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1281 Example:
Add the numbers from 1to 5

C Language v.s. Assembly Language



C Version

// C Version

//
// Add the numbers from 1 to 5 using a for loop.

int main()

{
int N=5;

int i, sum;
sum=0;
for(i=1; i<=N; i++)

sum+=i;

// printf("%d\n", sum);



1281 Assembly Version

.data
N BYTE 5
i BYTE ?
sum BYTE ?
.code

LOADI B, O ; sum=0

LOADI A, 1 ; i=1

LOAD D, [N] ; register D=N
Loop: CMP A, D ; i<=N ?

BRG End ; exit if i>N
Add: ADD B, A ; sum+=i

ADDI A, 1 s i++

JUMP Loop ; next iteration
End: STORE [sum], B ; update the memory for sum

Register allocation:
A: 1i

~e

~e

B: sum

~e

C: <not used>

D: N

~e

~e



1281 Assembly Version

.data
N BYTE 5
i BYTE ?
sum BYTE ?
.code
LOADI B, O ; sum=0
LOADI A, 1 ; i=1
LOAD D, [N] ; register D=N
Loop: CMP A, D ; i<=N ?
BRG End ; exit if i>N
Add: ADD B, A ; sum+=i
ADDI A, 1 s i++

JUMP Loop next iteration

End: STORE [sum], B

we

update the memory for sum

we

Register allocation:

A: i

we

we

B: sum

we

C: <not used>

D: N

we

we



Add the numbers from 1to 5

// C Version

// using a for loop

int main()

{

int N=5;

int i, sum;
sum=0;

for(i=1; i<=N; i++) {

sum+=i;

// printf("%d\n", sum);

; Assembly Version

.data
N
i

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

~
L2 BN |

~

¥ O P w
O — +» O

-

End
B, A
A, 1
Loop

[sum],

B

e e e e e e e e

e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum
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// C Version

// using a for loop

int main()

{

int N=5;

int i, sum;
sum=0;

for(i=1; i<=N; i++) {

sum+=i;

// printf("%d\n", sum);

; Assembly Version

.data
N
i

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

~
L2 BN |

~

¥ O P w
O — +» O
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End
B, A
A, 1
Loop

[sum],

B

e e e e e e e e

e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum
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// C Version

// using a for loop

int main()

{

int N=5;

int i, sum;
sum=0;

for(i=1; i<=N; i++) {

sum+=i;

// printf("%d\n", sum);

; Assembly Version

.data
N
i

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

~
L2 B |

~

¥ O P w
O — +» O

-

End
B, A
A, 1
Loop

[sum],

B

e e e e e e e e

e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum
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// C Version

// using a for loop

int main()
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int i, sum;

sum=0;

for(i=1; i<=N; i++) {

sum+=i;
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.data
N
i

sum
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Loop:

Add:

End:

BYTE
BYTE
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LOADI
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ADD
ADDI
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~
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End
B, A
A, 1
Loop

[sum],

e e e e e e e e

e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum
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// C Version

// using a for loop

int main()
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// C Version

// using a for loop

int main()
{
int N=5;
int i, sum;
sum=0;
for(i=1; i<=N; i++) {

sum+=i;

// printf("%d\n", sum);

; Assembly Version

.data
N
i

sum
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Loop:

Add:

End:
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LOADI
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ADD
ADDI
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~
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End

B, A
A, 1
Loop

[sum],

B

e e e e e e e e
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i=1

register D=N
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exit if i>N
sum+=1i

i++

next iteration

write B to sum



Add the numbers from 1to 5

// C Version ; Assembly Version

// using a for loop

.data
N BYTE 5
i BYTE ?
sum BYTE ?
int main()
{ .code
int N=5; LOADI B, O ; sum=0
int i, sum; LOADI A, 1 ; i=1
LOAD D, [N] ; register D=N
sum=0; Loop: CMP A, D s i<=N ?
for(i=1; i<=N; i++) { BRG End ; exit if i>N
sum+=i; Add: ADD B, A s sum+=i
} ADDI A, 1 s i+
JUMP Loop ; next iteration
// printf("%d\n", sum); End: STORE [sum], B ; write B to sum
}
This has no analog in the C version, Load the value of N into register D.

which is written in a high-level language.



Add the numbers from 1to 5

// C Version

// using a for loop

int main()

{

int N=5;

int i, sum;
sum=0;

for(i=1; i<=N; i++) {
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// printf("%d\n", sum);

; Assembly Version

.data
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.code

Loop:
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End:
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~
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End
B, A
A, 1
Loop

[sum],

B

e e e e e e e e
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i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum
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N
i

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

~
L2 BN |

~

¥ O P w
O — +» O

-

End
B, A
A, 1
Loop

[sum],

B

e e e e e e e e

e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



1281 Example:
Add the numbers from 1to 5

Assembly Language v.s. Machine Language



1281 Assembly Code

.data
N BYTE 5
i BYTE ?
sum BYTE ?
.code
LOADI B, O ; sum=0
LOADI A, 1 s i=1
LOAD D, [N] ; register D=N
Loop: CMP A, D ; i<=N ?
BRG End ; exit if i>N
Add: ADD B, A ; sum+=i
ADDI A, 1 s i+
JUMP Loop ; next iteration

End: STORE [sum], B ; update the memory for sum



.data

sum

.code

Loop:

Add:

End:

1281 Assembly Code

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

~
N N

-

¥ 0 » W
O — = O

End



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011010000000000
LOADI A, 1 0011000000000001
LOAD D, [N] 1000110000000000

Loop: CMP A, D 1101001100000000
BRG End 1111001000000011

Add: ADD B, A 0100010000000000
ADDI A, 1 0101000000000001
JUMP Loop 1110000011111011

End: STORE [sum], B 1010010000000010

Assembly Language Machine Language



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 0000 0101

i BYTE ? 0000 0000

sum BYTE ? 0000 0000

.code Code Memory:
LOADI B, O 0011 0100 0000 0000
LOADI A, 1 0011 0000 0000 0001
LOAD D, [N] 1000 1100 0000 0000

