/subtract device, supplied from the control device.

A circuit arrangement as claimed in claim 3,
used in 2 processor, comprising at least one data bus,

wherein the stages of said shift register are coupled to a data bus and receive data present on
the data bus under control of a third control signal from said control device,
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10 4 A circuit arrangenent as clained in claim4, wherein the output of
t.He shift register is connected to-the fri'st. control input of said

~add/ subtract device via a logic circuit which receives. .the second control
signal fromsaid control device.5 A circuit arangenent as clainmed in
claim1, used in a processor, conprisling at | east one data bus, wherein the
stages of said shift register are coupled to a data bus and receive data

present on the data bus under control of a third control signal fromsaid
control device.

Circuit arrangement for forming the sum of products.

ABSTRACT

In processcrs, in particular digital sigmal
processors, it often'. happens that products of a chain
of pairs of data wc:ds.gus;ﬂbe summed, for example for
correlation or convolﬁtic# operations, in which each
data word of each pair may cﬁly have one of both
valﬁes +1 or -1. According to the invention, one data
word of each pair is supplieq. to .a. _sming'/ subtracting
arrangement, instead of being supplied to a multiplier
for forming. a p:'_:cducc, and determines whether the
summing/subtracting arrangement carries out a summiag
or a substracting operatien. One input of the
summning/substracting unit :ecgives the other data

' words of the pairs of data words and the other input
is connected to the ocutput of the accunnlaﬁdr
register. A costly mlti;plier arrangement can thus be
dispenseg with, or when it_is anyway available, it is

not used, sc that the processor dissipates less power.

FIGURE 1
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6 Acircuit arrangenent as clainmed in Claimb5, characterized in that the
gontrol device (12), as an instruction decoder, generates an active val ue
of the first and the second control signal only in response to the
appearance of a predeterm ned instruction code. 7 A circuit arrangenent as
claimed in claim3, wherein: the function of said add/subtract device is
controlled, via the control input connected to the output of the shift
register, in response to control signals received at the second control

I nput of said add/subtract device, stpIied fromthe control device. 8 A.
circuit arrangenent as clained in claim3, used in a processor, conprising
at | east one data bus, ' '
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\_(x;h_erei n the stages of said shift register are coupled to a data bus and
r.eceive data present on the data bus under control of third control signal
from said control device. '
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