TTB Design Document

TTB Processor Assembly Language Specification 

TTB Processor Programming Overview:

TTB stands for Trogdor the Burninator the inspiration behind this blazingly fast 16 bit processor. The TTB has the following features:

16 general purpose registers

· 7 preserved registers (Family Guy Registers) /quag, /peter, /lois, /stewie, /brian, /chris, /meg

· 1 zero register  /0

· 1 return address register /ret

· 1 return value register /rv

· 2 argument registers /air0, /air1

· 1 register for instructions use such as beq /ttb

· 1 register for stack pointer /sp

· 1 register for the stack counter /sc

Two special purpose registers

· Register to hold next instruction while an interrupt or exception occurs /ss

· Program Counter /pc

Port Registers

The port consists of 16 port addresses specified by a 4-bit binary value 3 of which are I/O ports and the rest are special purpose registers used for processing interrupts.

· Port 0x0 is the address for the input data
· Port 0x1 is the address for the output data
· Port 0x2 is the address for the display
· Port 0x3 is the register for interrupt enabled

· Port 0x4 is the register for the interrupt flag

· Port 0x5 is the register for the interrupt type

· Port 0x6-0xf are registers used by the interrupt handling routine

All general purpose registers are preceded by a ‘/’ to indicate they are registers. To use to a port just specify its 4-bit address when using the si and so instructions.
 Assembly Language Instructions and Definitions:

Arithmetic
add rd, rs, rt

Puts the sum of register rs and rt into register rd.

sub rd, rs, rt

Puts the the difference of registers rs minus rt into register rd.

Branch
beq rs, label

Compares the value in register rs to the value in register /ttb and if they are equal then it branches to the label.

Data Transfer

load rd, rt

Loads the value in memory stored at the address in register rt into register rd.

store rs, rt

Stores the value in register rs to the address in memory that is in register rt.

lui rd, imm

Puts the 8-bit immediate into the upper eight bits of register rd.

I/O and Interrupts

brnntr
Resets the interrupt register and jumps to the instruction at the address that is in register SS.

so rt, port

Writes the value in register rt to the specified port.

si rd, port

Read the value from the specified port into register .

Logical

sright rd, rs, imm

Shifts the value in register rs right immediate number of bits and stores the value in register rd.

sleft rd, rs, imm  

Shifts the value in register rs left immediate number of bits and stores the value in register rd.

cmp rd, rs, rt

Compares the values in register rs and rt, if the value in rs is greater rt it stores a 1 in rd, if it is less than rt it stores a -1 in rd, or if it is equal to rt it stores a 0 in rd.

ori rs, imm

Ors the immediate with the lower 8 bits of register rs.

Unconditional Jump

jal label

Stores the address of the next instruction in register /ret and then jumps to the label. 

jreg rd

Jumps to the address of the instruction which is stored in rd.

jump label

Jumps  to the label.

Sample Programs:

Program1

# Trogdor the Burninator (TTB) Assembly Language (Team 1-3)

# Sample Program 1 written by Nicholas Aaron Philbrook

#

# This program makes use of a simple method that takes two arguments.  If the 

# two arguments are equal, it adds them and returns the result.  If the two arugments

# are not equal, it subtracts the second from the first and returns the result. 

# Its purpose is to demonstrate TTB assembly language's ability to do basic 

# arithmetic, branching, and procedure calling.

#

main:

lui
/quag, 0

ori 
/quag, 7

#Load 7 into /quag

add 
/air0, /quag, /0
#Load /quag into argument 0

lui
/air1, 0

ori 
/air1, 2

#Load 2 into argument 1

jal
addsubtract



jump
exit


#exit ???