Loop: CMP A, D 1101 0011 0000 00OO
BRG End 1111 0010 0000 0011

Add: ADD B, A 0100 0100 0000 0000
ADDI A, 1 0101 0000 0000 0001
JUMP Loop 1110 0000 1111 1011

End: STORE [sum], B 1010 0100 0000 0010

Assembly Language Machine Language

in Binary



Mapping Assembly to Machine Code

.data Data Memory:
N BYTE 5 0 5
i BYTE ? 0 0
sum BYTE ? 0 0
.code Code Memory:
LOADI B, O 3 4 0 0
LOADI A, 1 0 0 1
LOAD D, [N] 8 C 0 0
Loop: CMP A, D D 3 0 0
BRG End F 2 0 3
Add: ADD B, A 4 4 0 0
ADDI A, 1 5 0 0 1
JUMP Loop E 0 F B
End: STORE [sum], B A 4 0 2
Assembly Language Machine Language

in Binary



Mapping Assembly to Machine Code

.data Data Memory:
N BYTE 5 05
i BYTE ? 00
sum BYTE ? 00
.code Code Memory:
LOADI B, O 34 00
LOADI A, 1 30 01
LOAD D, [N] 8C 00
Loop: CMP A, D D3 00
BRG End F2 03
Add: ADD B, A 44 00
ADDI A, 1 50 01
JUMP Loop EO FB
End: STORE [sum], B A4 02
Assembly Language Machine Language

in Hexadecimal



1281 Example:
Add the numbers from 1to 5

Bit Mapping for OPCODEs



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011010000000000
LOADI A, 1 0011000000000001
LOAD D, [N] 1000110000000000

Loop: CMP A, D 1101001100000000
BRG End 1111001000000011

Add: ADD B, A 0100010000000000
ADDI A, 1 0101000000000001
JUMP Loop 1110000011111011

End: STORE [sum], B 1010010000000010

Assembly Language Machine Language



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 00110100_00000000
LOADI A, 1 00110000_00000001
LOAD D, [N] 10001100_00000000

Loop: CMP A, D 11010011_00000000
BRG End 11110010 _00000011

Add: ADD B, A 01000100_00000000
ADDI A, 1 01010000_00000001
JUMP Loop 11100000 11111011

End: STORE [sum], B 10100100_00000010

Assembly Language Machine Language



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011 _01_00_00000000
LOADI A, 1 0011 _00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11 00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100 _01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110 00 00 11111011

End: STORE [sum], B 1010_01_00_00000010

Assembly Language Machine Language



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011 _01_00_00000000
LOADI A, 1 0011 _00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11 00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100 _01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110 00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011 _01_00_00000000
LOADI A, 1 0011 _00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11 00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100 _01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110 00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011 _01_00_00000000
LOADI A, 1 0011 _00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11 00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100 _01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110 00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011 _01_00_00000000
LOADI A, 1 0011 _00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11 00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100 _01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110 00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



.data

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

OPCODE Mapping

Data Memory:
00000101
00000000
00000000

Code Memory:

0011 _01_00_00000000
0011 _00_00_00000001
1000_11_00_00000000
1101_00_11 00000000
1111 _00_10_00000011
0100 _01_00_00000000
0101_00_00_00000001
1110 00 00 11111011
1010_01_00_00000010



.data

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

OPCODE Mapping

Data Memory:
00000101
00000000
00000000

Code Memory:

0011_01_00_00000000
0011_00_00_ 00000001
1000_11_00_00000000
1101_00_11 00000000
1111_00_10_00000011
0100_01_00_00000000
0101_00_00 00000001
1110_00 _00_ 11111011
1010_01_00_00000010



Register Parameter Mapping

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_ 00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_ 00000000
BRG End 1111_00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00 00000001
JUMP Loop 1110_00_00_11111011

End: STORE [sum], B 1010_01_00_00000010



Register Parameter Mapping

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_ 00000000
BRG End 1111_00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00_00_11111011

End: STORE [sum], B 1010_01_00_00000010



Second Register Parameter Mapping

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_ 00000000
BRG End 1111_00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00_00_11111011

End: STORE [sum], B 1010_01_00_00000010



Second Register Parameter Mapping

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_00000000
BRG End 1111_00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00_00_11111011

End: STORE [sum], B 1010_01_00_00000010



Value / Address / Offset Mapping

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_00000000
BRG End 1111_00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00_00_11111011

End: STORE [sum], B 1010_01_00_00000010



Value / Address / Offset Mapping

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



.data

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

“Don’t care’” bits ...

Data Memory:
00000101
00000000
00000000

Code Memory:

0011_01_dd_00000000
0011_00_dd_00000001
1000_11_dd_00000000
1101_00_11_dddddddd
1111 _dd_10_00000011
0100_01_00_dddddddd
0101_00_dd_00000001
1110 _dd_dd_11111011
1010_01_dd_o00000010



... are mapped to 0 by the Assembler

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



Loading the Program into Memory



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100( 00000000
00110000[ 00000001
10001100[ 00000000 OpCode Control
11010011} 00000000 T Decoder €1 C C3 €4 Cs o C Cy Cy Cio €11 Cia Ci3 Cia Cus i C17 Cig
11110010[ 00000011
91000700/ 0000000 NENNRRERRE R E RN
01010000| 00000001 000000O0 000 0O0O0OO0OO0O0O0ODO
11100000| 11111011
10100100/ 00000010
Code Memory
affo oo loo
Registers Flags
Cs C12 Ci13
00000000] [X 11 0000
B
C
00000000] | 1015
c 0\ 1018
o} | ALU
00000000] N Jon o—10
B 1
C —
00000000 |p L~ lc” 1
0000100000101
0001100000000
[ 1016 0010[00000000
0011[00000000] |
0 0100[00000000
102 1C3 0101[00000000
PC ) Switches @ 1 0110{00000000
PC 011100000000
Update 000000
Logic 0 Data Memory

