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Abstract 
 
This thesis is a part of a bigger project which goal is to make a DSP that 
is instruction compatible with the Motorola DSP56002. The goal of this 
part is to make a behavioural model with timing of the address generation 
unit in the DSP. 
 
The AGU unit can handle 4 different types of arithmetic’s including 
linear addressing, modulo addressing, wrap around modulo addressing 
and reverse carry addressing. It also handles several ways of calculating 
addresses as post/pre increment/decrement by a number. It can address 3 
different memories, where 2 new addresses can be calculated at the same 
time in different memories. 
 
This model will be used as a golden model for the RTL model of the 
AGU that is one of the main parts in the DSP. 
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1 Introduction 
 

1.1 Disposition 
 

Chapter 1 will give a brief overview of which tools and methods that was 

used. Chapter 2 gives the theory, and chapter 3 the function of the model 

that is instruction compatible with the Motorola DSP56002 address 

generation unit. In chapter 4 the simulation is described and finally results 

and thoughts about how the work of the RTL-level model could be 

implemented is considered in chapter 5. 

 

1.2 Background 
 

The division of Electronics Systems (ES) at the Department of Electrical 

engineering (ISY) at Linköping University (LiU) develops a model that is 

instruction compatible with the Motorola DSP56002. This model will be 

used for research and educational purposes. The project has been divided 

into smaller parts where the AGU is one part. 

 

1.3 Objectives 
 

The goal of this thesis is to design a simulation model of the address 

generation unit (AGU) of the DSP kernel. The simulation model shall 

handle timing for the AGU and be able to use as a golden model for RTL 

model. 
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1.4 Design tools 
 

The AGU model was developed using HDL designer from Mentor 

graphics. It is a powerful tool with a graphical part and a VHDL coding 

part that allows a hierarchical design method.  

 

For testing of the model, Modelsim was used. It allows visual verification 

in graphs as well as automatic controls with for example Tcl test files. 

Modelsim is also a Mentor graphics program. For further information on 

the design tools look at their homepages, references [6] and [7].  

 

1.5 Word list 
 

VHDL 

 Very High Defenition Language. 

DSP 

Digital Signal Processor. 

Tcl 

Script language used to make test benches. 

Harvard architecture 

Architecture that separates data and program memories and buses. 

Fixed-point 

Number representation where the binary point always is in the 

same position. 

RTL 

Register Transfer Level. 

Golden model 

Reference model that is used for verification of later models. 
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FFT 

Fast Fourier Transform. An algorithm that allows fourier 

transforms to be approximated very fast. 

ALU 

Arithmetic Logic Unit. 

AGU 

Address Generation Unit. 

PCU 

Program Control Unit. 

Modulo 

Mathematical expression that calculates the rest term of a whole 

numbers division. 
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2 Function 
 

DSP’s are real-time signal processors that are used for digital filtering, 

data processing, spectral analysis and other kinds of signal processing. 

The Motorola DSP56002 is a 24-bit general purpose DSP with fixed-

point arithmetic’s and Harvard architecture.  

 

The Motorola DSP56002 has one ALU (Arithmetic Logic Unit), which 

performs the data calculations, one PCU (Program Control Unit) that 

decodes instructions and processes the interrupts. There is also an AGU 

(Address Generation Unit) that calculates addresses and points them out 

in one of the three memory banks that is built-in in the DSP or in the 

external memories that can be connected. There are also other 

components like a bus controller, data bus switches and a peripheral 

module in the DSP. The building blocks are connected with 16-bit 

address buses and 24-bit data buses.  

 

The goal is to make the instruction compatible model working as much 

like the Motorola DSP as possible. However some changes has been 

done. For example all addresses go through the AGU instead of having a 

direct connection between the program address generator and the 

program memory address bus. There are a lot of such changes but this 

thesis is about making a simulation model of the AGU and therefore the 

changes do not affect the work on the simulation model. 
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Figure 1: Layout of the DSP 

 

The AGU has 8 address registers, 8 offset registers and 8 modifier 

registers. The address register gives the actual address, the offset register 

gives the offset from the base address and the modifier register specifies 

which modifier mode that shall be used. The DSP has 4 different modifier 

modes, which specifies what kind of address arithmetic that shall be used. 

