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The present invention provides a register-indirect addressing 
mode using modulo arithmetic to transpose addresses for 
digital processing Systems. The preferred Systems and meth 
ods permit direct access of column data, which improves 
matrix computation Significantly. The overhead of transpose 
mode is minimal because it can be implemented, if desired, 
by Sharing hardware and/or Software used in circular buffers. 
Transpose addressing mode also reduces program size and 
processor power consumed by reducing the Sequence of 
instruction cycles. 
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TRANSPOSE ADDRESS MODE IN GENERAL 
PURPOSE DSP PROCESSOR 

BACKGROUND 

The invention relates to digital signal processing, and in 
particular to register-indirect addressing modes used in 
digital signal processing Systems. 

Digital signal processing (DSP) has become the best 
Solution for many types of Signal processing. DSP Systems 
Support applications Such as Speech coding and decoding in 
digital cellular phones, encryption/decryption used in Secure 
communications, Speech recognition for user interfaces, 
audio and Video Systems, data communication equipment 
Such as modems, vision Systems, image compression and 
decompression, beam forming, and spectral analysis. DSP 
processors-microprocessors with Special digital processing 
capabilities-make Some of these applications practical for 
the first time, and offer major advantages over analog 
processing Systems Such as insensitivity to environment and 
insensitivity to component tolerances, leading to more pre 
dictable system response or behavior. Some DSP systems 
have other advantages-the DSP processors are 
reprogrammable, in Some cases in the field, to perform a 
variety of tasks without the need to use different electronic 
components. These types of advantages along with advances 
in integrated circuit manufacturing make DSP Systems and 
processors rapidly growing areas of electronics. 
ADSPSystem or processor performs mathematical opera 

tions to a Sequence of Samples of a physical Signal, which 
have been first converted into a digital format, that is, a 
Sequence of numbers. The Samples can be obtained by a 
transducer Such as a microphone and converted into digital 
format by an analog-to-digital converter. After mathematical 
processing occurs in the DSP system, a digital-to-analog 
converter can convert if desired the digital signals back into 
analog signals for use in the real world. 
DSP systems share features to enable repetitive numerical 

computations. For example, the data path of DSP 
processors—where math manipulation of the Signals takes 
place-is not used to calculate the addresses of the operands 
for instructions. Instead, DSP processors provide dedicated 
hardware referred to as an address generation unit to calcu 
late addresses. The address generation units calculate the 
address while the data path performs math on the data, 
which improves processor performance. The address gen 
eration units are also capable of many types of addressing 
modes. 

In register-indirect addressing mode, the data addressed 
are in memory, and the addresses of the memory locations 
are held in register(s). One form of register-indirect address 
ing uses modulo arithmetic to manage data buffers. A data 
buffer is a section of memory used to store data from off-chip 
or from prior calculations until the processor is ready to 
process the data. Because memory is a resource, the program 
only allocates Some of the memory for use as a buffer. Some 
DSP systems manage data flow into the buffer by a first-in 
first-out (FIFO)-the data is read from the buffer in the same 
order it arrived. To manage the FIFO buffer, the program 
includes a read pointer and a write pointer in a register. The 
read pointer points to (i.e., contains the address of) the 
memory location where the next data will be read from the 
buffer, while the write pointer points (i.e., contains the 
address of) to the location where the next data value to arrive 
will be written. After a read or write operation is performed, 
the read or write pointer advances. The program must check 
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after each advance whether the pointer has reached the last 
location in the buffer. If the check shows the pointer has 
reached the end of the buffer, the program resets the pointer 
to point to the first location of the buffer. Checking whether 
the pointer has reached the end and resetting it if it has is 
time-consuming. This degrades processor performance if the 
DSP system makes extensive use of the buffers. 
To address this problem, DSP systems have used circular 

buffers to automatically perform the action of checking after 
each buffer address calculation whether the pointer has 
reached the end of the buffer and adjusting it relative to the 
buffer location if necessary. 

FIG. 1 illustrates the operation of a circular buffer. The 
lowest address of the buffer is the base address and the 
highest is the end address. Thus, in FIG. 1 the buffer is 24 
in length. The indeX register contains the next pointer to be 
accessed in the buffer. In the example, the indeX register plus 
the base initially point at address 8. If an increment of 8 is 
added, the next indeX plus the base points at address 16. If 
another increment of 8 is added, the indeX plus the base 
points at address 24. Thus, the first three memory accesses 
are in the buffer. However, if another increment of 8 is 
added, the indeX pointer plus base advance to address 32. A 
circular buffer detects this is out of bounds and wraps the 
indeX around in the following manner. If the current index+ 
increment-length of the buffer is less than Zero (e.g., 8+8- 
24), the next index=current index+increment. On the other 
hand, if the current index+increment-length of the buffer is 
greater than or equal to Zero (e.g., 16+8-24), the next 
index=current index+increment-length of the buffer. Thus, 
if the next indeX pointer plus base would point beyond the 
end address, the next indeX wraps around to be 0 and the 
next index plus base points at address 8. In short, after the 
read pointer or the write pointer of the indeX register reaches 
the “end” of the buffer, it automatically advances to the 
“start of the buffer, making the buffer appear circular to the 
programmer. 