addsubtract:

lui 
/ttb, 0




ori 
/ttb, 2


#Set ttb to 2

store 
/1, /sp


#Push /quag onto the stack

sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2 (1 
#half-word equals two bytes)

store
/2, /sp


#Push /peter onto the stack

sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

add
/quag, /air0, /0
#Load arg 0 into /quag

add
/peter, /air1, /0
#Load arg 1 into /peter

add
/ttb, /peter, /0
#Load /peter into /ttb

beq
/quag, equal

#If /peter = /quag, branch to equal

sub
/rv, /quag, /peter
#Return the difference of the two 
#arguments

jump
done


#Jump to end of method

equal:

add
/rv, /quag, /peter
#Return the sum of the two arguments

done:

load
/2, /sp


#Pop /peter back from the stack

add
/sp, /sp, /ttb

#Increase the stack pointer by 2

load
/1, /sp


#Pop /quag backt from the stack

add
/sp, /sp, /ttb

#Increase the stack pointer by 2

jreg
/ret


#Return

exit:



#Infinite loop since I don't know how to exit

add /quag, /0, /0



jump exit

Program2

# Trogdor the Burninator (TTB) Assembly Language (Team 1-3)

# Sample Program 2 written by Nicholas Aaron Philbrook

#

# This program demonstrates our assembly language's ability to

# handle interrupts from two devices, read from a 4 bit input

# port, use the 16 bit special purpose display register, and 

# write the contents of this register to a 16 bit output

# port.

#

# The main program is an infinite loop which may be interrupted 
# by

# two different kinds of interrupts.

#

# If the interrupt is of 

# type 0, the four bit input port will be read into a register 
# and

# written to the display register.

# 

# If the interrupt is of type 1, the contents of the dislay 
# register

# will be written to the 16 bit output port.

main:

lui
/stewie, 0

ori
/stewie, 1
#set /stewie to 0x0000 0001

lui
/brian, 0xff

ori
/brian, 0xff
#set /brian to ffff

add
/ttb, /0, /0
#set /ttb to 0

start:

add
/lois, /0, /0 
#clear /lois

loop:

add
/lois, /lois, /stewie
#add 1 to lois

cmp
/chris, /lois, /brian
#compare lois and brian (ffff)

beq
/chris, start

#if lois = ffff, clear and start over again

jump
loop


#if not, keep adding

interrupt:

lui 
/ttb, 0




ori 
/ttb, 2


#Set ttb to 2

store 
/1, /sp


#Push /quag onto the stack

sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

store
/2, /sp


#Push /peter onto the stack

sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

store
/3, /sp


#Push /lois onto the stack

sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

#Figure out where the interrupt came from by reading the LSB of #the special purpose RS register

si
0011, /quag

#Read RS register into quag

sleft
/peter, /quag, 0xf
#Shift RS fifteen bits left so 
#that the original LSB is now #isolated as the MSB

lui
/ttb, 0x80

ori
/ttb, 0


#Set /ttb to 0x8000 (1000 0000 0000 0000)

cmp
/lois, /peter, /ttb
#See if peter is equal to 0x8000

add
/ttb, /0, /0

#Clear /ttb

beq
/lois, int1

#/lois will equal 0 if the interrupt 
#was of type 1, will equal 1 if it was #of type 0

#Will stay here if interrupt was of type 0

si
/peter, 0000

#Read from the 4 bit input port (0000) 
#and put it in /peter

so
/peter, 0010

#Write the value obtained to the 
#display register (0010)

jump
done

#Will branch here if interrupt was of type 1

int1:

si
/peter, 0010

#Read from the display register (0010) 

#and put it in /peter

so
/peter, 0001

#Write the value obtained to the output 
#port (0001)

done:

load
/2, /sp


#Pop /peter back from the stack

add
/sp, /sp, /ttb

#Increase the stack pointer by 2

load
/1, /sp


#Pop /quag backt from the stack

add
/sp, /sp, /ttb

#Increase the stack pointer by 2

brnntr



#Return from interrupt

	TTB Assembly Language Table

	Category
	Name
	Format
	Example
	Comments
	Description

	
	
	
	4 bits
	4 bits
	4 bits
	4 bits
	
	