The AGU is also controlled with an addressing mode selector. The 

addressing mode specifies how the offset values shall be used. 

 

2.1 Registers 
 

All 24 AGU registers are 16-bits wide. The address registers are named 

R0 to R7, offset registers N0 to N7 and modifier registers are named M0 

to M7. Each address register has its own offset register and modifier 

register, creating 8 register triplets. Every register can only work with the 

other registers in the same triplet, for example R0 cannot be updated with 

the offset of N2. This concludes that when the R0 register is used to 

execute an address calculation, the N0 register holds the offset that R0 
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may be updated with and M0 defines the type of address arithmetic to be 

used for the calculation.  

 

The register triplets are also split in two blocks, a lower file and an upper 

file. The lower file contains registers 0 to 3 and the upper file registers 4 

to 7, see figure 2. Each file has its own address ALU. The benefits of this 

split-up are that two addresses can be calculated at the same time, 

provided that one address is in the upper file and the other is in the lower 

file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Registers of the AGU 
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2.2 Addressing modes 
 

To calculate the updated addresses, there are 7 addressing modes that can 

be used. These are postincrement by 1, postincrement by N, 

postdecrement by 1, postdecrement by N, no update, indexed by N and 

predecrement by 1.  

 

All the post update and the no update modes will use the contents of the 

current address register as output while pre update mode will calculate 

the updated address first and uses the result as output.  

 

In sections 2.2.1 to 2.2.9 each addressing mode will individually be 

described. The A register is 56-bit wide, but it is divided into A0, A1 and 

A2 were A0 is the 24 least significant bits, A1 is the following 24 bits and 

the 8 most significant bits is A2. When a control register is not used or 

the contents is not taken care of, the register will be marked with xxxx.  
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2.2.1 No update 
 

Example: MOVE A0,Y:(R2) 
 

 

 

 

 

 

 

 

Figure 3: Example on No update addressing mode 

 
When the move instruction is executed, the address register contains the 

memory destination address. After execution, the contents of the address 

register is left unchanged. This mode does not care what the offset 

register value is.  

 
 

Before execution: 
 

R2 0400 
N2 xxxx 
M2 FFFF 

 
A 13 FEDCBA 123456 

 
Y: 0400 FFFF00 
 0401 005000 

 

After execution: 
 
R2 0400 
N2 xxxx 
M2 FFFF 

 
A 13 FEDCBA 123456 

 
Y: 0400 123456 
 0401 005000 
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2.2.2 Postincrement by 1 
 

Example: MOVE A0,Y:(R2)+ 
 

  

 

 

 

 

 

 

Figure 4: Example on postincrement by 1 addressing mode 

 

Before execution, register R2 holds the value $0400. When executed, R2 

points to Y memory address $0400, and after the movement of A0 to the 

Y memory the R2 register will increment to $0401. 

 

Before execution: 
 

R2 0400 
N2 xxxx 
M2 FFFF 

 
A 13 FEDCBA 123456 

 
Y: 0400 FFFF00 
 0401 005000 

 

After execution: 
 
R2 0401 
N2 xxxx 
M2 FFFF 

 
A 13 FEDCBA 123456 

 
Y: 0400 123456 
 0401 005000 
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2.2.3 Postincrement by N 
 

Example: MOVE A1,Y:(R4)+N4 
 

 

 

 

 

 

 

 

 

Figure 5: Example on postincrement by N addressing mode 

 

Before execution, R4 holds the value $04FF. When executed, address 

register R4 points to Y memory address $04FF, and after the movement 

of A1 to the Y memory pointed out by R4 the R4 register will be 

incremented by N4. 