FIG. 2 illustrates circular buffers have significant set up 
overhead when performing matrix multiplication. For 
example, 4x4 matrix multiplication results in Sixteen ele 
ments in which the top row of four elements is obtained by 
multiplying the top row of the left matrix by each of the four 
columns of the right matrix. Thus, a DSP processor reads 
data from the buffer of memory in the first row of the left 
matrix: a00, a01, a02, and at)3 as shown, then the left 
column of the right matrix: b00, b10, b20, and b30, Each of 
the remaining rows of the left matrix must be also multiplied 
by each of the four columns of the right matrix and each time 
the DSP processor traverses adjacent columns in the right 
matrix, it requires Set up, which costs instructions cycles. 
For example, Set up may require two instruction cycles to 
initialize the base register, load the increment register, Select 
the format (e.g., byte, half-word, and word), and load the 
modulo. Thus, eight Set up operations required for a 4x4 
matrix will require 16 instruction cycles. If the DSP pro 
ceSSor could directly access the columns of the right matrix, 
that is, transpose their addresses without Set up, it would 
significantly boost DSP processor performance of matrix 
multiplication. 

SUMMARY OF THE INVENTION 

The invention describes Systems and methods for register 
indirect addressing modes used in digital Signal processing 
Systems. The invention implements both register-indirect 
addressing mode and modulo arithmetic to transpose the 
addresses. The transpose addressing mode can efficiently be 
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used in matrix multiplication. By sharing logic used in a 
circular buffer, it adds a new address mode to directly acceSS 
column data, which improves matrix computation. The 
overhead of the transpose mode is minimal by Sharing the 
existing hardware and/or Software used in circular buffers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a circular buffer. 

FIG. 2 illustrates how matrix multiplication was typically 
implemented. 

FIG. 3 is an embodiment of the pertinent part of the 
address generator for implementing transpose mode 
addressing. 

FIG. 4 is a flowchart illustrating transpose mode address 
ing. 

FIG. 5 illustrates how matrix multiplication can be imple 
mented in the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following description includes the best mode of 
carrying out the invention. The detailed description is made 
for the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting Sense. The 
scope of the invention is best determined by reference to the 
claims. 

FIG. 3 shows an address generator unit 60 for implement 
ing transpose mode addressing. In this embodiment, the 
address generator unit 60 provides a set of DSP control 
registers: 
A base register 72 containing the lowest (or highest) 

numbered address in the buffer, 
An indeX register 74 containing the next indeX to be 

accessed in the buffer, 
An increment register 76 containing the Size of the 

increment (decrement), 
A modulo register 78 containing the matrix Size or cir 

cular buffer size, and 
A format register 90 containing the data format. 
In one embodiment, the base register 72 contains the base 

address of a circular buffer. The index register 74 indexes 
into the circular buffer. The increment register 76 contains 
the value by which the index register 74 will be updated for 
the next circular buffer access. The format register 90 
contains the data format, So that in the transpose address 
mode, when the indeX wraps around from a column, by 
adding the format register, it will point to the first element 
in the next column. The physical memory address to the 
circular buffer access is calculated by adding the base 
register 72 and the index register 74. If the beginning of the 
circular buffer is the lowest address of the buffer, the 
increment register 76 preferably contains a positive value So 
as to advance the index pointer through the buffer. The value 
of the increment can be one or more bit, but in memory 
aligned access will be a cell of memory Such as a byte, a half 
word, 32-bit word, or a 64-bit word. It is not essential to the 
invention that the increment be a certain size or limited to 
less than or equal to a 64-bit word. If the beginning of the 
circular buffer is the highest address of the buffer, the 
increment register is loaded with a decrement value. If 
desired a control register buS 62 can output different incre 
ment values through a multiplexer 68 to the increment 
register 76. It should be understood the registers described 
above could be combined into one or more registers. The 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
modulo register 78 contains one or more bit, but may be 
preferably the matrix Size to implement transpose mode 
addressing or the circular buffer size as will be explained 
below. 
An instruction cycle of the DSP processor (not shown) 

initializes or Sets the base register 72, the indeX register 74, 
the increment register 76, the modulo register 78, and the 
format register 90 through the control register bus 62 and the 
multiplexers 64, 66, 68, and 70 with the values discussed 
earlier. On the next cycle, the content of the base register 74 
and the index register 76 are fed into an adder 80. The adder 
80 outputs the base--index to the address bus 88, which is the 
initial address of the buffer. 
The logic shown in FIG. 3 is preferably implemented in 

