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Instruction

Memory | ] Register | ]__,|Read REGISTER
” Register 1 FILE
PC P4 Address »|Read
Register 2 Read ,| A I v,
Instruction § »| Write Data 1
Data  ordata Register > ALU ALUOut
Read B
Memory 3| Write Data 2 AT
> Data Data
Register
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PCSource

PCWriteCond
PCWrite \ ALUOp
:\j;[r)nRead Outputs ALUSTCB
MemWrite | Control | ALUSrcA
MemtoReg RegWrite
RWrite \ / RegDst
\ 4
0
A A 4 A 4 ) 1M
A 4 l:/lemor Instn.action Ins. 25:0] 26:@ & > 2 g
v Y Register Read  REGISTER
PC l\ljl Ins. [25:21] > Register 1 FILE PCIs1:28]
U [>{Address ™| Ins. [20:16] »|Read DR:taadl
1 MemData H-4 0 Register 2
) Ins. [15:0] {4 |ns. M ) > ALUOut
e e e D
0) Write
:@J—'Dm
Memory Il ‘1‘ £ ‘@E\ZJ‘P@
Ly Data 1 "\ Extend left 2,
Register Ins. [5:0]
——
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Signal Name Reset (0) Set (1)
RegDst The register destination is rt (Ins.[20:16]). | The register destination is rd (Ins.[15:11]).
. o The content in Write Register is replaced
RegWrite No write is allowed with the new value from ALU or MDR.
ALUSIcA First ALU operand is PC. First ALU Operand is Register A.
. The content of memory at Address is fed
MemRead No read is allowed through MemData data-line to IR register.
MemWrite No write is allowed The content in Addre_ss is replaced by the
value in Write Data line.
MemtoRe Content to Write Back in the Register File | Content fed to Write Back in the Register
g is from ALUOut. File is from Memory Data Register.
lorD The PC provides the address content The ALUOut provides the address content.
IRWrite No Action is performed The output from memory is written into IR.
PCWrite No Action is performed PC is written, the source depends on
PCSource.
PCWriteCond | No Action is performed PC is written if zero bit is active.
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Signal Name | Value Meaning
00 ALU performs Addition.
ALUOp 01 ALU performs Subtraction.
10 The funct field determines the ALU operation.
00 The second ALU operand comes from B register.
ALUSICB 01 The second ALU operand is a constant 4.
10 The second ALU operand is the sign extended lower 16 bits from the IR.
11 The second ALU operand is the IR sign extended and shifted left by 2 bits.
00 PC gets the value of PC + 4 from the ALUOut.
PCSoucre 01 PC gets the ALUOUut content from branch commands.
10 PC gets the jump command address.
$99NN -9 TayN DY MTIPO NN radY 01D
Action for R-type Action for memory Action for Action for
Step Name . . . X :
instructions reference instructions branches jumps
Instruction Fetch IR ;z Tfr;gr{[‘lpc]
Instruction decode / g‘ <= Seg[:g[éBsil]]
Regjister fetch <= Reg[IR[20:16]]
g ALUOU <= PC + (sign-extend(IR[15:0]) << 2)

: PC <=
Execution, address 8 ) e )
computation/branch/ | ALUOut<=AopB ALUOut a_RS;Os]l)g n-extend pc'lf/([u%ut- {Tlg[[gé..gf],
jump completion ' ’ 2'b06} '
Memory access or | Reg[IR[15:11]] <= | MPR<= Megwrgry[ALUOut]

R-type completion ALUOut Memory[ALUOut] <= B
Memory read ) _
completion Reg[IR[20:16]] <= MDR
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CPI(Iw) =5 : nYYOmNn 5 nuNTIw n1pd o

.CPI(sW) = 4 : DWW ™ IMNN 4 NYNT sw NP o

.CPI(R-Type) =4 : WV 1NN 4 MYNT (R-Type N0) ALU MMPO o

.CPI(branch) = 3 : 2W¥ >NINN 3 MWNT (branch) 120110 NP MTIPS o

.CPI(jump) = 3 : 1YW Y NINK 3 MYNT (Jump) MMM SN2 NP MTIPO o
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(Op =‘Iw’)or
(Op=‘sw’) (Op = R-Type) (Op="beq’) | (Op=7)
Branch
Memory address completion Jump
computation Execution P W completion

()

ALUSrcA=1
ALUSIrcB = 10
ALUOp =00

Memory R-Type
completion -
(7)/ RegDst=1 ”
MemRead MemWrite RegWrite
lorD=1 lorD=1 MemtoReg =0

Instruction Fetch

MemRead
ALUSrcA=0
lorD=0
IRWrite

(0)

Instruction decode /
Register fetch

1)

ALUSrcA=0

Start »{ ALUSrcB=11
ALUSrcB = 01 ALUOp =00
ALUOp =00
PCWrite
PCSource =00

(6) (8)

ALUSrcA=1
ALUSrcB =00
ALUOp =01
PCWriteCond
PCSource=01

ALUSrcA=1
ALUSrcB = 00
ALUOp=10

Memory read
completion step

(4)
RegWrite
MemtoReg =1
RegDst =0
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Instruction Register
Opcode field

State Register

A At

Next
State
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6 Opcode lines
S3
S2
ROM 1 s1,)
4PS. SO
P >

ROM 2

16 Control Lines
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PCWrite

PCWrite

PCWriteCond

MemRead

MemWrite

IRWrite

MemtoReg

PCSourcel

PCSource0
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