KIPS register transfer operations Version 3.4

ALU related combinational logic

	SA := A
	ALU := SA + SB

	SA := PC
	ALU := SA - SB

	SA := 
[image: image1.wmf]A


	ALU := SA & SB

	SB := B
	ALU := SA | SB

	SB := 4
	ALU := 0

	SB := (n 
	ALU := 1

	SB := (ofst||00
	ALU := SA

	SB := 
[image: image2.wmf]B


	ALU := SB


Register transfer operations Version 3.4

	PC ( PC
	IR ( IR
	RS ( RS

	PC ( 0

	IR ( M(PC)(
	RT ( RT

	PC ( PC + 4

	
	RD ( RD

	PC ( ALU
	ALUout ( ALUout
	RT ( MDR

	PC ( ALUout
	ALUout ( ALU
	RD ( MDR

	PC ( PC(31..28)||addr||00
	
	RT ( ALUout

	MDR ( MDR
	M(ALUout) ( B(
	RD ( ALUout

	MDR ( M(ALUout)(
	
	B ( B

	MDR ( ALU(
	A ( A
	B ( RT

	MDR ( ALUout(
	A ( RS
	B ( MDR

	MDR ( M(PC)(
	A ( MDR(
	$31 ( MDR

	
	
	$31 ( ALUout


The above defines are the lowest level register transfer operations. To describe the operations of the control unit using a state diagram, we will specify register operations at a slightly higher level. For example if no specification is entered for a certain register it is understood that the register retains its value. i.e. We will not enter IR ( IR this is understood. As another example, suppose we want to put the contents of the B register into the MBR register, we will write MDR ( B, instead of writing MDR ( ALU, ALU := SB, and SB := B. There may be certain operations that cannot be performed during the same clock cycle
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The KIPS Instruction Set (with new instructions)

	lw
	rt,ofst(rs)
	
	rt ( M(rs + (ofst)

	100011
	rs
	rt
	Ofst

	sw
	rt,ofst(rs)
	
	M(rs + (ofst) ( rt

	101011
	rs
	rt
	Ofst

	beq
	rs,rt,ofst
	
	if rs=rt then PC(PC +(ofst||00  else PC ( PC+4

	000100
	rs
	rt
	Ofst

	add
	rd,rs,rt
	
	rd ( rs + rt

	000000
	rs
	rt
	rd
	00000
	000000

	sub
	rd,rs,rt
	
	rd ( rs – rt

	000000
	rs
	rt
	rd
	00000
	010010

	and
	rd,rs,rt
	
	rd ( rs & rt

	000000
	rs
	rt
	rd
	00000
	000100

	or
	rd,rs,rt
	
	rd ( rs | rt

	000000
	rs
	rt
	rd
	00000
	010101

	slt
	rd,rs,rt
	
	If rs < rt
 then rd (1 else rd (0

	000000
	rs
	rt
	rd
	00000
	011010

	j
	addr
	
	PC ( PC(31..28)||addr||00

	100000
	Addr

	addi
	rd, rs, n
	
	rd ( rs + (n

	100000
	rs
	rt
	Ofst

	jal
	addr
	
	$31 ( PC + 4, PC ( PC(31..28)||addr||00

	000011
	Addr

	jr
	rs
	
	PC ( rs

	000000
	rs
	00000
	00000
	00000
	100000

	wai
	rt
	
	rt (PC

	
	
	rt
	

	lwr
	rd, rs, n
	
	Rd ( M(Rs + Rt)

	
	rs
	rt
	Ofst

	swx
	rt,ofst(rs)
	
	M(rs) ( rt, rs ( rs+ (ofst 

	
	rs
	rt
	00000
	00000
	100000


SWX: ALUout ( A(Rs); M(ALUout(Rs)) ( B(RT), MDR ( A+(ofst;  Note: Rs ( MDR (requires adding rs input to write reg mux)  
The control unit FSM described using a pseudo HDL. Showing implementation of J. BEQ, R-Type, LW and SW.

