
Behavioral Model of an Instruction Decoder of
Motorola DSP56000 Processor

Master thesis performed in
Electronics Systems

By

Guda Krishna Kumar

LiTH-ISY-EX--06/3859--SE
Linköping, August 2006





Behavioral Model of an Instruction Decoder of
Motorola DSP56000 Processor

Master's thesis in Electronics Systems

Department of Electrical Engineering
at Linköping Institute of Technology

By
Guda Krishna Kumar

LiTH-ISY-EX--06/3859--SE

Supervisor Mr. Tomas Johanson

Examiner prof Mr. Kent Palmkvist

Linköping, August 2006





Presentation Date 
     2006-8-30 
 
Publishing Date (Electronic version) 
 
 
 

 Department and Division 
 
Department of Electrical Engineering 
 
 
 
 

 
URL, Electronic Version 
http://www.ep.liu.se 
 
 

Publication Title 
Behavioural model of Instruction Decoder of Motorola DSP56000 Processor 
 
Author(s) 
Guda Krishna Kumar 
 
 

Abstract 
 
 
This thesis is a part of an effort to make a scalable behavioral model of the Central Processing Unit and instruction set 
compatible with the DSP56000 Processor. The goal of this design is to reduce the critical path, silicon area, as well as 
power consumption of the instruction decoder. 
 
The instruction decoder consists of three different types of operations instruction fetching, decoding and execution. By 
using these three steps an efficient model has to be designed to get the shortest critical path, less silicon area, and low power 
consumption. 
 
Number of pages: 52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keywords 
Instruction Decoder, Motorola DSP56000 Processor, Scalable Behavioral Model 
 
 

Language 
 
X English 
 Other (specify below) 
 
 
 
Number of Pages 
           52 

Type of Publication 
 
 Licentiate thesis 
 Degree thesis 
 Thesis C-level 
 X Thesis D-level 
 Report 
 Other (specify below) 

 

ISBN (Licentiate thesis) 
 
ISRN: LiTH-ISY-EX-2006/3859-SE 
 
 

Title of series (Licentiate thesis) 
 
 
Series number/ISSN (Licentiate thesis) 





Abstract 

This thesis is a part of an effort to make a scalable behavioral model of the Central Processing Unit 
and instruction set compatible with the DSP56000 Processor. The goal of this design is to reduce 
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1. INTRODUCTION
This chapter of the thesis report describes the background of the research project, objectives and 
acknowledgments.

1.1 Background
In the Division of Electronics Systems a reasearch oriented project is going on to design a scalable 
behavioral model of digital signal processor, compatible with the Motorola DSP56000.The idea is 
to reduce the power consumption by using less silicon area. The goal of the prject is to have a full 
functional design of 40 Mhz,24-Bit Motorola DSP, which has to be implemented in the hardware. 
Different  types of  programming languages were considered,  and C programming language was 
given priority to use. At this current stage the VHDL language is used to implement the scalable 
behavioral model of a DSP56000 processor.This thesis is a part of the project, which aims to reduce 
the power consumption of the instruction decoder of the DSP56000 processor 

1.2 Objective
The task is to reduce the silicon area of the existing design of the Instruction decoder for low power 
consumption. In addition to that, the performance of the instruction decoder has to be enhanced by 
reducing the critical path length.This can facilitate fast decoding of the instruction.

The basic functionality of the instruction decoder is compatible with DSP56000 processor. Test 
program had to be created to verify the functionality of the instruction decoder of the processor.

The instruction decoder was designed independently and this part can be used for the final testing of 
the processor.The abbreviation of the instructions,control statements and argument groups from 
data sheets of the previous stages of the project were useful to do this thesis.The test program has to 
be created to verify the functionality of the instruction decoder. 

1.3 Acknowledgments
I would be thank to my supervisor Mr. Thomas Johansson research engineer for his guidance and 
valuable suggestions at each and every instant of my thesis period by solving many questions. 

I would like to thank to my Examiner prof Mr. Kent Palmkvist for his support and prof Mr. Lars- 
Wanhammar for his encourage to select this interesting project and my opponent Swaroop Mattam 
for his suggestions and comments on this report and each and every person in the department for 
their direct and indirect co-operation to finish the thesis by their support and valuable suggestions.

1.4 Reading guidelines
Chapter 2 will give some details about the VHDL and some small definitions related to the VHDL, 
and the VHDL Tools used for the design.

Chapter 3 explains about the DSP56000 Processor with some important functional units and some 
Digital Signal Processing (DSP) related definitions.
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Chapter 4 describes about the architectures suited for the design with control steps and explanation 
about the suitable architecture to the design for the Decoder Generator to get the efficient output. 
With some relevant examples for some instructions and their data flow with the help of spread 
sheets.

Chapter 5 gives the details of test bench validation and test bench for the design.

Chapter 6 will give the test results for the design. Compared the results among the designs and 
comments about the design and future uses with the design. Suggestions for future work to enhance 
the design of the instruction decoder.
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2. TOOLS
2.1 Background of VHDL tool
VHDL is  a  Hardware Description Language.  It  can describe  the  behavior  and  structure of  the 
electronic systems, but is particularly suited as a language to describe the structure and behavior of 
digital  electronic  hardware  design,  such  as  ASIC  and  FPGAs  as  well  as  conventional  digital 
circuits.

VHDL usage has risen rapidly around the globe to create the sophisticated electronic products. 
VHDL is a powerful language with numerous language constructs that are capable of describe very 
complex behavior.

Learning all the features of VHDL is not a simple task. Complex futures will be introduced in a 
simple form and then more complex usage will be described.

VHDL has been at the heart of electronic design productivity since initial ratification by the IEEE in 
1987. For almost 15 years the electronic design automation industry has expanded the use of VHDL 
from initial concept of design documentation, to design implementation and functional verification. 

The  educational  research  and industries  use  the  VHDL's  package  structure  to  allow designers, 
electronic design automation companies and the semiconductor industry to experiment with new 
language concept to ensure good design tool and data interoperability. When the associated data 
types found in the IEEE1164 standards were ratified, it meant that design data interoperability was 
possible.

2.2 VHDL Terms
These are the basic VHDL building blocks that are used in almost every description along with key 
words and their description given below.

2.2.1 Entity [2]

The uppermost level of the design is the top-level entity.If the design is hierarchical, then the top-
level description will have lower-level description contained in it. These lower-level description 
will be lower level entities contained in the top-level entity description.