1281 CPU



Write .
Select lcl Write Enable
100000f 00110100] 00000000
100001 00110000| 00000001
100010 10001100[ 00000000 OpCode Control
Input  |100011 11213813 83883822 T Decoder Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
100100
100101 [ GT000100] 00000000 EERARRRRRRRERERRR
100110[ 01010000[ 00000001 00000000000O0OO0OO0OOOGOO
100111 11100000/ 11111011
101000 10100100{ 00000010
Read  Code Memory Vi _
Select clect Write Enable _
Write Enable
Csl 109 1010 1014
Registers PO"éOIRead Select ALU Select Flags
> Ci2 Ci3
00000000 A I{ 0000
B
C ALU Result IREG Writebac
00000000 D csMux Mux
Port1]Read Select c
Input s lcy ALU Source| AU 0 1 18
00000000] N J cuMux o—10
g 1/ Write Enable
00000000] |D Read lc” 1!
Selegt
DMEM Input 0000100000101
Mux —1 9001100000000
¢ Jes WWrite 10010[00000000
Select] 0011[00000000] |-
PC Mux 0
Write Enabls 0100{00000000
102 1C3 ——10101{00000000
- 1 Switches .- . PU T 6110[00000000
Uod PC 0111/00000000
pdate 100000
¢ Logic 0 Data Memory

1281 CPU



B

6 [100000[ 00110100]| 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
AY \
16 100011} 11010011f00000000 Decoder N Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
\ 100100f 11110010| 00000011 8 low
100101 57000700 00006030]| | ERRRRRRRRRRRRRRR
6 100110 01010000[ 00000001 00000000000O0OO0OO0OOOGOO
100111[11100000[ 11111011
101000[ 10100100( 00000010
Code Memory
Csl 109 1010 1c14
Registers F|ags 4
00000000 X 0000
B \\4
¢ J 6 low
q 00000000 D 1015 N
N Co| lcs \\8 0\ g 5 g 1C18
00000000 X S & °
B 1 4 low
C c —
00000000] |p ~ Jer |
438 4
4 0000100000101 g
8 0001100000000] | Y.
= 1016 0010100000000
2 0011[00000000] =
J6 low N g | ©100[00000000
N
102 1C3 _ 6 Slow 0101[00000000
) Switches = By 1 0110{00000000
PC - 6 PC 0111[00000000
6 Update
\ : -1ooooo
¢ v Logic ~o [200000] J16 Data Memory

1281 CPU



B

6 |100000] 00110100] 00000000
~—]100001[ 00110000| 00000001 . 27
100010 T0001100[ 00000000|| (16 o 8high | OpCode [ T Control
16 |1ooo11[TT0T0011[ 00000000 ° - Bl . C11 C1y €13 Cia ©15 Cig C17 Cig
~—1100100[ 11110010 00000011
100101 01000100/ 00000000 1 1 1 l 1 1 1 1
6 |100110[ 01010000] 00000001 Data Memory: 00000000
100111711100000{ 11111011
101000['10100100] 00000010 00000101
Code Memory 00000000
00000000
1014
H
1 Code Memory: Flags !
) 0000
4 0011_01_00_00000000
] 0011_00 00 00000001 . \
8 o | |
; | 1000_11_00_00000000 N . 8
S 1101_00_11_ 00000000 B
41
1 1111_00_10_00000011 g N
1 0100_01_00_00000000 ull I
- == 4 00000101
8 0101_00_00_00000001 0901100000000
. —V_VV_ CLe 0010[00000000
1110_00_00_11111011 0011]00000000
J 6 low 8 0100{00000000
N | 1010_01_00_00000010 0101[00000000
=] \ 0110/00000000
U dCt 011100000000
6 pdate
¢ v Logic | Data Memory

1281 CPU




B

6 |100000] 00110100] 00000000
] 100001| 00110000[ 00000001 . 27
100010[ T0001100[ 00000000|| (16 o 8high | OpCode [ T Control
16 |1ooo11[TT0T0011[ 00000000 ° - Bl . C11 C1y €13 Cia ©15 Cig C17 Cig
~—1100100{ 11110010] 00000011
100101 01000100/ 00000000 l 1 1 l 1 1 1 1
6 |100110[ 01010000 00000001 Data Memory: 00000000
100111711100000[ 11111011
101000[ 10100100] 00000010 00000101
Code Memory 00000000
00000000
1014
H
1 Code Memory: Flags !
) 0000
4 0011_01_00_00000000
] 0011_00 00 00000001 . \
8 o | |
; | 1000_11_00_00000000 N . 8
S 1101_00_11_ 00000000 B
41
1 1111_00_10_00000011 g N
1 0100_01_00_00000000 ull I
- == 4 00000101
8 0101_00_00_00000001 0001100000000
. —V_VV_ CLe 0010[00000000
1110_00_00_11111011 0011]00000000
J 6 low 8 0100{00000000
N | 1010_01_00_00000010 0101[00000000
=] \ 0110/00000000
U dCt 011100000000
6 pdate
¢ v Logic | Data Memory

1281 CPU




B

6 |100000] 00110100[ 00000000
] 100001| 00110000[ 00000001 . 27
100010[ T0001100[ 00000000|| (16 o 8high | OpCode [ T Control
16 |100011[ 11070011 00000000]f - o ' . C11 €1z €13 C1a C1s C1g Cr Cis
~—1100100{ 11110010] 00000011
100101 01000100/ 00000000 l 1 1 l 1 1 1 1
6 |100110[ 01010000[ 00000001 Data Memory: 00000000
100111711100000[ 11111011
101000[ 10100100] 00000010 00000101
Code Memory 00000000
00000000
1014
H
1 Code Memory: Flags !
) 0000
4 0011_01_00_00000000
] 0011_00 00 00000001 . \
8 L [ |
x | 1000_11_00_00000000 . .
S 1101_00_11_ 00000000 B
41
1 1111_00_10_00000011 N
] 0100_01_00_00000000 b0
- == 4 00000101
8 0101_00_00_00000001 00%1100000000
. —VYv_SY_ CLe 0010{00000000}
1110_00_00_11111011 0011]00000000
J 6 low 8 0100{00000000
N . 1010_01_00_00000010 0101/00000000
=] \ 0110/00000000
U dCt 011100000000
6 pdate
¢ \ Logic | Data Memory

