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A Method for Digital Signal Processing, DSP, Mobile Communication and 
Audio-Device

5 Field of Invention

This invention relates generally to a field of digital signal processing, and 
more particularly to digital signal processing operations requiring memory 
access to consecutive data words.

10

Background of the Invention

In the digital signal processing technology typically one or more analog 
15 signals which are representative of some real physical property are filtered 

or undergo some other kind of arithmetic evaluation or transformation. For 
this purpose, it is necessary to sample the incoming analog signals. For 
each analog signal this results in a continuous stream of digital samples. 
Furthermore, it is known in the art to store such separate sequences of 

20 digital samples separately from each other in different memories or in the 
same memory but separated address spaces. An example for micro 
processors which incorporate these principles is the DSP 56300 family of 24- 
bit digital signal processors which are commercially available from 
Motorola, Inc.

25
Digital signal processors are applied in virtually all fields of technology and 
apparatuses. One application is to replace the functionality of an analog 
device, such as an analog filter, by a digital filter which allows for an 
enhanced quality and more compact design. Other fields are for digital 

30 audio devices, such as compact disc players or digital audio tapes, as well 
as communication devices, such as mobile telephones or radios. Such 
applications typically require a high processor throughput, either because 
of the high band width of the sample’s analog signal or because of the 
complexity of the digital transformations to be carried out on the sampled 

35 signal or a combination of both.

.——>
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A need therefore exists to increase the performance of digital signal 
processors.

5 Summary of the Invention

The underlying problem of the invention is substantially met by applying 
the features laid down in the independent claims. Preferred embodiments 
are given in the dependent claims.

10
The invention is advantageous in that it allows to significantly improve the 
processing performance of a digital signal processor by adding only 
minimal hardware.

15 According to a preferred embodiment of the invention, four data accesses 
can be carried out in a single processing cycle. The corresponding data 
sequences can be processed in a finite impulse response type processing 
step which typically involves data processing in multiply-accumulate loops. 
Preferably two multiplication units are used, each of which can multiply

20 two of the data words provided in each cycle. The results of the two 
multiplications is added and accumulated.

If the architecture of a digital signal processor designed in accordance with 
the principles of the invention is pipelined, this allows two multiply-

25 accumulate operations in one cycle without increasing the clock frequency. 
As a consequence, such a digital signal processor is also advantageous 
with respect to power dissipation. This is particularly beneficial for battery 
powered applications, since the minimized power dissipation of the digital 
signal processor allows longer intervals between recharging the battery.

30
Furthermore, it is particularly advantageous that only a single address 
generation unit is required even though at least two data words can be 
accessed from each memory device or address region in a memory device. 
Thus, by using only a single address generation unit, up to four data words

35 can be accessed in a single cycle.
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S'"'' Brief Description of the Drawings

FIG.l is a schematic block diagram of a first embodiment of a digital device 

Fig. 2 is a flow diagram which illustrates one embodiment of the method of 

including a digital signal processor designed in accordance with the 
principles of the''invention; and

the invention.

Detailed Description of the Preferred Embodiments

With reference to FIG.l a digital device 10 which incorporates a digital 
signal processor 12 is explained in detail. The digital device 10 can be for 
example and not intended to be limiting a digital audio device, such as a 
compact disc player, or a digital communication device, such as a mobile 
telephone or radio.

In the later case typically an analog signal is received from an antenna of 
the digital device 10. Such a signal is shown as signal 14 in FIG. 1. The 
signal is fed into analog-digital converter 16. The samples of the signal 14 
delivered by the analog-digital converter 16 are inputted via data line 18 into 
a memory 20. The memory 20 has a storage array 22. The sampled data 
words which are inputted via data line 18 to the memory 20 are stored in the 
address space of the storage array 22 in consecutive order. This means that 
the first data word, which is inputted into the storage array 22, is stored at 
the lowest order address and that consecutive further data words are stored 
at increasing addresses. Other address schemes are also possible such as 
starting with the highest address and filling up the storage array 22 at 
consecutive storage locations of decreasing addresses.

The address space of the storage array 22 is logically divided into even and 
odd addresses. The same applies analogously for memory 24 which has a 
storage array 26. The memory 24 can serve to store data words which are 
representative of samples of another input signal or of filter coefficients to 
be used in the digital signal processing of the signal 14.
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In the case of a digital audio device, such as a compact disc player, the 
signal 14 provided by the laser beam which scans the rotating compact disc 
is already digital information so that no analog-digital converter 16 is 
required. Instead the signal 14 is directly inputted into memory 20 without 

5 a need for analog to digital conversion.

For the addressing of the memories 20 and 24, the digital signal processor 
12 has address generation unit 28 which is coupled via control line 30 to 
control logic 32. The control logic 32 is also coupled via the control lines 34 

10 and 36 to the memories 20 and 24, respectively. Control line 38 couples the 
control logic 32 to register file 40 whereas control fine 42 couples the control 
logic 32 to a multiply accumulator 44. The multiply accumulator 44 has 
multipliers 46 and 48 having their outputs connected to an adder­
accumulator 50.

15
The address generation unit 28 has a register 52 for storage of an address 
for the memory 20 and a register 54 for storage of an address for the 
memory 24. Further the address generation unit 28 has registers 56 and 58 
to specify the amount of change required for the addresses stored in 

20 register 52 and 54, respectively, for the next processing interval. In 
registers 60 and 61 the mode in which the address generation unit 28 
operates is specified.

The address generation unit 28 is connected by address buses 62 and 63 to 
25 the memories 20 and 24, respectively. Both of the memories 20 and 24 have 

two data busses for outputting data: memory 20 is connected by data busses 
64 and 66 to the register file 40 whereas memory 24 is connected by data 
busses 68 and 70 to the register file 40. The data busses 66 and 70 are also 
coupled to buffers 72 and 74, respectively. The buffers 72 and 74 are 

30 connected to the register file 40 by the data busses 76 and 78.

The register file 40 has registers 80, 82, 84 and 86. Each of thesei registers 
f ^'\ can store one data word. The registers 80 and 82 are coupled via data lines

88 and 90 to the multiplier 46. Likewise the registers 84 and 86 are coupled 
35 via data lines 92 and 94 to the multiplier 48.
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The result of a digital signal processing operation is outputted by adder 50 
to digital-analog converter 92. The resulting analog signal 94 is the result of 
the digital signal processing operation carried out on the signal 14.

5 In operation the control logic 32 controls the processing of the incoming 
signal 14 according to the required digital signal processing operation.

In order to initialize the required digital signal processing operation the 
start addresses for both the memory 20 and the memory 24 have to be

10 specified. For simplicity, the memory 20 and 24 will be referred to as X 
MEM and Y MEM, respectively, whereas the registers 52 and 54 will be 
referred to as RX and RY, respectively. The registers 80, 82, 84, and 86 of 

f=. the register file 40 will be referred to as X0, X0’, Y0 and Y0’, respectively.

15 The start address for the required data sequence to be outputted from the X 
fH MEM is programmed in the register RX by the control logic 32 via control

line 30. The start address for the required data sequence from the Y MEM 
ih is programmed in the register RY also by means of the control logic 32 via
s control line 30.
m 20
H The control logic 32 checks the start address stored in the RX whether it is

an even or an odd address. If the start address for the X MEM is even, the ti_s
M parameter CHANGE X which is stored in the register 56 is set to a value of

2 - provided that the addressing mode is incremental.
25

If the start address for the X MEM is odd, the value of the parameter 
CHANGE X is set to be equal to the value 1 by the control logic 32 via control 
line 30 - again provided that the addressing mode is incremental. The 
same check is carried out for the start address stored in the RY. If the start 

30 address for the Y MEM is even, the parameter CHANGE Y stored in the 
register 58 is set to be equal to the value of 2; if the start address for the Y 
MEM is odd, the value of CHANGE Y is set to be equal to the value of 1 - 
analogous to the process carried out for the start address for the X MEM.

35 The parameters MODE X and MODE Y are stored in the registers 60 and 
61, respectively. The parameters MODE X and MODE Y specify the 
addressing mode for the X MEM and the Y MEM, respectively. If, for
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example, the value of MODE X is equal to 0, this means that the data words 
are to be outputted from the X MEM in increasing address order, so that 
after each iteration the address stored in the RX is incremented by the 
value specified by the parameter CHANGE X. Likewise, if the value of

5 MODE X is logically 1, this means that the address stored in X is 
decremented after each processing interval by the value as specified by 
CHANGE X. The same applies analogously to the setting of the parameter 
MODE Y in the register 61. Both parameters MODE X and MODE Y are set 
via the control line 30 by the control logic 32.

10
Thus, during an initialization interval the start addresses for the sequence 
of data words to be outputted from X MEM and Y MEM are programmed in 
the registers RX and RY, respectively, as well as the corresponding 
parameters CHANGE X, CHANGE Y, MODE X and MODE Y.

15
If, for example, the start address for the X MEM is even and MODE X 
equals logically 0 (incrementing address mode), the data word which 
comes next after the data word having the start address stored in RX has 
an address which is incremented by 1 with respect to the first data word in 

20 the sequence. As a consequence, the second data word in the X MEM 
sequence has an address which is odd and thus differs only in its least 
significant bit from the start address stored in RX. Since both address 
words are required for the processing, it is signaled to the X MEM via 
control line 34 to output both the data word stored on the start address 

25 stored in RX and the consecutive data word being stored on the address 
next to the start address which differs only in its least significant bit in 
response to the reception of an address via the address bus 62. In other 
words: If the control line 34 is raised, the least significant bit line of the 
address bus 62 becomes a “Don’t care” bit, since both data words having an 

30 address matching all the higher order address bits will be outputted by the
X MEM. As a consequence two data words are outputted from X MEM 
during one initialization interval, so that for the next interval the address 
has to be increased by 2 in order to output the consecutive two data words of 
the required sequence from the X MEM.

35
If the start address RX is odd and the address mode X is logically 0 
(incrementing address mode) , this means that there is no data word in the
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required output sequence which has an address that differs only in its least 
significant bit from the start address of the sequence stored in RX. As a 
consequence, the control line 34 is dropped by the control logic 32 to logically 
0, so that the X MEM only outputs the data word being stored on exactly the

5 start address stored in RX, but no other data word. Since only one data 
word is outputted in this alternative first initialization interval, the value of 
CHANGE X is set to be equal 1, so that for the next initialization interval the 
value of the address stored in RX is incremented only by 1. After this 
increment operation has been carried out, the address stored in RX no

10 longer is odd, but even. As a consequence the control line 34 is raised, so 
that in response to the reception of the even address stored in RX via the 
address bus 62 again the least significant address bit becomes a “Don’t 
care” bit position, so that the X MEM outputs two data words at a time in 
the alternative second initialization interval. As a consequence in this

15 alternative case two initialization intervals are required as opposed to the 
first case considered here in which only one initialization interval is 
required before the main processing loop can be entered.

Whether the first or the second case is present can be determined according 
20 to the following table

LSB MODE

CASE 1 0
1

incremental (+) 
decremental (-)

CASE 2 0
1

decremental (-) 
incremental (+)

where the column LSB stands for the least significant bit of the address 
stored in RX and MODE for the addressing mode.

25
The logic of the above table can advantageously be implemented within 
control logic 32 by a XOR gate which is not shown in the drawing. If one 
input terminal of the XOR gate receives the logical value of the parameter 
MODE X and the other input terminal receives the least significant bit of 

30 the address which is stored in the RX, the resulting output of the XOR gate 
is logically 1 to indicate the first case and logically 0 in the second case.

/
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Thus, the output of such a XOR gate within control logic 32 can serve to 
determine which of the two cases mentioned above is present.

The same applies analogously for the Y MEM and the corresponding
5 programming of the address generation unit and issuing of control signals 

via control line 36 to the Y depending on whether the least significant bit of 
the address bus 63 is relevant or “Don’t care”. Also the control logic 32 can 
comprise an additional XOR gate which has MODE Y and the least 
significant address bit of the address stored in RY as input signals. Again

10 the output of this additional XOR gate is 1 in the first case and 0 in the 
second case as described above.

In 
r :

tn

If the first case is present, for both the X MEM and the Y MEM the total 
time period required for the initialization is just one initialization interval. 