 

 

Before execution: 
 

R4 04FF 
N4 0210 
M4 FFFF 

 
A 00 FF1234 00AA25 

 
Y: 04FF FFFF00 
   
 070F 00800F 

After execution: 
 

R4 070F 
N4 0210 
M4 FFFF 

 
A 00 FF1234 00AA25 

 
Y: 04FF FF1234 
   
 070F 00800F 
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2.2.4 Postdecrement by 1 
 

Example: MOVE A0,X:(R7)- 
 

 

 

 

 

 

 

 

Figure 6: Example on postdecrement by 1 addressing mode 

 

The R7 register value is used to calculate the address for the X memory, 

then the A0 register value is moved to X memory at address $04FF. Last 

of all R7 is decremented by 1. 

 

 

Before execution: 
 

R7 04FF 
N7 xxxx 
M7 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04FE 00800F 
 04FF FFFF00 

 

After execution: 
 

R7 04FE 
N7 xxxx 
M7 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04FE 00800F 
 04FF 00AA25 
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2.2.5 Postdecrement by N 
 
Example: MOVE A1,X:(R0)-N0 
 

 

 

 

 

 

 

 

 

Figure 7: Example on postdecrement by N addressing mode 

 

When the instruction is executed, R0 holds the value $04FF and points 

out the address in the X memory that A1 is moved to. After the data move 

is performed the R0 register is decremented by N0. 

 

 

Before execution: 
 

R0 04FF 
N0 000E 
M0 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04F1 00800F 
   
 04FF FFFF00 

 

After execution: 
 

R0 04F1 
N0 000E 
M0 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04F1 00800F 
   
 04FF FF1234 
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2.2.6 Indexed by N  
 

Example: MOVE A1,X:(R0+N0) 
 

 

 

 

 

 

 

 

 

Figure 8: Example on indexed by N addressing mode 

 

Before the execution, the value of the address in register R0 is 

incremented with the offset register N0’s value. When the new address is 

calculated it is pointing out the X memory location and the data move is 

performed. The address register R0 will still point at the original address, 

while the data move was made to a temporary calculated address 

(R0+N0). When using this mode, one extra instruction cycle is required. 

 

 

Before execution: 
 

R0 04FF 
N0 000E 
M0 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04FF FFFF00 
   
 050D 00800F 

 

After execution: 
 

R0 04FF 
N0 000E 
M0 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04FF FFFF00 
   
 050D FF1234 
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2.2.7 Predecrement by 1 
 

Example: MOVE A1,X:-(R0) 
 

 

 

 

 

 

 

 

Figure 9: Example on predecrement by 1 addressing mode 

 

The offset register N0 is not used in this addressing mode, instead the 

address register R0 is decremented by 1 and then the memory location is 

pointed out. When using this mode, one extra instruction cycle is 

required. 

 

Before execution: 
 

R0 04FF 
N0 xxxx 
M0 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04FE 00800F 
 04FF FFFF00 

 

After execution: 
 

R0 04FE 
N0 xxxx 
M0 FFFF 

 
A 00 FF1234 00AA25 

 
X: 04FE FF1234 
 04FF FFFF00 
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2.2.8 Pointer 
 

Some operations allow registers to be read or written in parallel with 

calculations that does not use the AGU. When pointer mode is used it 

only points out a register for reading or writing. The pointer addressing 

mode is in the meaning of addressing not a correct mode as it is only 

updating or copying the AGU registers and do not calculate any memory 

addresses.  

 

 

2.2.9 Absolute address 
 

Absolute addressing just feeds thru the PDB value to the output, this is 

made because all memory calls are expected to go through the AGU. 

 



 21

2.3 Modifier modes 
 

The 16-bit modifier registers Mn specifies which modifier mode that shall 

be used. There are four modifier modes; linear addressing, reverse carry, 

modulo and multiple wrap-around modulo. The modifier register values 

that are not specified in the addressing mode table in figure 10 are 

reserved. 