	Data Transfer
	load
	R
	0
	rd
	rt
	not used
	load rd, rt
	loads the value in memory from the address in rt and puts the value in rd

	
	store
	R
	1
	rs
	rt
	not used
	store rs, rt
	stores the value in rs in memory at the address in rt

	
	lui
	I
	8
	rd
	Imm
	lui rd, imm
	puts the imm into the upper 8 bits of rd

	I/O and Interrupts
	brnntr
	R
	2
	not used
	brnntr 
	returns to the intruction address in /ss

	
	si
	R
	c
	rd
	port1
	not used
	ishit rd, port1
	reads value from port1 into register rd

	
	so
	R
	3
	rt
	port1
	not used
	oshit port1, rt
	send the value in rt to port1

	Arithmetic
	add
	R
	6
	rs
	rt
	Rd
	add rd, rs, rt
	adds rs+rt and puts the value in rd with overflow

	
	sub
	R
	7
	rs
	rt
	Rd
	sub rd, rs, rt
	subtracts rs-rt and puts the value in rd with overflow

	Uncoditional Jump
	jal
	J
	f
	loop (0x001)
	jal loop (0x2002)
	jumps to the address and stores the present address in /ret register

	
	jreg
	R
	5
	rd
	not used
	jreg rd
	jumps to the address stored in rd

	
	jump
	J
	e
	loop (0x001)
	jump loop (0x2002)
	jumps to the address; assumes first 3 and last bit are same

	Logical
	sright
	I
	b
	rs
	imm
	Rd
	sright rd, rs, imm
	shifts the value in rs right imm bits and puts value in rd

	
	sleft
	I
	a
	rs
	imm
	Rd
	sleft rd, rs, imm
	shifts the value in rs left imm bits and puts value in rd

	
	cmp
	R
	4
	rs
	rt
	Rd
	cmp rd, rs, rt
	compares rs to rt and puts either -1,0,or 1 into rd

	
	ori
	I
	9
	rs
	Imm
	ori rs, imm
	ors imm with the lower 8 bits of rs

	Branch
	beq
	I
	d
	rs
	loop (0x01)
	beq rs, loop (0x2002)
	branches to loop label if rs == /ttb register


Trogdor Machine Language Specification

Trogdor Instruction Formats

Trogdor has three instruction formats:

	
	15                 12
	11                   8
	7                     4
	3                     0

	R-Type
	OP
	RD
	RS
	RT


	
	15                 12
	11                   8
	7                                                   0

	I-Type
	OP
	REG/IMM
	IMM/ADDR


	
	15                 12
	11                                                                              0

	J-Type
	OP
	ADDRESS


Machine Language Instructions

R-Type Instructions

	Instruction
	Opcode

	LOAD
	0000

	STORE
	0001

	BRNNTR
	0010

	SO
	0011

	CMP
	0100

	JREG
	0101

	ADD
	0110

	SUB
	0111

	SI
	1100


I-Type Instructions
	Instruction
	Opcode

	LUI
	1000

	ORI
	1001

	SLEFT
	1010

	SRIGHT
	1011

	BEQ
	1101


J-Type Instructions
	Instruction
	Opcode

	JUMP
	1110

	JAL
	1111


A sample program:
# Trogdor the Burninator (TTB) Assembly Language (Team 1-3)

# Sample Program 1 written by Nicholas Aaron Philbrook

# Translated into machine code

#main:

#0000:

#lui
/quag, 0

1000 0001 0000 0000

#ori 
/quag, 7


#Load 7 into /quag

1001 0001 0000 0111

#add 
/air0, /quag, /0

#Load /quag into argument 0

0110 1010 0001 0000

#lui
/air1, 0

1000 1011 0000 0000

#ori 
/air1, 2


#Load 2 into argument 1

1001 1011 0000 0010

#jal
addsubtract



#1111 addsubtract

1111 0000 0000 0111

#jump
exit



#exit ???