15 If either for the X MEM or the Y MEM or for both the second case is 
present, an additional initialization interval is required as described above.

If the first case is present for the X MEM, the two data words which are 
outputted from X MEM in the same initialization interval are transferred 

20 via the data busses 64 and 66 , respectively, to the registers X0 and X0’. If 
the same applies for the Y MEM, correspondingly two output data words 
are transferred via the data busses 68 and 70 and stored in the registers Y0 
and Y0’.

25 If, however, the case 2 is present for the Y MEM, only one data word is 
outputted in the first initialization interval from Y MEM. In the 
consecutive second initialization interval two data words are outputted only 
one of which is to be stored in the register file 40. The other output data 
word is intercepted in the buffer 74 by control logic 32. The same applies

30 analogously if the second case is present for the X MEM, so that one of the 
data words which are outputted in the second initialization interval is 
intercepted by buffer 72 which is also controlled by the control logic 32.

After the initialization phase is completed, each register X0, X0’, Y0, Y0’ of 
35 the register file 40 carries one data word. Now the operation of the multiply 

accumulator 44 can start in the main processing loop. In the main 
processing loop the required digital signal processing operation is carried
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out by means of the multiplier accumulator 44. Typically, such digital 
signal processing operations are finite impulse response signal processing 
operations. When the main processing loop starts in the first processing 
interval, the data stored in registers XO and XO’ is transferred via the data 

5 lines 88 and 90 Respectively, to the multiplier 46. Likewise the data stored 
in registers Y0 and Y0’ are transferred via the data lines 92 and 94, 
respectively, to the multiplier 48. The output of the respective 
multiplications is transferred to adder-accumulator 50 in which the two 
outputs of the multipliers 46 and 48 as well as the value stored in the

10 accumulator are added and stored back into the accumulator. The presence 
of two multipliers 46 and 48 has the advantage that two multiplications can 
be carried out within the same time interval. After the completion of such 
two parallel multiplications another set of four data words is required to be 

fg transferred to the multipliers 46 and 48. This is accomplished by the control
15 logic 32: 

nJ
1 y If the case 1 was present in the initialization interval , each output
jb operation of two data words results in an increase of the addressed store in

RX by 2 , so that in the consecutive time interval the consecutive two data 
jX 20 words of the required sequence are outputted and stored in the appropriate
H registers of register file 40. If, however, the case 2 was present during the
'i? initialization interval, one of the required data words is already present in
vj the buffer 72 or 74 - depending on whether the second case was present for

the X MEM or the Y MEM. Carrying out the next processing cycle in the 
25 main loop, the data word stored in the buffer 72 or 74 is transferred to the 

register file 40 to be stored in the appropriate register. Also after the 
completion of the initialization interval in the second case, the value of 
CHANGE X or CHANGE Y has been set to 2, so that the value of the 
address stored in RX or RY is changed by 2 after each output operation. As 

30 a consequence one of the data words of the pair of data words outputted by 
the corresponding memory is transferred to the register file 40 and the 
other one stored as a replacement in the buffer 72 or 74 depending on which 
one of the memories X MEM or Y MEM the second case applies. Therefore, 
also in the second case one multiplication and accumulation operation can 

35 be carried out in the main processing loop with four operands due to this 
pipelined structure.
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As a result the throughput of the digital signal processor 12 is doubled as 
compared to a prior art signal processor having just one multiplication 
unit. This is accomplished by adding only a minimal number of hardware 
elements.

5
In the following, a digital processing operation according to formula (1) 

-------- —
If <7 (1) a= X(x[i].y[j]),

/ i=0...5J=1...6

10 is described by way of example, where x [i] refers to the data word stored in 
the X MEM on the address i and y [j] refers to data word stored in Y MEM 
on the address j . According to the formula (1), a total of six multiplications 
and summations has to be carried out in order to calculate the value of a.
In order to prepare the execution of the digital signal processing operation

15 according to formula (1) the digital signal processor 12 has to be initialized 
by the control logic 32. For this purpose the control logic 32 receives input 
commands from a user or from a program control at its input 92. By the 
instruction (il)

20 (il) move # 0,RX

the address i = 0 is moved to the register RX as a start address for the 
sequence of data words to be outputted from X MEM. Likewise the 
instruction (i2)

25
(12) move # 1, RY

causes the control logic 32 to move the address 1 into the register RY as a 
start address of the sequence of data words to be outputted from Y MEM.

30 The instruction (i3)

(13) clr a

causes the control logic 32 to issue a control signal via control line 42 to 
35 clear the value a, which is stored in the accumulator of the adder­

accumulator 50. Next the instruction (i4)
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(i4) move 2 x: (RX)+, XO y: (RY)+, YO

is received by the control logic 32 at its input 92. This instruction means 
that the data word being stored on the address of the register RX is to be

5 moved from the X MEM to the register XO. Further, as it is indicated by 
(RX) + the addressing mode is incrementing, so that the parameter MODE 
X is set to logically 1. Further, the fact that XO is part of the instruction (i4) 
indicates that the consecutive data word of the incremented starting 
address is to be moved to XO’. The same applies analogously for the part 

10 y: (RY)+, YO of the instruction i4 which relates to the data words in the Y 
MEM.

As the start address for the sequence of data words to be outputted from
X MEM in the register RX is even, the case 1 is present for X MEM, so that 

15 the least significant bits of the addresses outputted by address generation 
unit 28 via the address bus 62 is “Don’t care”. As a consequence - as 
described above in more detail - the two data words x[0] and x[l] are 
outputted concurrently from the X MEM via the data busses 64 and 66, 
respectively. The data word of the address 0 which is x[0] is stored in the 

20 register XO and the data word of the consecutive incremented address 1 
which is x[l] is stored in the register XO’ under control of the control logic 
32 via control line 38. This happens in the first initialization interval.

In parallel to the addressing, outputting and storing of the two first data 
25 words of the X MEM data sequence, the Y MEM is also accessed. Since the 

address stored in the register RY is 1, an odd address is the starting 
address of the Y MEM output sequence, so that the second case is present. 
This means that only the first data word of the Y MEM sequence can be 
addressed, outputted and stored in the register file during the first

30 initialization interval because the least significant bit position of the 
address stored in RY is relevant.

After the data word Y[l] has been outputted from the Y MEM the 
parameter CHANGE Y stored in the register 58 is set to be equal 1, so that 

35 the address stored in RY is incremented by 1. As a consequence in the 
following second initialization interval the two consecutive data words y[2] 
and y [3] are outputted. The address word y[2] is stored in the register YO’
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in the register file 40 - the data word y [1] has already been stored in the 
previous first initialization interval in the register Y0 as specified by the 
instruction i(4). Since at this time the data word y[3] is not yet needed, it is 
stored in the buffer 74 for usage in a consecutive processing interval.

5
After the buffering of the data word y [3], the second initialization interval is 
completed, so that the main processing loop can be started. The parameter 
CHANGE Y will also be set two 2 because in the following always two data 
words are to be outputted at a time from Y MEM:

10
The main processing loop can be started by the control logic 32 after an 
instruction (i5)

(i5) mac2 X0, Y0, a X: (RX)+, X) Y: (Y)+, Y0
15

has been received. According to the instruction i(5), the data words of the 
registers X0 and Y0 have to be multiplied and accumulated as well as the 
data words stored in registers X0’ and Y0’. The corresponding 
multiplications are carried out by multipliers 46 and 48, and the

20 accumulation by the adder-accumulator 50. Further, the instruction i(5) 
specifies that after each processing step the address stored in register RX 
has to be incremented by 2 as well as the address stored in register RY. 
This is made clear by the symbols (RX) + and (RY) +, respectively, 
instruction i(5). Also it is specified that the first data word having the lower

25 address is stored in the register X0 and Y0, respectively, and the higher 
order address data word in the registers X0’ and Y0’, respectively. If 
instead of the “+” - sign a -sign would be present, this would have the 
opposite meaning.

30 When the instruction i(5) is carried out the first time by the multiply 
accumulator 44, the following over all calculation is performed:

a:= a + x[0] * y[l] + x[l] * y[2]

35 This means that in one processing interval two consecutive data words of 
both the X and the Y MEM sequence are processed. Since at this stage both 
parameters CHANGE X and CHANGE Y have been set to be equal 2, in the
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next processing step the next pair of two data words of each sequence is 
processed - in other words :

a:= a + x[2] * y[3] + x[3] *y[4].

After a further increase of both the addresses stored in RX and RY, the 
next processing interval already yields the final result for a:

a: = a + x[4] * y[5] + x[5] * y[6].

Since the case 1 is present for the X MEM (the X start address is odd), all 
the data words from X MEM are directly transferred to the register file 40. 
As opposed to this, the data words y[3] and y[5] are sequentially buffered in 
the buffer 74 prior to their transfer to register file 40.

In the following with reference to Fig. 2 one embodiment of the method of 
the invention is described in greater detail.:

In step 100 digital samples are stored in the X and Y Memory. In step 102 
the processing of the samples stored in the X Memory is initialized; 
likewise the processing of the samples stored in the Y Memory is initialized 
in step 104. In the following the initialization processing is only explained 
in detail with respect to the samples stored in the X Memory, but not for the 
Y samples, since both processes carried out in step 102 and step 104 in 
parallel are analogous.

For the initialization first the start address of the sequence of data words to 
be outputted is moved into the register RX of the address generation unit 
(AGU). This is done in step 106. In step 108 the address mode for the X 
Memory is set to be either incrementing or decrementing depending on 
whether the output sequence starts on top or on the bottom of the address 
range.

In step 110 it is checked whether the start address of the sequence to be 
outputted from the X Memory is even. If the address stored in the RX 
register is even, this means that the least significant bit of this address is
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“Don’t care”. When the X Memory is accessed by an even start address in 
step 110, this results in an output of two data words from the X Memory 
having the same address bits except the least significant address bit.

5 If the start address stored in the register RX is odd, this means that case 2 
is present, since at the same time the address mode is incrementing. This 
means that the least significant bit of the start address is relevant, so that 
only a data word of the start address stored in RX is outputted from the X 
Memory in step 114. In step 116 the address stored in RX is incremented by 

10 1, so that an even address stored in RX results. As a consequence the least
significant bit of the new address stored in RX becomes “Don’t care”. As a 
consequence in the next initialization step 118 the memory outputs the next 
two consecutive data words of the output sequence from the X Memory 
whereby the two data words have an address which differs only in the least

15 significant bit from each other. Since the data word having the higher 
address is not yet required at this stage, it is buffered in step 120 for later 
use. In step 122 the address stored in the register RX is incremented by 2 
according to the selected incrementing address mode irrespective of 
whether case 1 or case 2 is present.

20
After the initialization phase two data words from the output sequence of 
the X Memory as well as from the Y Memory are available for processing. 
As a consequence the main processing 124 is started. In step 126 the 
available X and Y Memory output data is accessed from the register file

25 and processed according to the required digital signal processing 
operation. At the same time two consecutive data words in the required 
output sequence from the X Memory are addressed and outputted from the 
X Memory. If the case 1 is present, this is done in step 130 by getting two 
more data words from the X Memory whereby the two more data words

30 have an address which differs only in its least significant bit.

If the case 2 is present the lower order address data word is fetched from 
the buffer and the higher order data word from X Memory, the further data 
word which is also outputted from the X Memory at the same time and

35 which has an address which is incremented by 1 with respect to the higher 
order data word is buffered to replace the previous lower order address data 
word. This is done in step 132. In step 134, the address stored in the register

/ ; '

I
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RX is incremented by 2 again, according to the applicable addressing mode. 
The operations carried out in step 128 are carried out the same way for the 
Y Memory in step 136. Step 136 is carried out in parallel to the steps 126 
and 128. After the steps 126, 128, and 136 have been carried out, a further

5 iteration 138 of the main loop is initiated so that the step 124 is repeated for a 
number of times required to complete the digital signal processing 
operation as specified.

