TriPent

Register Transfer Language Specification
Check For Exceptions in each Instruction:
(0)
if(St14 == 1)


MDR = Mem[Mux*[St13:11]]



EPC = PC

(x)
PC = MDR

*Where Mux is a 8-1 multiplexer with hardwired jump addresses that uses St13:11 as select lines.

LIR

Load immediate into immediate register.

(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]

PC
=
PC + 2

ADD
$RD,
$RS
Add RD and RS, and place the result in RD.
(1) 
CR
=
Mem[PC]

if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 0) then

(3)
Sum 
=
A + B

(4)
Reg[IR9:5]
= Sum

SUB
$RD,
$RS

Subtract RS from RD, and place the result in RD.
(1) 
CR
=
Mem[PC]

if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]


if
(CR14:10 == 21) then

(3)
Sum
= A + -B

(4)
Reg[CR9:5]
= Sum
AND
$RD,
$RS

Bitwise AND RD and RS together, and place the result in RD.
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 1) then

(3)
Sum
= A AND B

(4)
Reg[CR9:5] = Sum

OR
$RD,
$RS

Bitwise OR RD and RS together, and place the result in RD.
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 2) then

(3)
Sum
= A OR B
(4)
Reg[CR9:5] = Sum

XOR
$RD,
$RS
Bitwise XOR RD and RS together, and place the result in RD.
(1)
CR
=
Mem[PC]

if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 3) then

(3)
Sum
= A XOR B

(4)
Reg[CR9:5] = Sum
SHL
$RD,
$AMT
Bitwise left-shift contents of RD by amount specified in AMT.
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]
if
(CR14:10 == 4) then

(3)
Reg[CR9:5]
= A << B3:0
SHR
$RD,
$AMT

Bitwise right-shift contents of RD by amount specified in AMT.
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 5) then

(3)
Reg[CR9:5] = A >> B3:0
CMPE
$RD,
$RS
Compare RD and RS for equality, and set LSB of status register high if RD – RS is zero.

(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]

PC
=
PC + 2
(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 6) then

(3)
Sum
=
A + -B

(4)
if 
(Sum == 0) then


$ST0
=
1


else


$ST0
=
0

CMPL
$RD,
$RS

Compare RD and RS for equality, and set LSB of status register high if RD – RS is not zero.
(1)
CR
=
Mem[PC]

if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2
(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 7) then

(3)
Sum
=
A + -B

(4)
if 
(Sum15 == 1b) then


ST0
=
1


else


ST0
=
0

LON

Set the most significant bit of IR to 1.
(1)
CR
=
Mem[PC]

if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 8) then


IR15
= 1

LW
$RD,
$RS

Load data at address RS into RD.
(1)
CR
=
Mem[PC]

if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 10) then

(3)
MDR = Mem[B]

(4)
Reg[CR9:5] = MDR
SW
$RD,
$RS

Store data in RD at address RS.
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 11) then
(3)
Mem[B]
=
A
JZ
$RD


Jump to address stored in RD if LSB of status register is zero. 
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 12) then
(3)
if 
(ST0 == 0) then
(4)
PC
=
(A << 1)
JNZ
$RD

Jump to address stored in RD if LSB of status register is not zero. 
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 13) then

(3)
if
(ST0 ≠ 0) then

(4)
PC
=
(A << 1)

JAL
$RD
Jump to address stored in RD and save the address of the next instruction in the return address register ($RA). 
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 14) then

(3)
Reg[RA]
= PC

(4)
PC
=
(A << 1)

J
$RD

Unconditionally jump to address stored in RD.
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 15) then

(3)
PC
=
(A << 1)

CLI

Clear interrupts (disable interrupts).
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 18) then

(3)
ST15
=
0

STI

Set interrupts (enable interrupts).
(1)
CR
=
Mem[PC]


if(Mem[PC]15 == 0) IR = Mem[PC]


PC
=
PC + 2

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 19) then

(3)
ST15
=
1

RFI

Return from interrupt handler.
(1)
CR
=
Mem[PC]


PC
=
PC + 2


if(Mem[PC]15 == 0) IR = Mem[PC]

(2)
A
=
Reg[CR9:5]


B
=
Reg[CR4:0]

if
(CR14:10 == 20) then

(3)
PC
=
Reg[27]
COMPONENT DESCRIPTIONS
	COMPONENT
	DESCRIPTION

	CR
	Code register.  It holds a 16-bit number representing an instruction and has write control.