#1110 exit

1110 0000 0001 10001

#addsubtract:

#000E:

#lui 
/ttb, 0




1000 1001 0000 0000

#ori 
/ttb, 2


#Set ttb to 2

1001 1001 0000 0010

#store 
/1, /sp

#Push /quag onto the stack

0001 0001 1110 0000

#sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2 (1 half-word equals two bytes)

0111 1110 1001 1110

#store
/2, /sp

#Push /peter onto the stack

0001 0010 1110 0000

#sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

0111 1110 1001 1110

#add
/quag, /air0, /0

#Load arg 0 into /quag

0110 1010 0000 0001

#add
/peter, /air1, /0

#Load arg 1 into /peter

0110 1011 0000 0010

#add
/ttb, /peter, /0

#Load /peter into /ttb

0110 0010 0000 1001

#beq
/quag, equal

#If /peter = /quag, branch to equal

#1101 0001 equal

1101 0001 0000 0100

#Branching ahead 3 intructions (starting

#from the next intstruction)

#sub
/rv, /quag, /peter
#Return the difference of the two

#arguments

0111 0001 0010 1100

#jump
done



#Jump to end of method

#1110 done

1110 0000 0001 0100

#equal:

#0026

#add
/rv, /quag, /peter
#Return the sum of the two arguments

0110 0001 0010 1100

#done:

#0028

#load
/2, /sp


#Pop /peter back from the stack

0000 0010 1110 0000

#add
/sp, /sp, /ttb

#Increase the stack pointer by 2

0110 1110 1001 1110

#load
/1, /sp


#Pop /quag backt from the stack

0000 0001 1110 0000

#add
/sp, /sp, /ttb

#Increase the stack pointer by 2

0110 1110 1001 1110

#jreg
/ret



#Return

0101 1000 0000 0000

#exit:

#0032:

#add /quag, /0, /0

0110 0000 0000 0001

#jump exit

#1110 exit

1110 0000 0001 1001

Another sample program:
# Trogdor the Burninator (TTB) Assembly Language (Team 1-3)

# Sample Program 2 written by Nicholas Aaron Philbrook

# Translated into TTB machine language.

#main:

#0000:

#lui
/stewie, 0

1000 0100 0000 0000

#ori
/stewie, 1


#set /stewie to 0x0000 0001

1001 0100 0000 0001

#lui
/brian, 0xff

1000 0101 1111 1111

#ori
/brian, 0xff

#set /brian to ffff

1001 0101 1111 1111

#add
/ttb, /0, /0

#set /ttb to 0

0110 0000 0000 1001

#start:

#000a:

#add
/lois, /0, /0 

#clear /lois

0110 0000 0000 0011

#loop:

#000c

#add
/lois, /lois, /stewie
#add 1 to lois

0110 0011 0100 0011

#cmp
/chris, /lois, /brian
#compare lois and brian (ffff)

0100 0011 0101 0110

#beq
/chris, start

#if lois=ffff, clear and start over again

1101 0110 1111 1100

#go back four intructions from the next

#instruction, -4 == 1111 1100

#jump
loop



#if not, keep adding

1110 0000 0000 0110

#interrupt:

#0016:

#lui 
/ttb, 0




1000 1001 0000 0000

#ori 
/ttb, 2


#Set ttb to 2

1001 1001 0000 0010

#store 
/1, /sp

#Push /quag onto the stack

0001 0001 1110 0000

#sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

0111 1001 1110 1110

#store
/2, /sp

#Push /peter onto the stack

0001 0010 1110 0000

#sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

0111 1001 1110 1110

#store
/3, /sp

#Push /lois onto the stack

0001 0011 1001 0000

#sub
/sp, /sp, /ttb

#Decrease the stack pointer by 2

0111 1001 1110 1110

#Figure out where the interrupt came from by reading the LSB

#of the special purpose RS register

#si
0011, /quag


#Read RS register into quag

1101 0011 0001 0000

#sleft
/peter, /quag, 0xf
#Shift RS fifteen bits left so that

#the original LSB is now isolated as

#the MSB

1010 0001 1111 0010

#lui
/ttb, 0x80

1000 1001 1000 0000

#ori
/ttb, 0


#Set /ttb to 0x8000 (1000 0000 0000 0000)

1001 1001 0000 0000

#cmp
/lois, /peter, /ttb
#See if peter is equal to 0x8000

0100 1001 0011 0010

#add
/ttb, /0, /0

#Clear /ttb

0110 0000 1001 0000

#beq
/lois, int1


#/lois will equal 0 if the interrupt was

#of type 1, will equal 1 if it was of 
#type 0

#0030:

#1101 0011 intl

1101 0011 0000 0110

#Branch forward six instructions from next

#instruction

#Will stay here if interrupt was of type 0

#si
0000, /peter

#Read from the 4 bit input port (0000) and

#put it in /peter

1100 0010 0000 0000

#so
0010, /peter

#Write the value obtained to the display

#register (0010)

0011 0010 0010 0000

#jump
done

#1110 done

1110 0000 0001 1110

#Will branch here if interrupt was of type 1

#int1:

#0038:

#si
0010, /peter

#Read from the display register (0010) and

#put it in /peter

1101 0010 0010 0000

#so
0001, /peter

#Write the value obtained to the output

#port (0001)

0011 0010 0001 0000

#done:

#003c:

#load
/2, /sp


#Pop /peter back from the stack

0000 0010 1110 0000

#add
/sp, /sp, /ttb

#Increase the stack pointer by 2

0110 1110 1001 1110

#load
/1, /sp


#Pop /quag backt from the stack

0000 0001 1110 0000

#add
/sp, /sp, /ttb

#Increase the stack pointer by 2

0110 1110 1001 1110

#brnntr



#Return from interrupt

0010 0000 0000 0000

  TTB RTL  
The RTL descriptions of each of our assembly language instructions:
add:
1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I (*)
ELSE

If(IR[15-12]== 0x6 ) 

3)   ALUOut = A + B

4)   Reg[IR[3-0]] = ALUOut

I)  SS = PC-2 (*)

Port[0x3] = 0x0000

PC = 0xC000

(*) In every RTL description, the (I) clock cycle is only executed when an exception occurs, and the next clock cycle is back to the beginning (the next instruction fetch).  The output of the two interrupt registers is an input to the control so that it can make this decision.

sub:
1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

If(IR[15-12]== 0x7)

3)   ALUOut = A - B

4)   Reg[IR[3-0]] = ALUOut

sright:
1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

If(IR[15-12]== 0xB)

3)   A = SRL (A,B)

4)   Reg[IR[3-0]] = A

sleft:
1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

If(IR[15-12]== 0xA)

3)   A = SLL (A,B)

4)   Reg[IR[3-0]] = A

 ori:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

If(IR[15-12]== 0x9)

3)   Reg[IR[11-8]] = A OR ZeroExt(IR[7-0])

brnntr:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      if (IR[15..12] == 0x2) then

3)
PC = SS






jump:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      if (IR[15..12] == 0xE) then

3)
PC = PC – 2

4)
PC = PC[15..13] || IR[11..0] || 0x0

jal:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE


if (IR[15..12] == 0xF) then

3)
Reg[0x1000] = PC


PC = PC – 2

4)
PC = PC[15..13] || IR[11..0] || 0x0

jreg:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      if (IR[15..12] == 0x5) then

3)
PC = Reg[IR[11..8]]

load:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0x0) THEN

3)   MemData = MEM[B]

4)   REG[IR[11-8]] = MemData
store:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0x1) THEN

3)   MEM[B] = A

lui:

11)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0x8) THEN

3)   REG[IR[11-8]] = SLL(IR[7-0], 16)

so:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0x3) THEN

3)   Port[IR[7-4]] = A


si:

1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0xC) THEN

3)   A = Port[IR[7-4]]

4)   REG[IR[11-8]] = A

cmp:
1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0x4) THEN

3)   ALUOut = A cmp B
4)   REG[IR[3-0]] = ALUOut
beq:
1)   IR = Mem[PC]

PC = PC + 2

PortData1 = Port[0x3]

PortData2 = Port[0x4]

2)   A = Reg[IR[11-8]]

B = Reg[IR[7-4]]

If(PortData1 == 1 and PortData2 == 1) then goto I
ELSE

      IF (IR[15-12] == 0xD) THEN

3)  B = Reg[TTB]

     A = Reg[IR[11..8]]

4)   IF( A == B) THEN

5)   PC = PC + SignExt[IR[7..0]]
Testing:

First we need to test the control module, examining each RTL instruction, and determine which control signals are necessary and that we can have get those signals from the control.  Then we need to make sure that there are no conflicts during each clock cycle of the RTL instructions.  Next we would need to make sure that executing successive RTL instructions will not cause problems and that when our processor actual executes several assembly instructions in a row, the processor will work correctly.
	Component List