Typically the initialization intervals as well as the processing intervals
10 referred to above are carried out in one machine cycle only. If a pipelined 

implementation is chosen, this means that in each machine cycle two 
accumulate-multiply operations can be carried out.
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LuC ClaimD

1. A method for carrying out a digital signal processing operation, said
5 operation requiring consecutive data words for each processing interval, 

said data words being stored in a memory device, said method comprising 
the steps of:

in a first initialization interval:
10

- addressing a first data word by a first address, said first data word having 
a consecutive second data word having a second address;

- in a case 1: if said second address differs only in its least significant bit
15 from said first data address,

outputting said first and second data words from said memory device; 
storing said first and second data words in a register file;

20 - in a case 2: if said case 1 is not present,

outputting said first data word; storing said first data word in said register 
file; changing said first address by one;

25 in a second initialization interval:

addressing said second data word by said changed first address; 
outputting said second data word and a consecutive third data word; 
storing said second data word in said register file and storing said 
third data word in a buffer register;30
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in a first processing interval:

accessing said data words stored in said register file for carrying out a 
digital signal processing step;

changing said first address by two;

addressing two further consecutive data words by said changed first 
address;

in said case 1:
storing said further consecutive data words in said register file;

in said case 2:
storing said data word of said buffer register in said register file;
storing one of said further consecutive data words in said register file;
storing the other one of said further consecutive data words in said buffer;

carrying out as many of said processing intervals as required to complete 
said digital signal processing operation.
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2. The method according to claim 1 said digital signal processing operation 
requiring at least two sequences of said consecutive data words, said data 
words of different sequences being stored in memory devices which are

5 separately addressable, said method being carried out for each of said 
sequences, whereby said register file is a common file for all data words.

3. The method according to claim 2 said digital signal processing step being 
a multiply accumulate processing step.

10
4. The method according to claim 1 whereby either a decrementing or 
incrementing address mode is used, said method further comprising the 
step of XORing said address mode and the least significant bit of said first 
address in order to determine said case 2.

15
5. A digital signal processor comprising

a digital signal processing core;

20 a memory device for storing a sequence of consecutive data words;

an address generation unit for generating addresses for said memory 
device;

25 an output buffer register for said memory devices;

a register file coupled to said memory device, to said output buffer register 
and to said digital signal processing core;

30 a control logic coupled to said memory device, to said address generation 
unit, to said digital signal processing core and to said output buffer 
register, said control logic being adapted to control input/output operations 
for said data words into/from said register file according to the following 
control scheme:
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in a first initialization interval:

for a first address of a first data word of said sequence which is generated
5 by said address generation unit, said first data word having a consecutive 

second data word of a second address:

- in a case 1: if said second address differs only in its least significant bit 
from said first data address,

10
causing said memory device to output said first and second data words; 
inputting said first and second data words into said register file;

- in a case 2: if said case 1 is not present,
15

causing said memory device to output said first data word; inputting said 
first data word into said register file; causing said address generation unit 
to change said first address by one;

20 in a second initialization interval:

causing said address generation unit to address said second data 
word by said changed first address; causing said memory device to 
output said second data word and a consecutive third data word;

25 inputting said second data word into said register file and storing
said third data word in a buffer register;

in a first processing interval:

30 causing said register file to output said data words to said digital signal 
processing core for carrying out a digital signal processing step;

causing the address generation unit to change said first address by two;

35 causing said addressing unit to address two further consecutive data words 
by said changed first address;
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in said case 1:
inputting said further consecutive data words into said register file;

in said case 2:
5 inputting said data word of said buffer register into said register file; 

inputting one of said further consecutive data words into said register file; 
storing the other one of said further consecutive data words in said buffer;

carrying out as many of said processing intervals as required to complete 
10 said digital signal processing operation.

6. The digital signal processor according to claim 5 said digital signal 
processing core being adapted to process at least two sequences of 
consecutive data words at a time, said digital signal processor further

15 comprising one of said memory devices for each said sequence of 
consecutive data words, said register file being adapted to receive data 
words originating from any of said memory devices under control of said 
control logic according to said control scheme applied to each one of said 
memory devices.

20
7. The digital signal processor according to claim 6 having two of said

 memory devices, said digital signal processing core comprising two 
multipliers being coupled to said register file, each of said multipliers 
receiving two data words per processing interval from said register file.

25
8. The digital signal processor according to claim 5 whereby said control 
logic causes said address generation unit to operate either in a 
decrementing or incrementing address mode, said control logic further 
comprising a XOR logic gate having said address mode and the least

30 significant bit of said first address as inputs, an output signal of said XOR 
gate determining whether said case 1 or said case 2 is present.
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9. A communication device comprising sender and/or receiver means to 
send and/or receive a signal and a signal processor for digitally processing 
said signal, said signal processor comprising

5
a digital signal processing core;

a memory device for storing a sequence of consecutive data words being 
representative of said signal;

10
an address generation unit for generating addresses for said memory 
device;

an output buffer register for said memory devices;
15

a register file coupled to said memory device, to said output buffer register 
and to said digital signal processing core;

a control logic coupled to said memory device, to said address generation
20 unit, to said digital signal processing core and to said output buffer 

register, said control logic being adapted to control input/output operations 
for said data words into/from said register file according to the following 
control scheme:

25 in a first initialization interval:

for a first address of a first data word of said sequence which is generated 
by said address generation unit, said first data word having a consecutive 
second data word of a second address:

30
- in a case 1: if said second address differs only in its least significant bit 
from said first data address,

causing said memory device to output said first and second data words;
35 inputting said first and second data words into said register file;

- in a case 2: if said case 1 is not present,
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causing said memory device to output said first data word; inputting said 
first data word into said register file; causing said address generation unit 
to change said first address by one;

5
in a second initialization interval:

causing said address generation unit to address said second data 
word by said changed first address; causing said memory device to

10 output said second data word and a consecutive third data word;
inputting said second data word into said register file and storing 
said third data word in a buffer register;

rg in a first processing interval:
15

fll causing said register file to output said data words to said digital signal
lU processing core for carrying out a digital signal processing step;
W

causing the address generation unit to change said first address by two;
g 20

causing said addressing unit to address two further consecutive data words 
=0 by said changed first address;
LU

in said case 1:
25 inputting said further consecutive data words into said register file;

in said case 2:
inputting said data word of said buffer register into said register file;
inputting one of said further consecutive data words into said register file;

30 storing the other one of said further consecutive data words in said buffer;

carrying out as many of said processing intervals as required to complete 
said digital signal processing operation.

35
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10. A digital audio device comprising means for recording and/or 
reproducing an audio signal and a signal processor for digitally processing 
said signal, said signal processor comprising

a digital signal processing core;

a memory device for storing a sequence of consecutive data words being 
representative of said signal;

an address generation unit for generating addresses for said memory 
device;

an output buffer register for said memory devices;

a register file coupled to said memory device, to said output buffer register 
and to said digital signal processing core;

a control logic coupled to said memory device, to said address generation 
unit, to said digital signal processing core and to said output buffer 
register, said control logic being adapted to control input/output operations 
for said data words into/from said register file according to the following 
control scheme:

in a first initialization interval:

for a first address of a first data word of said sequence which is generated 
by said address generation unit, said first data word having a consecutive 
second data word of a second address:

- in a case 1: if said second address differs only in its least significant bit 
from said first data address,

causing said memory device to output said first and second data words; 
inputting said first and second data words into said register file;

- in a case 2: if said case 1 is not present,

s'* !'
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causing said memory device to output said first data word; inputting said 
first data word into said register file; causing said address generation unit 
to change said first address by one;

in a second initialization interval:

causing said address generation unit to address said second data 
word by said changed first address; causing said memory device to 
output said second data word and a consecutive third data word;
inputting said second data word into said register file and storing 
said third data word in a buffer register;

in a first processing interval:

causing said register file to output said data words to said digital signal 
processing core for carrying out a digital signal processing step;

causing the address generation unit to change said first address by two;

causing said addressing unit to address two further consecutive data words 
by said changed first address;

in said case 1:
inputting said further consecutive data words into said register file;

in said case 2:
inputting said data word of said buffer register into said register file;
inputting one of said further consecutive data words into said register file; 
storing the other one of said further consecutive data words in said buffer;

carrying out as many of said processing intervals as required to complete 
said digital signal processing operation.
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A Method for Digital Signal Processing, DSP, Mobile Communication and 
Audio-Device

Abstract of the Disclosure5

The invention relates to a digital signal processor in which two multiply 
accumulate operations are carried out in one machine cycle. Only one 
address generation unit is required for addressing two data words of both

10 the X and Y memories, since in the main processing loop the least 
significant address bit is considered as “Don’t care” , so that an access 
operation to the memory results in two output data words at a time.
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[57] ABSTRACT
A microcomputer includes a main memory system 
which is accessed, substantially independently, by the 
CPU and a subsystem, for example a video display sub­
system. The memory system comprises a base memory 
and an optical add on expansion memory. When only 
the base memory is installed, consecutive locations have 
consecutively numbered addresses, and both the CPU 
and subsystem access individual locations. When both 
memories are installed, one has even numbered ad­
dresses and the other odd numbered addresses. With 
both memories installed, the CPU still accesses individ­
ual locations, but the subsystem addresses even ad­
dresses to obtain, for each access, data from the even 
address and the next higher odd address, thereby ac­
cessing a location in both memories. Thus the memory 
bandwidth for the subsystem is effectively doubled 
when the expansion memory is installed.
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MEMORY ACCESS SYSTEM FOR A COMPUTER 
SYSTEM ADAPTED TO ACCEPT A MEMORY 

EXPANSION MODULE

DESCRIPTION
1. Technical Field
The present invention relates to a memory access 

system for a computer system of the type which is ar­
ranged to accept a memory expansion module to in­
crease its total memory capacity.

2. Background Art
The great majority of microcomputers ax present 

marketed allow for main memory expansion by adding 
memory modules. The IT Home Computer, produced 
by Texas Instruments Corporation, starts with a main 
memory capacity of 16K bytes which can be expanded 
up to 52K bytes by adding expansion memory cards. 
The Olivetti M20 microcomputer has a basic 128K byte 
R.A.M. which can be expanded by a single expansion 
board to 512K bytes, and the VIC 20 machine, mar­
keted by Commodore Business Machines Corporation 
has a basic memory of 5K bytes, which is expanded in 
steps up to 32K bytes. In these, as in all prior systems of 
which we have knowledge, this memory expansion 
does not require substantial revision of the memory 
addressing arrangements. All that happens is that the 
memory addresses for the added memory are added on 
top of the addresses for the base memory. Thus, if the 
base memory is of 128K bytes, then, with an expansion 
memory of 128K bytes, the base memory provides the 
addresses up to 128K and the expansion memory pro­
vides the addresses up from 128K to 512K. For this to 
happen, of course, the addressing scheme must allow 
for the extra address bit required for the expanded mem­
ory.

In microcomputer systems, and especially those em­
ploying a limited amount of memory, certain functions 
are limited by the bandwidth of the memory. The band­
width is determined by the operational speed of the 
memory and the size of each location therein. The loca­
tion size is determined by bus width of the system and 
the microprocessor data width. Most microcomputers 
use an 8 bit bus system which limits the memory loca­
tion size to 8 bits. This limited bandwidth restricts the 
operation of some subsystems which access the memory 
system without direct CPU intervention. One such 
subsystem is a video subsystem for driving a CRT dis­
play. This operates essentially independently of the 
CPU to retrieve data from the memory system for dis­
play. In a microcomputer which shares its memory 
between CPU and video operations, the CPU accesses 
the memory in cycles between the video system cycles. 
With the requirement to share the memory with the 
CPU, and with 8 bit storage accesses, the video band­
width can be severely limited, thereby limiting the dis­
play definition.

It is therefore, an object of the invention to provide, 
in a microcomputer system, a memory access system 
which, when an expansion memory is added to the base 
memory, automatically increases the memory band­
width for a subsystem using the memory. In the embodi­
ment of the invention to be described in detail hereinaf­

2
ter, the subsystem is a video subsystem. It is, however, 
contemplated that other subsystems, such as communi­
cations subsystems, could employ the inventive features 
to advantage.

DISCLOSURE OF THE INVENTION
The present invention provides a memory access 

system for a microcomputer which is adapted to accept 
a memory expansion module. The microcomputer in­
cludes a subsystem which accesses the system memory 
substantially independently of CPU accesses. When an 
expansion module is fitted, the memory access system 
defines addresses in one of the base or expansion memo­
ries as even address and in the other as odd addresses. 
Thea, the CPU accesses both memories by individual 
location therein, but the subsystem addresses a single 
address from which an even location from one memory 
and an adjacent odd location from the other memory 
are fetched.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a microcomputer system 

showing the base memory and its access circuits and 
elements of its video subsystem together with details of 
a memory expansion module.