2.2.2 Architecture
 
All entities that can be simulated have an architecture description. The architecture describes the 
behavior of the entity. The single entity can have multiple architectures. One might be Behavioral 
while another might be structural description of the design.

2.2.3 Configuration
A configuration statement is used to bind a component instance to an entity-architecture pair.
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2.2.4 Package
A package is a collection of commonly used data types and subprograms used in a design. Think of 
a package as a tool-box that contains tools to build designs.

2.2.5 Driver
This is a source on a signal. If a signal is driven by two sources, then when both sources, then when 
both sources are active, the signal will have two drivers.

2.2.6 Bus [3]

The term “bus” usually brings to mind a group of signals or a particular method of communication 
used in the design of hardware. In VHDL, a bus is a special kind of signal that may have its drivers 
turned off.

2.2.7 Generic
A generic is VHDL's term for parameter that passes information to an entity. For instance, if an 
entity is a gate level model with a rise and a fall delay, values for the rise and fall delays could be 
passed into the entity with generics.

2.2.8 Process 
A process is the basic unit of execution in VHDL. All operations that are performed in a simulation 
of a VHDL description are broken into single or multiple processes.

2.2.9 Procedure 
The procedure can have any number of in, out, in-out parameters. The procedure call is considered 
as a statement of its own. Procedure have basically the same syntax and rules as functions.

A procedure declaration begins with the key word procedure, followed by the procedure name, and 
then an argument list.

The main difference between a function and procedure is that the procedure argument list most 
likely has a direction associated with each parameter; the function argument list does not.

2.3 VHDL Tools used for Design 
The HDL designer software from Mentor Graphics provided with GUI. The block level diagram 
and connect them with signals with input, output, in-out signals, and write separate VHDL code for 
different blocks.The generator will then translate these connections and the blocks into VHDL code 
has compiled.

HDL Designer also introduces support for constructing finite state machines by placing nodes and 
drawing transition lines between them were generated into VHDL code.[6]
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2.4 Tools used for Simulation and Synthesis [5]

The simulation was done in ModelSim from Mentor Graphics. The advantage of this tool is we can 
apply the do file(macro file) for testing by giving wanted inputs signals for different signals and 
buses when ever the user want to set /reset the signal

The tool can be applicable for assertion statements for successful and unsuccessful outputs. These 
type of assertion statements are easy to verify the error by observing the asserted statement than the 
observation of the waveform to find an error.

The xilinx is the good tool for synthesis to analyze the area of the design to find number of gates, 
global buffers, function generators, DFF's or latches and generates timing reports, length of critical 
path, structural design to the concerned VHDL code.

2.5 Tools used for Documentation and Drawings 
The thesis  report  is written in writer  Open Office.Org.2.0 Writer,  draw is used for writing the 
documents and for figures respectively, gimp tool from Linux is used to insert the simulation results 
in the documents for better clarity. 
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3. GENERAL DESCRIPTION ABOUT DSP
This chapter describes about some general definitions of digital signal processing, description about 
instruction set and especially about the Motorola DSP56000 processor.

3.1 Digital Signal Processing [4]

The following terms explains about the DSP and their functions in the system.

3.1.1 Signal
A Signal is formally defined as a function of one or more variables, which conveys information on 
the nature of a physical phenomenon.

3.1.2 Real time Signals 
A real time system creates the output signal at the same rate as the input signal specifically in the 
DSP system means that the processing rate is capacity is so high that one sample can be processed 
within the time period between two sequential samples.

Ex: sound signal used is for human communication and image signal is used for a video conference 
by converting physical signal to electrical signal.

3.1.3 Non Real Time Signals 
The  non  real  time  digital  signal  processing  is  either  based  on  recorded  /  repeated  signals  or 
previously stored data sources.

Ex: stock market analysis is not real time but the digital signal processing in a mobile phone is. 

3.1.4 System 
A system is formally defined as an entity that manipulates one or more signals to accomplish a 
function or functions, there by yielding new signals.

3.1.5 Computing operations 
Math operations like addition, subtraction, multiplication, division etc. And special DSP arithmetic
operations such as guarding, saturation, truncation and rounding are mainly imply that arithmetic is 
based on 2's complement. However in special cases.

Ex: IP (Internet Protocol) header checksum, the operations is based on 1's complement.
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3.2 Motorola DSP56000 Processor 
DSP56000 Processor family is Motorola's series of 24-bit general purpose (DSP) Digital Signal 
Processors. The family architecture features a central processing module that is common to the 
various family members like DSP56002 and DSP56004.

DSP is the arithmetic processing of real-time signals sampled at regular intervals and digitized.
The DSP processing consists of

● Filtering of Signals
● Convolution, for mixing of two signals
● Correlation, for comparison of two signals
● Rectification, amplification,and/or transformation of a signal

All  the  above  functions  traditionally  been  performed  using  analog  circuits.  Only  recently  the 
semiconductor (CMOS VLSI) technology provided processing power necessary to digitally perform 
these and other functions using DSP's.

The  analog  filtering  action  by  using  the  hard  ware  is  not  good  due  to  temperature  variation, 
component aging, power supply variation resulting the circuit low noise immunity, requires the 
adjustments and difficult to modify.

To avoid this effect  the A/D conversion and D/A conversion in addition to the DSP operation. 
Using these additional parts, the component count can be lower using a DSP due to high integration 
available with current components.

Processing in this circuit begins by band-limiting the input with anti-alias filter, eliminating out-of-
band signals that can be aliased back into the pass band due to the sampling process. The signal is 
then sampled and digitalized with an A/D converter and send to the DSP.

The filter implemented by the DSP is strictly a matter of software. That's why the DSP can directly 
implement any filter which can also be implemented by analog techniques.

But  the  adaptive  filters  can  be  implement  by  DSP  but  can  not  be  implemented  with  analog 
techniques. With the use of DSP more advantages is described below.
 

● fewer components with wide range of applications
● Stable, deterministic performance
● high noise immunity and power supply rejection
● self test can be built in
● can be easily implemented for adaptive filter easily

3.3 Instruction set introduction 
The DSP56000 central processing module consists of three parts which operates in parallel, they are 
data arithmetic logic control unit (data ALU), address generation unit (AGU), and program control 
unit (PCU). The instruction set keeps the each of these units busy through out the each instruction 
cycle, achieving maximal speed and maintaining minimal program size.
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The complete range of instruction capabilities combined with the flexible addressing modes used in 
this processor provides a powerful assembly language for implementing the DSP algorithms.

