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 2د. الطاهر عبد الله قمعوز () 1د. السيد عثمان شعرون

 جامعة الزاوية –قسم الحاسوب، كمية التربية بالزاوية  1
 الكهربائية والإلكترونية، كمية الهندسة صبراته، جامعة صبراتهقسم الهندسة  2
 الممخص: 

،اييييتااتقيييميااممم اييي اميييلا  مليييقم  ا  م يييتق  اايييلاامتبقيييي فيييظام يييقاا ال يييقاا  
بلضيي قا  ييبلتاايييتااتمعييياا  لييمما  بيي ينابييق متبقظامييلااييااملقميياا   لم يييق ا    ييقبي اا
بمييق عاا ييما  مت بييق ابدييااافييلماا،ا  لم يييق ا    ييقبي اا ييمات ييقنااييمما  مت بييق ايماييلا

ااابقلإضقف ااإ ماذ ك،تلايتااتمبيما  م قااا ما  م  امتت ب ابدااام تقاا تممبا   م
  طييييللا   ضييييلبا،ا   ييييذاااييييقم امييييقايايييي لاامضيييييل ا    يييي ا،ا ميييي اذ ييييكا،افيييي لا
  مققلمييي ابلم يييي ا  ق يييم اتاعيييلاتلقييييم عا   يييقبال ييياا  ا يييلا ييييلااقميييا،ا  يييذ كافييي لام يييقاا

فيظاتم ي  ا  امبيي تلا ا يل تا  لقمي ،ابيق ل ااتميلامبييما   قيي ااقعا ال قاا  متبقي ا ينادقئل
املق م ا لإدقل  ا  ل مي . تطبيقق ا

متميييق اافيييظابيييذ ا  ب ييياا  تبيييمياا،ا  م قايييق ا تمبييييماا  ميايييل ااييي متل  لا يييبلتا
)م ييقااال يياا  بققيييقبا    بمييق ا ا ق ييي ا  تطبيقييق افييظاممييقاااملق ميي ا لإدييقل  ا  ل مييي ا،ا

مي اا يمام إ مام م اابققيق،ابققيقاإاامل  ت قاابقل االام م ااعمقئظا بمق ا  بمق ا  تظات
اعمقئظا،   بققيقا  مضقاب ا،اامقاتااإمتقاا  ت  ل ميق ا  مميم افظام قاا  ب   ظ.
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Abstract:  

  In the residue number system, a set of moduli which are 

independent of each other is given. An integer is represented by the 

residue of each modulus and the arithmetic operations are based on 

the residues individually. The arithmetic operations based on 

residue number system can be performed on various moduli 

independently to avoid the carry in addition, subtraction and 

multiplication, which is usually time consuming. However, the 

comparison and division are more complicated and the fraction 

number computation is immatured. Due to this, a residue number 

system is not yet popular in general-purpose computers, though it is 

extremely useful for digital-signal-processing applications. This 

thesis deals with the design, simulation and microcontroller 

implementation of some (residue number system) based building 

blocks for applications in the field of digital signal processing. The 

build¬ing blocks which have been studied are binary to residue 

converter, residue to binary converter, residue adder and residue 

multiplier. And  the New algorithms were also introduced. 

aims   :     

Why RNS?         
 Residue Number System (RNS) has been found to be very 

efficient in doing certain arithmetic operations. 

 Researchers have constructed ASIC architectures for DSP 

units, like FIR filters, based on RNS, which are faster and 
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consume less power than 2’s complement binary number 

system. 

 Practical results of RNS 

 Jenkins & Leon, 1977 – Used RNS to design FIR filters 

 Jenkins, Soderstrand, Jullien, Taylor,  1986 – Residue 

Number System Arithmetic: modern applications in Digital 

Signal Processing. 

 H. T. Vergos, 2001 – Proposed 200 MHz RNS Core 

 Supposed to be used as a building block in ASIC design. 

 Chaves & Sousa, 2003 – Design RISC DSP based on RNS 

 Chaves & Sousa, 2007 – Moduli sets for balanced 

processing.  

Advantages and disadvantages: 

 Advantages 

 It is a “carry-free”system that performs addition, subtraction, 

and multiplication as parallel operations. 

 Additions, subtractions, multiplications can be done faster 

 Disadvantages 

 Overhead of conversions. 

 Residue to Binary, based on Chinese Remainder Theorem, is 

especially expensive. 

 Magnitude comparison not possible. 

Introduction to RNS: 
 Non-positional (non-weighted) number system 

 Characterized by set of relatively prime numbers 

(P1,P2,….,Pk) – moduli (modulus) 

 A binary number N is represented as a k-tuple (R1,R2,….,Rk), 

where Ri=N mod Pi - residue 

 Any number in [0,M), M= P1xP2x….xPk can be uniquely 

represented. M is called the dynamic range. 
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Definitions (1) : 

 The RNS is defined in terms of a set of relatively prime 

moduli. 