FIG. 2 is a waveform diagram showing signals occur­
ring in the FIG. 1 system without the expansion module 
and with the video subsystem operating in an alpha­
meric mode.

FIG. 3 is a waveform diagram showing signals occur­
ring in the FIG. 1 system without the expansion module 
and with the video subsystem operating in a graphics 
mode.

FIG. 4 shows the arrangement of the base memory in 
the FIG. 1 system when the expansion module is not 
fitted.

FIG. 5 shows the arrangement of both the base and 
expansion memories when the expansion module is fit­
ted.

FIG. 6 is a waveform diagram showing signals occur­
ring in the FIG. 1 system when the expansion module is 
lilted.

FIG. 1 is a block diagram of the memory and video 
circuits of a microcomputer. A broken line 10 indicates 
an interface betvreen the base circuits of the microcom­
puter, positioned to the left of line 10, and an expansion 
memory module, positioned to the right of line 10. Ini­
tially, we will consider the construction and operation 
of the base system, and thereafter the base system to­
gether with the expansion module will be discussed. 
Turning now to the base system, this comprises a CRT 
controller 11, which may be of the type MC6845 manu­
factured by Motorola Inc. This, is as is well known, 
provides memory addresses and raster timings to dis­
play images on a CRT display. A video array 12 is 
coupled to the CRT controller 11 and to a CRT display 
13. Array 12 is responsive to control signals from con­
troller 11 and data signals (MDO-MD7) on a data bus 
14 to develop the drive signals for the CRT display 13. 
In addition it generates various control signals for the 
system. These include a memory chip select signal
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(MEM CS) on line 15, a character latch signal (CHAR 
LATCH) on line 16, a signal CPU LATCH on line 17, 
an attribute latch signal (ATR LATCH) on line 18, a 
GATE signal on line 19, an ALPHA signal on line 20 5 
and a CPU CYCLE signal on line 21. These signals will 
be discussed in more detail later. A dynamic random 
access memory 22 is addressed either from controller 11 
or CPU input addresses through a group of multiplexers 
23 through 25. Memory 22 is coupled to receive data 10 
from the CPU on a bus 26 and to develop output data on 
a bus 27. Video data may be held in the memory as 
alphanumeric character data for conversion to display 
data, or directly as graphics display data, in which digits 15 
in the memory directly represent display elements. 
These modes of operation will hereinafter be called 
alpha (representing alphanumeric) and graphics modes 
respectively. Note the (EN) inputs to the latch circuits 
28, 30, 31, 32, 43 and 44, and (CS) inputs to memories 
22, 42 are responsive to low input signals.

In the alpha mode, data on bus 27 is applied through 
a latch circuit 28 to a character generator 29, for exam­
ple, a read-only memory, which, in response to this data 25 
and CRT line scan signals (not shown) develops the 
display data for the respective scan lines of characters 
to be displayed. These signals are applied through a 
further latch circuit 30 to the data input bus 14 to video 3() 
array 12. Latch circuits 28 and 30 are controlled by the 
CHAR LATCH signals over line 16 from video array 
10. In addition attribute data from memory 22 is applied 
over bus 27 to a latch circuit 31, controlled by an ATR 
LATCH signal on line 18. The video array 12 includes 35 
a color palette system, the principle of which was de­
scribed in an article by Peter B Denes entitled ‘Com­
puter Graphics In Color* which appeared in the Bell 
Laboratories Record, May 1974, at pages 139 through 4g 
146. Essentially, this comprises a plurality of CPU load­
able registers which are addressed by the video data 
from memory 22. Each register stores data bits to pro­
vide a set of CRT color drive signals representing one 
color. The input video data addresses different ones of 45 
these registers to provide the required sequence of color 
drive signals from display. In the present system in the 
alpha mode, a byte of attribute data from latch 31 is 
applied to a multiplexer in the video array 12. Thereaf- 50 
ter, a byte of character data from latch 30 is serialized in 
the video array 30. The serialized bits are then applied 
to control the multiplexer to provide either the upper or 
the lower four bits of the attribute byte therein to ad- 
dress the color palette registers to provide, for each bit 
of character data, a set of four CRT drive signals, repre­
senting three colors and an intensity.

In the graphics mode, the character generator 29 is, 
of course, not used. Consequently, the CHAR LATCH 60 
output on line 16 is not used, and latch circuit 30 is 
disabled by an output (high) from NAND gate 35. In­
stead, the ATR LATCH signals on line 18 and an en­
able signal (low) from a NAND gate 36 cause succes- 
sive bytes from the memory, representing video data, to 
pass from latch 31 to video array 12 over bus 14. These 
successive bytes are combined in video array 12 to

address the color palette system to produce video drive 
signals for the CRT display 13.

Lastly, memory 22 is used not only as a video mem­
ory, but also the base memory for the C.P.U. In some 
video display operations and all other operations data is 
transferred from this memory back to the CPU. This is 
done through a latch circuit 32 in response to CPU 
LATCH signals from line 17 of the video array 12 and 
an enable signal from NAND gate 37. With this config­
uration, data from the memory passes through latch 32 
to the CPU data bus (CPU D0-D7) 26.

FIGS. 2 and 3 show the waveforms of some of the 
signals generated in the system, without the memory 
expansion module fitted, for the alpha and the graphics 
modes respectively.

Referring firstly to FIG. 2, this shows the alpha 
mode. The first waveform is the memory row address 
strobe (RAS) signal. This, together with the column 
address strobe signals, times the addressing of dynamic 
random access stores. For simplicity these signals are 
not shown in FIG. 1, but they are generated by the gate 
array. The RAS signal is shown in FIG. 2 to indicate 
the timing of the memory read/write for CPU data and 
read for the CRT display data. It will be noted that 
there are two CRT memory cycles for each CPU cycle. 
The second waveform indicates the periods in which 
the CPU has access to the memory and those in which 
the CRT signals are derived. In the third line, the 
CHAR LATCH signal is shown indicating that in the 
first CRT memory cycle a character byte is read from 
the memory. The fourth line similarly shows that the 
ATR LATCH signal causes an attribute byte to be read 
in the second CRT memory cycle. The CPU LATCH 
signal in the fifth line shows the timing of CPU access to 
the memory. Lastly the bottom line shows the GATE 
signal from video array 12 which is used, together with 
the alpha signal, to provide the latch 30 enable input 
(low) from NAND circuit 35, and also latch 31 enable 
input (low) from NAND circuit 36. The GATE signal 
enables latch 30 when reading character data into the 
video array and enables latch 31 when reading attri­
butes into the video array.

In the graphics mode, the signals are as shown in 
FIG. 3. Here, the RAS, CRT/CPU and CPU LATCH 
waveforms are the same as in FIG. 2. Now, however, 
the ATR LATCH on the third line, operates latch cir­
cuit 31 for both of the CRT memory cycles. The gate 
output from video array 12 shown at the bottom line 
changes, but this now hits no effect on the operation 
since the ALPHA signal on line 20 is now forcing 
NAND circuit 35 high which does not generate an 
enable signal for latch 30. Latch 31 is always enabled 
since NAND circuit 36 is low.

FIG. 4 shows the memory addressing arrangement 
for memory 22 when the memory expansion module is 
not mounted, lire memory has a capacity of 64K bytes 
which have consecutively numbered addresses, ex­
pressed in FIG. 4 in hexadecimal form, from 0000 to 
FFFF. A portion of the memory, including four loca­
tions 8000 through 8003, contains the video data. Adja­
cent locations of the video memory store character
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(either alpha or graphics) bytes and attribute bytes as 
shown. This memory requires sixteen address bits (AO 
through AIS) for the 64K address locations.

In order to expand the memory to 128K bytes by 
adding an expansion module, the normal arrangement 
employed is to address the base memory in the same 
way as shown in FIG. 4, and to add the further ad­
dresses provided by the expansion module on top of the 
addresses in the base memory. Thus, the base memory pj 
addresses would go from 0000 through FFFF and the 
expansion module addresses from 10000 through 
1FFFF.

FIG. 5 shows a novel addressing scheme for the two 
memories in accordance with the invention. In this 
arrangement, memory 22 contains all the even addresses 
from 00000 through 1FFFE, and the expansionmemory 
(42, FIG. 1) contains all the odd addresses from 00001 
through 1FFFF. In the area of the memories used for 2fl 
video data, of which addresses 8000 through 8007 are 
shown, the character bytes (either alphanumeric .or 
graphics) are still held in even address locations and the 
associated attribute bytes are still held in adjacent odd 
address locations. Thus, memory addressing for the 25 
video data follows the same pattern as that when only 
the base memory is used.- This arrangement has the 
great advantage that video bandwidth can be doubled. 
Video bandwidth is determined by the speed of the 
memories and the size of each memory location. In the 
arrangement described above, using only memory 22, 
the memory cycles are grouped in threes, one for the 
CPU and two for the CRT. A typical time for these 
operations is Lip secs, for the three cycles. In these 35 
cycles, the CPU accesses one location, and a character 
byte and an attribute byte are retrieved for the CRT. 
Now, when the memory is expanded as shown in FIG. 
5, if, for the video data we regard the lowest order bit as 
a ‘don’t care’ bit, then from each set of address bits we 
retrieve both a character and an attribute byte. This 
means that in the Lip secs., we can now fetch two 
character bytes and two attribute bytes for the CRT in 
addition to the single byte access for an 8 bit micro- 45 
processor CPU. Thus, the CRT system can provide a 
considerably higher definition display including more 
alphanumeric or graphics information.

Turning back again to FIG. L we will now assume 
that the memory expansion module is coupled to the 50 
microcomputer. This adds memory 42, and latch cir­
cuits 43 and 44 to the system. Latch circuit 43 couples 
the data output bus of memory 42 to the CPU data bus 
26, and therefore equates to latch circuit 32 in the base 55 
system. Latch circuit 44 couples the data output bus of 
memory 42 to the video array data bus 14 and accord­
ingly equates to latch 31 in the base system.

Looking now at the addressing scheme, we have 
128K bytes of memory which require 17 address bits AO 60 
through A16 to access all of them. However, as all of 
the even addresses are in the base memory 22 and the 
odd addresses are in memory 42, all the lowest order bit, 
A0, does is to select one of the memories. In other 65 
words, if A0 is ‘O’, then memory 22 is selected and if it 
is ‘1’ than memory 42 is selected. Now, if we add the 
highest order bit A16 to bits Al through A15, each 

6
memory is again addressed by 16 bits. This is achieved 
for the CRT addresses by multiplexer 23, and for CPU 
addresses by multiplexer 24. Each of these multiplexers 
receives a control input from line 38. When the expan­
sion memory module is plugged in, this line is automati­
cally reduced from a high state to a low state as it is 
earthed at the expansion module end. Multiplexer 23 
receives address bits A0 and A16 from the CRT con­
troller and, when line 38 is high, passes AO and when 
this line is low, passes A16. Accordingly, when the 
expansion module is mounted, the input to multiplexer 
25 from the CRT controller comprises addresses Al 
through A15 from the lower address output of control­
ler 11, and A16 from multiplexer 23. Multiplexer 24 
operates in a similar manner to multiplexer 23, only for 
the CPU addresses. It receives the CPU AO and A16 
addresses and, when the memory expansion module is 
fitted, passes the A16 address to multiplexer 25, which 
also receives the CPU Al through A15 addresses. Mul­
tiplexer 25 is responsive to a CRT/CPU signal, shown 
in FIGS. 2, 3 and 6, to pass either the CRT or the CPU 
address to memory 22 when only this memory is present 
or to both memories when the expansion module is 
fitted through the MA1-MA16 link. This leaves the 
selection of the memories for odd and even addresses by 
the A0 address bit, which is achieved by controlling the 
chip select (CS) inputs to the memories from a memory 
chip select (MEM CS) output from the video array. The 
CS input of memory 22 is driven from a NAND gate 39 
which, in the absence of the expansion module, has one 
input, on a DISABLE ECS line, always high. Thus 
with no expansion module, the input to the GS input is 
the inverse of the MEM CS output. This output goes 
high for each memory access time, givin9 a low input to 
the memory CS to enable the memory. With both mem­
ories installed, what is required is to select both memo­
ries for each CRT access and either one or the other, in 
accordance with the value of the A0 bit, for each CPU 
access.