MMMM Modifier mode 

0000 Reverse carry (bit reverse) 

0001 – 7FFF Modulo, were 0001 is modulo 2, 0002 is modulo 3 and 

so on up to 7FFF which is modulo 32768 

8001 Multiple wrap-around modulo 2 

8003 Multiple wrap-around modulo 4 (22) 

8007 Multiple wrap-around modulo 8 (23) 

800F Multiple wrap-around modulo 16 (24) 

801F Multiple wrap-around modulo 32 (25) 

803F Multiple wrap-around modulo 64 (26) 

807F Multiple wrap-around modulo 128 (27) 

80FF Multiple wrap-around modulo 256 (28) 

81FF Multiple wrap-around modulo 512 (29) 

83FF Multiple wrap-around modulo 1024 (210) 

87FF Multiple wrap-around modulo 2048 (211) 

8FFF Multiple wrap-around modulo 4096 (212) 

9FFF Multiple wrap-around modulo 8192 (213) 

BFFF Multiple wrap-around modulo 16384 (214) 

FFFF Linear (Multiple wrap-around modulo 32768) (215) 

Figure 10: The modifier register possible values and their meaning 
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2.3.1 Linear addressing mode 
 

The linear addressing mode will calculate the current address register 

value +/- the offset value where the offset value is set to 1 if 

postincrement/postdecrement by 1 is used. If the updated address 

registers value exceeds $FFFF it will wrap around, starting from address 

$0000. 

  

2.3.2 Bit reverse addressing mode 
 

Bit reverse addressing or reverse carry adding is used for calculating fast 

Fourier transform (FFT) algorithms. The offset register sets the size of the 

FFT to 2(k-1) where k is the value of the offset register. The address 

registers k least significant bits will be calculated using the bit reverse 

addressing algorithm. The (16 - k) most significant bits, denoted L, in the 

address register will stay unchanged. The address that will be pointed out 

is in the range between L *  2k and L *  2k + 2k-1.  

 

When calculating the address both the offset register and the address 

register are bit reversed, then the reversed offset is added/subtracted to 

the reversed address register value. Finally the result are reversed again 

and stored in the address register.  

 

Example: Performing an eight (23) point FFT  

 

R0 0010 K = 3, L = 2 *  2k = 16 

N0 0004 2(k-1), k = 3 and therefore shall the offset register N0 = 4 

M0 0000 Bit reverse addressing 
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R0 will after the calculation hold the value 0010.  

 

3 least significant 
bits in R0 

Bit reverse calculated R0 value after 
calculation 

000 (0) 000 (0) $0010 

001 (1) 100 (4) $0014 

010 (2) 010 (2) $0012 

011 (3) 110 (6) $0016 

100 (4) 001 (1) $0011 

101 (5) 101 (5) $0015 

110 (6) 011 (3) $0013 

111 (7) 111 (7) $0017 

Figure 11: Example on reverse carry addressing 

 

2.3.3 Modulo addressing mode 
 

When the value in the modifier register is set between $0001 and $7FFF, 

address calculation is performed using modulo arithmetic. This range 

permits modulo values from 2 to 32768, the modulo value is set to the 

modifier register value + 1. 

 

When calculating the modulo a lower boundary is set to a base address. 

The base address is determined by the address register and the modulo 

register. If the modulo is set to M which is equal to or smaller than 2k the 

base address is the address register value with the k least significant bits 

(LSB) set to zeroes. The k least significant bits in the address register are 

considered as a starting offset. The upper boundary is set to the base 

address plus the modulo value minus one. The boundaries make a circular 

buffer where the calculated address will be inside the buffer. As long as 
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the offset value is equal to or lower than the modulo value, the calculated 

value will be inside the buffer. When exceeding the buffer it will start 

over at the opposite boundary. 