hardware, but can be Software if desired or a combination 
thereof. The logic changes the value of the index register 74 
for the next access into the buffer. The value of the index 
register 74 is fed to an adder 82 along with the value of the 
increment register 76. This value of the index and increment 
is an output from the adder 82 and fed as an input to both the 
multiplexer 66 and a subtractor 84. The modulo register 78 
outputs its contents to another input of the subtractor 84. The 
subtractor 84 outputs its value of the index+increment 
modulo to the multiplexer 66. If the index+increment 
modulo is negative, a control Signal 86 Selects that the 
increment+indeX pass through the multiplexer 66 to be the 
new value contained in the index register 74. If the index+ 
increment-modulo is positive, the control signal 86 Selects 
that the index+increment-modulo be an input to an adder 92 
along with the value in the format register 90. The adder 92 
then outputs the index+increment+format-modulo to the 
multiplexer 66 to become the new value in the index register 
74. In either event, the value contained in base register 72 is 
input along with the new value of the index register 74 into 
the adder 80, which provides the effective address to the 
address bus 88. 

In an alternative embodiment, the logic is similar to that 
shown in FIG. 3, with the following differences. The value 
in the increment register 76 is negative, i.e., a decrement 
value, the base register 72 holds the highest numbered 
address in the buffer, and an adder replaces subtractor 84. 
Further, if the indeX+increment -modulo is positive, a 
control Signal 86 Selects that the increment+indeX pass 
through the multiplexer 66 to be the next index value 
contained in the indeX register 74. If the index+increment 
modulo is negative, the control Signal 86 Selects that the 
index+increment+modulo pass through the multiplexer 66 
to become the next index value in the index register 74. In 
either event, the value contained in the base register 72 is 
input with the new value of the index register 74 into the 
adder 80, which provides the effective address to the address 
buS 88. 

FIG. 4 is a flow chart of a program running in the DSP 
processor to implement transpose addressing mode of a 
circular buffer such as shown in FIG. 1 using the logic 
described above. For transpose mode, the programmer will 
set the increment to the row width and the modulo to the 
matrix size. In addition, the program includes a function as 
follows: 
Memory address=base--current index 
If index+increment-moduloz0, 
Then next index=current index+increment 
Else next index=current index+increment-modulo 

format 
To ensure that the accuracy of the address Specified by the 
index, the bit width of the next index should be the same as 
that of the current index. Thus, if adding the increment to the 
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current indeX will result in a carry out bit in the next index, 
the carry out bit will be dropped to get the next index. Thus, 
hardware used to implement a circular buffer can be shared 
with the above components to carry out transpose addressing 
mode as discussed earlier. 

FIG. 5 illustrates how the present invention can imple 
ment transpose address mode to efficiently address the 
necessary elements of matrix multiplication. To carry out 
this operation, a DSP processor may access a row of the left 
matrix: a00, a01, a02, and ao3 in the buffer. It may also 
access data in each column of the right matrix, beginning 
with the far left column: b00, b10, b30, and b40, as well as 
the adjacent columns as before. If the programmer Sets the 
increment to the row width, the modulo to the matrix Size, 
the format to the data size (e.g., byte, half word, word, etc.), 
the Subtracting of the modulo will automatically wrap the 
next indeX around to the top of each column. The addition 
of the format moves the pointer to the next column. This 
allows the DSP processor to access the entire matrix by 
columns, which Significantly boosts performance of the 
matrix operation and therefore markedly improves DSP 
performance. 
We claim: 
1. A System for transpose mode addressing of an AxB 

matrix in a buffer memory, comprising: 
a base register for Storing a value for the base address, 
an indeX register for Storing an indeX pointer to memory; 
an increment register for Storing a value for an increment; 
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a modulo register for Storing a value equal to AxB; 
a format register for Storing the size of the data format, 
an address generator adding the base address and the 

indeX pointer to generate the memory address, and 
a wrap around indeX generator Subtracting the indeX and 

increment from the size of the AxB matrix, and if out 
of bounds adding the data format Such that next index 
will traverse adjacent columns of the matrix. 

2. A method of transposing addresses in a circular buffer 
for matrix multiplication, comprising: 

Setting an indeX register, 
Setting an increment register to the row width of a matrix; 
Setting a modulo register to the matrix size; 
Setting a format register to the data size; 
calculating an absolute address equal to the base address+ 

current index; 
calculating a wrap around next address equal to the 

index+increment-modulo--format; 
calculating the non-wrap around next indeX equal to the 

index+increment; and 
using the non-wrap around next indeX to update the indeX 

register if the index+increment-modulo is negative and 
the wrap-around next indeX if positive. 


