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Introduction

The objective of this projeas to design, simulate, and implement a very simple computer,
called Small8. Small8 consists of apitdorocessor (64K address space), RAM, and 1/O ports.

Design

The Small8 comput& desigris 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 presentdeigarel.
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Figurel - Overall Architecture of Small8 Computer

From the architecture shown iRigurel the following information should be noted:

e CPU communicates with the rest of the system3sagnalg2 input, 1 output) and 2 buses

e 3 address decoders are needed (2 pdecodes, 1 memory decoder)
e A single signal (RW) controls reading from and writing to external components
e The output ports are latches and the input ports arestate buffers



Central Processing Unit

The CPWdonsist of the following components: controller, varioubiBregisters, various ti
state buffers, an 8unction ALU, &rogramCounter, aSackPointer, aninstruction registera Index
register, and anAddress register. All the components of the GilUvell as the system interconnects

are shown irFigure2.
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Figure2 - CPU Internal Architecture



System Components

Because of the complenature of the CPU system it will be analyzed in several sedtaning
first with the ALU shown iRigure3.
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Figure3 - ALU Architecture
From the ALU and its supporting system showhigure3 the following information should be noted:

A Lbit register, called C_TEMP is requitedmplement various instructions
The ALU carnn is selectable, via a MUX, between the C_TEMP register and the carry flag
The ALU carrgut is selectable, via a MUX, between the SLout, SRout, and carry flag signals

The ALU A input is selectable, via aXUbetween the A register, Index Register high byte, and
Index Register low byte



The diagram presented irigure4 illustrates the A and D registers, the Program Geyrand
the addresgo-internal bus buffers.
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Figure4 - Various Components of Intern&PUArchitecture
From the components shown Figure4 the following information should be noted:

e Both the A and D registers are connected to the internbit®us via tristate buffers

e The Aregister is also connected to the ALU directly

e TheProgram CountefAppendixB.- Program Countéris based on a general 486t register but
with added functionality (increment, load high and low bytes separatebgtéite outputs)

e Various instructions, such #se Call instruction, require data on the address bus to be
transferred to the internal bus; this is accomplished via twhit8ri-state buffers

The diagrams presented Figure6, Figure7, andFigure? illustrates theT register, Index register,
internakto-external tristate buffers, Stack Pointer, Instruction register, and Address register.
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Figure5 - Various Components of Internal CPU Architecture

From the components shown Figure5 the following information should be noted:

The Index RegisteAppendixD. - Index Registgris based on a general -bfit register but with
added functionality (increment, decrement, load high and low bytes separatebtate

outputs)

The T register is connected to the ALU inputs direatky to the internal &it bus via tristate

buffers
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Figure6 - Various Components of InternalPUArchitecture
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From the components shown Figure6 the following information should be noted:

The Stack PointéhppendixE - Stack Pointeris based on a general 48t register but with
added functionality (increment, decrement, load high and low bytes separatebtate

outputs)

To allow data to flow between the internal bus and the external bus-&ate buffers are used
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Figure7 - Various Components of InternalPUArchitecture
From the components shown Figure? the following information should be noted:

e The Instruction register is just a simpld8 register that connects directly to the controller
e The Address register is based on a generdifiegister but with added functionality (load
high and low bytes separately,state outputs)
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Figure8 -

Controller Block Diagram

Controller

The most important component of the CPU is the Controller.
¢ KS / 2y NEP ftte $btlofdh® @RUkdddpdnents as well as
the decoding of the instructionissted in(AppendixA.- Instruction
Se). These objectives are achieved via 2 VHDL Processes
Statements. For the complete VHDL code of the Controller please
view AppendixF.- Controller VHDL Code

The input and output signals of the Controller are shown in
Figures8.

Algorithmic State Machine
In order to cevelop the VHDL code presenteddppendixF.-

Controller VHDL Codan algorithmic state machine (ASM) was used
to develop the various states of the system, comifil outputs,
unconditional outputs, and the overall system operation.

The overall ASM diagram is presentedrigure9. Because of
the complex nature and quantityf atates shown ifrigure9 the
diagram has been broken down and is presented as smaller sections
in the following figures:

Figure9 - OverallASM Diagram

Figurel0- ASM Diagram of OPCODE Fetch
Figurell- ASM Diagram of Single State Instructions
Figurel2- ASM Diagram of ALU Instructions
Figurel3- ASM Diagram d¥ariousinstructions
Figurel4 - ASM Diagram of Branch Instructions

Figurel5- ASM Diagram of Various Three Byte Instructions
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Figure10- ASM Diagram of OPCODE Fetch
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Figurell- ASM Diagram of Single State Instructions

11



ANDRD($21) ADCRD($01) SBORD($11) QMPRD($91) ORRD($31) XORRD($41)
¥ ANDRDO ¥ D70 ¥ S0 v | — v oo v
ALlU_OE ALlU_OE AU OE ALU_OE ALU OE ALlU_OE
ALU_S1(2) ALU_SH(0) ALlU_SH(1) ALU_SH(1) ALU_S1(2) AlU_SH(2)
ALU_SH(1) ClD C LD C LD ALU_SA(1) ALU_SH(0)
Z LD V_LD V_LD V_LD ALU_SH(0) Z LD
S D Z 1D Z LD Z 1D Z 1D SID
A LD S ID SID S D SID A LD
A LD A LD A LD

Figurel2 - ASM Diagram of ALU Instructions
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Figurel3- ASM Diagram o¥ariouslnstructions
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THREE BYTESD
PCH_ OE
PQ__OE
PC INC

Figurel4 - ASM Diagram of Branch Instructions
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Figurel5- ASM Diagram of Various Three Byte Instructions

Optimizations

From the various ASM diagrs several optimizations can be seen. For example, all of the
branch instructions use the same 5 states (THREE_BYTESO, BRANCHO, BRANCH1, BRANCH2, and
PC_INCO) as shownFkigurel4. Also, all the three byte instructions shownFigurel5 share the same

14



first state, THREE_BYTESO. The ALU instructions shbigaril2 all share the same conditional
outputs, D_OE and T_LD.

Simulation

Once the ASM for the controller was completed various simulation where performed tdest t
functionality of the controllerBecause the controller has approximatély signals originating from it,
its simulation will not be shown hereut 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
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Figurel6 - Input and Output Ports

From the input and output ports shown kigurel6the following information should be noted:

e The input ports (INPORTO and INPORTL1) are implementeestet¢rbuffas
e The output ports (OUTPORTO and OUTPORT1) are implementdit asgisters
e 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 imphe$ writ
0 INPORTO and OUTPORTO occupy address@ipdeeXX XXXX XXXX XXX0
o0 INPORT1 and OUTPORT1 occupy address space 0b IXXX XXXX XXXX XXX1
60- NBLINBaSyida aR2y Qi OF NB&

15



Memory
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Figurel7 - System Memory
From the memory shown iRigurel? the following information should be noted:

e The memory (altsyncramperating in singlgport mode) is connected to the data bus via an 8

bit tri-state buffer
e Thememory occupies address space 0b OXXX XXXX XXXX XX00 to Ob OXXX XXXX XXXX XXFF
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Simulation s
Through a series of programs all the instructions liste8lgpendix A. where completely tested

and simulated. The required instructioaad their respective simulations are presented in this section.
The additional instructions that were not required but encouraged to be complatedgimulated and
tested inAppendixG.- 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 behieticfrom system

memory.Figurel8illustrates the OPCODE fetch process.

Figurel8- OPCODE Fetch Simulation
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