The instruction set has been designed to allow the efficient coding for DSP high-level language 
compilers  such  as  the  C  compiler.  Execution  time  is  minimized  by  the  hardware  looping 
capabilities,use of instruction pipe line, and their parallel moves.

3.3.1 Data Arithmetic Logic Unit (Data ALU)

Figure 3 -1 Data Arithmetic Logic Unit (Data ALU) [1]

The eight main data ALU registers are 24 bits wide. Word operands occupy one register;long-word
operands occupy two concatenated registers.

Bit 0 is the LSB and 23 and 47 are the MSB bits for word and long-word operand bits respectively. 
The two accumulator extension registers are eight bits wide.

When an accumulator extension register acts as a source operand, it occupies the low-order bits 0-7
of the word and the higher-order portion bits 8-23 is sign extended shown in Figure3-2.

When used as a destination operands, this register receives the low-order portion of the word, and 
the higher-order portion is not used. Accumulator operands occupy an entire group of three registers 
i.e A2:A1:A0 or B2:B1:B0 in this LSB is '0' bit and MSB is '55' bit.
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Figure 3 -2 Reading and Writing the ALU Extension Registers

Figure 3 -3 Reading and Writing the Address ALU Registers

3.3.2 Address Generation Unit (AGU) [1]

The 24 AGU registers  are 16 bits wide.  They may be accessed as word operands for address, 
address modifier, and data storage. When used as a source operand, these registers occupy the low-
order portion of the 24 bit word;the high-order portion is read as zeros shown above in figure 3-3

When used as destination operand, these registers receive the low-order of the word, the higher 
order portion is not used.
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The notation for the registers shown in Figure 3-4 is described below with their operation.R0 to R7 
indicates eight address registers, N0 to N7 indicates eight address registers, M0 to M7 indicates 
operand mode register.

However the eight bits are not defined those things will be vary and depend on the DSP56K family, 
and undefined bits are notated as “don't care” and read as “zero”.

Figure 3 -4 Address Generation Unit ( AGU) [1] 

3.3.3 Program Control Unit (PCU) 
Program control unit consists of three hardware blocks the program decode controller (PDC), the 
program address generator (PAG), and the program interrupt controller (PIC). 

The instruction set  keeps each of the above three units busy throughout each instruction cycle, 
achieving maximal speed and maintaining minimal program size. 

The complete range of instruction capabilities combined with the flexible addressing modes used in 
this processor provides a very powerful assembly language for implementation of DSP algorithms.

The instruction set has been designed to allow an efficient coding for DSP high-level language 
compilers such as the 'C' compiler.Execution time minimized by the hardware looping capabilities, 
by using the instruction pipeline, and parallel moves.

The 16bit SR has the system mode register (MR) occupying the high-order eight bits and the user 
condition code register (CCR) occupying the low-order eight bits. The SR is accessed as a word 
operand shown in Figure 3-6 (a) 16 Bit 

The MR and CCR is accessed individually as word operands. The LC, LA; system stack high (SSH)
and system stack low (SSL) registers  are 16 bits wide and may be accessed as word operands 
shown in Figure 3-6 (b) 8 Bit 

11



When used as a source operand,these registers occupy the portion of the 24 bit word, the high-order 
portion is zero.

Figure 3 -5 Program Control Unit (PCU) [1]

When used as destination operand, they receive the low-order portion of the 24-bit word; the high-
order portion is not used. The system stack pointer (SP) is a 6-bit register that may be accessed as a 
word  operands.  The  PC,  a  special  16-bit-wide  program  control  register,  is  always  referenced 
implicitly as a short-word operand.

12



(a) 16 Bit 

(b) 8 Bit 

Figure 3-6 Reading and Writing Control Registers [1]
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3.4 Syntax of the Instruction [1]

The instruction syntax organized into four columns opcode, operands, and two parallel move fields.

Opcode Operands XDB YDB
MAC X0,Y0,A X:(R0)+,X0 Y:(R4)+,Y0

Figure3-7 Syntax of the instruction

The  opcode  column  indicates  the  data  ALU,  AGU,  or  program  control  unit  operation  to  be 
performed and must always be included in the source code. The operands column specifies the 
operands to be used by the opcode.

The XDB and YDB columns specify optional data transfers over the XDB and /or YDB and the 
associated addressing modes. The address space qualifiers (X:, Y:, and L:) indicate which address 
space is being referenced.

3.5 Instruction Format
The DSP56000 Processor's instruction consists of 24-bit words - an operation word and an optional 
effective address extension word.

Figure 3-8 Instruction Format 

Most of the instructions specify data movement on XDB, YDB shown in Figure 3-8, and data ALU 
operations in the same operation word.  The DSP56000 Processor instructions performs each of 
these operations in parallel.

The data bus movement field provides the operand reference type to select the type of memory or 
register  reference  to  be  made,  the  direction  of  transfer,  and  the  effective  address(es)  for  data 
movement on the XDB and YDB.

This  field  may  require  additional  information  to  fully  specify  the  operation  word  provides  an 
immediate data address or an absolute address if required examples of operation that may include 
the extension word include the move operations X:, X:R, Y:, R:Y and L will be performed.

3.5.1 Operand Sizes 
A byte is 8 bits long, a short word is 16 bits long, a word is 24 bits long, a long word is 48 bits long 
and an accumulator is 56 bits long.

14



The operand size for each instruction is either explicitly encoded in the instruction or implicitly 
defined by the instruction operation. Implicit instruction support some subset of the five sizes were 
shown below.

Figure 3 -9 Operand Sizesn [1]

3.5.2 Data Organization in Registers 
The ten data ALU register support 8 or 24 bit operands. Instructions also support eight address 
registers in the AGU, supports 16-bit address or data operands.

The  eight  AGU  offset  registers  support  16-bit  offsets  or  may  support  16-bit  address  or  data 
operands.

The eight AGU modifier register support 16 -bit modifiers or may support 16-bit address or data 
operands. The program counter register (PC) supports 16 -bit address operands.

