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Introduction  
 The objective of this project is to design, simulate, and implement a very simple computer, 
called Small8. Small8 consists of an 8-bit processor (64K address space), RAM, and I/O ports. 

Design 
 The Small8 computerΩs design is split into three sections: Overall Architecture, Central 
Processing Unit (CPU), and External Components. In order to understand the CPU and External 
Component designs the Overall Architecture section should be analyzed first. 

Overall Architecture  
 The overall architecture of the Small8 computer is presented in Figure 1. 
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Figure 1 - Overall Architecture of Small8 Computer 

From the architecture shown in Figure 1 the following information should be noted: 

 CPU communicates with the rest of the system via 3 signals (2 input, 1 output) and 2 buses 

 3 address decoders are needed (2 port decoders, 1 memory decoder) 

 A single signal (RW) controls reading from and writing to external components 

 The output ports are latches and the input ports are tri-state buffers 
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Central Processing Unit 
 The CPU consist of the following components: controller, various 8-bit registers, various tri-
state buffers, an 8-function ALU, a Program Counter, a Stack Pointer, an Instruction register, a Index 
register,  and an Address register. All the components of the CPU as well as the system interconnects 
are shown in Figure 2. 

 

Figure 2 - CPU Internal Architecture 
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System Components  

Because of the complex nature of the CPU system it will be analyzed in several sections starting 
first with the ALU shown in Figure 3. 

 

Figure 3 - ALU Architecture 
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 The ALU carry-in is selectable, via a MUX, between the C_TEMP register and the carry flag 

 The ALU carry-out is selectable, via a MUX, between the SLout, SRout, and carry flag signals 

 The ALU A input is selectable, via a MUX, between the A register, Index Register high byte, and 
Index Register low byte 
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The diagram presented in Figure 4 illustrates the A and D registers, the Program Counter, and 
the address-to-internal bus buffers. 

 

Figure 4 - Various Components of Internal CPU Architecture 
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with added functionality (increment, load high and low bytes separately, tri-state outputs) 

 Various instructions, such as the Call instruction, require data on the address bus to be 
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The diagrams presented in Figure 6, Figure 7, and Figure 7 illustrates the T register, Index register, 
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Figure 5 - Various Components of Internal CPU Architecture 

From the components shown in Figure 5 the following information should be noted: 
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Figure 6 - Various Components of Internal CPU Architecture 
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Figure 7 - Various Components of Internal CPU Architecture 

From the components shown in Figure 7 the following information should be noted: 

 The Instruction register is just a simple 8-bit register that connects directly to the controller 

 The Address register is based on a general 16-bit register but with added functionality (load 
high and low bytes separately, tri-state outputs) 
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Controller  

 The most important component of the CPU is the Controller. 
¢ƘŜ /ƻƴǘǊƻƭƭŜǊ άŎƻƴǘǊƻƭǎέ the rest of the CPU components as well as 

the decoding of the instructions listed in (Appendix A.- Instruction 
Set). These objectives are achieved via 2 VHDL Processes 
Statements. For the complete VHDL code of the Controller please 
view Appendix F. - Controller VHDL Code. 

The input and output signals of the Controller are shown in 
Figure 8. 

Algorithmic State Machine  
 In order to develop the VHDL code presented in Appendix F. - 

Controller VHDL Code, an algorithmic state machine (ASM) was used 

to develop the various states of the system, conditional outputs, 

unconditional outputs, and the overall system operation. 

 The overall ASM diagram is presented in Figure 9. Because of 

the complex nature and quantity of states shown in Figure 9 the 

diagram has been broken down and is presented as smaller sections 

in the following figures: 

Figure 9 - Overall ASM Diagram 

Figure 10 - ASM Diagram of OPCODE Fetch 

Figure 11 - ASM Diagram of Single State Instructions 

Figure 12 - ASM Diagram of ALU Instructions 

Figure 13 - ASM Diagram of Various Instructions 

Figure 14 - ASM Diagram of Branch Instructions 

Figure 15 - ASM Diagram of Various Three Byte Instructions 
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Figure 9 - Overall ASM Diagram 
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Figure 10 - ASM Diagram of OPCODE Fetch 
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Figure 11 - ASM Diagram of Single State Instructions 
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Figure 12 - ASM Diagram of ALU Instructions 
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Figure 13 - ASM Diagram of Various Instructions 
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Figure 14 - ASM Diagram of Branch Instructions 
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Figure 15 - ASM Diagram of Various Three Byte Instructions 

 

Optimizations  
 From the various ASM diagrams several optimizations can be seen. For example, all of the 

branch instructions use the same 5 states (THREE_BYTES0, BRANCH0, BRANCH1, BRANCH2, and 

PC_INC0) as shown in Figure 14. Also, all the three byte instructions shown in Figure 15 share the same 
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first state, THREE_BYTES0. The ALU instructions shown in Figure 12 all share the same conditional 

outputs, D_OE and T_LD. 

Simulation  
 Once the ASM for the controller was completed various simulation where performed to test the 
functionality of the controller. Because the controller has approximately 50 signals originating from it, 
its simulation will not be shown here but its functionality is inherently tested though the various test 
cases that are shown later in this report. 

External Components 
 The Small8 computer external components consist of 3 types of devices, input ports, output 
ports, and memory. 

Input and Output Ports  

 

 

 

Figure 16 - Input and Output Ports 

From the input and output ports shown in Figure 16 the following information should be noted: 

 The input ports (INPORT0 and INPORT1) are implemented as tri-state buffers 

 The output ports (OUTPORT0 and OUTPORT1) are implemented as 8-bit registers 

 Both input and output ports are selected via address decoding implemented with AND and NOT 
gates, the address bus, and the RW signal (RW = 0 implies reading, RW = 1 implies writing) 

o INPORT0 and OUTPORT0 occupy address space 0b 1XXX XXXX XXXX XXX0 
o INPORT1 and OUTPORT1 occupy address space 0b 1XXX XXXX XXXX XXX1 
ό· ǊŜǇǊŜǎŜƴǘǎ άŘƻƴΩǘ ŎŀǊŜέύ 
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Memory  

 

Figure 17 - System Memory 

From the memory shown in Figure 17 the following information should be noted: 

 The memory (altsyncram operating in single-port mode) is connected to the data bus via an 8-
bit tri-state buffer 

 The memory occupies address space 0b 0XXX XXXX XXXX XX00 to 0b 0XXX XXXX XXXX XXFF 
ό· ǊŜǇǊŜǎŜƴǘǎ άŘƻƴΩǘ ŎŀǊŜέύ 

Simulation s 
 Through a series of programs all the instructions listed in Appendix A. where completely tested 
and simulated. The required instructions and their respective simulations are presented in this section. 
The additional instructions that were not required but encouraged to be completed are simulated and 
tested in Appendix G. - Extra Test Cases. 

 Each test case simulation is first shown in its entirety and then select segments of each test 
case are shown in more detail. 

OPCODE Fetch 
 In order for any of the Small8 instructions to work they must first be fetched from system 
memory. Figure 18 illustrates the OPCODE fetch process. 

 

Figure 18 - OPCODE Fetch Simulation 
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