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General Description:

1.0. 
Short Brief:

This computer will implement a Reduced Instruction Set Computer (RISC) architecture, in which we will have 64K memory and 16 bit word addressability.  It will have a memory mapped I/O.  The computer only supports fixed length 16 bit instructions.

1.1.
CPU:

The CPU follows basic RISC architecture with no direct memory access except for load and store commands through the MAR and the MDR.  The CPU holds a 14 line cache with a width of 73 bits. 

1.2.
Memory Unit:

65536 16 bit word addressable spaces, accounting for 1024Kb total memory.  It will be memory mapped, including the I/O.

1.3.
Busses:

The internal CPU bus runs at a full 16 bits and connects with the MAR/MDR which connects to the external bus.  The external bus connects the MAR/MDR to the memory.  The external bus runs much slower then the internal CPU bus

1.4.
I/O:

IO is memory mapped into 1EFFh-1FFFh.  IO is supported through the monitor and keyboard only.
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CPU:

2.0.
Central Processing Unit:

This section provides a description of the various components of the CPU and their interactions.

2.1.
Register File

There are 16 registers in our computer each being 16 bits wide.  The registers are word addressable and are numbered from 0 to F.  The special registers can be used, but during the specified operations any data stored in them will be overwritten.  Register 14 is used for a stack pointer and register 15 is used for holding the return memory address from a CALL for a RET command. 

2.2.
ALU Operations

The ALU (Arithmetic Logic Unit) operations that are supported are basic options of add, and, not, subtract, multiply, divide, mod and bit shifting.  The two input operands can hold 16 bit values, and one or both of the operands can be used at a time.  The ALU doesn't natively support any values bigger then 16 bits or any floating point numbers, to get the functionality of greater then 16 bit and floating point numbers, it must be emulated in software.

2.3.
Control Registers

2.3.1.

PC(Program Counter)

This computer implements a 16-bit PC.  The program counter has two functions: one will be adding one to the PC value for normal non branching statements.  The second will be getting an address from a register to get back from things like a CALL and from interrupts.

2.3.2.

IR

There is no unique place for the IR.  The IR is one of the 16 bit values in the pipeline and when it is needed, it must be gotten from the pipeline.  To fetch the initial IR to be put in the pipeline, it first checks the cache to see if the instruction pointed to by the PC is there.  If it is not then the instruction is fetched from the memory and loaded into the cache and the pipeline in the IR position.

2.3.3.

PSW

16 bit PSW containing the bit values for negative(N), zero(Z), carry(C), overflow(O), and positive(P)

The format for the PSW is as follows:

  NZCOP 000 0000 0000

There is no direct access to the PSW except through branch statements and the ALU operation of add with carry.  The PSW interfaces with the ALU after the results of the last ALU operation.

2.3.4.

MM registers

Our system has 4 memory management registers.  MM0 is filled by default with 0FFFh to separate the normal memory from the system/BIOS area. MM1 is filled with 100Fh which segments out the memory from 1000h to 1000Fh as a read only portion to non OS accessors.  The next register MM2 has value 101F to segment out the area 1010 to 101F for memory mapped IO.  MM3 has the value 1400h to separate the user space from 1020 to 1400 and the system stack running from 1400 to 1500h.

2.3.5.

MAR/MDR

The MAR has 1 16 bit wide bus from the internal bus.  The MAR then has a path directly to memory for save operations.  The MAR also has a path to the Cache for load operations of fetching instructions. 

The MDR has 2 16-bit busses going to and from the internal bus to the MDR.  There is 1 16-bit path from the Cache to the MDR for load operations and 1 16-bit path from MDR to memory for save operations.

2.4. Internal Bus

The internal bus is a 16-bit wide bus connecting the register file, the cache, the ALU, the PC and the MAR/MDR.  The bus can transport data and instructions to and from each item in the CPU except for the MAR which is only a one way transport

2.5.
Interrupt Processing

Not determined yet

2.6.
Addressing

The memory addressing that we are using is a 16-bit word addressable memory.  It is only possible to access the memory through setting up an address in a register through the ALU operations.  No special instructions are provided for setting register up with addressing.  For the first design of the computer only the first 1500h is accessible.

2.7. Processing Cycle and Instruction Pipeline

The processing cycle for our computer will be a 5 stage processing cycle using pipelining

The Processing cycle:

Fetch – get the next instruction first by checking the cache and then getting it from memory.  In this stage the IR array and the PC will be incremented.

Decode – decode the instruction to get what operation to perform.  This stage pulls out all information that may be useful later on in the pipeline and stores it for later use.  This includes the opcode, operands, immediate bit, and immediate.  It also does checking of the immediate bit.

