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The processor will have the following 16 general purpose registers and one special register available:

r0 - Always zero (reserved)

r1 - Available for procedure use, not guaranteed to remain what the user input them as

r2 - Available for procedure use, not guaranteed to remain what the user input them as

r3 - Available for procedure use, not guaranteed to remain what the user input them as

r4 - Available for procedure use, not guaranteed to remain what the user input them as

r5 - Available for procedure use, not guaranteed to remain what the user input them as

r6 - Available, but not used by procedures (saved as what user input)

r7 - Available, but not used by procedures (saved as what user input)

r8 - Available, but not used by procedures (saved as what user input)

r9 - Saved for interrupt (see below for interrupt registers)
ra - Parameter for a procedure (reserved)

rb - Parameter for a procedure (reserved)

rc - Return from a procedure (reserved)

rd - Return from a procedure (reserved)

re - Reserved for storing the return address from a jump and link (reserved)

rf - Reserved for the assembler (reserved)

r9- Special register reserved for interrupts (reserved)

	bits:
	15                                    4
	3                  1    
	0

	use:
	
	interrupt mask
	IEB


ipc - Reserved for storing the PC during interrupts. This register can never be accessed with an address as the only instruction to access is it rfc. When an interrupt occurs, the hardware will immediately put the PC in this register.

The processor will also contain 4-bit input device(s) from the user and a 16-bit output display to be specified later.
Arithmetic Instructions

The following operations are the instruction set that the 16-bit processor will use. The examples are given the correct syntax with rs and rt as the source registers and rd is the destination register:
1) add:

Takes the values from the two registers rs and rt, adds them together, and stores sum into rd
rs + rt = rd

2) branch if equal:
Compares two values from two registers, and if the values are the same, the instructions then branch to the register rd
rs == rt go rd

3) jump and link:
Jumps to the address (in rs) and stores the address of the program counter plus 2 (which is the address of the next instruction) to another register (rd)
go rs rd

4) jump register:
Sets the next instruction to be executed as the value specified in the register
go rs

5) load address:
Loads the address of a variable from memory to the register (pseudo instruction)
variable addr rd

6) load immediate:
Loads the immediate into the register (pseudo instruction)

immediate := rd

7) load lower immediate:
Loads the number (no bigger than 8 bits) to the lower part of the register and does not change the upper 8 bits
immediate v= rd
8) load upper immediate:
Loads the number (no bigger than 8 bits) to the upper part of the register and does not change the lower 8 bits
immediate ^= rd

9) load word:
Loads the word from memory at the address given by rs to rd
(rs) => rd
10) or:
Performs a logical or command on the first two registers and stores the value into the third address
rs or rt = rd

11) set on less than:
If the rs is less than rt, then rd is set to 1, otherwise it is set to 0
rs < rt = rd

12)  shift logical left:
Shifts the values in rs logically by the number specified by the immediate then stores the value in rd
rs << immediate = rd

13) subtract:
Subtracts rt from rs and stores the value in rd
rs – rt = rd
14) and:
Performs a logical bitwise and then stores the value in rd

rs and rt = rd
15) Output:
Prints the value in a register to the output port


output rs

16) Input:
Stores the information from the user input to the destination register


input rd

17) store word: Saves the value of the register rs to memory where rt is the address


(rt) <= rs
18) return from colonel: Returns from interrupts and re-enables interrupts

rfc

Memory Allocation


The following diagram shows how memory is allocated and what is available to the programmer.
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Assembly Language Implementation of Sample Code


Below is a copy of how a sample code (specifically, the higher-level language instructions to find relatively prime numbers to a number given) translates into this assembly language. Comments in this assembly language are marked with a semi-colon followed by an open bracket at the beginning of the comment.

Java Code:

----------

int gcd(int a, int b) {

  while(b > 0) {

    if(b > a) {

      temp = b;

      b = a;

      a = temp;

    } else {

      a = a - b;

    }

  }

  return a;

}

Assembly Version:

-------------------

;[ ra is a

;[ rb is b

;[ rc is the return value from gcd

;[ r1 is temp

;[ r2 is for flags

;[ rf is for addresses of labels

;[ r8 is saved for storing the output data
init:


;[ Initializes all registers and values

output r8
;[ Puts zeros in the displays


loop := r1
;[ Stores the address of loop into r1
loop:


;[ Wait for interrupt


r0 == r0 go r1
;[ Goto loop waiting for an interrupt
shift:


;[ Shifts and loads a new number into the display

input r1
;[ Stores the input to r1

r8 << 4 = r8
;[ Shifts the bits in the output register left by 4 bits


r1 or r8 = r8
;[ Puts the input into the blank space in the output register


output r8
;[ Outputs r8 to the displays


go re

;[ Return to the interrupt handler
prime:


;[ Starts calculating the prime number

S addr r1
;[ Stores the address of S into r1

(r1) <= re
;[ Stores the value of re into memory at r1

2 := r1

;[ Sets r1 to 2
while:
r8 + r0 = ra
;[ Stores r8 in ra


r1 + r0 = rb
;[ Stores r1 in rb

gcd := r2
;[ Places the address of gcd in r2


go r2 re
;[ Jump and link to gcd


1 v= r3

;[ Puts 1 in r3


endloop := r4
;[ Puts the address of endloop into r4


rc == r3 go r4
;[ Branches to endloop if rc is equal to r3


r1 + r3 = r1
;[ Increments r1 by 1


while := r4
;[ Places the address of while into r4


go r4

;[ Jumps to while label


endloop:


r1 + r0 = r8
;[ Places the answer into the output register


output r8
;[ Displays the value of r8


S addr r1
;[ Stores the address of S into r1

(r1) => re
;[ Restores the return address


go re

;[ Jumps to re

gcd:


r0 < ra = r2
;[ If ra is greater than 0, set r2 to 1


exit := r3
;[ Load the address of exit


r2 == r0 go r3
;[ If r2 is 0 (i.e. ra <= r0), goto exit


ra < rb = r2
;[ If rb is greater than ra, set r2 to 1


else := r3
;[ Load the address of else


r2 == r0 go r3
;[ If r2 is 0 (i.e. rb <= ra), goto else


rb + r0 = r1
;[ Store b in temp


ra + r0 = rb
;[ Store a in b


r1 + r0 = ra
;[ Store temp in a


gcd := r3
;[ Load the address of gcd


go r3

;[ Jump to gcd

else:


ra - rb = ra
;[ Store a - b in a


gcd := r3
;[ Load the address of gcd


go r3

;[ Jump to gcd

exit:


ra + r0 = rc
;[ Return the value of a


go re

;[ Return from procedure

colonel:

;[ Handles interrupts depending on the type
 (r0) <= r1
;[ Saves the value of r1 into memory at address 0

2 := r1

;[ Places the value 2 into r1

(r1) <= r2
;[ Stores the value of r2 at address r1

4 := r1

;[ Places the value 4 into r1

(r1) <= r3
;[ Stores the value of r3 at address r1

6 := r1

;[ Place the value 6 into r1

(r1) <= r4
;[ Stores the value of r4 at address r1

8 := r1

;[ Places the value 8 into r1
(r1) <= r5
;[ Stores the value of r5 at address r1

10 := r1
;[ Places the value of 10 into r1

(r1) <= ra
;[ Stores the value of ra at address r1
12 := r1
;[ Places the value of 12 into r1

(r1) <= rb
;[ Stores the value of rb at address r1

14 := r1
;[ Places the value of 14 into r1

(r1) <= rc
;[ Stores the value of rc at address r1

16 := r1
;[ Places the value of 16 into r1

(r1) <= rd
;[ Stores the value of rd at address r1

18 := r1
;[ Places the value of 18 into r1

(r1) <= re
;[ Stores the value of re at address r1

int0 := r1
;[ Stores the address of int0 into r1


r9 == r0 go r1 ;[ If the interrupt is of the first type, it runs the shift procedure


int1 := r1
;[ Stores the address of int1 into r1


go r1

;[ Jumps to int1

int0:


;[ Gets user input and displays it

shift := r1
;[ Stores the address of shift into r1


go r1 re
;[ Jumps and links to shift

reload := r1
;[ Stores the address of reload into r1


go r1

;[ Jumps to reload
int1:


;[ Calculates a number relatively prime to the display number

prime := r1
;[ Stores the address of prime into r1


go r1 re
;[ Jumps and links to prime


reload := r1
;[ Stores the address of reload into r1


go r1

;[ Jumps to reload

reload:


;[ Restores all the values before exiting from interrupts

18 := r1
;[ Places the value of 18 into r1


(r1) => re
;[ Restores the value of re


16 := r1
;[ Places the value of 16 into r1


(r1) => rd
;[ Restores the value of rd


14 := r1
;[ Places the value of 14 into r1


(r1) => rc
;[ Restores the value of rc


12 := r1
;[ Places the value of 12 into r1


(r1) => rb
;[ Restores the value of rb


10 := r1
;[ Places the value of 10 into r1


(r1) => ra
;[ Restores the value of ra

8 := r1

;[ Places the value of 8 into r1


(r1) => r5
;[ Restores the value of r5


6 := r1

;[ Places the value of 6 into r1

(r1) => r4
;[ Restores the value of r4


4 := r1

;[ Places the value of 4 into r1


(r1) => r3
;[ Restores the value of r3


2 := r1

;[ Places the value of 2 into r1


(r1) => r2
;[ Restores the value r2


(r0) => r1
;[ Restores the value of r1


rfc

;[ Returns from the interrupt

:data:

S = 0