The status register (SR) and operating mode register (OMR) support 8 bit or 16bit data operands. 
Both loop counter (LC) and loop address (LA) registers support 16-bit address operands.
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4. THE INSTRUCTION DECODER DESIGN 
4.1 Architecture Models of the Instruction Decoder 
The following three types of methods are selected to decode the instructions from my previous 
course  literatures  and  guidance  from my supervisor.  And the  decoding  idea  is  explained  for  a 
function with an example they are shown below.

● As soon as possible scheduling algorithms

● As late as possible scheduling algorithms

● Parallel decoding method with multiplexer

The  above  first  two  ideas  are  explained  with  same  functionality  there  output  will  come  with 
different number of control steps according to there scheduling methods.

The Resource- Concentrated (RC) Scheduling.

● Given a set 'O' of operations with a partial ordering, a set K of functional unit types a type 
function,  O ---->  K,  to  map the  operations  into  the  functional  unit  types,  and resource 
constraints 'mk' for each functional unit type

● Find a (optimal) schedule for the set of operations that obeys the partial ordering and utilizes 
only the available functional units

The third method is parallel grouping of incoming 'N' number of bits as inputs to the multiplexer 
with 'n' selection bits are satisfied then the related instruction is decoded.

For this design of instruction decoder the third method is selected and implemented. The third one 
is selected to design the instruction decoder because it is easy to improve the existing techniques, 
than starting the design from initial stage from the ground, it can be treated as IPR based design.

And the resources for the new design is ready made to up grade without disturbing the functionality.
The efficiency has to be improved. 

That is why the third Architecture model is well suited for the design, and the data transfer steps 
and instruction formats are similar when compared to the existing design.
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4.1.1 Resource constrained Scheduling.

Figure 4-1 Resource constrained Scheduling 
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4.1.1.1 As soon as possible scheduling (ASAP).

As below shown control steps are explains the functionality of 'F' as soon as possible to get the 
output. at each and every control step one adder and one multiplier performs from top to bottom of 
the scheduled structure to get the function 'F' and get the output in 7 control steps shown in Figure4-
2.

F := O1+O2+O3 

 := (i1+i2-i3)*3 + (i4+i5+i6) + [(( i7*i8)+i9+i10) * 7 * i11]

Figure 4-2 As Soon As Possible scheduling (ASAP)
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4.1.1.2 As late as possible scheduling(ALAP).

Figure 4-3 As late as possible scheduling (ALAP)
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4.1.2 Parallel decoding method. 
The bit pattern is compared and selects the identical group of bits as 'N' input bits and 'n' selection 
bits. from multiplexer principle select that group and send to that special instruction decoding and 
execution.

In the below example AAAAAA, AAAAAA are identical group of bits as inputs to the multiplexer 
and selected by the selection bits, and send to the specified instruction decoding and execution. 

In this design this small example is used as background idea for the total design, to decode the 
instruction in parallel mode of operation.

Figure 4-4 Parallel decoding 
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4.1.3 Instruction Structure with description.
The format of an instruction which allows parallel move includes the notation “parallel move” in 
both  the  Assembler  Syntax  and  the  Operation  fields.  The  example  given  with  one  instruction 
discusses the contents of all the registers and memory locations referenced by the opcode and the 
operand portions of that particular instruction but not those referenced by the parallel move portion 
of that instruction.

Whenever  an  instruction  uses  an  accumulator  as  both  a  destination  operand  for  a  data  ALU 
operation and as a source parallel move operation, the parallel move operation occurs first and will 
use the data that exists in the accumulator before the execution of the data ALU operation has 
occurred. And the general representation for condition code computation is shown in Figure 4-5 .

Figure 4-5 Control Code Register portion (CCR)of Status Register(SR) [1]

The condition code register (CCR) portion of the status register (SR) shown in Figure 4-6 consists 
of defined bits are.

● S - Scaling Bit
● L - Limit Bit
● E - Extension Bit
● U - Unnormalized Bit
● N - Negative Bit
● Z - Zero Bit
● V - Overflow Bit
● C - Carry Bit

The E,U,N,Z,V, and C bits are 'True' condition code bits that reflect the condition of the results of 
the data ALU operation.

These condition code bits are not latched and are not affected by address ALU calculations or by 
data transfers over the X,Y or global data bussed.

The 'L' bits is a latching overflow bit which indicates that an overflow has occurred in the data ALU 
or that data limiting has occurred when moving the contents of the A and /or B accumulators.

The' S' bit used in block floating point operations to indicate the need to scale the number in A or B
according to the status register in PCU is described with the status register.

The  status  register  (SR)  consists  of  a  mode  register  (MR)  in  the  high-order  eight  bits  and  a 
condition code register in the low-order eight bits as shown in the figure. The SR is stacked when 
program looping is initialized, when a JSR is performed, or when interrupts occur except for no 
overhead fast interrupts.
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The MR is a special purpose control register which defines the current system state of the processor. 
The MR bits are affected by processor reset, exception processing,the DO, end current DO loop 
(ENDDO),  return  from interrupt  (RTI),  and  SWI  instructions  and  by  instructions  that  directly 
reference the MR register, such as OR immediate to control register (ORI) and AND immediate to 
control register (ANDI).

During the processor reset, the interrupt mask bits of the MR will be set. The scaling mode bits,loop 
flag, and trace bit will be cleared. The CCR is a special purpose control register that defines the 
current user state of the processor and the condition code shown in Figure 4-7 

The CCR bits are affected by the data arithmetic logic unit (data ALU) operations, parallel move 
operations, and by instructions that directly reference the CCR (ORI and ANDI).

The CCR bits are not affected by the parallel move operations unless data limiting occurs when 
reading the A or B accumulators. During processor reset, all CCR bits are cleared.

Figure 4-6 Status Register format (SR) [1]

ADD instruction is described below as an example 

Operation  Assembler Syntax

S+D->D parallel move  ADD S,D parallel move 

23



Add  the  source  operand  'S'  to  the  destination  operand  'D'  and  store  the  result  in  destination 
accumulator.

Figure 4-7 Condition codes

● S - computed according to the definition of scaling bit 
● L - set if limiting (parallel move) or over flow has occurred in result 
● E - set if the signed integer portion of A or B is in use 
● U - set if A or B results are unnormalized 
● N - set if bit 55 of A or B result is set 
● Z - set it A or B result equals zero
● V - set if overflow has occurred in A or B results 
● C - set if a carry (or borrow) occurs from bit 55 of A or B result

The definition of the E and U bits vary according to the scaling mode being used.