1281 CPU



B

6 [100000f00110100f 00000000}
] 100001] 00110000] 00000001 . 27
100010] 10001100] 00000000 \ 16 o 8high | OpCode = T Control
16 [|100011fT1010011[ 00000000 - a ' . C11 €1z €13 C1a C1s C1g Cr Cis
1 100100] 11110010| 00000011
100101 01000100] 00000000 1 1 1 1 1 1 1 1
6 |100110 01010000[ 00000001 Data Memory: 000O0O0OO0OO0OO
100111011100000] 11111011
101000(10100100] 00000010] 00000101
Code Memory 00000000
00000000
1014
Flags 4
1\ Code Memory:
INT. \ 0000
H /0011_01_00_00000000
s[{ | 0011_00_00_00000001 3
8 B~ - - - IC15
\ | | 1000_11_00_00000000 N 8
Cl | 1101_00 11 00000000 > *-—
41
of] | 1111_00_10_00000011 g N
1| 0100_01_00_00000000 all IS
— = = ) 00000101
8 0101_00_00_00000001 0001(00000000
< - - = Cie 001000000000}
1110_00_00_11111011 0011]00000000
J 6 low 8 0100{00000000
\ q QOIO_Ol_OO_OOOOOO]y 0101]00000000
0 011000000000
y PdCt < 0111[00000000
\6 pdate 6
¢ \ Logic |~ Data Memory

1281 CPU




B

6 [100000[ 00110100]| 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
AY \
16 100011} 11010011f00000000 Decoder N Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
\ 100100f 11110010| 00000011 8 low
100101 57000700 00006030]| | ERRRRRRRRRRRRRRR
6 100110 01010000[ 00000001 00000000000O0OO0OO0OOOGOO
100111[11100000[ 11111011
101000[ 10100100( 00000010
Code Memory
Csl 109 1010 1c14
Registers F|ags 4
00000000 X 0000
B \\4
¢ J 6 low
q 00000000 D 1015 N
N Co| lcs \\8 0\ g 5 g 1C18
00000000 X S & °
B 1 4 low
C c —
00000000] |p ~ Jer |
438 4
4 0000100000101 g
8 0001100000000] | Y.
= 1016 0010100000000
2 0011[00000000] =
J6 low N g | ©100[00000000
N
102 1C3 _ 6 Slow 0101[00000000
) Switches = By 1 0110{00000000
PC - 6 PC 0111[00000000
6 Update
\ : -1ooooo
¢ v Logic ~o [200000] J16 Data Memory

1281 CPU



The CPU Control Logic



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 8high

The Control Logic

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

OpCode
Decoder

J 8 low
N

Control

C1 €2 C3C4 C5C4C7C3C9CppCpp Cpp Cp3CrqCis5Ci6C17Cog

REARRRRARRRRRERY

00000000000O0OO0OO0OOO0OOO

Code Memory
C C C
s} oo | Jeu
Registers F|ags 4
00000000 0000
4
. 00000000 Jes NS low
< 8 0\ 1018
00000000 i \\8 .agF‘O g
’L,/ 4 low
00000000 A lc” 1
8
" 7 | 0 [eo0oton] f |
8 0001f00000000] | Y.
= 1016 0010100000000
g 0011{00000000] j=
6 low N g | ©100[00000000
102 1C3 % low 0101[00000000
PC N B > 1 0110/00000000
Und 6 PC 0111[00000000
pdate 100000
Logic ~o [200000] Data Memory

1281 CPU



B

Control Signal #1

6 |100000[ 00110100/ 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
\ \
16 |toco11) 11010011} 00000000 Decoder N C1)\C2 €3 C4 C5C5 C7 C3 Cg C1o €1 €12 €13 C14 C15 C16 C17 i3
\ 100100f 11110010| 00000011 81
N ow
100101 9T060706[06600005]| | HHHHHHHHH
6 100110 01010000[ 00000001 0)j00000000D0O0O0O0OO0OOOOGO0OO
100111[11100000[ 11111011
101000[ 10100100| 00000010
Code Memory
Csl 109 1010 1c14
Registers Flags 4
00000000 0000
14
g 00000000 Jes N & low
N \8 0\ lclg
© 8 8 8
00000000 N -] 0 q
1/ 4 low
00000000 lc” 1
438 4
4 0000100000101 g
8 0001100000000 | Y
= 1016 0010100000000
2 0011[/00000000] j=
J6 low N g | ©100[00000000
102 1C3 _ 16 8low 0101{00000000
PC N B Switches —c—g@=< | 0110[00000000
Und 6 PC 0111/00000000
6 pdate
[ A . 100000
v Logic ~o [200000] J16 Data Memory

1281 CPU



C

Control Signal #1

6 [100000[ 00110100]| 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
AY \
16 |toco11) 11010011} 00000000 Decoder N Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
\ 100100f 11110010| 00000011 8 lov
100101 57000700 00006030]| | NERRRRRRRRRRERRE
6 100110 01010000[ 00000001 0000000000 O0O0OO0OO0OO0OO0OO
100111 11100000[ 11111011
101000 10100100/ 00000010
Code Memory
Csl 109 1010 1c14
Registers Flags 4
00000000 [X 0000
B \\4
¢ J 6 low
q 00000000 D 1015 S
Y C 8 0\ 1C18
6 C7 \\ 3 ? 2
00000000 A N o-—| 0
B 1 4 low
C —
00000000] |D - lc” 1
438 4
4 0000100000101 g
8 0001100000000 | Y
= 1016 0010100000000
2 0011[00000000] =
J6 low N g | ©100[00000000
N
102 1C3 _ 6 Slow 0101{00000000
N B Switches —c—g@=< | 0110[00000000
PC 6 PC 0111/00000000
6 Update
\ : 100000
¢ v Logic ~o J16 Data Memory

