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


Example instructions

	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;

         Rs ( MDR (requires adding rs input to write reg mux)  

The control unit FSM described using a pseudo HDL
IF Reset then Goto S0

S0: 
PC ( PC + 4, IR ( M(PC), goto S1 unless INT then goto Sint

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


if op = JAL goto S9a


if op = WAI goto S13


if op = LWR goto S15

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

S7a:   
Rt ( ALUout, goto S0

S8:
if A = B then PC ( ALUout


Goto S0

S9:
PC ( PC(31..28)||addr||00, goto S0

S9a:
PC ( PC(31..28)||addr||00


ALUout ( PC


i.e. ALUout ( ALU := (SA := PC) + (SB := 0)

goto S12

S10:
ALUout ( A * (n


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

goto S7a

S11:
PC ( A, goto S0

S12:
$31 ( ALUout ,  goto S0

S13:
ALUout ( PC – 4


i.e. ALUout ( ALU := (SA := PC) - (SB := 4) 


Goto S14

S14:
Rt ( ALUout, goto S0

S15:
ALUout ( A + B


Goto S16

S16:
MDR ( M(ALUout), goto S17

S17:
Rd ( MDR, goto S0

Sint:
PC ( addr of ISR, EPC ( PC, goto S0

Exceptions

Control is the most difficult part of processor design.

One of the hardest parts of control is implement interrupts and exceptions.


Interrupt – external event


Exception – internal event

Must add two new registers

EPC – saves address of offending instruction.

CR – Reason for exception


Intel uses different vector locations.

The control unit FSM described using a pseudo HDL. 
IF Reset then Goto S0

S0: 
PC ( PC + 4, IR ( M(PC), goto S1 unless INT then goto Sint

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

# i.e. addi rt,rs,n  ; Rt ( Rs + (n

if op = JR goto S11

#  jr rs 

;PC ( Rs


if op = JAL goto S9a

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


if op = WAI goto S13

# wai rt
;Rt ( PC


if op = LWR goto S15

# lwr

;Rd ( M(Rs + Rt)

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

Sint:
PC ( addr of ISR, EPC ( PC, goto S0

� rs and rt are treated as signed integers.