Taking the CRT addressing first, the memory 22 CS 
input is fed from NAND gate 39, as before, and the 
memory 42 CS input is fed from a NAND gate 45. Doth 
have one input coupled to receive the MEM CS output 
of the video array 12. For the CRT accesses, the second 
inputs of each must be high. The second input to 
NAND gate 39 comes from a NAND gate 46. With no 
CPU CYCLE input to tins module from the video ar­
ray, the output of NAND gate 46 is high. The second 
input to NAND gate 45 is delivered from a NAND gate 
47. This, with no input from the CPU CYCLE line, also 
provides a high output Thus, for CRT accesses, the CS 
inputs to both memories are raised to enable the memo­
ries together.

For CPU accesses, the CPU CYCLE input to the 
expansion module from the video array 12 is high. 
Therefore, for a CPU AO input to NAND gate 46 of‘T 
during a CPU cycle, the output from NAND gate 46 
goes low, thereby disabling memory 22 through 
NAND gate 39. The CPU A0 line passes through an 
inverter 48, so this input is low, giving a high output to 
enable memory 42 through NAND gate 45. Clearly,
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when the CPU AO line carries a ‘0’ bit, this situation is 
reversed, so that memory 22 is enabled and memory 42 
disabled.

Data to be written into the memories is applied from $ 
the CPU over the CPU D0-D7 lines. When the expan­
sion module is not present, the DISABLE ECS line to 
NAND gate 39 is always high, so when the MEM CS 
line 15 is raised, the memory 22 can be written into the 
location addressed, through multiplexors 24 and 25, by 10 
the CPU A0-A15 signals. When the expansion module 
is fitted, and the CPU wishes to write to an even loca­
tion, the DISABLE ECS line is forced high as the CPU 
AO line to NAND gate 46 is low allowing the write to 15 
occur in memory 22. At this time, the inverted AO sig­
nal from inverter 48 forces NAND gate 47 output high 
to force the output of NAND gate 45 low. Thus, mem­
ory 42 is disabled and can not be overwritten. When theJ 20
CPU wishes to write to an odd location, the CPU AO 
line is high, so memory 42 is selected from NAND gate 
45 and memory 22 is disabled thereby preventing des­
truction of its data.

Data read from memories 22 and 42 for the CPU 25 
passes through either latch circuit 32 from memory 22 
or latch circuit 43 from memory 42. Latch circuit 32 is 
enabled from the output of a NAND gate 37. Without 
the expansion module, the lower input of this gate is jq 
always high, so gate 37 enables latch circuit 32 in re­
sponse to a signal on the VIDEO MEMR line resulting 
from a negative CPU memory read signal and negative 
memory address signal applied to a NOR gate 33 from 
the CPU. With the expansion memory in place, the 35 
NOR gate 33 output on the VIDEO MEMR line is 
applied to both NAND gates 37 and 49. The other 
inputs to these NAND gates come from the CPU AO 
line and the output of inverter 48, through the - DIS- 49 
ABLE E DATA line respectively. Consequently, when 
die CPU AO line carries a ‘1’ bit, latch circuit 43 is 
enabled through NAND gate 49, and latch circuit 32 is 
disabled through NAND gate 37. When the CPU AO 
line carries 3 "O' bit, latch circuit 32 is then enabled 45 
through NAND gate 37 and latch circuit 43 disabled 
through NAND gate 49. Thus, data is read from either 
of these latches to the CPU D0-D7 line.

For the CRT data, as has been mentioned above, the 50 
memories are accessed together so that character data, 
alpha or graphics, is retrieved from memory 22, and 
attribute data from memory 42 The character data is 
latched into latch circuits 28 and 31 for both alpha and J5 
graphics data. This is because, as can be seen at the third 
and fourth lines of FIG. 6, the CHAR. LATCH and 
ATR. LATCH signals from video array 12 now coin­
cide The attribute data from memory 44 is latched into 
latch circuit 44 which is also clocked by the ATR 60 
LATCH data from video array 12. Data from latch 
circuit 28 is passed to the character generator 29, as 
before, and the character line data from the generator is 
latched into latch circuit 30. Each of these latch circuits 
is read out by means of a low signal applied to its enable 
input. The GATE signal from video array 22 on line 20, 
shown at the bottom line of FIG. 6, controls the read
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out of firstly latch circuit 30 or 31 and then latch circuit 
44.

In the alphanumeric mode, the ALPHA signal on line 
20 from the video array 22 is high. Accordingly, when 
the GATE signal is high, the output of NAND circuit 
35 is low, enabling latch circuit 30 to output its data to 
the MDD-MD7 bus into the video array. When the 
GATE signal subsequently goes low, latch circuit 44 is 
enabled to deliver its data to the MD0-MD7 bus and, as 
the output of NAND gate 35 is now high, latch circuit 
30 is disabled. During this time NAND gate 36, which 
receives the GATE signal, fed back from the expansion 
module on a -LGG line, together with the output of 
NAND gate 35, never provides a low output, so latch 
circuit 31 remains disabled. Thus, a character byte is 
read from latch circuit 30 followed by an attribute byte 
from latch 44 lor each CRT cycle.

In the graphics mode, the ALPHA signal is low. 
Accordingly, the output of NAND gate 35 is always 
high, so latch 30 is never enabled. When the GATE 
signal is high, this signal, returned from the expansion 
module on the -LGG line, together with the high out­
put from NAND gate 35, provide a low output from 
NAND gate 36. This enables latch circuit 31 to read out 
its graphics character data to the MD0-MD7 bus. 
Thereafter, when the GATE signal goes low, latch 
circuit 31 is disabled and latch circuit 44 enabled to 
provide the corresponding attribute data.

In summary, what has been shown is, in a microcom­
puter system, a memory access arrangement which, 
when an expansion memory is added treats the main 
memory locations as the even addresses and the expan­
sion memory locations as the odd addresses. The mi­
crocomputer system includes a video subsystem which 
accesses the memory in cycles between CPU access 
cycles. When the expansion memory is added, the video 
subsystem, in each of its access cycles, addresses the 
memory to retrieve data from both an even and an 
adjacent odd address, thereby doubling the data rate for 
each of these cycles. This allows higher definition dis­
plays.

It is, of course, clear that other subsystems, for exam­
ple communications subsystems, which require access 
to memory substantially independently of the CPU, 
may with advantage use the increased memory band­
width provided by the invention. In the embodiment 
described above, for each three operating cycles, one 
was used by the CPU and two by the video system to 
enhance display definition. Equally well, these three 
cycles could be used by the CPU, the video subsystem 
and a communications subsystem respectively. Thus, 
with the expansion memory installed, the video subsys­
tem would have the same bandwidth as if it used two of 
the three cycles with single byte transfer and in addition 
the communications subsystem has its own cycle with 
the double byte access rate.

While the invention has been particularly shown and 
described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various other changes in form and detail may be
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made without departing from the spirit and scope of the 
invention.

I claim:
1. A computer system comprising: -
(a) a central processor unit (CPU) having a parallel

n-pl bit memory address output comprising bits 
A(0) through A(n), of which bits A(0) and A(n) are 
respectively the lowest and highest order bits, and 
n is an integer; io

(b) a processing subsystem (PS) having a parallel 
n+1 bit memory address output comprising bits 
A(0) through A(n), of which bits A(0) and A(n) are 
respectively the lowest and highest order bits;

a memory address logic system (MALS) having logic 15 
inputs, and address inputs coupled to said memory 
address outputs of the CPU and the PS, and having 
an n bit memory address output;

(d) a base memory having 2" locations and an n bit 
address input coupled to tile memory address out- 20 
put of said MALS;

(e) a memory expansion module (MEM) comprising
an expansion memory having 2" locations and an n 
bit address input, and a control system having con­
trol outputs; 25

(f) coupling means for removably coupling said 
MEM to said MALS, including means for remov­
ably coupling said address input of the expansion 
memory to the memory address output of said 
MALS, and for removably coupling the control 3 
outputs of said control system to the logic inputs of 
said MALS;

(g) said MALS being switched from a first condition 
to a second condition on connection of the control 35 
outputs of the control system of said MEM 
through said coupling means to said logic inputs, 
and being responsive, in said first condition, to 
address bits A(0) through A(n-1) in each set of 
address bits from the CPU or from the PS to ad- 40 
dress an individual location in the base memory, 
and being responsive, in said second condition, to 
each set of address bits A(0) through A(n) from the 
CPU to address an individual location within one 
of the two memories or to bits A(l) through A(n) in 45 
each set of address bits from the PS to simulta-

10
neously address a pair of locations, comprising a 
location in each of said memories.

2. A computer system according to claim 1, in which 
said base memory and said expansion memory each 
have a data output, and said CPU and said PS each have 
a data input, and including first data latch means con­
nected between lire data output of the base memory and 
the data input of th CPU, second data latch means con­
nected between the data output of the base memory and 
the-PS, the third data latch means connected between 
the data output of the expansion memory and, through 
said coupling means, to the data input of the CPU, 
fourth data latch means connected between the data 
output of the expansion memory and, through said cou­
pling means, to the data input of the PS, each of said 
data latch means having a enable input, and latch con­
trol means coupled to the enable input of said second 
data latch means and, through said coupling means, to 
the enable input of said fourth data latch means, said 
latch control means being effective on said simultaneous 
addressing of a pair of locations to enable said second 
data latch means to transfer data from said base memory 
to the PS and thereafter to enable said fourth data latch 
means to transfer data from the expansion memory to 
the PS.

3. A computer system according to claim 2, in which 
said latch control means is further coupled to the enable 
inputs of said first and third data latch means and is 
effecive, on addressing of a single one of said memories, 
to enable a single one of said data latch means coupled 
to the addressed memory.

4. A computer system according to claim 1, in which 
said MALS includes a first multiplexer coupled to the 
A(0) and A(n) address outputs of the CPU and a second 
multiplexer coupled to the A(0) and A(n) address out­
puts of the PS, said multiplexers being coupled to a 
common control line switched from a first condition to 
a second condition on connection thereto of a control 
output of the control system of said MEM through said 
coupling means, thereby to select the A(0) bits or the 
A(n) bits respectively for memory addressing.*****
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IN THE CLAIMS
Please cancel claim 1 and add claims 11-33.

11. (New Claim) In a digital signal processor having a first memory, a first buffer, and a
register file, a method for performing a digital signal processing operation having a first 
data word located at a misaligned starting address within the first memory, comprising: 

outputting the first data word to the register file during a first interval;
during a second interval, reading a second data word and a third data word from the 

first memory, wherein the second data word is output to the register file and the 
third data word is output to the first buffer; and

completing the digital signal processing operation.

12. (New Claim) The method of claim 11, further comprising:
during subsequent intervals, outputting to the register file two data words, wherein 

one of the two data words is read from the first buffer and the other one of the 
two data words is read from the first memory.

13. (New Claim) The method of claim 12, further comprising:
during the subsequent intervals, accessing two data words stored within the register 

file in order to perform the digital signal operation.

14. (New Claim) The method of claim 12, wherein the digital signal processor comprises a
second memory and a second buffer for providing another two data words to the 
register file.

15. (New Claim) The method of claim 14, further comprising accessing two pairs of data
words stored within the register file during the subsequent intervals, wherein one of the 
two pairs corresponds to the first memory, and the other one of the two pairs 
corresponds to the second memory.

16. (New Claim) The method of claim 12, wherein the first and second intervals correspond
to a first instruction and the subsequent intervals correspond to a second instruction.

-2-



17. (New Claim) The method of claim 11, further comprising:
during subsequent intervals, accessing from the first memory a next pair of data 

words, wherein one of the next pair of data words is stored into the first buffer, 
and the other one of the next pair is stored into the register file.

18. (New Claim) The method of claim 17, wherein the next pair of data words is a
consecutive pair of data words.

19. (New Claim) The method of claim 17, further comprising:
during the subsequent intervals, outputting to the register file two data words, wherein 

one of the two data words is read from the first buffer and the other one of the 
two data words is read from the first memory.

20. (New Claim) The method of claim 19, wherein the two data words are consecutive data
words.