1281 CPU



B

Control Signal #2

6 |100000[ 00110100/ 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
\ \
16 |toco11) 11010011} 00000000 Decoder N CCa3Cq C5C5C7C3C9CoCyp Cp2Cr3CrqCi5C16C17Co3
\ 100100f 11110010| 00000011 81
N ow
100101 9T060706[06600005]| | HHHHHHHHH
6 100110 01010000[ 00000001 0000000000 O0OO0OO0OO0OO0OO0OO
100111[11100000[ 11111011
101000[ 10100100| 00000010
Code Memory
Csl 109 1010 1c14
Registers Flags 4
00000000 0000
14
g 00000000 Jes N & low
N \8 0\ lclg
© 8 8 8
00000000 N -] 0 q
1/ 4 low
00000000 lc” 1
438 4
4 0000100000101 g
8 0001100000000 | Y
= 1016 0010100000000
2 0011[/00000000] j=
J6 low N g | ©100[00000000
102 1C3 _ 16 8low 0101{00000000
PC Nl B Switches —c—g@=< | 0110[00000000
Und 6 PC 0111/00000000
6 pdate
[ A . 100000
v Logic ~o [200000] J16 Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16

.8 high

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

OpCode
Decoder

Control Signal #2

J 8 low
N

Control

Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3

ERERRARENR RN

000000000O0O0O0OO0OOO0OO0

Code Memory

shle oo oo

Registers Flags 4
A [00000000 ) 0000
N
N
J 6 low
e B Joo000000 1015 k
N \8 7;\‘ lcm
Y 8 8 8
C 00000000 N 0 .
’L,/ 4 low
D [00000004] ) Jer 1
/. 43
4 0000100000101 .
8 / 0001[g0000000] | 4
1 1016 0010[00000000
] 0011{00000000] j=
6 low N g | ©100[00000000
© 103 16 8low 0101[00000000
PC CH B Switches ———g= i 011000000000
Uod ’ 6 PC 0 0111{00000000
6 pdate 6
\ ) 100000
v Logic ~o J16 Data Memory

1281 CPU



B

Control Signal #18

6 [100000[ 00110100]| 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
\ \
16 |toco11) 11010011} 00000000 Decoder N C1 €2 C3C4 C5C5C7C3C9CypCyy Cp2 Cr3 Crq Cis5 Cip C17(Cis
\ 100100f 11110010| 00000011 81
N ow
100101 9T060706[06600005]| | HHHHHHHHH
6 100110 01010000[ 00000001 00000000000O0O0OOOOO
100111 11100000[ 11111011
101000[ 10100100[ 00000010
Code Memory
Csl 109 1010 1c14
Registers Flags 4
00000000 0000
14
00000000
8 1015
N \8 0\
* 8 8
00000000 Se
1/ 4 low
00000000 lc”
438 4
4 0000100000101
8 0001100000000
= 1016 0010100000000
2 0011{00000000
J6 low N g | ©100[00000000
102 1C3 _ 16 8low 0101{00000000
PC N B Switches —c—g@=< | 0110[00000000
Und 6 PC 0111/00000000
6 pdate
¢ > : 100000
v Logic ~o [200000] J16 Data Memory

1281 CPU



B

Control Signal #18

6 |100000] 00110100{ 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
\ \
16 |toco11) 11010011} 00000000 Decoder N Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
\ 100100f 11110010| 00000011 8 low
100101 57000700 00006030]| | EERRRRRRRRRRERRR
6 100110 01010000[ 00000001 00000000000O0O0OOOOO
100111 11100000[ 11111011
101000 10100100/ 00000010
Code Memory
Csl 109 1010 1c14
Registers Flags 4
00000000 . 0000
\\
g 00000000 Jes N & low
N \8 0\ Cis
* 8 8 8 1%
00000000 Se &-—| g
1/ 4 low
00000000 lc” 1
438 4
4 0000100000101 g
8 0001100000000 | Y
= 1016 0010100000000
2 0011[00000000] =
J6 low N g | ©100[00000000
N
102 1C3 _ 6 Slow 0101{00000000
N B Switches —c—g@=< | 0110[00000000
U PdC 6 PC 0111{00000000
6 pdate
\ : 100000
¢ v Logic ~o J16 Data Memory

1281 CPU



B

All Control Signals

6 |100000| 00110100/ 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode —
AY \
16 100011 11010011 00000000 DeCOder \ 60203 C4CSC6C7C$CQC1()C] CISC16CI7018
\ 100100f 11110010| 00000011 8 low
100101 57000700 00006030]| | NERRRRRRRRE RN R RN
6 100110 01010000[ 00000001 00000000000 0O0O0O0O0O0 0/
100111 11100000{ 11111011
101000[ 10100100( 00000010
Code Memory
1 (1o
Registers
g cal [cs 4
00000000 A
B
C
q 00000000 D
\
Cel lcs 8
00000000 S
B
C ©
00000000 D m
0000100000101 g
8 0001100000000 | Y
— 0010[/00000000
0011[00000000] }=
J 6 low 0100{00000000
N
lc3 . 16 8 low 0101100000000
. Y Switches =—=—@—=x 0110{00000000
PC PC 0111{00000000
6 Update
\ : -100000
¢ \ Logic [~1o J16 Data Memory

1281 CPU



100000
100001
100010
100011
100100
100101
100110
100111
101000

lcl Write Enable
00110100[ 00000000
00110000[ 00000001
10001100{ 00000000 OpCode Control
11218813 83883822 T Decoder 602 €3 C4C5C4C7C8C9C1pC11 C12C13C14C15C16C17Crg
97000700] 00000000 NN RN R RN RN
01010000] 00000001 \000000000000000000/
11100000 11111011
10100100/ 00000010
Code Memory Wi ,
clect Write Enable Write Enable
Csl 109 1010 1014
Registers C4P°'20|Read Select ALU Select Flags
> Ci2 Ci3
00000000 A I{ 0000
B
C ALU Result IREG Writebac
00000000 D csMux Mux
Port1]Read Select c
Co| |cy ALU Source ALU 0 1 18
00000000] N J crMux o—10
B Write Enable
C 1/ lCI .
00000000 D 7 1
DMEM Input 0000100000101
Mux 0001100000000
¢ 1016 0010[00000000
oC N 0011{00000000] }=
ux
Write EnablS 0100/00000000
102 1C3 0101[00000000
PC ) Switches @ 1 0110{00000000
Uod PC 011100000000
pdate 100000
Logic 0 Data Memory