IF Reset then Goto S0
S0: 
PC ( PC + 4, IR ( M(PC), goto S1

S1:
A ( Rs, B ( Rt,

ALUout ( PC + (n||00
i.e. ALUout ( ALU := (SA := PC) + (SB := 4)


if op = J goto S9, if op = BEQ goto S8, if op = R-type goto S6


if op = LW or SW goto S2

S2:
ALUout ( A + (ofst


i.e.  ALUout ( ALU := (SA := A) + (SB := (ofst)


if op = LW goto S3


if op = SW goto S5

S3:
MDR ( M(ALUout), goto S4

S4:
Rt (MDR, goto S0

S5:
M(ALUout) ( B, goto S0

S6:
ALUout ( A * B
i.e. ALUout ( ALU := (SA := A) * (SB := B)

 goto S7

S7:
Rd ( ALUout, goto S0

S8:
if A = B then PC ( ALUout


Goto S0

S9:
PC ( PC(31..28)||addr||00 

goto S0

The control unit FSM described using a pseudo HDL. Showing implementation of J. BEQ, R-Type, LW and SW.

Non-deterministic version.

IF Reset then Goto S0
S0: 
PC ( PC + 4, IR ( M(PC), goto S1

S1:
A ( Rs, B ( Rt,

ALUout ( PC + (n||00
i.e. ALUout ( ALU := (SA := PC) + (SB := 4)


if op = J goto S9, if op = BEQ goto S8, if op = R-type goto S6


if op = LW or SW goto S2

S2:
ALUout ( A + (ofst


i.e.  ALUout ( ALU := (SA := A) + (SB := (ofst)


if op = LW goto S3


if op = SW goto S5

S3:
MDR ( M(ALUout), goto S4 and S0

S4:
Rt (MDR, goto Null

S5:
M(ALUout) ( B, goto S0

S6:
ALUout ( A * B
i.e. ALUout ( ALU := (SA := A) * (SB := B)

 goto S7 and S0

S7:
Rd ( ALUout, goto Null

S8:
if A = B then PC ( ALUout


Goto S0

S9:
PC ( PC(31..28)||addr||00 

goto S0

The control unit FSM described using a pseudo HDL. Showing implementation of J. JR, BEQ, R-Type, Immediate type, LW and SW.

IF Reset then Goto S0
S0: 
PC ( PC + 4, IR ( M(PC), goto S1

S1:
A ( Rs, B ( Rt,

ALUout ( PC + (n||00
i.e. ALUout ( ALU := (SA := PC) + (SB := 4)


if op = J goto S9, if op = BEQ goto S8, if op = R-type goto S6


if op = LW or SW goto S2


if op = Imm goto S10


if op = JR goto S11

S2:
ALUout ( A + (ofst||00


i.e.  ALUout ( ALU := (SA := A) + (SB := (ofst||00)


if op = LW goto S3


if op = SW goto S5

S3:
MDR ( M(ALUout), goto S4

S4:
Rt (MDR, goto S0

S5:
M(ALUout) ( B, goto S0

S6:
ALUout ( A * B
i.e. ALUout ( ALU := (SA := A) * (SB := B)

 goto S7

S7:
Rd ( ALUout, goto S0

S8:
if A = B then PC ( ALUout


Goto S0

S9:
PC ( PC(31..28)||addr||00 

goto S0

S10:
ALUout ( A * (n

i.e. ALUout ( ALU := (SA := A) * (SB := (n)

goto S12

S11:
PC ( A, goto S0

S12: Rt( ALUout, goto S0

S2


ALUout ( A+(offset








� Assume I have added the new capability to reset the PC.


� Assume I have added the new capability to increment the PC by 4 without using the ALU.


( This is a Memory write it cannot be done at the same time as a memory read.


( This is a Memory read it cannot be done at the same time as a memory write.


( Assume I have added this new capability to the design in the book


� rs and rt are treated as signed integers.
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