21. (New Claim) The method of claim 19, further comprising:
during the subsequent intervals, accessing two data words stored within the register 

file in order to perform the digital signal operation.

22. (New Claim) The method of claim 21, wherein the digital signal processor comprises a
first multiplier and a first accumulator, and wherein the two data words accessed from 
the register file are output from the register file to the first multiplier for performing at 
least a portion of the digital signal processor operation.

23. (New Claim) The method of claim 17, wherein the first and second intervals correspond
to a first instruction and the subsequent intervals correspond to a second instruction.

24. (New Claim) The method of claim 11, wherein the first memory includes even and odd
addresses, and the misaligned starting address is an odd address.

25. (New Claim) A digital device capable of performing the method of claim 11.

26. (New Claim) A digital signal processor comprising:
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an address generation unit;
a first memory coupled to the address generation unit;
a first buffer coupled to the first memory and capable of receiving data words from 

the first memory; and
a register file coupled to the first memory and the first buffer, and capable of 

receiving one data word from the first memory and one data word from the first 
buffer during each of a plurality of processing intervals for performing a digital 
signal operation.

27. (New Claim) The digital signal processor of claim 26, further comprising:
a second memory coupled to the address generation unit;
a second buffer coupled to the second memory and the register file, and capable of 

receiving data words from the second memory, wherein the register file is 
capable of receiving one data word from the second memory and one data word 
from the second buffer during each of the plurality of processing intervals.

28. (New Claim) The digital signal processor of claim 27, further comprising:
a first multiplier coupled to the register file and capable of receiving from the register 

file two data words corresponding to the first memory and the first buffer, 
during one of the plurality of processing intervals; and

a second multiplier coupled to the register file and capable of receiving from the 
register file two data words corresponding to the second memory and the second 
buffer during the one of the plurality of processing intervals.

29. (New Claim) The digital signal processor of claim 28, wherein the digital signal
processor comprises only one address generation unit and is further characterized as 
being capable of performing two parallel multiplications on a set of four data words 
during a same time interval.

30. (New Claim) The digital signal processor of claim 27, wherein the first memory and the
second memory each include:

a storage array having even and odd addresses and capable of storing a plurality of 
consecutive data words.
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31. (New Claim) The digital signal processor of claim 26, wherein the digital signal
processor is capable of performing a first initialization interval if a starting address of 
the digital signal operation is an odd address.

32. (New Claim) The digital signal processor of claim 31, wherein the first initialization
interval stores a first data word into the register file, and a second initialization interval 
stores a second data word into the register file and a third data word into the first buffer.

33. (New Claim) The digital signal processor of claim 32, wherein the first and second
initialization intervals occur prior to the plurality of processing intervals.

REMARKS
Claims 11-33 are pending in the current application. Claims 2-10 were canceled with 

the filing of the Divisional Application, and claim 1 is canceled in this Preliminary 
Amendment. Applicants submit that the amendments do not add new matter to the current 
Application.

Applicants respectfully solicit allowance of the pending claims. Contact me if there 
are any issues regarding this communication or the current Application.

Registration No. 43,629 
Telephone No. (512) 996-6839 
Facsimile No. (512) 996-6854
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METHOD FOR DIGITAL SIGNAL 
PROCESSING, DSP, MOBILE 

COMMUNICATION AND AUDIO-DEVICE

FIELD OF INVENTION

This invention relates generally to afield of digital signal 
processing, and more particularly to digital signal process­
ing operations requiring memory access to consecutive data 
Words.

BACKGROUND OF THE INVENTION

In the digital signal processing technology typically one 
or more analog signals which are representative of some real 
physical property are filtered or undergo some other kind of 
arithmetic evaluation or transformation. For this purpose, it 
is necessary to sample the incoming analog signals. For each 
analog signal tliis results in a continuous stream of digital 
samples. Furthermore, it is known in the art to store such 
separate sequences of digital samples separately from each 
other in different memories or in the same memory but 
separated address spaces. An example for micro processors 
which incorporate these principles is the DSP 56300 family 
of 24-bit digital signal processors which are commercially 
available from Motorola, Inc.

Digital signal processors are applied in virtually all fields 
of technology and apparatuses. One appheation is to replace 
lire functionality of an analog device, such as an analog filter, 
by a digital filter which allows for an enhanced quality and 
more compact design. Other fields are for digital audio 
devices, such as compact disc players or digital audio tapes, 
as well as communication devices, such as mobile tele­
phones or radios. Such applications typically require a high 
processor throughput, either because of the high band width 
of the sample's analog signal or because of the complexity 
of the digital transformations to be carried out on the 
sampled signal or a combination of both.

A need therefore exists to increase the performance of 
digital signal processors.

SUMMARY OF THE INVENTION

The underlying problem of the invention is substantially 
met by applying the features laid down in the independent 
claims. Preferred embodiments are given in the dependent 
claims.

The invention is advantageous in that it allows to signifi­
cantly improve tire processing performance of a digital 
signal processor by adding only minimal hardware.

According to a preferred embodiment of the invention, 
four data accesses can be carried out in a single processing 
cycle. The corresponding data sequences can be processed in 
a finite impulse response type processing step which typi­
cally involves data processing in multiply-accumulate loops. 
Preferably two multiplication units are used, each of which 
can multiply two of the data words provided in each cycle. 
The results of the two multiplications is added and accu­
mulated.

If the architecture of a digital signal processor designed in 
accordance with the principles of the invention is pipelined, 
this allows two multiply-accumulate operations in one cycle 
without increasing the clock frequency. As a consequence, 
such a digital signal processor is also advantageous with 
respect to power dissipation. This is particularly beneficial 
for battery powered applications, since the minimized power 
dissipation of the digital signal processor allows longer 
intervals between recharging the battery.

2
Furthermore. it is particularly advantageous that only a 

single address generation unit is required even though at 
least two data words can be accessed from each memory 
device or address region in a memory device. Thus, by using 

5 only a single address generation unit, up to four data words 
can be accessed in a single cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

!0 FIG. 1 is a schematic block diagram of a first embodiment 
of a digital device including a digital signal processor 
designed in accordance with the principles of the invention; 
and

FIG. 2 is a flow diagram which illustrates one embodi- 
i5 ment of the method of the invention.

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS

With reference to FIG. 1 a digital device 10 which 
incorporates a digital signal processor 12 is explained in 
detail. The digital device 10 can be for example and not 
intended to be limiting a digital audio device, such as a 
compact disc player, or a digital communication device, 
such as a mobile telephone or radio.

25 In the later case typically an analog signal is received 
from an antenna of the digital device 10. Such a signa] is 
shown as signal 14 in FIG. 1. The signal is fed into 
analog-digital converter 16. The samples of the signal 14 
delivered by the analog-digital convener 16 are inputted via 

•10 data line 18 into a memory 20. The memory 20 has a storage 
array 22. The sampled data words which are inputted via 
data line 18 to the memory 20 are stored in the address space 
of the storage array 22 in consecutive order. This means that 
the first data word, which is inputted into the storage array 

55 22, is stored at the lowest order address and that consecutive 
further data words are stored ar increasing addresses. Other 
address schemes are also possible such as starting with the 
highest address and filling up the storage array 22 nt con­
secutive storage locations of decreasing addresses.

40 The address space of the storage array 22 is logically 
divided into even and odd addresses. The same applies 
analogously for memory 24 which has a storage array 26. 
The memory 24 can serve to store data words which are 
representative of samples of another input signal or of filter 
coefficients to be used in the digital signal processing of the 
signal 14.

In the case of a digital audio device, such as a compact 
disc player, the signal 14 provided by the laser beam which 

50 scans the rotating compact disc is already digital information 
so that no analog-digital converter 16 is required. Instead the 
signal 14 is directly inputted into memory 20 without a need 
for analog to digital conversion.

For the addressing of the memories 20 and 24. the digital 
55 signal processor 12 has address generation unit 28 which is 

coupled via control line 30 to control logic 32. The control 
logic 32 is also coupled via the control lines 34 and 36 to the 
memories 20 and 24, respectively. Control line 38 couples 
the control logic 32 to register file 40 whereas control line 

60 42 couples the control logic 32 to a multiply accumulator 44.
The multiply accumulator 44 has multipliers 46 and 48 
having their outputs connected to an adder-accumulator 50.

The address generation unit 28 has a register 52 for 
storage of an address for the memory 20 and a register 54 for 

65 storage of an address for the memory 24. Further the address 
generation unit 28 has registers 56 and 58 to specify' the 
amount of change required for the addresses stored in



6,145,070
3 

register 52 and 54. respectively, for tire next processing 
interval. In registers 60 and 61 the mode in which the 
address generation unit 28 operates is specified.

The address generation unit 28 is connected by address 
buses 62 and 63 to tire memories 20 and 24. respectively. 5 
Both of tire memories 20 and 24 have two data busses for 
outputting data: memory 20 is connected by data busses 64 
and 66 to tire register file 40 whereas memory 24 is con­
nected by data busses 68 and 70 to the register file 40 The 
data busses 66 and 70 are also coupled to buffers 72 and 74, 10 
respectively. The buffers 72 and 74 are connected to the 
register file 40 by the data busses 76 and 78.

The register file 40 has registers 80. 82, 84 and 86. Each 
of these resisters can store one data word. The registers 80 
and 82 are coupled via data lines 88 and 90 to the multiplier 15 
46. Likewise the registers 84 and 86 are coupled via data 
lines 92 and 94 to the multiplier 48.

The result of a digital signal processing operation is 
outputted by adder 50 to digital-analog converter 92. The 
resulting analog signal 94 is the result of the digital signal 20 
processing operation carried out on the signal 14.

In operation the control logic 32 controls the processing 
of the incoming signal 14 according to the required digital 
signal processing operation.

In order to initialize tile required digital signal processing 
operation the start addresses for both the memory 20 and tlie 
memory 24 have to be specified. For simplicity, the memory 
20 and 24 will be referred to as X MEM and Y MEM, 
respectively, whereas the registers 52 and 54 will be referred 
to as RX and RY. respectively. The registers 80. 82. 84, and 
86 of the register file 40 will be referred to as X0, X0’, Y0 
and YO’. respectively.

The start address for the required data sequence to be 
outputted from the X MEM is programmed in the register 
RX by the control logic 32 via control line 30. The start 
address for the required data sequence from the Y MEM is 
programmed in the register RY also by means of the control 
logic 32 via control line 30.

Tlie control logic 32 checks die start address stored in the 4g 
RX whether it is an even or an odd address. If the start 
address for the X MEM is even, die parameter CHANGE X 
which is stored in the register 56 is set to a value of 
2—provided that the addressing mode is incremental.

If the start address for the X MEM is odd, the value of the 45 
parameter CHANGE X is set to be equal to the value I by 
die control logic 32 via control line 30—again provided that 
the addressing mode is incremental. The same check is 
carried out for the start address stored in rhe RY. If die start 
address for the Y MEM is even, the parameter CHANGE Y 50 
stored in die register 58 is set to be equal to the value of 2; 
if the stan address for the Y MEM is odd, the value of 
CHANGE Y is set to be equal tn the value of 1-—analogous 
to tlie process carried out for the start address for rhe X 
MEM. 55

The parameters MODE X and MODE Y are stored in the 
registers 60 and 61. respectively. The parameters MODE X 
and MODE Y specify the addressing mode for the X MEM 
the Y MEM, respectively. If, for example, the value of 
MODE X is equal to 0. this means that the data words are 60 
to be outputted from the X MEM in increasing address order, 
so that after each iteration the address stored in the RX is 
incremented by the value specified by the parameter 
CHANGE X. Likewise, if the value of MODE X is logically
1. this means that the address stored in X is decremented 65 
after each processing interval by the value as specified by 
CHANGE X. The same applies analogously to tlie setting of

4
the parameter MODE Y in the register 61. Both parameters 
MODE X and MODE Y are set via the control line 30 by the 
control logic 32.

Tlius. during an initialization interval tlie start addresses 
for the sequence of data words to be outputted from X MEM 
and Y MEM are programmed in the registers RX and RY. 
respectively, as well as tlie corresponding parameters 
CHANGE X. CHANGE Y, MODE X and MODE Y.

