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Interrupt Program Counter

A register (created by CoreGen) that stores the address of the instruction that would have been executed if an exception had not occurred. The IPC outputs that address on the following clock cycles until written to again.

Input: 
D(15:0) - 16-bit address containing location of instruction that would have been executed had the exception not occurred..

Output: 
Q(15:0) – Same as input (following clock cycles)
Control Signal:
CE – 1-bit write-enable for the register.
Test Case: 
In an overflow scenario, check to make sure that CE is enabled and that the register stores correct address and outputs that address on following clock cycles until CE is enabled again and the register stores a new address.
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Program Counter
A register (created in CoreGen) that stores address of instruction in memory that is to be executed until it is written to again.
Input:

D(15:0) – 16-bit address containing location of next instruction in memory to be executed.  

Output:

Q(15:0) – Same as input (following clock cycles)
Control Signal: CE – 1-bit write-enable for the register.
Test Case: 

Whenever an instruction is executed, the PC is incremented by 2.  To ensure that the PC register is working correctly, we must determine if the correct addresses are being stored in and retrieved from the PC during instruction execution.
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Special Register File

Register File (created in CoreGen) that includes three special registers ($i0, $i1, $i2) that are used to store interrupt addresses for the Dip Switch, Shift Button, and Start Button.

Input: 

DIN(15:0) – 16-bit data input containing address to be read/written.

ADDR(1:0) – 2-bit location of reference register.
Output:

DOUT(15:0) – 16-bit address from selected special register.
Control Signal: 

WE – 1-bit write enable for the register.

Test Case:


In the case that an interrupt from the Dip Switch, Shift Button, or Start Button occurs, we must ensure that the correct special register is written to and that the correct address is stored in the register.  To check the output, we must determine that the correct address is sent from the correct register for our particular interrupt.

Register File (See Image Below)

Register File contains 16 general purpose registers including the Display Register and Dip Switch Value.  Write enable is activated on a single register by ANDing the write-enable signal with a decoder signal specific to the register to be written.  Each of two data outputs is selected in two bus multiplexers accepting output signals from each register.
Components:
- sixteen single 16-bit wide registers with write enable

- one 4-to-16 bit decoder

- sixteen and-2 gates

- two 16x16 bus multiplexers

Input: 

- 16-bit Data Write


- 16-bit Extended Dip Switch Input


- 4-bit Write Address 


- 4-bit Read Address


- 4-bit Read Address

Output:


- 16-bit word


- 16-bit word


- 16-bit display output

Control Signal:

- 1-bit write enable

Test Case:

Over a number of iterations, select registers at random and write data to them.  Select the output for the same registers next clock cycle and check to see that the data output is the same data written previously.  Include modifications for the display and dipswitch registers and ensure that the display register always outputs the same value unless a new value is stored.
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Arithmetic Logic Unit (See Image Below)


Arithmetic Logic Unit performs basic addition and subtraction with overflow detection on its input values.  The input values are fed to a 16-bit ripple carry adder/subtractor sequence.
Components:
- One multiplexer with 2 16-bit inputs and one 16-bit output.  The inputs are the B register and the B register negated.  The MUX is used to select between the two versions of B for addition and subtraction.
- 16 1-bit adders w/CI, CO, and two Inputs
- 1 16-bit Two’s complement component used to negate B.
- 1 16-bit NOR-Gate to create our ZERO trigger.
- Overflow detection unit consisting of 1 XOR-2 gate.

Input: 

- A – 16-bit bus which contains the upper input to the ALU.

- B – 16-bit bus which contains the bottom input to the ALU.
Output:


- Result – 16-bit bus which contains the output of the arithmetic operation.

- ZERO – 1-bit signal that is 1 only when all result bits are 0.
- Overflow – 1-bit signal that is asserted when arithmetic overflow occurs.

Control Signal:

- Subtract – 1-bit control signal which determines the function of the ALU.
Test Case:

Attempt to do addition and subtraction and monitor outputs.  ADD and ADDI command would utilize the add function of the ALU.  SUB and SUBI would utilize the subtract function of the ALU.
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A Register


Register that holds value that can be sent to ALU Top, Shift, or AND.
Input: 

D(15:0) - 16-bit value containing input for A

Output: 

Q(15:0) – Same as input (following clock cycles)

Control Signal:

Test Case: 

Every instruction utilizes the A register to store data from the Register File as specified by the Instruction Register.  For instance, the add command would utilize the B register.
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B Register


Register that holds value that can be sent to ALU Bottom, Shift, AND, or Reg File.