Instruction Format for an ADD instruction  format is shown in Figure 4-8. 

● ADD - S,D

Opcode for ADD instruction 

Figure 4-8 Opcode format to ADD instruction 

Instruction fields for ADD instruction 

Timing - 2+mv oscillator clock cycles.
Memory - 1+mv program words
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4.2 The synonyms of Bit groups 
● Operand Bits
● Single Bits
● Group Bits

4.2.1 Operand Bits
Operands bits will be used to encode the source and destinations registers of a certain function. The 
number and the type of addressed registers can differ and has to be mapped correctly by the decoder 
generator. The Figure 4-9 illustrates of an example for a load instruction. If the number of data-
registers exceeds the available coding space it has to be adjusted. 

A a d d d
0 0 Data register 0 to 7
0 1 Data register 7 to 15
1 0 Long register 0 to 7 
1 1 Address register 0 to 7 

Figure 4-9 Operand Bits

4.2.2 Single Bits
Single bits will be used to enable or disable an additional functionality of a certain instruction. For 
the  class  of  load/store  instructions.  e.g  the  fractional  bit  (f),  which  enables  mirroring  of  the 
calculated address, used for FFT algorithms. An example for the computational class would be the 
saturate functionality (s), indicating a saturation of a result, before storing to the register file. These 
single bits can be located at each place of the 17 encoding bits.

4.2.3 Group Bits
Group bits will be used to encode flexible parameters. For the class of branches e.g the loop lengths 
of a hardware loop (n), which enable the programmer to use a non-overhead loop construct. An 
example for the load/store class would be a relative offset for a load instruction(O), which will be 
added to the current value of address register. The group bits can be located at each place of the 17 
encoding bits and can be torn apart in subgroups. 

 23   22  21 <-------------------------------------bits --------------------------------------------------> 0
IC   IC  DP  1  1  1  -  -  D1  D1  D1  D1  D2  D2  D2  D2  D3  D3 D3  D3

Figure 4-10 Group Bits
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4.3 Decoder Generator Structure
The internal data base of the decoder generator is build up of a spreadsheet and a container class 

The spread sheet defines the instruction set for a certain application explains well about it.

The  container  class  contains  predefined  decode  statements,  which  will  be  updated  during  the 
generation process. The size of the register files will be used to generate the VHDL package, which 
is used to define extended functions.

4.3.1 Decoder Generator 
● Spreadsheets
● Decoder Generator Container
● Register configuration

4.3.1.1 Spreadsheets

The instruction  set  is  described  in  the  spread  sheets  show in  .Figure  4-12  (is  suitable  for  the 
example of JUMP instruction) consists of columns and rows in this columns number of bits is 
allocated  depend up  on  instruction  set  size  according  to  there  operand size.  And the  different 
instructions is allocated in rows.

Figure 4-11 Structure of the Decoder generator

24 bits are used for this instruction decoder design. Select the group which is having most common 
identical bits and decodes the instruction to get the shortest critical path. By doing this method 
sorting is easy with the help spread sheets.
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The 12-bit short jump address is shown as ' aaaa aaaa aaaa' from bit-0 to bit-11 are shown in Figure 
4-12 for the Jscc xxx instruction. And with 4-bit condition code (cc) is shown as 'cccc' from bit-12 
to bit-15 for the same instruction. Spread sheets contains Jscc xxx, Jcc xxx. With AG17 

These type of all decoding structures comes into same argument groups shown in Figure 4-12 and 
Figure 4-13 for the instructions and their concerned argument groups respectively. 

By changing the common group of bits in parallel bits in the spread sheet the arguments groups can 
be varied, but for better results choose the most common group of bits while decoding the entire 
design.

Figure 4-12 Spreadsheet for instructions

And theses spread sheets were helped me a lot to find the solution for given task and easy to under 
stand the decode procedure of the design.

This  design  is  implemented  for  24  bit  decoder  generation,  this  decoding  generation  can  be 
implement to the small bit length of decoder generation is also possible with more efficient than the 
24 -bit decoder generation.

Figure 4-13 Spreadsheet for Argument groups

By reducing the number of instruction in the design reduces the power losses, and silicon area of the 
design and can be implemented for portable devices with in an efficient way.

4.3.1.2 Decoder Generator Container 

The container is a C++ class, which is used to map the instruction group to VHDL statements.The 
decoder design usually requires a high level software simulations which is later refined to a detailed 
hardware description by automating certain hardware abstraction.
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By providing important debugging support and allows the transition from a high-level simulation to 
low-level hardware description to occur with in a single code base.

C++ is the well suited for developing a simulation frame work. Due to its fastness and it is object 
-oriented, and objects are without question the appropriate model for hardware components. 

And well defined construction order (base objects before derived objects) allows the frame work to 
reduce  the  components  hierarchy.  The  Template  classes  allow abstractions  such  as  inputs  and 
outputs to be implemented for arbitrary data types.

The container and the independent packages of the design is help full to debug and modify for the 
future work can be treated as intellectual property based design and easy to improve the efficiency 
of the code.

4.3.1.3 Register configuration 

The different types of operations is performed in the registers according to there  sizes and storage 
capcities of data.

4.3.1.3.1 Fixed Statements 

ADDI  _decode_statements-->  add_Decode_  Statement  (Fixed_  statements  (“cmp_instruction  := 
addi;”));

Fixed statements are used to assign opcode independent information.  In the example above the 
instruction name is assigned to internal VHDL variable.

4.3.1.3.2 Port Statement 

ADDI_Decode_Statements-->add_Decode_Statement (Port_Stmt (“cmp_exl_writel” IF-->get_Set_ 
Func (), IF,ad_coding, l, SF-->get_Reg-Count()));

Port statements are used to assign the operands of an instruction group to the specific hardware 
ports.

The operands coding will be taken out of the spreadsheet.

4.3.1.3.3 Decoder Generator Variable Vector 

ADDI_Decode_Statements-->add_Decode_Statement  (Variable_Vector  (“cmp_exl_cntrl.cnst”, 
“sign_Extend16”,'O', If--> get Opcode ()));

Variable Vector will  build up to assign constants, offsets and immediate values, which may be 
spread over the instruction word.

