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Overview of CPU


The CPU is a flat design, with a program already loaded into the RAM. All other registers must start at zero, and the program counter must start at 19 (10011). On the first tick it will be set to zero. The Cache has a fast clock and a fast 4 byte bus connected to the RAM. The cache clock ticks twice as fast as the main CPU clock, and therefore the instructions can be downloaded without effecting the flow of the machine. Since the instruction register begins with zeros, it sends a signal to the PC and Cache to fetch the next instruction. The PC then increments to Zero, and the Cache downloads the first 4 instructions. On the second cache clock tick the first instruction is sent to the instruction register. The instruction register and control unit come in one black box which is controlled by a slow clock (twice as slow as the main CPU clock). This is done for since if a signal is sent to a flip flop and the clock ticks at the same instance the flip flop will not get the information. To solve this problem we set up a delay in ticking. When a signal is sent, it is put on the bus on the first tick, and read on the second. The control Unit then process the instruction, sending a signal to the PC and cache when done. This cycle will continue until a stop command is read. This will close a gate connected to the clock, and stop the machine from processing. 
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The RAM


The RAM has two outputs, and eight inputs. It outputs a byte to the MDR, and 4 bytes to the cache. The inputs are, on/off switch, read/write bit, clock, address, byte from MDR, and first 3 bits from PC. The RAM holds both data and instructions. It is assumed that the first 4 bytes are instructions, and the last 4 are data, in between it is unknown. The address goes down an address bus, triggering the proper byte to either read or write, while the read/write bit specifies where the RAM is reading or writing. Also, there is an on/off bit which can stop the RAM from either reading or writing. The device also has a direct connection with the cache. This connection bypasses all other triggers. There is a separate buffer used to choose which group of 4 bytes will be sent to cache. This is controlled by the first three bits from the PC.

The Cache


The cache holds memory in a similar manner as the RAM. It holds 4 bytes of information. There is only one output from the cache which goes directly to the instruction register. There are five inputs to the cache. There is a 32 bit input from the ram which offers fast 4 byte downloads. There is also an input from a fast clock that ticks twice as fast as the main CPU clock. This helps the cache download the next set of instructions fast enough to not effect the flow of the machine. The next input is the last 2 bits from the program counter. This tells the cache which instruction to send to the IR. The final input is a signal from the CU to tell the cache to move to the next instruction or download the next four. The once the cache receives a signal from the CU to send the next instruction, it check which instruction is needed to be sent. If it is the first three, it sends them to the IR, but if it is the four instruction, it will do a fast download from RAM after it is sent, while downloading a 0 is being sent to the CU so to not confuse it with wrong data.

IR and CU


The contents of the IR is interpreted as specified by the assembly language, after which one wire is triggered, depending on the instruction that will be executed. The wire triggers a sequence of operations (using a cyclic counter) by the CU corresponding to the execution of the instruction. 


For example, if we perform an add instruction, the "add" wire will trigger and the corresponding "add box" in the CU will go through 4 stages, during each of which it turns certain processes "on" while keeping the others "off", and on the last of which it will send a signal to fetch the next instruction into the IR. Once the next instruction is in the IR, the "add wire" will go back to 0 and the "Add" counter will correspondingly idle. The stages of the add command are described in detail below.

_________________________

STAGE 1: 

- General purpose registers are set to WRITE (they are outputting their content).

- The first general purpose register (specified by the assembly command) is ON. Thus, it is only that register that will in fact output its contents. The triggering of the specific register happens by interpreting (by a mux) the data in the instruction and ANDing it with the "turn registers on" signal. 

- The Right Pre-ALU register is ON.

- Pre-ALU registers are set to Read (accept data).

- Everything else is OFF. The ALU receives a command code to perform an ADD throughout the instruction.

Thus, in stage 1 the contents of the selected general purpose register will be copied into the right pre-ALU register.

STAGE 2:

- General purpose registers are still set to WRITE.

- The second general purpose registered specified in the command is ON.

- Left pre-ALU is ON.

- pre-ALU registers set to READ.

- Everything else is OFF.

STAGE 3:

- A-OUT is set to ON, and thus accepts the result of the addition in the ALU. The pre-ALU registers are still ON and set to WRITE. Everything else is off.

