A Reconfigurable Coprocessor for Redundant Radix-4 Arithmetic

ABSTRACT :

The coprocessor is designed to perform many powerful floating point operations. This frees the main processor from performing the floating point computations while the coprocessor simultaneously performs the numeric calculations. Besides numeric computations, coprocessors are also available for other specific computation – intensive application areas such as signal processing, graphics, image processing and many others.

             In recent times, designing coprocessors for parallel fast multiplications of numbers has become an important field of research. Several algorithms have been developed for multiplication of binary numbers that are easily being implemented on a VLSI chip.

2.2 The RR-4 Number System

                       In  RR-4  number  system the  radix used  is  4  and  individual  digits  belong  to  the  set, S={-3,-2,-1,0,1,2,3}, An m-digit redundant radix – 4 integer Y=[ym-1….y0] RR-4 ,where for all i,  yi  ( {-3,-2,-1,0,1,2,3} and has the value ( yi . 4i   where  i  ranges from 0 to (m-1). There are more than one possible representation of the same integer in RR-4 number system. For example,  [0 3 1]RR-4, [1 -1 1]RR-4,   and  [1 0 -3]RR-4 , all represent the number (13)10. Of the different  possible representation of  RR-4 digits, one possible way of writing the digits of set S using three binary bits for each digit are as follows, where the leftmost bit is 0(1) if the digit is positive(negative):

(-3)RR-4 = 111




      
(-2)RR-4 = 110




      
(-1)RR-4 = 101




      
(0)RR-4  = 000

                                     
(1)RR-4 = 001

                                     
(2)RR-4 = 010

                                     
(3)RR-4 = 011

Architecture of the Coprocessor:  

Our RR-4 arithmetic coprocessor is a 8-bit RISC processor and its design consists of 1) Arithmetic Logic Unit (ALU) and 2) ( RR-4 conversion unit. 

The RR-4 ALU consists of a 

i) an arithmetic unit and 

ii) a logic unit 

iii) a control unit and 

iv) Top level of the RR-4 ALU.

Binary to RR-4 Conversion Unit: 

The arithmetic operations in the RR-4 ALU are preceded by the conversion of 8 bit input operands into their 12 bit  equivalent RR-4 representation. 

Arithmetic Unit: 

The arithmetic unit of the RR-4 coprocessor performs four basic arithmetic operations using the RR-4 algorithm as discussed earlier: addition, subtraction, multiplication, and complementation

Logic Unit: 

The logic unit also performs four basic logic operations:

AND, OR, NOT, and X-OR.

Control Unit: 

The control unit of the coprocessor is rather simple and consists of an instruction register (IR) and a 3-to-8 decoder unit. The decoder generates 8 control signals by decoding the instructions corresponding to the operations performed by the coprocessor.

Top level module: 

The top level module of the coprocessor encapsulates all the separate units described in it and provides the interconnection between the separate units.
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Advantages: 

The advantage of coprocessors is that they can be purely application specific. They improve the overall performance of the processor by executing instructions in parallel with the main processor. The hardware logic is designed specially keeping in mind the job it is required to perform and also the system specifications.

One key element which has enabled computers to meet such large volumes of real-time computations is the use of subsidiary processors alternatively termed coprocessors. The coprocessors are capable of computing a selected small subset of operations at a very high speed.

Applications: 

Besides numeric computations, coprocessors are also available for other specific computation – intensive application areas such as signal processing, graphics, image processing and many others.
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Figure 3.1 Block diagram representation of the RR-4 Coprocessor
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