The bit position of the vector inside the instruction word will be defined by the spread sheet
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4.3.1.3.4 Decoder Generator Variable Statement

ADD_LONG_Family-->add_Decode_Statement (Variable_Stmt ('s' “cmp_exl_addl.simd”, IF-->
getOpcode()));

Variable statements are used to directly assign synonyms of the instruction word to the related 
VHDL construct.

4.3.1.3.5 Decoder Generator IF Statement

If_Stmt*ADD_LONG_IfStmt =new_If_Stmt ('x','l',IF-->get_Opcode()); 

If  statements  are  used to  conditionally  assign synonyms of  the  instruction  word  to  the  related 
VHDL construct.

4.3.1.3.6 Decoder Generator Case Statements 

Case_Stmt*MOVR_Case_Stmt =new_Case_Stmt (“instruction (l0 down to 8));
Case Statements are used to conditionally assign more than one synonym of the instruction word to 
the related VHDL construct. 

4.3.1.4 Generation Process

The database build up of the contents of the spread sheet and of the container information. Reading 
in the spread sheets have a consistency check to prevent ambiguous coding of instruction groups. 

The sub instructions are mapped into their instruction groups. The instructions groups are linked to 
the related container contents. 

Again a consistency check is done to be aware that all instruction groups of the spreadsheets have 
their corresponding entry in the container structure.

4.3.1.5 Decode tree

All instruction opcodes, which have been built up in the data base, will be mapped to the tree 
structure. each node in the tree has three possible states,zero,one and don't care, which is used for 
the instruction bits of the synonyms. Each branch of the tree represents an instruction group.

4.3.1.6 Output generation

The output generation is done by a recursive function for each instruction class separately. Starting 
at the root of the each tree each node will be checked for the status.

If there are all three possible branches available,  zero,one, and  don't care, the  don't care path is 
covered first. This is necessary, because it is possible to use unused combination of symbols, in 
other instruction groups.

If the zero or one path would be covered first, the values for the symbol will not be available any 
more 'a' in the below shown Figure 4-14. 
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If there are two branches available (zero and one) it will be tried to reach the end of the one branch 
'b' shown  in  the  below  Figure  4-14.  If  the  end  can  be  reached  without  any  further  branch 
connections  and  no  further  symbols  will  be  found,  the  coding  can  be  covered  by  single  case 
statement.

If symbols (don't care) are placed in the branch the case statement has to be split. The same thing 
will be applied for zero branch 'c'  in the below Figure 4-14, which can be handled as the second 
part of the case statement.

If the end of the branch cannot be reached because of further branch connections 'd' in the below 
Figure 4-14, the function searches for a continuous bit group. The bit group will then be transmitted 
into a case statement.

The generated case structure, which covers all instruction groups, will be filled with the information 
generated in the data base before ( the below short code expresses this idea).

According  to  the  design  the  decoder  generator  is  used  to  automatically  generate  the  VHDL 
description of an instruction decoder for a DSP kernel directly from the instruction set description. 

The generated VHDL code is corrected by construction. 

This provides the possibility of application specific instruction sets (for higher code density, lower 
power  dissipation  and  increased  performance)  without  additional  VHDL coding  effort  and  the 
related verification and test effort. The decoder generator is developed in C++ and is used in a 
development project for a configurable DSP kernel.
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4.3.1.7 Decode tree of Sequential Instruction Decoder

Figure 4-14 Decode tree of Sequential Instruction Decoder

4.3.1.8 Sequential Decoding of the existing method

If the register logical output is '1' then the instruction will be decoded and send to the execution.
Instruction fetch ==> Instruction Decode ==> Instruction Execute 

● The above three operations are performed in sequential manner for each instruction

● The critical path can be measured from the starting to the ending of instruction decoding

● The decoding method is shown in Figure4-15 for sequential decode method.
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Figure 4-15 Sequential Decoding of the existing method 

4.3.1.9 Parallel Grouping of Bits with concerned Arguments 

By using the third model of scheduling method i.e architecture and algorithm is chosed.  grouping 
the words in parallel  with when, case,  with high priority,  and if,  else  if,  with  less priority  the 
decoding order is shown with the Figure 4-16 

Explanation of parallel grouping of bits and their decoding order follows as shown below order for 
the partial part of the programme.

when "1011" =>
   case word(15 downto 14) is 
     when "11" =>
      case word(7 downto 5) is
       when "000" =>
    -- JSCLR #n, S, xxxx
         op  := opJSCLR;
         instr.instr_arg_grp := AG16; 
            when "001" =>
         -- JSSET #n, S, xxxx
         op  := opJSSET;
         instr.instr_arg_grp := AG16;
       when "010" =>
         -- BCHG #n, D
         op  := opBCHG;
         instr.instr_arg_grp := AG16; 
       when "011" =>
         -- BTST #n, D
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         op  := opBTST;
         instr.instr_arg_grp := AG16;
       when "100" =>
         if word(4 downto 0) = "00000" then
         -- JSR ea
         op  := opJSR; 
         instr.instr_arg_grp := AG20; 
         end if; 
       when "101" =>
         if word(4) = '0' then
          -- JScc ea
          op  := opJScc; 
          instr.instr_arg_grp := AG19; 
         end if; 
       when others => 
        null; -- ERROR (already set to "ILLEGAL" during reset)       
       end case; 
    when others => 
      null; -- ERROR (already set to "ILLEGAL" during reset)
end case ;

Figure 4-16 Parallel Grouping of Bits with concerned Arguments
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4.4 Some Instruction groups and their execution steps
● Arithmetic
● Logical
● Bit Manipulation
● Loop
● Move
● Program Control

4.4.1 Arithmetic Instructions 
The Arithmetic instructions, which perform all of the arithmetic operations with the data. Addition, 
subtraction, multiplication, and division operations are performed with these instructions  shown in 
Figure 4-17. 

Figure 4-17 Arithmetic Instructions
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4.4.2 Logical Instruction 
The logical Instruction execute in one instruction cycle and perform all of the operations with in the 
data ALU (except ANDI and ORI).

Logical  Instructions are the only instructions that  allow apparent duplicate destinations such as 
AND X0;A X:(R0). A0

A logical Instruction uses only the MSP portion of the A and B registers (A1 and B1)

4.4.3 Data paths 

The following instructions not allow the parallel data path.

● DEC - Decrement by one.
● DIV - Divide Iteration.
● INC - Increment by one.
● NORM - Normalize.
● TCC - Transfer Conditionally.