If, for example, the start address for tlie X MEM is even 
and MODE X equals logically 0 (incrementing address 
mode), the data word which comes next after the data word 
having the start address stored in RX has an address which 
is incremented by I with respect to the first data word in the 
sequence. As a consequence, die second data word in the X 
MEM sequence has an address which is odd and thus differs 
only in its least significant bit from the start address stored 
in RX. Since both address words are required for the 
processing, it is signaled to the X MEM via control line 34 
to output both the data word stored on tlie start address 
stored in RX and the consecutive data word being stored on 
the address next to tlie start address which differs only in its 
least significant bit in response to the reception of an address 
via the address bus 62. In other words: If the control line 34 
is raised, the least significant bit line of the address bus 62 
becomes a "Don’t care” bit, since both data words having an 
address matching all the higher order address bits will be 
outputted by the X MEM, As a consequence two data words 
are outputted from X MEM during one initialization 
interval, so that for tlie next interval the address has to be 
increased by 2 in order to output the consecutive two data 
words of the required sequence from the X MEM.

If tlie start address RX is odd and the address mode X is 
logically 0 (incrementing address mode), this means that 
there is no data word in the required output sequence which 
has an address that differs only in its least significant bit 
front the start address of the sequence stored in RX. As a 
consequence, the control line 34 is dropped by the control 
logic 32 to logically 0. so diat the X MEM only outputs the 
data word being stored on exactly tlie start address stored in 
RX. but no other data word. Since only one data word is 
outputted in this alternative first initialization interval, the 
value of CHANGE X is set to be equal 1, so that for the next 
initialization interval the value of the address stared in RX 
is incremented only by 1. After this increment operation has 
been carried out, the address stored in RX no longer is odd, 
but even. As a consequence die control line 34 is raised, so 
that in response to the reception of the even address stored 
in RX via the address bus 62 again the least significant 
address bit becomes a "Don’t care" bit position, so that tlie 
X MEM outputs two data words at a time in the alternative 
second initialization interval. As a consequence in this 
alternative case two initialization intervals are required as 
opposed to the first case considered here in which only one 
initialization interval is required before tlie main processing 
loop can be entered.

Whether the first or the second case is present can be 
determined according to the following table

LSB MODE

CASE 1 0
i

increments] (+) 
decremental (-)

CASE 2 0 
1

decremental (-) 
incremental (+)

where the column LSB stands for the least significant bit of 
the address stored in RX and MODE for the addressing 
mode.
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The logic of the above table can advantageously be 
implemented within control logic 32 by a XOR gate which 
is not shown in the drawing. If one input terminal of the 
XOR gate receives the logical value of the parameter MODE 
X and the other input terminal receives the least significant 
bit of the address which is stored in the RX. the resulting 
output of the XOR gate is logically 1 to indicate the first case 
and logically 0 in the second case.

Thus, the output of such a XOR gate within control logic 
32 can serve to determine which of the two cases mentioned 
above is present.

The same applies analogously for the Y MEM and the 
corresponding programming of the address generation unit 
and issuing of control signals via control line 36 to the Y 
depending on whether the least significant bit of the address 
bus 63 is relevant or "Don’t care". Also the control logic 32 
can comprise an additional XOR gate which has MODE Y 
and the least significant address bit of the address stored in 
RY as input signals. Again the output of this additional XOR 
gate is I in the first case and 0 in the second case as 
described above.

If the first case is present, for both the X MEM and the Y 
MEM the total time period required for the initialization is 
just one initialization interval. If either for the X MEM or die
Y MEM or for both the second case is present, an additional 
initialization interval is required as described above.

If the first case is present for the X MEM, the two data 
words which are outputted from X MEM in the same 
initialization interval are transferred via the data busses 64 
and 66, respectively, to the registers XO and XO'. If the same 
applies for the Y MEM, correspondingly two output data 
words are transferred via the data busses 68 and 70 and 
stored in the registers YO and Y0'.

If. however, the case 2 is present for the Y MEM. only one 
data word is outputted in the first initialization interval from
Y MEM. in the consecutive second initialization interval 
two data words are outputted only one of which is to be 
stored in the register file 40. The other output data word is 
intercepted in the buffer 74 by control logic 32. The same 
applies analogously if the second case is present for the X 
MEM, so that one of the data words which are outputted in 
the second initialization interval is intercepted by buffer 72 
which is also controlled by the control logic 32.

After the initialization phase is completed, each register 
XO, XO'. YO. YO’ of the register file 40 carries one data word. 
Now the operation of the multiply accumulator 44 can start 
in the main processing loop. In the mam processing loop the 
required digital signal processing operation is carried out by 
means of the multiplier accumulator 44. Typically, such 
digital signal processing operations are finite impulse 
response signal processing operations. When the main pro­
cessing loop starts in the first processing interval, the data 
stored in registers X0 and X0' is transferred via the data Imcs 
88 and 90 respectively, to the multiplier 46. Likewise the 
data stored in registers YO and Y0' are transferred via the 
data lines 92 and 94, respectively, to the multiplier 48. The 
output of the respective multiplications is transferred to 
adder-accumulator 50 in which the two outputs of the 
multipliers 46 and 48 as well as the value stored in the 
accumulator are added and stored back into the accumulator. 
Tne presence of two multipliers 46 and 48 has the advantage 
that two multiplications can be earned out within the same 
time interval. After the completion of such two parallel 
muluplicauons another set of four data words is required to 
be transferred to the multipliers 46 and 48. This is accom­
plished by the control logic 32.

if the case 1 was present in the initialization interval, each 
output operation of two data words results in an increase of

6
the addressed store in RX by 2, so that in the consecutive 
time interval the consecutive two data words of die required 
sequence are outputted and stored tn the appropriate regis­
ters of register file 40. If. however, the case 2 was present 

5 during the initialization interval, one of the required data 
words is already present in the buffer 72 or 74—depending 
on whether the second case was present for the X MEM or 
die Y MEM. Carrying out the next processing cycle in the 
main loop, the data word stored in the buffer 72 or 74 is 

io transferred to the register file 40 to be stored in the appro­
priate register. Also after the completion of the initialization 
interval in the second case, the value of CHANGE X or 
CHANGE Y has been set to 2, so that the value of the 
address stored in RX or RY is changed by 2 after each output 

15 operation. As a consequence one of the data words of the 
pair of data words outputted by the corresponding memory 
is transferred to the register file 40 and the other one stored 
as a replacement in the buffer 72 or 74 depending on which 
one of the memories X MEM or Y MEM the second case 

10 applies. Therefore, also in die second case one multiplica­
tion and accumulation operation can be carried out in the 
main processing loop with four operands due to this pipe­
lined structure.

As a result the throughput of the digital signal processor 
zs 12 is doubled as compared to a prior art signal processor 

having just one multiplication unit. This is accomplished by 
adding only a minimal number of hardware elements.

In the following, a digital processing operation according 
to formula (1)

30

a= WO-Hfi). (I)

35 is described by way of example, where x [i] refers to the data 
word stored in the X MEM on the address i and y [j] refers 
to data word stored in Y MEM on the address j. According 
to the formula (1). a total of six multiplications and sum­
mations has to be carried out in order to calculate the value 

40 of a. In order to prepare the execution of the digital signal 
processing operation according to formula (1) the digital 
signal processor 12 has to be initialized by the control logic 
32. For this purpose the control logic 32 receives input 
commands from a user or from a program control at its input

45 92. By the instruction (ill

move #0. RX (it)

the address i=0 is moved to the register RX as a start address 
for the sequence of data words to be outputted from X MEM.

50 Likewise tire instruction (12)

move #1, RY (i2)

causes the control logic 32 to move the address 1 into the 
register RY as a start address of the sequence of data words 

55 to be outputted from Y MEM The instruction (i3)

clr a (i3)

causes the control logic 32 to issue a control signal via 
gn control line 42 to clear the value a, which is stored in the

accumulator of the adder-accumulator 50. Next the instruc­
tion (i4)

move 2 x: (RXH. X0 y: (RY>+. Y0 (M>
65

is received by the control logic 32 at its input 92. This 
instruction means that the data word being stored on the 
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address of the register RX is to be moved from the X MEM 
to the register X0. Further, as it is indicated by (RXHthe 
addressing mode is incrementing, so that the parameter 
MODE X is set to logically I. Further, the fact that X0 is part 
of the instruction (i4) indicates that the consecutive data 
word of the incremented starting address is to be moved to 
XO'. The same applies analogously for the part y: (R¥)+, YO 
of the instruction i4 which relates to the data words in the Y 
MEM.

As the start address for the sequence of data words to be 
outputted from X MEM in the register RX is even, the case 
1 is present for X MEM, so that the least significant bits of 
the addresses outputted by address generation unit 28 via the 
address bus 62 is "Don't care”. As a consequence—as 
described above in more detail—the two data words x(0] 
and x[l] are outputted concurrently from the X MEM via the 
data busses 64 and 66. respectively. The data word of the 
address 0 which is x[0] is stored in the register XO and the 
data word of the consecutive incremented address 1 which 
is x[l] is stored in the register XO' under control of the 
control logic 32 via control line 38. This happens in the first 
initialization interval.

In parallel to the addressing, outputting and storing of the 
two first data words of die X MEM data sequence, die Y 
MEM is also accessed. Since the address stored in die 
register RY is I, an odd address is the starting address of the 
Y MEM output sequence, so diat the second case is present. 
This means that only the first data word of the Y MEM 
sequence can be addressed, outputted and stored in the 
register file during the first initialization interval because die 
least significant bit position of die address stored in RY is 
relevant.

After the data word Y[l] has been outputted from the Y 
MEM the parameter CHANGE Y stored in the register 58 is 
set to be equal 1. so that the address stored in RY is 
incremented by 1. As a consequence in the following second 
initialization interval the two consecutive data words y[2] 
and y [3] are outputted. The address word y[2] is stored in 
theregisterYO1 in the register file 40—the data wordyfl] has 
already been stored in the previous first initialization interval 
in die register YO as specified by die instruction i(4). Since 
at this time the data word y[3] is not yet needed, it is stored 
in the buffer 74 for usage in a consecutive processing 
interval.

After the buffering of the data word y[3], the second 
initialization interval is completed, so that the main process­
ing loop can be started. The parameter CHANGE Y will also 
be set two 2 because in the following always two data words 
are to be outputted at a time from Y MEM.

The main processing loop can be started by the control 
logic 32 after an instruction (i5)

mac2 XO. YO. a X: (RX>+. X Y: (YH-. YO (i5>

has been received. According to the instruction i(5), the data 
words of the registers XO and YO have to be multiplied and 
accumulated as well as the data words stored in registers XO' 
and YO'. The corresponding multiplications are carried out 
by multipliers 46 and 48, and the accumulation by the 
adder-accumulator 50. Further, the instruction i(5) specifies 
that after each processing step the address stored in register 
RX has to be incremented by 2 as well as the address stored 
in register RY. This is made clear by the symbols (RX)+ and 
(RY)+. respectively, instruction i(5). Also it is specified that 
the first data word having the lower address is stored in the 
register XO and YO, respectively, and the higher order 
address data word in the registers XO' and YO'. respectively. 
If instead of the “+”—sign a ”—sign would be present, 
this would have the opposite meaning.

8
When the instruction i(5) is carried out the first time by 

the multiply accumulator 44, die following over all calcu­
lation is performed:

n. -=fl+.v[0] *v[ 1 }+.*[ J ] *v[2] 
5

This means that in one processing interval two consecu­
tive data words of both the X and the Y MEM sequence are 
processed. Since at this stage both parameters CHANGE X 
and CHANGE Y have been set to be equal 2. in the next 

10 processing step die next pair of two data words of each 
sequence is processed—in other words:

o. =«+.v[2]’y[3]+.r[3]«y[4].

After a further increase of both the addresses stored in RX 
15 and RY. die next processing interval already yields the final 

result for a:

a— «+.v[4] ty[5]+.v(5] *>’[6].

Since the case 1 is present for the X MEM (the X start 
address is odd), all the data words from X MEM are direcdy 
transferred to die register file 40. As opposed to this, the data 
words y [3] and y[5] are sequentially buffeted in the buffer 74 
prior to their transfer to register file 40.

In the following widi reference to FIG. 2 one embodiment 
of the method of the invention is described in greater detail.