STAGE 4:

-Send signal to the PR to increment and send the next instruction from cache into the IR.

____________________

The process is conceptually very similar for other instructions. The specific micro-operations triggered differ, of course.

The ALU


The ALU functions with three inputs and two outputs. It takes in 2 bytes from the pre-ALU registers,  and an instruction from the CU. Depending on the instruction, it will either add subtract or subtract from zero. This is done by using both full and half adders. Which do bitwise addition with a carry. There is also circuitry for 2's compliment. This is done by flipping all bits and adding a one, using the same adders. Once the proper computation has been completed, the solution is outputted, along with a status.

Program Counter

This is a basic cyclic incrementer from 0 to 19 and back to 0, with an option of a direct set to an arbitrary value from 0 to 31 (but anything greater than 19 is meaningless). The way the incrementer works is through an incrementer circuit, which outputs the input plus 1. Since the PC is a register, the incrementing does not happen until the next clock tick. The clock is ANDed with the "fetch next instruction" signal from the CU, so that it only increments when it is time to load the next instruction. 

The Registers


There are a total of 11 registers in the CPU. The all work very similarly. They all use the D flip flops to hold their data. They all also have a different amount of flip flops depending on the register. The general purpose, pre-ALU, A-OUT, D-OUT, and MDR have 8 bits. While the status has 3, and the MAR has 5. All of them have clock wires, and some also have read/write bits. The pre-ALUs, D-OUT,  and the MAR automatically write. The status automatically reads. The others have the option of either reading or writing.

The Digital Display


The digital display black box takes in an 8 bit number, and triggers the appropriate wires for the digital number display. Inside the black box there are several other black boxes. The digital display recognizes negative numbers and will do a twos compliment to display the correct number. There are three more boxes which will take in the binary number and determine the ones digit, tens digit, and hundreds digit.

Assembly Language Guide

ADD the contents of two general purpose registers: 0011-R1(2 bits address)-R2(2 bits address)

ADD the contents of a general purpose registers with the contents of A-OUT: 000001-R(2 bits address)

SUBTRACT the contents of register 2 from the contents of register 1: 0010-R1(2 bits)-R2(2 bits)

Calculate the 2's complement of the contents of a general purpose register: 00001-X(not used)-R(2 bits)

MULTIPLY the contents of two general purpose registers: 0001-R1(2 bits)-R2(2 bits) [The ability to multiply will be featured in the next version of 42 - the 42.01]

LOAD the content of an address in RAM into a general purpose register: 10-R(2 bits address)-RAM(4 bits address). Only data from the last 16 words of RAM can be loaded.

BRANCH to specified address in RAM if contents of a register is 0: 01-R(2 bits)-RAM(4 bits). Branching is possible from the first three general purpose registers and from the A-OUT register. Branching is possible to the first 16 words of RAM. 

STORE the contents of a register into an address in RAM: 11-RAM(3 bits)-R(3 bits). Data can be stored from any of the 6 registers into one of the last 8 memory locations in RAM.

DISPLAY the contents of a register: 11-R(2 bits)-X-111. This can display the contents of general purpose registers 0-2 and A-OUT.

STOP: 00000010

Sample Program


The RAM should be loaded with the following information:


byte 0: 10001111
load contents of last address in RAM (19) R0


byte 1: 10011110
load contents of RAM address 18 into R1


byte 2: 00110001
add R0 and R1


byte 3: 11101100
store result (A-OUT) in RAM address 17


byte 4: 10101101
load result (contents of RAM address 17) into R2


byte 5: 00111000
add R2 and R0


byte 6: 11111100
store result into last address of RAM (19)


byte 7: 10001111
load contents of RAM address into R0


byte 8: 10111110
load contents of RAM address 18 into R3


byte 9: 00100011
subtract the content of R3 from R0


byte 10: 11110111
display result (A-OUT)


byte 11: 00000010
STOP


byte 12: 00000000


byte 13: 00000000


byte 14: 00000000


byte 15: 00000000


byte 16: 00000000


byte 17: 00000000 


byte 18: 00000010
2


byte 19: 00010101
21
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