	Component Name
	Inputs
	Bits
	Outputs
	Bits
	Control Signals
	Bits
	Description

	Reg
	ReadAddr1
	4
	ReadData1
	16
	WriteReg
	1
	Bank of 16 general purpose registers

	
	ReadAddr2
	4
	ReadData2
	16
	 
	 
	

	
	WriteAddr
	4
	 
	 
	 
	 
	

	
	WriteData
	16
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	IR
	IRIn
	16
	IROutA
	4
	IRWrite
	1
	16 bit register that holds the instruction currently being executed.  A is bits 15..12, B is bits 11..8, C is bits 7..4, D is bits 3..0

	
	 
	 
	IROutB
	4
	 
	 
	

	
	 
	 
	IROutC
	4
	 
	 
	

	
	 
	 
	IROutD
	4
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	Mem
	Addr
	16
	DataOut
	16
	MemWrite
	1
	The memory that has all the junk in it.

	
	Data
	16
	 
	 
	MemRead
	1
	

	 
	 
	 
	 
	 
	 
	 
	 

	PC
	PCIn
	16
	PCOut
	16
	PCWrite
	1
	The program counter

	 
	 
	 
	 
	 
	 
	 
	 

	ALU
	A
	16
	Result
	16
	ALUOp
	2
	The adder/subtractor/OR-er/CMP-er, a combinational logic circuit.

	
	B
	16
	Zero
	1
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	ALUOut
	ALUOutIn
	16
	ALUOutOut
	16
	 
	 
	A temporary register that has the output of ALU, updated after each clock cycle.

	
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	Shifter (SRL or SLL)
	ShiftIn
	16
	ShiftOut
	16
	LeftRight
	1
	A shifter that will take the input and shift it by the number of bits in the shift amount

	
	ShiftAmt
	4
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	SuperExt
	SEIn
	8
	SEOut
	16
	SignOrZero
	1
	Combinational logic that will add 8 zeros to the left end of the Input

	
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	SS
	SSIn
	16
	SSOut
	16
	SSWrite
	1
	The register that will hold the instruction to which to return after an interrupt

	
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	A
	AIn
	16
	AOut
	16
	 
	 
	A temporary register that will be written every clock cycle

	
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	B
	Bin
	16
	BOut
	16
	 
	 
	A temporary register that will be written every clock cycle

	
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	Port
	WriteData
	16
	ReadData1
	16
	WritePort
	1
	Our ports that handle I/O and also communicate with the interrupt registers.  When WritePort is 1, the data on WriteData will be written to the port on PortAddr1  (i.e. there is no separate WriteAddr input).

	
	PortAddr1
	4
	ReadData2
	16
	 
	 
	

	
	PortAddr2
	4
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 

	MemData
	MemDataIn
	16
	MemDataOut
	16
	 
	 
	A temporary register that will be written every clock cycle, directly from the output of the Memory

	
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 

	PortData1
	PortData1In
	16
	PortData1Out
	16
	 
	 
	A temporary register that will be written every clock cycle, directly from the first output of the Port

	
	 
	 
	 
	 
	 
	 
	

	
	
	
	
	
	
	
	

	PortData2
	PortData2In
	16
	PortData2Out
	16
	
	
	A temporary register that will be written every clock cycle, directly from the second output of the Port

	
	
	
	
	
	
	
	


Data Path and Control Specifications
Our data path can be found in the root of our repository as DataPAth.jpg.  If you have access to Microsoft Visio, it is also available as a Visio Drawing file (Datapath.vsd).  In the data path, a number followed by a b indicates a binary constant input into a multiplexer.  Our state transition diagram, modeled in StateCad, is also located in the our repository as \Trogdor\THESTATE.DIA.  In the state transition diagram, any signals that don’t change from state to state are assumed to be left unchanged.  This state diagram won’t generate correct Verilog code at this point in time, it is just a way to specify our control unit.
All of our control signals are listed below:

	Name
	Bits
	Description

	Read/Write Signals

	SSWrite
	1
	When value is 1, the input of the SS register will be written to the register

	PCWrite
	1
	When the value is 1, the input of the PC register will be written to the register

	MemRead
	1
	When value is 1, the address on the Addr input of Memory will be read to the output of Memory

	MemWrite
	1
	When value is 1, the data on the Data input of the memory will be written to the address on the Addr input of the memory.