 

Modulo addressing supports offsets that are equal to or smaller than the 

modulo value. When the offset is bigger than the modulo value, the result 

will be unpredictable, except for the case were the offset value is a 

multiple of the modulo value. In that case, the address jumps to the same 

place in the next buffer. 

 

Example: Boundaries in modulo calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Example on modulo addressing 

 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

 
 
 

Upper boundary 
 
 
Circular buffer 
 
Lower boundary 

Modulo M = 5 
2k = 8 
k = 3 
Rn = 2 
 
 
Lower boundary = 0 
Upper boundary = 4 
Next buffer starts on 
10 
 
As long as offset Nn 
isn’ t bigger than M 
the calculated value 
will be inside 2 to 6. 

Next buffer 
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2.3.4 Modulo wraparound addressing mode 
 

Modulo wraparound addressing can be used in steps of 2k were k is 

between 1 and 14. This mode will calculate the modulo even if the offset 

is bigger than the modulo value. This means that the address will always 

be inside the buffer no matter what the offset is.  

 

The differences between the two modulo addressing modes are that 

standard modulo can be any value between 2 and 32768 while wrap 

around modulo only can be values between 2 and 16384. Furthermore the 

wrap around modulo can take any offset while standard modulo only 

gives predictable results when the offset is equal to or smaller than the 

modulo value, or is a multiple 2k. This concludes that modulo wrap 

around will always be inside its buffer while standard modulo can go 

outside its buffer if the offset is bigger than the modulo value.  
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3 Design 
 

3.1 Approach 
 

As the purpose of the work was to design a simulation model of the AGU 

unit in the DSP processor, that should work as a golden model for the 

RTL-model. The first objective was to understand the functions of the 

AGU and which connections it should have with the other components of 

the DSP processor. 

 

After spending a lot of time trying to understand the functions of the 

AGU without getting any real grip, a first very simple model was made. 

The model had the inputs that can be read out from the Motorola 

DSP56002 manual [3]. The model was simple and could just calculate 

post update instructions using only linear addressing. It also treated all 

operations the same way when considering timing and other differences 

between the operations. It was written in a straightforward way, just by 

setting the given offset and calculating the new address that the AGU 

pointed out as soon as a new instruction came. No procedure or function 

calls in the code were made so there were a lot of duplicates of code 

pieces. The code became quite extensive and hard to read and understand, 

but the model had given a good glimpse of which basic control signals 

that were needed. 

 

Minimizing written code is often quite hard, and the control signals to the 

AGU were not appropriate for controlling the model, so it was not a hard 

decision to make a new model with a more advanced set of control 

signals. In this new model, all addressing modes were supported. The 

model used a main code file where type of instruction and basic timing 
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were determined. From the main file, a package file was called. In the 

package file, all instructions where processed step-by-step calling a lower 

level in the code. After the instruction set was finished, the program 

started processing the next instruction. This breakdown of the code was 

done because I wanted to reuse as much code as possible making it easy 

to understand. However, when writing this model a few new problems 

where discovered. For example the instruction LUA (Load And Update) 

that is a special case, made moves that wasn’ t possible with the current 

set of control signals. Another problem was the JUMP instructions, as 

they needed 2 addresses to be sent into the AGU in one instruction cycle. 

These problems made me make a third model with a more extensive set 

of inputs. 

 

The third model was in big parts the same as the second model, but it was 

even more made so it went through several steps with calls to specific 

subroutines. This was made to make the code as easy as possible to read 

for people not involved in the coding, which is a big advantage as the 

code will be easier to understand for those who shall write the RTL 

model. Also the LUA operation was implemented and the timing control 

was made better. 
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3.2 Block structure 
 

 

Figure 13: Block structure over the final model 

 

The AGU have 17 control signals, 4 data buses and 3 address buses. The 

control signals can be divided into several blocks. All signals that start 

with lower only affects the lower file, i.e. register triplets 0 to 3. In the 

same way all signals that start with upper only affects the upper file. 