 If P denotes the moduli set, then 

 

 

 The dynamic range M is  

Definitions (2): 

 

 Any integer in the residue class ZM has a unique L-tuple 

representation given by 

       • where Xi=X mod pi and is called the i-th residue 

Decimal to RNS conversion examples : 

  Example 
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Decimal to RNS conversion examples (2) 

 
RNS arithmetic operations 

 
presents addition, subtraction and multiplication 

 
Addition example 

P={3, 4, 5}, X = 7, Y = 3, Z = X + Y 
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 Subtraction example 

 

   P={3, 4, 5}, X = 7, Y = 3, Z = X  Y 

 

 
 

Multiplication example 

P={3, 4, 5}, X = 7, Y = 3, Z = X  Y 

 
RNS to decimal conversion 

 A little bit complicated than decimal to RNS conversion 

 We have two algorithms: 

 Chinese Remainder Theorem (CRT) 

 Mixed radix conversion (MRC) 

 Both algorithm uses Multiplicative inverse 
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Multiplicative inverse and example 

 The multiplicative inverse of g of modulo pi is denoted as gi
-

1
and satisfies: 

 

 

Chinese Remainder Theorem 

 

 

 

Chinese Remainder Theorem example: 

    m1 = 7, m2 = 8, m3 = 9 

     xRNS = (6, 4, 2)     1)ا 
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           (6, 4, 2) RNS(7, 8, 9) = (20)base 10 
 

1. Discussion 

It is clear that RNS arithmetic provides parallel arithmetic 

operation for addition, subtraction and multiplication. Other 

operations like division, magnitude comparison, algebraic-sign 

determination and overflow detection are relatively difficult and 

complex with RNS. Therefore, RNS arithmetic finds extensive 

applications in the field of signal processing where addition and 

multiplication are the predominant operations. The CRT and the M-

RC process are the basic methods for conversion of residue number 

into weighted number system. However, subsequent chapter will 

also describe another algorithm for conversion of residue number 

into weighted number system. 
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microcontroller 8051 Instruction Set 

The instruction set of 8051 microcontroller is divided into 

five groups. These are:   

a) Arithmetic Instructions 

b) Logical Instructions 

Data Transfer Instructions 

Boolean or Bit Processing Instructions 

Program and Machine Control Instructions 

Arithmetic Instructions 

Arithmetic operations include addition, subtraction, 

multiplication, division, increment, and decrement operations. For 

12 MHz clock frequency, all arithmetic instructions are executed in 

1 µS except the INC DPTR instruction, which takes 2 µS, and the 

Multiply and Divide instructions, which take 4 µS. From the 

instruction set, it is clear that any byte in the internal Data Memory 

space can be incremented or decremented without going through 

the accumulator. One of the INC instructions operates on the 16-bit 

Data Pointer. The Data Pointer is used to generate 16-bit addresses 

for external memory. The MUL A B instruction multiplies the 

accumulator by the data in the B register and puts the 16-bit product 

into the concatenated B and accumulator registers. The DIV A B 

instruction divides the accumulator by the data in the B register and 

leaves the 8-bit quotient in the accumulator, and the 8-bit remainder 

in the B register. The DA A instruction is for BCD arithmetic 

operations. In BCD arithmetic, ADD and ADDC instructions 

should always be followed by a DA A operation, to ensure that the 

result is also in BCD. 

Logical Instructions 

Logical instructions include AND, OR, Exclusive-OR, 

Complement, Clear, Rotate and Swapping operations. All 

accumulator based logical instructions take 1 µS time and others 

take 2 µS for 12 MHz clock frequency. Here, Boolean operations 
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can be performed on any byte in the lower 128 internal Data 

Memory space or the SFR space, through direct addressing, without 

using the accumulator. The Rotate instructions shift the 

accumulator 1 bit to the left or right. The SWAP A instruction 

interchanges the high and low nibbles within the accumulator. This 

is a useful operation in BCD manipulations. 

Data transfer Instructions 

Data Transfer Instructions are used for moving data from 

accumulator to internal or external RAM, from one byte address of 

internal RAM to another byte address of internal RAM. All data 

transfer instructions related to internal RAM take 1 µS or 2 µS, but 

in case of external RAM, they take 2 µS. In data transfer operations, 

there are PUSH and POP instructions. The PUSH instruction first 

increments the Stack Pointer, and then copies the byte into the 

stack. The POP instruction reads data from the stack and then 

decrements SP. The MOVX instructions transfer data between 

accumulator and external data memory locations or external I/O 

ports. The MOVC instructions are used for reading lookup tables in 

Program Memory. 

Microcontroller Program: 

a microcontroller program has been written in Assembly 

Language. The program gives the output for different value of n. 

The inputs X and Y are stored in accumulator and B register 

respectively. The number n is stored in R0 register. The complete 

program is presented below: 
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1 Summary and Conclusion 

RNS results in carry-free arithmetic operation and supports 

high speed concurrent computations. It is thereby, extremely useful 

for DSP applications. This thesis is concerned with design, 

simulation and microcontroller implementation of some RNS based 

building blocks for applications in the field of DSP. The building 

blocks those have been studied are binary to residue converter, 
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residue to binary converter, residue adder and residue multiplier 

.The underlying algorithms, based on which the above RNS mod-

ules operate, are also described. In a specific case, a new algorithm 

is also introduced. 

all building blocks have been implemented using digital ICs 

and logic gates, and also using 8051 microcontroller kit. The 

advantage of using microcontroller is that it has very powerful 

instruction set and the implementation is quite easy. Moreover, 

same microcontroller kit may be employed for higher modulo 

without any additional hardware.  

a new algorithm for conversion of negative binary number to 

residue form for moduli set (            ) is proposed. 

Separate circuits of positive and negative binary to residue 

converters of moduli (    ) and (    ), 
 a memoryless residue to binary converter circuit for moduli 

set (            ) is proposed. The advantage of using 

memoryless circuit is that the converter can be designed easily for 

large dynamic range. But in memory based converter, the 

requirement for memory size of memory increases for higher value 

of n, making it difficult to have large dynamic range. 
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