In step 100 digital samples are stored in die X and Y 
Memory. In step 102 the processing of the samples stored in 
the X Memory is initialized; likewise the processing of the 
samples stored in the Y Memory is initialized in step 104. In 
the following the initialization processing is only explained 
in detail with respect to the samples stored in the X Memory, 
but not for the Y samples, since both processes carried out 
in step 102 and step 104 in parallel are analogous.

For the initialization first the start address of the sequence 
of data words to be outputted is moved into the register RX 
of the address generation unit (AGU). This is done in step 
106. In step 108 the address mode for the X Memory is set 
to be either incrementing or decrementing depending on 
whetlier the output sequence starts on lop or on the bottom 
of the address range.

In step 110 it is checked whether the start address of the 
sequence to be outputted from the X Memory is even. If the 
address stored in the RX register is even, this means that the 
least significant bit of this address is "Don't cate". When the 
X Memory is accessed by an even start address in step 110, 
this results in an output of two data words from the X 
Memory' having the same address bits except the least 
significant address bit.

If the start address stored in the register RX is odd, this 
means that case 2 is present, since at the same time the 
address mode is incrementing. This means that the least 
significant bit of the start address is relevant, so that only a 
data word of the start address stored in RX is outputted from 
the X Memory in step 114. In step 116 the address stored in 
RX is incremented by 1. so that an even address stored in RX 
results. As a consequence the least significant bit of die new 
address stored in RX becomes "Don't care”. As a conse­
quence in the next initialization step 118 the memory outputs 
the next two consecutive data words of the output sequence 

60 from the X Memory whereby the two data words have an 
address which differs only in the least significant bit from 
each other. Since the data word having the higher address is 
not yet required at this stage, it is buffered in step 120 for 
later use. In step 122 the address stored in the register RX 

65 is incremented by 2 according to the selected incrementing 
address mode irrespective of whether case 1 or case 2 is 
present.
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After the initialization phase two data words from the 
output sequence of the X Memory as well as from the Y 
Memory are available for processing. As a consequence the 
main processing 124 is started. In step 126 die available X 
and Y Memory output data is accessed from the register file 5 
and processed according to the required digital signal pro­
cessing operation. At the same time two consecutive data 
words in the required output sequence from die X Memory 
are addressed and outputted from the X Memory. If the case 
1 is present, this is done in step 130 by getting two more data 
words from the X Memory whereby the two more data ' 
words have an address which differs only in its least sig­
nificant bit

If the case 2 is present the lower order address data word 
is fetched from the buffer and the higher order data word 
from X Memory, the further data word which is also 15 
outputted from the X Memory at the same time and which 
has an address which is incremented by 1 with respect to the 
higher order daw word is buffered to replace the previous 
lower order address data word. This is done in step 132. In 
step 134, the address stored in the register RX is incre- -° 
niented by 2 again, according to the applicable addressing 
mode. The operations carried out in step 128 are carried out 
tlie same way for the Y Memory in step 136. Step 136 is 
carried out in parallel to the steps 126 and 128. After the 
steps 126, 128. and 136 have been carried out, a further 25 
iteration 138 of the main loop is initiated so that the step 124 
is repeated for a number of times required to complete the 
digital signa] processing operation as specified.

Typically the initialization intervals as well as the pro­
cessing intervals referred to above are carried out in one 30 
machine cycle only. If a pipelined implementation is chosen, 
this means that in each machine cycle two accumulate- 
multiply operations can be carried out

We claim:
I. A method for carrying out a digital signal processing 35 

operation, said operation requiring consecutive data words 
for each processing interval, said data words being stored in 
a memory device, said method comprising the steps of:

tn a first initialization interval:
addressing a first data word by a first address, said first 40 

data word having a consecutive second data word 
having a second address;

in a case 1: if said second address differs only in its least 
significant bi t from said first data address,

outputting said first and second data words from said 4j 
memory device;

storing said first and second data words in a register file; 
in a case 2: if said case 1 is not present,

outputting said first data word; storing said first data word 5(l 
in said register file; changing said first address by one;

in a second initialization interval:
addressing said second data word by said changed first 

address;
outputting said second data word and a consecutive 55 

third data word;
storing said second data word in said register file and 

Storing said drird data word in a buffer register;
in a first processing interval:

accessing said data words stored in said register file for so 
carrying out a digital signal processing step;

changing said first address by two;
addressing two further consecutive data words by said 

changed first address;
in said case 1: 65

storing said further consecutive data words in said
register file;

10
in said case 2:

storing said data word of said buffer register in said 
register file;

storing one of said further consecutive data words in 
said register file;

storing the other one of said further consecutive data 
words in said buffer;

carrying out as many of said processing intervals as 
required to complete said digital signal processing 
operation.

2. The method according to claim 1 said digital signal 
processing operation requiring at least two sequences of said 
consecutive data words, said data words of different 
sequences being stored in memory devices which are sepa­
rately addressable, said method being carried out for each of 
said sequences, whereby said register file is a common file 
for all data words.

3. The method according to claim 2 said digital signal 
processing step being a multiply accumulate processing 
step.

4. The method according to claim 1 whereby either a 
decrementing or incrementing address mode is used, said 
method further comprising the step of XORing said address 
mode and die least significant bit of said first address in 
order to determine said case 2.

5. A digital signal processor comprising
a digital signal processing core;
a memory device for storing a sequence of consecutive 

data words;
an address generation unit for generating addresses for 

said memory device;
an output buffer register for said memory devices;
a register file coupled to said memory device, to said 

output buffer register and to said digital signal process­
ing core;

a control logic coupled to said memory device, to said 
address generation unit, to said digital signal process­
ing core and to said output buffer register, said control 
logic being adapted to control input/output operations 
for said data words into/from said register file accord­
ing to the following control scheme:

in a first initialization interval:
for a first address of a first data word of said sequence 

which is generated by said address generation unit, 
said first data word having a consecutive second data 
word of a second address:
in a case 1: if said second address differs only in its 

least significant bit from said first data address, 
causing sard memory device to output said first and 

second data words;
inputting said first and second data words into said 

register file;
in a case 2: if said case 1 is not present,

causing said memory device to output said first data word; 
inputting said first data word into said register file; 
causing said address generation unit to change said first 
address by one;
in n second initialization interval:
causing said address generation unit to address said 

Second data word by said changed first address; 
causing said memory device to output said second 
data word and a consecutive third data word;

inputting said second data word into said register file 
and storing said third data word in a buffer register;

in a first processing interval:
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causing said register file to output said data words to 
said digital signal processing core for carrying out a 
digital signal processing step;

causing the address generation unit to change said first 
address by two; 5

causing said addressing unit to address two further 
consecutive data words by said changed first address;

in said case 1:
inputting said further consecutive data words into said 

register file;
in said case 2:

inputting said data word of said buffer register into said 
register file;

inputting one of said further consecutive data words 
into said register file;

storing the other one of said further consecutive data 
words in said buffer;

carrying out as many of said processing intervals as 
required to complete said digital signal processing 
operation.

6. The digital signal processor according to claim 5 said 
digital signal processing core being adapted to process at 
least two sequences of consecutive data words at a time, said 
digital signal processor further comprising one of said 
memory devices for each said sequence of consecutive data 
words, said register file being adapted to receive data words 
originating from any of said memory devices under control 
of said control logic according to said control scheme 
applied to each one of said memory devices.

7. The digital signal processor according to claim 6 41 
having two of sard memory devices, said digital signal 
processing core comprising two multipliers being coupled to 
said register file, each of said multipliers receiving two data 
words per processing interval from said register file.

8. The digital signal processor according to claim 5 
whereby said control logic causes said address generation 
unit to operate either in a decrementing or incrementing 
address mode, said control logic further comprising a XOR 
logic gate having said address mode and the least significant 
bit of said first address as inputs, an output signal of said 40 
XOR gate determining whether said case 1 or said case 2 is 
present.

9 A communication device comprising sender and/or 
receiver means to send and/or receive a signal and a signal 
processor for digitally processing said signal, said signal 4'1 
processor comprising

a digital signal processing core;
a memory device for storing a sequence of consecutive 

data words being representative of said signal;
an address generation unit for generating addresses for 

said memory device;
an output buffer register for said memory devices;
a register file coupled to said memory device, to said 

output buffer register and to said digital signal process- 55 
ing core;

a control logic coupled to said memory device, to said 
address generation unit, to said digital signal process­
ing core and to said output buffer register, said control 
logic being adapted to control input/output operations 60 
for said data words into/from said register file accord­
ing to the following control scheme:

in a first initialization interval:
for a first address of a first data word of said sequence 

which is generated by said address generation unit, 65 
said first data word having a consecutive second data 
word of a second address:

12
in a case 1: if said second address differs only in its 

least significant bit from said first data address,
causing said memory device to output said first and 

second data words;
inputting said first and second data words into said 

register file;
in a case 2; if said case 1 is not present.

causing said memory device to output said first data 
word; inputting said first data word into said register 

io file; causing said address generation unit to change 
said first address by one;
in a second initialization interval:

causing said address generation unit to address 
said second data word by said changed first 
address; causing said memory device to output 
said second data word and a consecutive third 
data word;

inputting said second data word into said register 
file and storing said third data word in a buffer 
register;

in a first processing interval:
causing said register file to output said data words to 

said digital signal processing core for carrying out a 
digital signal processing step;

causing the address generation unit to change said first 
address by two;

causing said addressing unit to address two further 
consecutive data words by said changed first address;

in said case 1:
inputting said further consecutive data words into said 

register file;
in said case 2:

inputting said data word of said buffer register into said 
register file;

inputting one of said further consecutive data words 
into said register file;

storing the other one of said further consecutive data 
words in said buffer;

carrying out as many of said processing intervals as 
required to complete said digital signal processing 
operation.

10. Adigital audio device compnsing means for recording 
and/or reproducing an audio signal and a signal processor 
for digitally processing said signal, said signal processor 
comprising

a digital signal processing core;
a memory device for storing a sequence of consecutive 

data words being representative of said signal;
an address generation unit for generating addresses for 

said memory device;
an output buffer register for said memory devices;
a register file coupled to said memory device, to said 

output buffer register and to said digital signal process­
ing core;

a control logic coupled to said memory device, to said 
address generation unit, to said digital signal process­
ing core and to said output buffer register, said control 
logic being adapted to control input/output operations 
for said data words into/from said register file accord­
ing to the following control scheme:

in a first initialization interval:
for a first address of a first data word of said sequence 

which is generated by said address generation unit, 
said first data word having a consecutive second data 
word of a second address:
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in a case 1; if said second address differs only in its 
least significant bit from said first data address, 

causing said memory device to output said first and 
second data words;

inputting said first and second data words into said 
register file;
in a case 2: if said case 1 is not present,

causing said memory device to output said first data 
word; inputting said first data word into said register 
file; causing said address generation unit to change 
said first address by one;
in a second initialization interval:

causing said address generation unit to address 
said second data word by said changed first 
address; causing said me i may device to output 
said second data word and a consecutive third 
data word;

inputting said second data word into said register 
file and storing said third data word in a buffer 
register;

in a first processing interval: 

14
causing said register file to output said data words to 

said digital signal processing core for carrying out a 
digital signal processing step;

causing the address generation unit to change said first 
address by two;

causing said addressing unit to address two further 
consecutive data words by said changed first address;

in said case 1:
inputting said further consecutive data words into said 

register file;
in said case 2:

inputting said data word of said buffer register into said 
register file;

inputting one of said further consecutive data words 
into said register file;

storing the other one of said further consecutive data 
words in said buffer;

carrying out as many of said processing intervals as 
required to complete said digital signal processing 
operation.

*****
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ABSTRACT:
A microcomputer includes a main memory system which is accessed, 
substantially independently, by the CPU and a subsystem, for example a 
video display subsystem. The memory system comprises a base 
memory and an optical add on expansion memory. When only the base 
memory is installed, consecutive locations have consecutively 
numbered addresses, and both the CPU and subsystem access individual 
locations. When both memories are installed, one has even 
numbered addresses and the other odd numbered addresses. With 
both memories installed, the CPU still accesses individual locations, 
but the subsystem addresses even addresses to obtain, for 
each access, data from the even address and the next higher 
odd address, thereby accessing a location in both memories.
Thus the memory bandwidth for the subsystem is effectively doubled 
w
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