Fetch Operands/Fetch Operands in Registers – There are two ways that the operands are fetched.  It can either get the data for the operation from the registers or directly from the decoded instruction into the ALU.   It fetches from the operands that the decode had previously specified.  These fetched operands are the actual data needed for the next step.

Execute – The execute does the actual execution of the intended instruction.  The data has already been extracted by the fetch operands, and is then performed upon here for arithmetic instructions.  The result is stored temporarily but not in its final destination.  That will be carried out in store.  Execute also does data manipulation or the actual intended execution of the intended instruction.  For instance, the branch and jump commands will be carried out here.  Since all data was previously extracted in the decode, it is easy to determine which instruction is being performed.   

Store – Stores the result back into register or to memory if it is a store operation.  This will place the result from execute into its final location.  For operations such as CALL and JUMP, there is no result to be stored.  For instructions such as store and load, the actual operation is done in execute.  Since this operation will take two cycles to complete, it simulates spreading it out over the execute and store.

During the decode phase the system will do register checking to make sure that a source register isn't a destination register of the last operation.  If it is, then the system will automatically insert a NOP to stall the pipeline for 1 phase.

The pipeline uses 101 per line with 5 stages for a total of 505 bits.

Pipeline layout (top is fetch instruction phase, and the bottom is the store phase):

Bits used

16       16              5              1                  4                 4                      7              16           16             16  
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When there is data to be stored, it is gotten from the ALU result position and put into the register where the destination register number specifies.

2.8.
L1 Cache

The L1 cache is dedicated for instruction caching only, data loaded from memory will bypass the cache.  The cache is filled based on cache misses, when a cache miss occurs, then 16 words of instructions are loaded into a line in the cache.  The L1 cache will have a tag of 12 bits and hold 16 words of instructions.  The 12 bit tag on the cache is the first 12 bits of the memory location of the instruction; the next 4 bits are the offset position of where the instruction will be in the cache.  The addressability of the cache will be 16 lines.  On each adding of the cache the new block of instruction will be linearly inserted into the cache line, and a wraparound will occur past 16 lines (back to line 1).  When a cache line is found with an instruction already in that position then it will be replaced.

3.0.
Memory Unit:

65536 16 bit word addressable spaces, accounting for 1024Kb total memory.

Of the bits that are theoretically available our system will only run down to 1500h or 86Kb of memory.  The first 1000h or 65Kb is dedicated to the system OS and BIOS.

The rest of the system memory is laid out as follows

0000-0FFFh
system and BIOS

1000-100Fh
trap table

1010-101Fh
memory mapped IO

1020-11D3h
user programs

11D4-12F6h
user data

12F7-13FFh
stack data

1400-1500h
system stack
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4.0.
Busses:

The only external bus from the CPU is a 16-bit bus from CPU’s MAR and MDR to memory.  There is no bus to I/O except through the memory bus, and the I/O of the system is memory mapped.  The internal bus is referenced in section 2.4.

5.0.
Input/Output 

The I/O method that we will be using will be memory mapped I/O.  For each I/O there is a ready word space and a place to either read or write the data in memory.  To read to and from these memory instructions the load and store operations will be used to access them.  The portion in memory that will be used for the memory mapping will be 1EFF-1FFFh.

5.0.
Instruction Format

There are two different formats implemented for instructions.  The first format has the first 5 bits as op code, the next 4 as the first source register and destination register and the next bit as the immediate bit. If this bit is set then the next 6 bits are for the immediate value.  If the immediate bit is not set, then the next 2 bits are worthless and the last 4 bits are the second source register.



Op code      source register 1/destination   Immediate bit  source register 2

The two register mode with the immediate bit and the next 2 bits set to zero is used by LD, ST, ADD, AND, SUB, MULT, OR, XOR, ADDC, DIV, MOD, PUSH, and POP.



Op code      source register 1/destination   Immediate bit  Immediate Value

The operations that support the immediate value bit are ADD, SUB, MULT, DIV, and MOD.  For SHL, SHR, EI, DI and TRAP, they use the same form except that they don't check the immediate bit. For unary operations like NOT, BR, and CALL then it is the same as above however the immediate bit and immediate value/source register 2 are ignored.

For operations that only take an immediate value and don't use any registers, it takes a format where the opcode takes the first 5 bits and the immediate value takes a variable amount at the end of the instruction depending on the type of instruction.

The operations that take this format are EI, DI, TRAP, and the JMP instructions.



Op code                 Immediate Value

The last form of instructions are the ones that don't take any input like NOP and HALT, for these there only needs to be the opcode set and the rest of the values should be 0.

For a more complete view of all the instructions, please view the instruction sheet.
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