EMY CPU

TheEMY High-Leve State Diagram for Nine Integer Instructions

LW, SW 0 R MIPC
ADD, SUB, AND, OR, SLT = » [PC]

BEQ, J PCa— PC+4

1
B ID (" ALUout <e— PC + ([DOImmM*]<<2) o . _

DOImm = IR[15-0] Invalid instruction exception

Rs= GPR[IR[25-21]] (invalid opcode, not one of nine instructions)

Rt = GPR[| R[20-16]]

Address = IR[25-0

[250] LW & SW AlL e 1o
R-format BEQ J ate
ex <2 N 6 8 9
ALUout<—A+DO|mm> <ALUout<—Aop B> If A==
A ( e o ALUOUD (Pc <— (PC[31-28], Address)<<2 )
LW SW Arithmetic exception
(signed overflow)
3 S) 7
MEM ( MDR <e— M[ALUou] ) @[ALUout] - B> ( GPRIRd] <— ALUout )
State 11
4
WB (GPR[R’[] - MDR)
Y Y Y Y

> A and B are organizational registers. Registers A and B get a value from GPR registers Rs and Rt every clock period :
»+ A and B are stored (clocked) every clock period : A<¢— GPR[Rs| & B <®—GPR[Rt] happensin every state (in every clock period for every instruction).

> AL Uout is also an organizational register and clocked every clock period. But, theinput is not the same al the time as seen in states 1, 2 and 6.
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Rd

[20-16]

Reg 2

Write
Reg

Write

Read
Datal

Read
Data2

GPR
Register

File

/1 Data

RegDst
= WBUS

6002 ‘9 #8900

MemtoReg

32

GPR[R
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EMY Low-Level State Diagram for Nine (9) Integer Instructions

MemRead = 1
ALU 0 lorD=0
ALUop| operation | ALUcontrol IRWrite=1
0 | Add 0010 IF RS
01 Sub 0110 ALUop = 00
10 | indicated PCWrite = 1
by function PCSource = 00
fildof IR :
Add 0010
Sub 0110 1
And 0000 ALUSIcA =0
Or 0001 ID ALUSrcB = 11
SLT 0111 AL Uop =00 Invalid instruction exception

(invalid opcode)

LW & SW AL Control
R-format BEQ 3 State 10
8
ALUSIcA=1 9
ALUSrcA =1 ALUSrcA =1 ALUSrcB =00 PCWrite = 1
EX ALUSICB = 10 ALUSICB = 00 ALUop =01 PCSource = 10
ALUop=00 ALUop = 10 PCSource =01
P= PCWriteCond = 1
LW SW Arithmetic
exception
3 (signed
5 overflow)
M EM lorD=1 7
MemRead = 1 lorD =1 MemtoReg = 0
MemWrite=1 RegDst =1
RegWrite=1

State 11
WB MemtoReg = 1

RegDst =0
RegWrite=1
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Hardwired EMY CPU Control Unit

Group 111 : Exceptions

Group 11

Microprogrammed EMY CPU Control Unit

A A A Group | : 14 control signals (ALUcontrol)
AAAAAAAAAAALAL AAAA
Cause Int EPC
Write  Cause Write
PCWriter—
Overflow PCWriteCond——
lorD
MemRead
> MemWrite
IRWrite
(opcode bits MemtoReg
of IR)
IR[31-26] PCSourcel
PCSource0
6 ALUopl | AL Uctrl
ALUop0 p Clrcuit
ALUSrcB1
— > ALUSIcBO 6
ALUSrcA |
e RegWrite |R[5-0]
ReaDst (function
> g bits of IR)
—> "
LL
— I s Sequencer
T 5 NS2
Oc NS1
4 NSO
4
SR3-SRO | gzte
Register <

Group 111 Group | Group Il (ALUcontral)
A A A
3
14 b4
2
- ALUctrl
. 16x21-bit circult
2
4 4 A 6
- IR[5-0]
4 (function
bits of IR)
TR
Register
4 4 Overflow
7] AddressCtrl
MUX
3210
?7? -—
4
0
Dispatch | | Dispatch uencer
ROM |1 ROM | Seq
6 IR[31-26]
OP5 - OPO (opcode
bits of IR)
Labeling of ROM bits 20-0
20 19 18
CauseWrite IntCause EPCWrite
17 16 15 14 13 12 11 10 9

PCWrite PCWriteCond lorD MemRead MemWrite IRWrite MemtoReg PCSourcel PCSource0

8

7 6

5

4 3
ALUopl ALUopO0 ALUSIcB1 ALUSIcBO ALUSICA RegWrite RegDst AddrCtrl1 AddrCtrl0

2 1

0