4.4.4 Parallel data moves
Certain applications of the instructions not permit the parallel data move.

● MAC - Signed multiply accumulate.
● MACR - Signed multiply accumulate and round.
● MPY - Signed multiply.
● MPYR - Signed multiply and round.

4.4.5 Bit Manipulations 
The bit manipulation instructions test the state of any single bit in a memory location or a register 
and then optionally set, clear, or invert the bit. The carry bit of the CCR will contain the result of 
the bit test The following list defines the bit manipulations.

● BCLR - Bit test and clear.
● BSET - Bit test and set.
● BCHG - Bit test and change.
● BTST - Bit test on memory and registers.

4.4.6 Loop Instructions
The hardware DO loop executes with no overhead cycles after the DO instruction itself has been 
executed, Means it runs as fast as straight-line code. Replacing the straight line-code with DO loops 
can significantly reduce program memory.

35



The Loop instructions control hardware looping is described below.

Initiating a program loop and establishing looping parameters or restoring the registers by pulling 
the SS when terminating a loop initialization.

It includes saving registers used by a program loop(LA and LC) on the SS so that program loops 
can be nested.  The address  of  the  first  instruction in  program loop is  also saved to  allow no-
overhead looping 

The loop instructions are as follows as below shown procedure.

● DO Start - hardware loop 
● ENDDO - Exit from Hardware Loop 

Both static and dynamic loop counters are supported in the following forms

● DO - #xxx, Expr;  (static)
● DO - S, Expr;  (Dynamic)
● Expr -  is the assembler expression 
● S -  directly addressable registers =>X0

When do loop execution occurs the following events will be occurred.

The stack is pushed 

● The Sp will be incremented 
● The current 16-bit LA and 16 bit LC registers are pushed on to the SS to allow nested loops 
● The LC register is initiated with the loop count value specified in the DO instruction

Start of the loop 

● SP+1 => SP; LA=>SSH; LC => SSL; #xxx => LC
● SP+1 => SP; PC =>SSH; SR => SSL; Expr-1 => LA
● 1 =>LF

End of the loop 

● SSL(LF)=> SR
● SP-1 => SP ;SSH =>; SSL => LC; SP-1 => SP
● PC+1 => PC

# xxx = Loop counter number
 Expr = Expression 

4.4.7 Move Instructions
The move instructions perform data movement over the XDB and YDB or over the GDB. Move 
instructions only effect the CCR bits S and L. The S bit is affected if data growth is detected when 
the A or B registers are moved on to the bus.
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The L bit is affected if limiting is performed when reading a data ALU accumulator register An 
address ALU instruction (LUA) is also include in the following move instructions. The MOVE 
instruction is the parallel move with a data ALU no- operation (NOP)

● LUA - Load Updated Address
● MOVE - Move Data Register
● MOVEC - Move Control register
● MOVEM - Move Program Memory 
● MOVEP - Move Peripheral Data

4.4.8 Program Control Instructions 
The program control instructions include jumps,conditional jumps and other instructions affecting 
the PC and SS. Program control instructions may affect the CCR bits as specified in the instruction. 
Optional data transfers over the XDB and YDB may be specified in some of the program control 
instructions. 

The following list contains the program control instructions

● DEBUG - Enter Debug Mode 
● DEBUGCC - Enter Debug Mode conditionally
● Ill - Illegal Instruction
● Jcc - Jump conditionally 
● JMP - Jump. 
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5. TEST BENCH VALIDATION 
This chapter describes about the tests and validation process of the models of 'VHDL' and 'C' and 
simulation and synthesis results and suggestions and proposals for future work. It can also express 
the ideas for validations (is shown in Figure 5-1) of the core running in 'FPGA'. 

Figure 5-1 Test Bench and validation

5.1 Test Bench
The test consists of an assembly program and Memory data and the tests will prove the validation of 
just one instruction and others are relevant program. And adding a new test is easy than creating a 
new directory and write a program.
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5.2 Validation 
The output from the model and the reference are memory dumps and a log file with register values 
after every executed instruction the validation is performed.

The test method is configured to run the selected test. Running of tests in parallel on multiple.

Running of tests in parallel on multiple computers and crc checking of files are used to speed up the 
process. 

The result  after  each test  is  presented during the process,  and can be inspection of  errors  also 
possible.

This method is useful for new tests also. This is useful to differentiate between new model and 
existing models of designs.

5.3 Validation in hardware
When a valid synthesisable model is developed and the core is loaded in to a FPGA or simulated as 
a back annotated model, the used method has to be modified to work. 

This since reading of registers and memories from the outside has to be done. A scanning technique 
is needed but software for running it is required.

5.4 Test Bench for the Instruction Decoder 
Here four blocks are shown in Figure 5-2 with different functionalities.

● Generator block

For the instructions generation with (2 signals) instruction 1 for Old decode, and instruction  
2 for the new decode package.

● Old decode block

The instruction one is an input to this block and after execution in this output will go to the 
compare.

● New decode block

The instruction two is an input to this block and after execution in this output will go to the  
compare

● Compare block 

This block compares the decoded instruction one and instruction two. If both shows the  
functionality the output of the compare block is equates to '1' else the compare block output 
is equates to '0.
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To find out the error, the assertion statements is useful. It explains well to debug the faults in the 
easiest way without looking into entire code and wave form at each and every instant.

Figure 5-2 Test Bench for the Instruction Decoder
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6. TEST RESULTS AND COMMENTS
6.1 Simulation results
The design verification can be analyzed by the ModelSim with its interactive environment, The 
design functionality is same when compared to Motorola DSP56000 Processor.

The output wave form observation is very tough at each and every instant of debugging to get rid of 
that  assertion  statements  are  more  useful  the  required  things  can  be  analyzed  by  seeing  these 
assertion statements. 

And the time consumption is reduced for debugging of code. With the help of applying break points 
in the code we can observe the assertion statements in addition to the wave form to make the testing 
system is easy.

ModelSim also take into account  with delta delays,skew,glitches and other deviations from the 
perfect theoretical circuit that occur during real run time. It is therefore safe to say that the design 
will probably work correctly if the simulation results is satisfying with the expected output.

Figure 6.1 Simulation results 

While  observing  the  simulation  results  the  warnings  were  occurred  before  reset  it  won't  be  a 
problem, for design but if it occurred after reset then the problem should be encounter to get the 
exact output.