1281 CPU



B

6 |100000] 00110100) 00000000 /
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
AY \
16 100011} 11010011f00000000 Decoder N C1 €2 C3C4 C5C4C7C3C9CppCpp Cpp Cp3CrqCis5Ci6C17Cog
\ 100100 11110010| 00000011 8 low
100101 57000700 00006030]| | NERRRRRRRRR RN
6 100110 01010000[ 00000001 QOOOOOOOOOOOOOOOOO
1001111 11100000[ 11111011
101000[ 10100100( 00000010
Code Memory
Csl 109 1010 1c14
Registers F|ags 4
00000000 X 0000
B \\4
¢ J 6 low
q 00000000 D 1015 N
N Co| lcs \\8 0\ g 5 g 1C18
00000000 X S & °
B 1 4 low
C c —
00000000] |p ~ Jer |
438 4
4 0000100000101 g
8 0001100000000] | Y.
= 1016 0010100000000
2 0011[00000000] =
J6 low N g | ©100[00000000
N
102 1C3 _ 6 Slow 0101[00000000
) Switches = By 1 0110{00000000
PC - 6 PC 0111[00000000
6 Update
\ : -100000
¢ v Logic ~o [200000] J16 Data Memory

1281 CPU
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Diagram for c,,

iring

The W

dOON
OLNdNI
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ALNdNI
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HAOIN
1IaAvo'l
aav
aav
da0is

1ans
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JAAdVO1
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The W
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Diagram for c,;

iring

The W

dOON
DLNdNI
O LNdNI
ALNdNI
JAALNdNI
HAOIN
1IaAvo'l
aav
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da0is
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avo'l
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C3 , C8 ,Cg,C10,and C15

LOADI affects only
All others are set to zero.
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0LOITAS 0I¥Od SHALSIOHTM

Cs| C51Cq |Cy

TIOTTES 0I¥0d SYALSIOTH
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1
1
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1
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ADDT
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c 0
o >
c =
S 5
o C
Ut
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£ v

o)
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Cg and Cg depend

LICEDI/LOADP
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Simulation of the Program Execution



Add the numbers from 1to 5

// C Version

// using a for loop

int main()

{

int N=5;

int i, sum;
sum=0;

for(i=1; i<=N; i++) {

sum+=i;

// printf("%d\n", sum);

; Assembly Version

.data
N
i

sum

.code

Loop:

Add:

End:

BYTE
BYTE
BYTE

LOADI
LOADI
LOAD
CMP
BRG
ADD
ADDI
JUMP
STORE

~
L2 BN |

~

¥ O P w
O — +» O

-

End
B, A
A, 1
Loop

[sum],

B

e e e e e e e e

e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



Mapping Assembly to Machine Code

.data Data Memory:

N BYTE 5 00000101

i BYTE ? 00000000

sum BYTE ? 00000000

.code Code Memory:
LOADI B, O 0011_01_00_00000000
LOADI A, 1 0011_00_00_00000001
LOAD D, [N] 1000_11_00_00000000

Loop: CMP A, D 1101_00_11_00000000
BRG End 1111 _00_10_00000011

Add: ADD B, A 0100_01_00_00000000
ADDI A, 1 0101_00_00_00000001
JUMP Loop 1110_00 00 11111011

End: STORE [sum], B 1010_01_00_00000010



B

6 [100000[ 00110100]| 00000000
~—]100001[ 00110000| 00000001 , 27
100010[ 10001100| 0000o0o000|f (16 . 8high | OpCode — Control
AY \
16 100011} 11010011f00000000 Decoder N Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
\ 100100f 11110010| 00000011 8 low
100101 57000700 00006030]| | ERRRRRRRRRRRRRRR
6 100110 01010000[ 00000001 00000000000O0OO0OO0OOOGOO
100111[11100000[ 11111011
101000[ 10100100( 00000010
Code Memory
Csl 109 1010 1c14
Registers F|ags 4
00000000 X 0000
B \\4
¢ J 6 low
q 00000000 D 1015 N
N Co| lcs \\8 0\ g 5 g 1C18
00000000 X S & °
B 1 4 low
C c —
00000000] |p ~ Jer |
438 4
4 0000100000101 g
8 0001100000000] | Y.
= 1016 0010100000000
2 0011[00000000] =
J6 low N g | ©100[00000000
N
102 1C3 _ 6 Slow 0101[00000000
) Switches = By 1 0110{00000000
PC - 6 PC 0111[00000000
6 Update
\ : -1ooooo
¢ v Logic ~o [200000] J16 Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

LOADI B,

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

OpCode
Decoder

Control

sl o foo

1014

Registers Flags
Cs Ci2 C13
00000000] [X 11 0000
B
C
D
00000000 ) {15
S| |c7 ALU 0
00000000] N Jon o
B 1
20000000] |o ~ Jer i
0000100000101
0001100000000
¢ 1016 0010[00000000
0011[/00000000] j=
0 0100[00000000
102 1C3 0101[00000000
) Switches - 1 0110{00000000
PC PC 0111/00000000
Update 100000
Logic 0 Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

LOADI B,

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

OpCode
Decoder

Control

Ci1C12C13€

~

3

ajfo oo

1014

Registers Flags
Cs Ci2 C13
00000000] [X 11 0000
B
C
D
00000000 ) {15
S| |c7 ALU 0
00000000] N Jon o
B 1
20000000] |o ~ Jer i
0000100000101
0001100000000
¢ 1016 0010[00000000
0011[/00000000] j=
0 0100[00000000
102 | s 0101[00000000
) Switches - 1 0110{00000000
PC PC 0111/00000000
Update 100000
Logic 0 Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

LOADI B, 0

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

Control

C11C12Cy3

Y

~

3

ajfo oo

1014

Registers Flags
Cs C12 Ci3
00000000] [X 11 0000
B
C
D
00000000 ) {15
] |7 ALU 0
00000000] N lCn
B h 1
00000000] |5 - lc”
0000100000101
0001100000000
[ 1016 0010[00000000
0011[00000000
0 0100[00000000
102 | s 0101[00000000
) Switches @ 1 0110{00000000
PC PC 011100000000
Update 100000
Logic 0 Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