Furthermore the AGU is connected to a clock, an input selector that 

selects from where data will be taken and three output selectors that 

decides if the address buses shall be updated and with what contents. 

Finally there is a control signal for the special case with the LUA 
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operation, when the AGU is in this mode some of the other control 

signals will have different tasks than they had originally.  

 

3.3 Code structure 
 

The code was divided into a main file and a package file. The main file 

contains descriptions of external and global signals, operations selection 

part and the output selector section. The package file consists of the 

description of the variables operation and modes. It also holds the 

sections mode, modifier and update. 

 

Operations 

The first thing that is checked is if the op_LUA signal is set, if it is set 

then the Update procedure is called. If op_LUA isn’ t set the operation is 

determined, the timing calculated and then the mode procedure is called. 

  

Mode 

The mode procedure determines which addressing mode that shall be 

used ((Rn)+, (Rn)-, (Rn)+Nn, (Rn)-Nn, Rn, (Rn+Nn), -(Rn), pointer and 

absolute address) and which registers that shall be pointed out. If there 

are any calculations with address modifiers (all modes except pointer and 

absolute address) the procedure modifier is called and important data is 

stored in temporary registers. In the pointer case the registers are pointed 

out and then read or written depending on the values of LowerWrite and 

UpperWrite. Finally in the absolute addressing mode the PDB value will 

be fed through to the output selector. 
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Modifier 

When the modifier procedure is called it first determines the current 

modifier mode, and then it processes the data and calculates the new 

address, that is then saved in address register. After the calculated value is 

stored are all subroutines finished and the execution continues in the main 

file output selector. 

 

Update (LUA) 

If the operation to be executed is LUA the operations part calls the update 

procedure. In this mode the signals work a little bit different then normal. 

Both the LowerReg and UpperReg are used in their full length so both 

signals can point at all registers. The LowerReg is used to point out the 

source register while the UpperReg is used to point out the destination 

register. LowerMode gives one of the 4 valid addressing modes. The 

LUA operation will not give any output and will not update the source 

register as usual, instead it stores the new address in another register. 

 

Output selector 

The buses are loaded with the signals that shall be sent or kept unchanged 

depending on the output selector values. Some final timing is also 

calculated. 
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3.4 Signals 
 

clk is the DSP clock. Could be used for delay calculation, but in the 

current version is the delay calculated from a variable instead. 

 

PC is the DSP program counter. It can be fed through to the PAB 

directly. The program counter is 16 bits long. 

 

icuPC is the DSP interrupt control unit program counter. It can be fed 

through to the PAB directly. The program counter is 16 bits long. 

 

op is the operation selector. It is used to get the proper timing. In the 

current model, all operations are listed in a type definition, it could also 

be listed as a bit vector but due to more explicit code the first method 

were used. In the RTL model this signal won’ t be necessary since the 

timing is set in different ways. 

 

op_LUA is the selector if the AGU should work in normal mode or in 

LUA mode. 

0 = normal mode 

1 = Load updated address mode 

 

PAB is the Program Address Bus and it is an output signal, which is 16 

bits long. 

 

XAB is the X-memory Address Bus and it is an output signal, which is 16 

bits long. 
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YAB is the Y-memory Address Bus and it is an output signal, which is 16 

bits long. 

 

GDB is the Global Data Bus. It is 24 bits long and can be used both as an 

output as well as input. The GDB isn’ t implemented in the current model. 

 

PDB is the Program Data Bus. It is 24 bits long and is only used as a in 

signal. 

 

LowerKeep (UpperKeep) is a single bit that decides if the lower (upper) 

file shall be updated during the current operation. 

0 = Update values 

1 = Keep previous values 

 

LowerMode (UpperMode) selects which addressing mode that should 

be used in the lower (upper) file. The possible selections are: 

postdec_N, postinc_N, postdec_1, postinc_1, noupdate , indexed_N, 

predec_1, pointer, absolute_adr.  