Input: 

D(15:0) - 16-bit value containing input for B
Output: 

Q(15:0) – Same as input (following clock cycles)

Control Signal:

Test Case: 

Nearly every instruction utilizes the B register to store data from the Register File as specified by the Instruction Register.  For instance, the add command would utilize the B register.
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C Register


Register that holds value that can be sent to Write Data MUX of the Register File.
Input: 

D(15:0) - 16-bit value containing input for C
Output: 

Q(15:0) – Same as input (following clock cycles)

Control Signal:

Test Case: 

LShift utilizes the C register.  We would need to monitor the progress of the Lshift to ensure that the C register function correctly.
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Cause

Register that holds the value pertaining to the cause of interrupt.
Input: 

D(1:0) - 2-bit value containing input for Cause
Output: 

Q(1:0) – Same as input (following clock cycles)

Control Signal:

CE – 1-bit write-enable for the register.

Test Case: 

After an interrupt occurs, the cause register should be notified by the control unit of the value of the cause responsible for the interrupt.  This component can be tested for correct input and output whenever an interrupt occurs (mainly by changing the dip switches).
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Instruction Register

Register that holds the value of the current instruction.
Input: 

D(15:0) - 16-bit value containing input for IR.
Output: 

Q(15:0) – Same as input (following clock cycles)

Control Signal:

CE – 1-bit write-enable for the register.

Test Case: 

The IR takes instruction values from memory.  The instruction register is utilized during every command.  Any time a command is executed, the IR pulls data from memory and relays it to another register.
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SUM

Register that holds the value outputted by the ALU.
Input: 

D(15:0) - 16-bit value containing input for SUM
Output: 

Q(15:0) – Same as input (following clock cycles)

Control Signal:

Test Case: 


Any instruction that needs output from the ALU (other than incrementing the PC) is a good test of this component.  Alternatively, we could input a specific value and see if we could extract that value from the register on the next clock cycle as a unit test.
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IEB

Register that holds the bit determining whether or not to pay attention to interrupts.
Input: 

D(0:0) - 1-bit value containing input for the IEB
Output: 

Q(0:0) – Same as input (following clock cycles)

Control Signal:

Test Case: 


We can input a specific value and see if we could extract that value from the register on the next clock cycle as a unit test.  This component is used during the interrupt checking process so any instruction will do as a test.
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AND

Component that outputs the 16-bit logical and of its two 16-bit inputs
Input: 

A(15:0) - 16-bit value containing input 1 for the AND

B(15:0) - 16-bit value containing input 2 for the AND
Output: 

O(15:0) – 16-bit value containing the logical and
Control Signal:

Test Case: 


The obvious way to test this component (other than simple unit testing) is to try using the AND assembly command.  This will tell us if this component is working.
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LShift

Component that shifts some 16-bit number by a variable amount using a barrel shifter and outputs it.
Input: 

A(15:0) - 16-bit value that is to be shifted

B(3:0) - 4-bit value that describes the amount A should be shifted.
Output: 

O(15:0) – 16-bit value that is the shifted version of A
Control Signal:

Test Case: 


The obvious way to test this component (other than simple unit testing) is to try using the Shift assembly command.  This will tell us if this component is working.
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Extender

Component that outputs the 16-bit extension of its 16-bit input
Input: 

A(11:0) - 12-bit value containing input 1 for the Extender

B1(7:0) - 8-bit value containing input 2 for the Extender

B2(7:0) - 8-bit value containing input 3 for the Extender
C(3:0) - 4-bit value containing input 4 for the Extender
D(0:0) - 1-bit value containing input 5 for the Extender

Output: 

O(15:0) – 16-bit value containing the extended version of the appropriate input
Control Signal:
EXVal(1:0) – Signal that determines which of the 4 kinds of extension must be done

EXM(0:0)- Signal that describes whether B1 or B2 should be extended
Test Case: 


The obvious way to test this component (other than simple unit testing) is to try using any of the immediate assembly commands.  Also, we could test jump, since it uses a different size immediate (that is extended). This will tell us if this component is working.
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