LOADI B,
00110100| 00000000
00110000/ 00000001
10001100{ 00000000 OpCode Control
11010011/ 00000000 Decoder €| €5 C3 €4 C5 C €7 Cg Co €1 C1p €1 €13 C14 €15 C1g €17 Cig
11110010[ 00000011
01000100[ 00000000 111111 11 11 1 11 11
01010000/ 00000001 001000 10000T1O00O00O0
11100000| 11111011
10100100[ 00000010
Code Memory
sl o o oo
Registers Flags
Cs C12l Ci13
00000000] |X 0000
B
C
00000000| |D 1015
c 0\ 1018
o} |7 ALU
00000000] N Jon o0
B h 1
C
00000000 |p L~ lc” 1
0000100000101
0001100000000
[ 1016 0010{00000000
0011{00000000
0 0100[00000000
102 | s 0101[00000000
PC ) Switches @ 1 0110{00000000
PC 0111[00000000
Update 100000
Logic 0 Data Memory

1281 CPU







B

100000
100001
100010
100011
100100
100101
100110
100111
101000

LOADI A,
00110100]/ 00000000
00110000| 00000001
10001100[ 00000000 OpCode Control
11010011} 00000000 Decoder C1C2C3C4C5C5C7C3C9C10C11C12C13C14C15C16C17Cr8
11110010] 00000011
01000100]/ 00000000 111111 11 11 1 11 11
01010000/ 00000001 001000 10000T1O00O00O0
11100000| 11111011
10100100] 00000010
Code Memory
affo | oo
Registers Flags
Cs
ce] Jen 0000
00000001 A
B
C
00000000 D 1015
c 0\ 1018
o] [€7 ALU
00000000] N Jon o0
B h 1
C
00000000 |p L~ lc” 1
0000100000101
0001100000000
¢ 1016 0010{00000000
0011{00000000
0 0100[00000000
102 | s 0101[00000000
PC ) Switches 9 1 0110{00000000
PC 011100000000
Update 100001
Logic 0 Data Memory

1281 CPU







B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

LOAD D,

[N]

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

Control

C11C12Cy3

Y

~

3

alfo oo

1014

Registers Flags
“ C”l €13 0000
00000001 A
B
C
D
00000000 ) {15
S| |c7 ALU 0
00000000] N Jon o
B h 1
00000000] |5 - lc”
0000100000101
0001100000000
[ 1016 0010[00000000
0011[00000000
0 0100[00000000
102 | s 0101[00000000
) Switches @ 1 0110{00000000
U PdC PC 011100000000
pdate 100010]
Logic 0 - Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

--d?———————

LOAD D,

[N]

OpCode
Decoder

Control

C11C12Cy3

Y

~

3

alfo oo

1014

Registers . Flags
i C”l €13 0000
A 00000001 A
B
C
D
B 100000000 ) {15
S| |c7 ALU 0
C loooooooo] N lCn o
B h 1
D [00000000 5 - lc”
0000190000101
0001100000000
¢ 1016 0010{00000000
0011[00000000
0 0100[00000000
102 | s 0101[00000000
) Switches 9 1 0110{00000000
U PdC PC 0111/00000000
pdate 100010]
Logic 0 - Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

--d?———————

LOAD D,

[N]

OpCode
Decoder

Control

C11C12Cy3

Y

~

3

alfo oo

1014

Registers . Flags
i C”l €13 0000
A 00000001 A
B
C
D
B 100000000 ) {15
S| |c7 ALU 0
C loooooooo] N lCn o
B h 1
D |ooooo0101 5 L~ lc”
0000190000101
0001100000000
¢ 1016 0010{00000000
0011[00000000
0 0100[00000000
102 | s 0101[00000000
) Switches 9 1 0110{00000000
U PdC PC 0111/00000000
pdate 100010]
Logic 0 - Data Memory

1281 CPU







B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

Control

sl o foo

1014

Registers Flags
” 2] e 0000
00000001 A
B
C
D
00000000 ) {15
%) |o ALU 2
00000000] N lCn
B h 1
sooooto1] o - lc”
0000100000101
0001100000000
¢ 1016 0010{00000000
0011{00000000
0 0100[00000000
102 | s 0101[00000000
) Switches @ 1 011000000000
U PdC PC 011100000000
pdate 100011
Logic 0 - Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

Control

sl o foo

1014

Registers Flags
Cs
2] e 0000
00000001 A
B
C
D
00000000 ) {15
%) |o ALU 2
00000000] N lCn
B h 1
ooooozo] b - lc”
0000100000101
0001100000000
¢ 1016 0010{00000000
0011{00000000
0 0100[00000000
102 | s 0101[00000000
) Switches @ 1 011000000000
U PdC PC 011100000000
pdate 100011
Logic 0 - Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

OpCode
Decoder

Control

sl o foo

1014

Registers Flags
Cs
) 1013 0000
00000001 [X
A 00000001 [~ _
C
D
00000000 ) 1015
co) |oo 00000101 ALU TN Jois
00000000] N Jon o— 10
B h 1
ooooo01] |5 - lcw 1!
0000100000101
0001100000000
¢ 1016 001000000000
0011[00000000] |-
0 0100{00000000
102 | s 0101[00000000
) Switches - 1 0110{00000000
U PdC PC 0111{00000000
pdate 100011
Logic 0 - Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

OpCode
Decoder

Control

sl o foo

1014

. SUB/CMP
Registers
g s Flags
00000001 | ICB 0000
A
A 00000001 [~ _
C
00000000 y 1-5 1015
coj |o;] 00000101 ALU 0N Joss
00000000] N Jon o— 10
B h 1
ooooo01] |5 - lcw 1!
0000100000101
0001100000000
¢ 1016 0010{00000000
0011{00000000] |
0 0100{00000000
102 | s 0101[00000000
) Switches - 1 0110/00000000
U PdC PC 0111{00000000
pdate 100011
Logic 0 - Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