 

LowerReg (UpperReg) is a 3-bit vector that selects which register triplet 

that shall be used in the lower (upper) file. In normal mode i.e. not in 

LUA mode, will only the two lower bits be used.  

(0) 00 = register triplet 0 (1) 00 = register triplet 4 

(0) 01 = register triplet 1 (1) 01 = register triplet 5 

(0) 10 = register triplet 2 (1) 10 = register triplet 6 

(0) 11 = register triplet 3 (1) 11 = register triplet 7 
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LowerRegSel (UpperRegSel) is a 2-bit vector that points out R, N or M 

register when a specific register is wanted. This signal is only used when 

the AGU is in the pointer mode. 

00 = R register 

01 = N register 

10 = M register 

11 is not allowed. 

 

LowerWrite (UpperWrite) is a single bit that specifies if the lower 

(upper) file register should be read or written. This signal is only used in 

pointer mode. 

0 = Reading mode 

1 = Writing mode 

 

InputSel is a 2-bit vector that selects whether GDB or PDB should be the 

input. However this is not in use since the GDB is not implemented. 

 

POutputSel is a 3-bit long vector that is used to determine what will be 

written on the PAB. 

000 = Lower file address 

001 = Upper file address 

010 = program counter (PC) 

011 = interrupt control unit program counter (icuPC) 

111 = don’t write 

All other settings are not allowed. 
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XOutputSel is a 2-bit long vector that is used to determine what will be 

written on the XAB. 

00 = Lower file address 

01 = Upper file address 

10 = not allowed 

11 = don’ t write 

 

YOutputSel is a 2-bit long vector that is used to determine what will be 

written on the YAB. 

00 = Lower file address 

01 = Upper file address 

10 = not allowed 

11 = don’ t write 

 

 

3.5 Improvements 
 

There are a few known shortcomings of the model. First of all, the global 

data bus (GDB) is not implemented at all since there were difficulties to 

see how it should be used. When the GDB is implemented, the InputSel 

control signal must be specified. 

The delay of the AGU could be driven by the external clock instead of 

internal delays as it is now. 

The signal op that gives the operation could be a vector instead of type 

defining all the operations, the same thing with the mode selectors, 

LowerMode and UpperMode. 

Finally the AGU does not support the NORM instruction at the moment. 
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4 Simulation 
 

For testing and verification of the model, DO files were written and 

executed in Modelsim. The results of the test were then examined in a 

graphical environment. All signals were visually confirmed. This could 

have been done by writing code that automatically tested if all signals had 

the correct values, but as all tests had different results all testing files had 

to be written specifically for that test, and it seemed easier to manually 

verify the tests.   

 

The results of the tests were printed out in a graph and verified by 

calculating if the model had the correct update times and correct values in 

the registers. First the basic instructions were tested, and then moving on 

to the more complex modes. The main reason for this approach was to 

eliminate errors in the parts used in every instruction cycle first, and then 

test the special cases one by one. With this approach the possible code 

errors was located to a quite small part of the code. When the initial final 

testing was done, it was time for verification by doing all tests on the 

whole model and looking extra careful on the timing, as this was a crucial 

part of the goals of the model. 
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5 Result 
 

The simulation model of the AGU shall function as a golden model for 

the synthesis model of the AGU. To be able to accomplish this task the 

model needed to be very well defined and very narrowly tested and 

verified. As a great amount of the time available for this thesis was used 

to test the functionality of the model, there is a good chance that model is 

working as intended. However there are a few sources of errors that are 

hard to test. One example of possible errors is in the timing part were it 

was hard to see which latencies that was actually wanted. Other possible 

sources of errors are that the background material has been 

misunderstood.  

 

Looking into the future the models signals need to be synchronized with 

the rest of the DSP processor. The model should however be functional as 

a golden model in the design of a synthesizable model of the AGU unit.  
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