6.2 Precision Synthesis 
The precision synthesis was carried out with 40 MHz-frequency according to the specification of 
Motorola DSP56000 Processors.

From the precision synthesis the structural design, critical path, area occupied by the components 
and  number  of  gates  can  be  measured.  To  analyze  the  performance  of  the  design  the  above 
parameters can be useful.

The proposed and implemented design is consuming more silicon area than the existing design, by 
comparing the contents of Table1 and Table2, are procured details from the precision synthesis of 
the both designs. 
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From the below tables the function generators are more in the current design the over all functional-
generators and CLB slices, number of nets and number of instances are increased.

But  the  multiplexers  with  carry  were  reduced  to  '0'  from  the  existing  design  for  the  same 
functionality of instruction decoding of the Motorola DSP56000 Processor.

6.3 Device Utilization
New design / Existing design

Device Utilization
Resources Used Available Utilization in %
Function generators 728 / 2622 84 / 384 710.42 / 682.82
CLB Slices 364 / 1311 92 / 192 710.42 / 682.82

Table 6-1 Device Utilization

New design / Existing design
Device Utilization
Cell Reference Number of Total Area
IBUF 268X / 220X - -
LUT1 - / 3X 1 Function Generators / 3
LUT2 200X / 196X 1 200FunctionGenerators / 196
LUT3 403X / 413X 1 403Function Generators / 413
LUT4 2125X / 2010X 1 2125Function Generators / 2010
MUXCY - /12X 1 / 12MUXCARRYs
MUXF5 133X / 147X 1 133 MUXF5 / 147MUXF5
No. Of.  Nets - 5700 / 5572 -
No. Of. Instances --  4415 / 4287 -

Table6-2 Device Utilization

6.4 Test results and comments about the design
The existing design is the golden model when compared to the current model. In existing model the 
execution of all instructions implemented in different blocks.

That handles the decoding the group of similar instructions were used with if-then-else is used in 
the order for is sensitivity in the code.

It reduces the number of source code lines in the VHDL implementation (to get rid of the code 
duplication), and also the overall complexity of the design.
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By observing the precision synthesis results from the section Table 6-1 & 6-2 of this design. The 
number of gates and instances occupied in the current design is more that's why it automatically 
consumes more silicon area, takes more critical path length which consumes more power.

Because the number of gates increases the transition ratio of the gate while switching. And number 
of switchings also increase the glitches which increases the over all power consumption.

6.5 Future changes for the design 
● By changing the procedure code there may be a chance to get the expected results.

● Micro code technique may be useful but the entire system has to be change the existing 
design from its ground level. But the existing models can be used as an intellectual property 
based design.

6.6 Conclusions about the design
The task of the design of an instruction decoder using VHDL was carried out at the department of 
Electrical  Engineering in  Division of  Electronics  Systems,  was  very rewarding indeed and the 
results were satisfied. Automated test files was created for the future use.

The documentation of this thesis work is intended mainly for members of the DSP project was 
written.  The  purpose  of  this  document  is  to  simply  upgrades  of  the  design  perspectives  of 
instruction decoder integrate with the DSP by providing the information of its functionality and 
requirements.

But it may give the good results if it is implemented in hardware when compared to the simulation 
and synthesis with the tool.

The simulation and synthesis consumes more time by using the tool. there may be chance to loose 
its original performance due to the time consumption.

6.7 Applications with the design 
The design will be use full even though it is showing more silicon area (number of gates) in the 
results shown Table6-1 &Table 6-2.

For  the  portable  equipments  needs  very  less  number  of  instructions  when  compared  to  the 
DSP56000 Processors, for minimal instruction length it will work efficiently when compared with 
the existing model and it will show the good performance also,and critical path length also reduce 
for less number of instruction due to its parallel path of decoding method the decoding system will 
become fast then power consumption will be reduced.
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APPENDIX
Abbreviations

A

ALU - Arithmetic Logic Unit 
A/D - Analog to Digital conversion 
ADD - Addition 
ADDI - Add immediately 
AG17 - Argument Group 17
ALAP - As Late As Possible
ALU - Arithmetic Logic Unit 
ANDI - And Immediately
ASAP - As Soon As Possible

B

BCHG - Bit test and Change 
BCLR - Bit test and Clear 
BSET - Bit test and Set 
BTST - Bit test on memory and register 

C

C - Carry 
CC - Condition Code 
CCR - Condition Code Register 
CMOS - Complimentary Metal Oxide Semiconductor

D

dALU - Data Arithmetic Logic Unit
DEC - Decrement by one
DEBUG - enter Debug mode 
DEBUGCC - enter Debug mode Conditionally 
DFF's - D-Flip flops
DIV - Divide iteration 
DO - Do loop 
DSP - Digital Signal Processing 

E

E - Extension Bit
END DO - End current Do loop

F

FPGA - Field Program Group Array
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G

GUI - Graphical User Interface 

I

ILL - Illegal instruction 
IP - Internet Protocol
INC - Increment by one 

J

Jcc -  Jump conditionally 
JMP - Jump

L

L - Limit Bit 
LC - Loop Counter 
LA - Loop Address Register
LSB - Least Significant Bit 
LUA - Load Update Address

M

MAC - Signed multiply accumulate 
MACR - Signed multiply accumulate and Round 
MPY - Signed Multiply
MPYR - Signed Multiply and Round 
MR - Mode Register
MSB -  Most Significant Bit 
MOVE - Move Data Register
MOVEC - Move Control Register 
MOVEM - Move program memory 
MOVEP - Move Peripheral data
MUX - Multiplexer
MUXCY - Multiplexer with Carry 

N

N - Negative Bit 
NORM - Normalization 

O

OMR - Operation Mode Register 
ORI - Or Immediately 
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P

PAG - Program Address Generator 
PC - Program Counter 
PCU - Program Control Unit 
PDC - Program Decode Controller 
PIC - Program Interrupt Controller

R

RTL - Register Transfer Logic 

S

S - Scaling Bit 
SOC - System On Chip 
SP - Stack Pointer 
SR - Status Register 

T

TCC - Transfer Conditionally

U

U - Unnormalized Bit

V

V - Over flow Bit 
VHDL - Vhsic Hardware Description Language 
VLSI - Very Large Scale Integrated circuits 
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På svenska
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