Control

sl o foo

SUB/CMP

1014

Registers Flags
Cs
2 1013 0010
00000001
A 00000001 [~ _ .
g set negative flag
00000000 y 1-5 1015
co) |oo 00000101 ALU 0N
00000000] N Jon
B h 1
oooo0101] | - lc”
0000100000101
0001100000000
¢ 1016 0010[00000000
0011[00000000
0 0100[00000000
102 | s 0101[00000000
PC ) Switches 9 1 0110{00000000
Uod PC 0111/00000000
pdate 100011
Logic 0 Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder c

o

2C3C

N

Cs C5 C7 Cg Co C;

Control

Ci1C12C13C14Ci5C

—_
w

6 C17 C13

-

i

O G

|

O

At

O -

SHaERy

sl o foo

1014

. SUB/CMP
Registers
gors e e
00000001
A 00000001 [~ _ .
g set negative flag
00000000 y 1-5 1015
c 00000101
AN ALU 0 11111100
00000000] N Jon °
B
: N | :
00000101 D 1100 l 17
¢ 0000190000101
0001100000000
[ 1016 0010{00000000
0011[00000000
0 0100[00000000
102 | s 0101[00000000
0 Switches @ 1 0110{00000000
U PdCt PC 0111/00000000
pdate 100011
Logic 1 Data Memory

this will

read out

address
1100

1281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

alfo oo

Control

SUB/CMP

1014

l017

0000190000101

0001100000000

0010100000000

0011100000000

010000000000

010100000000

0110/00000000

0111/00000000

Registers Flags
Cs C121 Ci3
00000001 A r--l-- 0010
g set negative flag
D 1-5
00000000 ’,/J 105
Cel c7 ALU 0
00000000] N Jon °
B 1
C
00000101 D
[ _
¢ 1Cm
0
Cy C
1 1 ’ Switches 9 1
PC : PC
Update
. 100011
Logic - [100011]

Data Memory

1281 CPU



100000
100001
100010
100011
100100
100101
100110
100111
101000

1c1 write disabled

CMP A,
00110100]00000000
00110000{ 00000001
10001100] 00000000 OpCode Control
11010011] 00000000 T Decoder Cp €2 C3C4 C5C5C7C3C9C10Cyp Cp2C13CrqCi5C16C17Co3
11110010[ 00000011
31600166] 66606600 RN RRR R R RN
01010000| 00000001 001001100001 1 10000
11100000[ 11111011
10100100[ 00000010
Code Memory
write disabled
C C C
811 1 10 1C14
L N SUB/CMP
Registers . Flags
5 2] e 0010
00000001 [X I\
g set negative flag
00000000 y 1-5 1015
C
<} |¢7 ALU 0 fos
00000000] N Jon ° B o 0
B h | write disabled
C
00000101] |b C17 1
s 7
0000100000101
0001100000000
¢ 1016 0010{00000000
0011[00000000
0 0100{00000000
102 | s 0101[00000000
PC ) Switches 9 1 0110/00000000
Uod PC 0111{00000000
pdate 100011
Logic 0 Data Memory

1281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

Control

sl o foo

SUB/CMP

1014

Registers Flags
” 2 1013 0010
00000001 A
g I\ set negative flag
D 1-5
00000000 ) {15
Cel Cy ALU 0
00000000 X Cii
B 1
C
00000101] |p ~ lc”
0000100000101
0001100000000
¢ 1016 0010[00000000
0011{00000000
0 0100[00000000
102 | s 0101[00000000
PC ) Switches @ 1 0110{00000000
Uod PC 011100000000
pdate 100011
Logic 0 Data Memory

1281 CPU




B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

CMP A, D

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Decoder

Control

Code Memory
C C C
e | lo
Registers 5 Flags
C12 Ci13 o
A Jooooooo1]| |A 1 l 0 of1)o
E The only effect
B |oo000000 y 1015 of this operation
C
UK ALU N o
C loooooooo] N lCn o 0
B h 1
D [oo000101 5 - 1017 1!
0000100000101
0001100000000
¢ 1016 0010{00000000
0011{00000000] j=
0 0100[00000000
102 | s 0101[00000000
PC 1 Switches - 1 0110/00000000
Uod PC 0111/00000000
pdate 100011
Logic 0 Data Memory

1281 CPU






B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

BRG End

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

OpCode
Decoder

Control

Code Memory
C C C
811 5 |ew Jeu
Registers . Flags
5 <2} Jes 0010
A 00000001 A
B r\\\\‘\\~
C
D
B 100000000 ) {15
C
Col ¢y ALU 0 1 18
C loooooooo] N Jon o— 10
B h 1
D [oo000101 5 - 1017 1!
0000100000101
0001100000000
[ 1016 0010[/00000000
0011[00000000] j=
0 0100{00000000
102 | s 0101[00000000
PC ) Switches - 1 0110/00000000
Uod PC 0111/00000000
pdate 100100 .
Logic 3 brar;cg_n;éi%lken. Data Memory

1281 CPU



Ci
l BRG End
100000| 00110100[ 00000000
100001 00110000 00000001
100010 10001100[ 00000000 OpCode Control
100011 11010011] 00000000 Decoder C1 CyC3C4C5CCy7CgCeC1pC11 C2C13C14C15C16C17Crg
100100 11110010] 00000011
100101 91600106] 60000060 ERRRRRRRRRRRRRRR
100110] 01010000] 00000001 011000 00000O0OO0OOO0ODO
100111 11100000{ 11111011
101000[ 10100100( 00000010
Code Memory
bl fon e
Registers . Flags
i C”l C13 0010
00000001 A
B
)
D
00000000 1015
c 0\ 1018
6] 17 ALU
00000000] N Jon o—
B h 1
C
0o0o0101] |p ~ Jer
0000100000101
0001100000000
¢ 1016 0010{00000000
0011[00000000
0 0100{00000000
1(;2 103 0101)00000000
PC ) Switches - 1 0110{00000000
Und PC 0111{00000000
pdate 100100 :
Logic 0 - branch taken: Data Memory
PC=PC+1+0ffset

1281 CPU



Questions?



THE END