	PC
	Program counter.  It holds a 16-bit number describing the memory location of the next instruction to be executed. 

	Reg
	Register file.  It provides a means to read and write to general-purpose registers.

	A, B, Sum
	Temporary data storage locations much like CR, but without write control.

	IR
	Immediate register.  Immediates are loaded into this register using LIR.

	ALU
	Arithmetic Logic Unit.  Basic arithmetic operations (e.g. addition, subtraction, logical ops) are performed with this unit.

	Memory
	Main memory provides the storage space for interrupt handlers, input/output ports, program data and code, and stack space.

	Memory data register
	The memory data register acts as a temporary location for holding words read out of memory.

	Left- and right-bit shifters
	These bit shifters are used in SHL and SHR, as well as other instructions such as jump instructions, where it is necessary to word-align a memory address.

	ST
	Status register; holds various pieces of status information used for interrupt handling and comparison results.

	EPC
	The Exception Program Counter is used to store the program counter  when an interrupt is called.


	COMPONENT
	INPUT
	OUTPUT
	CONTROL

	CR 
(Code Register)
	Code word (16 bits)
	(none)
	CRWrite

	PC 

(Program Counter)
	(none)
	PCOut (16 bits)
	PCWrite

	Reg

(Register File)
	Register selector (16 bits)

Register data load (16 bits)
	Register data out (16 bits)
	RegRead

RegWrite

	A, B, Sum

(temporary storage)
	Word (16 bits)
	Word (16 bits)
	(none)

	IR

(Immediate Register)
	Word (16 bits)
	Word (16 bits)
	IRWrite

MSBWriteOn

	ALU
	InA, InB (16 bits per)
	ResultOut (16 bits)
	ALUControl

	Memory
	Address selector (16 bits)

Data in (16 bits)
	Data out (16 bits)
	MemWrite

	Memory data register
	Data in (16 bits)
	Data out (16 bits)
	(none)

	Shifter 
	Data in (16 bits)

Shift amount (4 bits)
	Data out (16 bits)
	ShiftDirection

	Shift 1 left
	Data in (16 bits)
	Data out (16 bits)
	(none)

	ST

(Status register)
	Data in (16 bits)


	Data out (16 bits)
	StatusService


	EPC
	Data In (16 bits)
	Data out (16 bits)
	EPCWrite

	PCMux
	5 inputs (16 bits each)
	Data out (16 bits)
	PCWriteSelect

(3 bits)

	MemMux
	3 inputs (16 bits each)
	Data out (16 bits)
	MemAddrSelect (2 bits)

	InterruptHandlerMux
	8 inputs (16 bits each)
	Data out (16 bits)
	Bits 13-11 of Status Register

	WriteRegMux
	2 inputs (16 bits each)
	Data out (16 bits)
	WriteRegSelect (1 bit)

	WriteDataMux
	4 inputs (16 bits each)
	Data out (16 bits)
	WriteDataSelect (2 bits)

	AMux
	2 inputs (16 bits each)
	Data out (16 bits)
	Bits 9-5 of code register 

	BMux
	2 inputs (16 bits each)
	Data out (16 bits)
	Bits 4-0 of code register 

	ALUSrcMuxA
	(16 bits each)
	Data out (16 bits)
	ALUSrcA (1 bit)

	ALUSrcMuxB
	(16 bits each)
	Data out (16 bits)
	ALUSrcB (1 bit)

	StatusRegMux
	4 inputs (16 bits each)
	Data out (16 bits)
	StatusInputSelect (2 bits)


Status Register Usage

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	INTSET
	INTPENDING
	INTN0
	INTN1
	INTN2
	
	
	
	
	
	
	
	
	
	
	CMP


	INTSET
	Interrupt enable bit (0 = disabled, 1 = enabled)

	INTPENDING
	If an interrupt has been triggered and is pending execution (0 = false, 1 = true)

	INTN0..2
	Interrupt handler code (000 = interrupt handler 0, 001 = interrupt handler 1, etc)

	CMP
	Compare bit (1 if comparison is true, 0 if false)


� The most significant bit of each instruction acts as an active-low write-control signal into IR.  That is, when the MSB is low, then we have an LIR instruction and therefore should allow writing into IR; for all other cases, the MSB will be high and therefore writing into IR will not be permitted. 


� StatusService is a control signal that determines what operation needs to be done in the status register.  See control signal documentation for details.