	WritePort
	1
	When value is 1, the value on the WriteData input of the Port will be written to the port specified on the PortAddr1 input of the Port.

	IRWrite
	1
	When value is 1, the input of the IR register will be written to the register

	RegWrite
	1
	When the value is 1, the value on WriteData is written to the register specified by WriteAddr

	Multiplexer Select Signals

	RegAddr2Src
	1
	Selects between the inputs to determine which register to read into A:
0 – IR[7..4]

1 – the constant 0x9 (1001b), which represents register TTB for the cmp instruction

	PCSouce
	3
	Selects between the inputs of the PC register:

000 – PC[15..13] || IR[11..0] || 0  (jump instruction)

001 – The result of the ALU (not ALUOut) (incrementing the PC)

010 – The contents of SS (brnntr instruction)

011 – The contents of A (jreg instruction)

100 – The constant 0xC000 (interrupts)

	MemSrc
	1
	Selects between the inputs for the memory address:

0 – the PC (instruction fetch)

1 – The contents of B (load instruction)

	PortAddr1Src
	1
	Selects between the inputs to determine which port to read into PortData1
0 – IR[7..4]

1 – the constant 0x3 (0011b) (used when checking for interrupts in the first two cycles of each instructions)

	ALUOutSrc
	1
	Selects between the inputs for the ALUOut temporary register:
0 – the result of the ALU

1 – The result of the Shifter

	ALUSrcA
	1
	Selects between the options for one of the ALU inputs:
0 – the PC (for incrementing)

1 – Register A

	ALUSrcB
	2
	Selects between the option for the other ALU input:
00 – Register B

01 – The constant 2 (for incrementing the PC)

10 – The output of the shifter

	RegDst
	2
	Determines which input is used to decide which register is written to:

00 – IR[3..0]

01 – IR[11..8]

10 – the constant 0x8 (1000b)

	WriteRegSrc
	3
	Determines the source for the data written into the register:

000 – The output of the Memory (MemData temporary register)

001 – IR[7..0] || 0x00 (for lui)
010 – the PC (for jreg)

011 – The output of PortData1

100 – The CMP output of the ALU

101 – ALUOut

	WritePortSrc
	1
	Determines the source for the data written into the port:

0 – Register B
1 – The constant 0x0 (0000b) (for setting the interrupt handling bit to 0).

	Component Operation Signals

	ALUOp
	2
	Selects what operation the ALU performs:
00 – Add

01 – Subtract

10 – Bitwise logical OR

11 – Compare (output is 0 if A = B, 1 if A > B, -1 if A < B)

	SBE
	1
	Chooses how the extender extends:
0 – Zero-extend

1 – Sign-extend

	LeftRight
	1
	Chooses which way the shifter shifts:

0 – Shift left

1 – Shift right


Component Specification
Our components are all specified, and all of them except for the Shifter have been modeled in Xilinx already.  The shifter has been hand-drawn and scanned, it is available for view at Shifter.jpg in the root of our repository.  The rest of the components are in a Xilinx project file in our repository at Trogdor\Trogdor.npl. The components are specified in the following files:
	Component Name
	File name
	

	ALU
	ALUsch.sch
	

	Port
	Ports.sch
	

	Registers
	RegBank.sch
	

	SuperExtender
	superbadextender.sch
	

	Instruction Register
	IR.sch
	

	A, B, MemData, ALUOut, PortData1, PortData2, 
	Reg16x1.sch
	All of these components are identical at the hardware—a 16 bit register with no write signal, so that they are written every clock cycle

	SS, PC
	Reg16x1we.sch
	The SS and the PC are identical at the hardware level—a 16 bit register with a Write Enable bit.

	Bi-directional Variable Shifter
	Shifter.jpg (in the root of the repository, not the Trogdor directory)
	


