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Single Cycle Processor - Operation

• Arithmetic and logical
 fn Reg1, Reg2, Wreg Wreg  Reg1 fn Reg2

• Memory
 ld Reg1, Wreg  Wreg  MEM(Reg1)

 st Reg1, Reg2  MEM(Reg1)  Reg2

• Immediate
 ldi Wreg, “imm value”  Wreg  “imm value”
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Single Cycle Processor - Operation

• Arithmetic and logical
 sub   RA, RB, RC  RC  RA - RB

Instruction Reg 1 Reg 2 W Reg Immediate Value

0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0

00 – A
01 – B
10 – C
11 – D

or 0000
and 0001
nor 0010
nand 0011
add 0100
sub 0101
slt 0110
ld 1000
st 1001
ldi 1100

RA RB RC

Technically these are
don’t care

but
we will always code them as 0s

Wreg  Reg1 fn Reg2
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Single Cycle Processor - Operation

• Operation
• Arithmetic and Logical

Read
Address

Instruction
Memory

Instruction
[15 - 0] ALU

Result

In A

In B

Read
Register 1

Register
File

Read
Data 1

Read
Register 2

Write
Register

Write
Data

Read
Data 2

W

Inst [7 - 6]

Inst [9 – 8]

Inst [11 - 10]

Inst [5 – 0]

M
u
x

0

 

1 M
u
x

1

 

0

Inst [15 - 12]

Address

Data
Memory

Read
Data

Write
Data

WE

Control

M
u
x

1
 

0

0

Sign
Extend6 8

CLK

CLK

Set

8

8 8

8

8

4

clk

2

PC

ADD

sub   RA, RB, RC RC  RA - RB

Wreg  Reg1 fn Reg2
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Single Cycle Processor - Operation

• Instruction Format

• Instruction Encoding
• ld    Reg1, Wreg  Wreg  MEM(Reg1)

• ld   RA, RC   RC  MEM(RA)

Instruction Reg 1 Reg 2 W Reg Immediate Value

1 0 0 0 0 0 x x 1 0 0 0 0 0 0 0

00 – A
01 – B
10 – C
11 – D

or 0000
and 0001
nor 0010
nand 0011
add 0100
sub 0101
slt 0110
ld 1000
st 1001
ldi 1100

RA RC

added to Reg 1 to
make the memory
address



6 © tjELE 3510

Single Cycle Processor - Operation

• Operation
• LD

Read
Address

Instruction
Memory

Instruction
[15 - 0] ALU

Result

In A

In B

Read
Register 1

Register
File

Read
Data 1

Read
Register 2

Write
Register

Write
Data

Read
Data 2

W

Inst [7 - 6]

Inst [9 – 8]

Inst [11 - 10]

Inst [5 – 0]

M
u
x

0

 

1 M
u
x

1

 

0

Inst [15 - 12]

Address

Data
Memory

Read
Data

Write
Data

WE

Control

M
u
x

1
 

0

0

Sign
Extend6 8

CLK

CLK

Set

8

8 8

8

8

4

clk

2

PC

ADD

ld   RA, RC

WRreg  MEM(Reg1)

RC  MEM(RA)
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Single Cycle Processor - Operation

• Instruction Format

• Instruction Encoding
• st    Reg1, Reg2  MEM(Reg1)  Reg2

• st   RA, RC   MEM(RA)  RC

Instruction Reg 1 Reg 2 W Reg Immediate Value

1 0 0 1 0 0 1 0 x x 0 0 0 0 0 0

00 – A
01 – B
10 – C
11 – D

or 0000
and 0001
nor 0010
nand 0011
add 0100
sub 0101
slt 0110
ld 1000
st 1001
ldi 1100

RA
RC

added with Reg 1 to
make the memory
address
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Single Cycle Processor - Operation

• Operation
• ST

Read
Address

Instruction
Memory

Instruction
[15 - 0] ALU

Result

In A

In B

Read
Register 1

Register
File

Read
Data 1

Read
Register 2

Write
Register

Write
Data

Read
Data 2

W

Inst [7 - 6]

Inst [9 – 8]

Inst [11 - 10]

Inst [5 – 0]

M
u
x

0

 

1 M
u
x

1

 

0

Inst [15 - 12]

Address

Data
Memory

Read
Data

Write
Data

WE

Control

M
u
x

1
 

0

0

Sign
Extend6 8

CLK

CLK

Set

8

8 8

8

8

4

clk

2

PC

ADD

st   RA, RC 

MEM(Reg1)  Reg2

MEM(RA)  RC
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Single Cycle Processor - Operation

• Instruction Format

• Instruction Encoding
• ldi   Wreg, imm  Wreg  Imm extended

• ldi   RA, 0x12  RA  0x12

Instruction Reg 1 Reg 2 W Reg Immediate Value

1 1 0 0 x x x x 0 0 0 1 0 0 1 0

00 – A
01 – B
10 – C
11 – D

signed Hex
0x20 to 0x1F

100000 to 011111
-32 to 31

or 0000
and 0001
nor 0010
nand 0011
add 0100
sub 0101
slt 0110
ld 1000
st 1001
ldi 1100

RA
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Single Cycle Processor - Operation

• Operation
• LDI

Read
Address

Instruction
Memory

Instruction
[15 - 0] ALU

Result

In A

In B

Read
Register 1

Register
File

Read
Data 1

Read
Register 2

Write
Register

Write
Data

Read
Data 2

W

Inst [7 - 6]

Inst [9 – 8]

Inst [11 - 10]

Inst [5 – 0]

M
u
x

0

 

1 M
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x

1

 

0

Inst [15 - 12]

Address

Data
Memory

Read
Data

Write
Data

WE

Control

M
u
x

1
 

0

0

Sign
Extend6 8

CLK

CLK

Set

8

8 8

8

8

4

clk

2

PC

ADD

ldi   RA, 0x12

Wreg  Imm extended

RA  0x12
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