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The 1281 Assembly Instructions

NOOP
INPUTC
INPUTCF
INPUTD
INPUTDF
MOVE
LOADIT
LOADP
ADD
ADDI
SUB
SUBT
LOAD
LOADF
STORE
STOREF
SHIFTL
SHIFTR
CMP
JUMP
BRE
BRZ
BRNE
BRNZ
BRG
BRGE

NO OPeration

INPUT into Code memory

INPUT into Code memory with oFfset

INPUT into Data memory

INPUT into Data memory with oFfset

MOVE the contents of one register into another
LOAD Immediate value

LOAD Pointer address

ADD two registers

ADD an Immediate value to a register

SUBtract two registers

SUBtract an Immediate value from a register
LOAD from a data memory address into a register
LOAD with an oFfset specified by another register
STORE a register into a data memory address
STORE with an oFfset specified by another register
SHIFT Left all bits in a register

SHIFT Right all bits in a register

CoMPare the values in two registers

JUMP unconditionally to a specified address
BRanch if Equal

BRanch if Zero

BRanch if Not Equal

BRanch if Not Zero

BRanch if Greater

BRanch if Greater than or Equal



The 1281 Assembly Instructions

NOOP
INPUTC
INPUTCF
INPUTD
INPUTDF
MOVE
LOADIT
LOADP
ADD
ADDI
SUB
SUBT
LOAD
LOADF
STORE
STOREF
SHIFTL
SHIFTR
CMP
JUMP
BRE
BRZ
BRNE
BRNZ
BRG
BRGE

NO OPeration

INPUT into Code memory

INPUT into Code memory with oFfset

INPUT into Data memory

INPUT into Data memory with oFfset

MOVE the contents of one register into another
LOAD Immediate value

LOAD Pointer address

ADD two registers

ADD an Immediate value to a register

SUBtract two registers

SUBtract an Immediate value from a register
LOAD from a data memory address into a register
LOAD with an oFfset specified by another register
STORE a register into a data memory address
STORE with an oFfset specified by another register
SHIFT Left all bits in a register

SHIFT Right all bits in a register

CoMPare the values in two registers

JUMP unconditionally to a specified address
BRanch if Equal

BRanch if Zero

BRanch if Not Equal

BRanch if Not Zero

BRanch if Greater

BRanch if Greater than or Equal



The OPCODEs
( Mapped to Machine Language )



NOOP

INPUTC

INPUTCF

INPUTD

INPUTDF

MOVE

LOADI/LOADP

The OPCODEs




ADD

ADDI

SUB

SUBI

LOAD

LOADF

STORE

STOREF

The OPCODEs




SHIFTL

SHIFTR

CMP

JUMP

BRE/BRZ

BRNE /BRNZ

BRG

BRGE

The OPCODEs




Sample Assembly Programs
for the 1281 CPU



Arithmetic



C Version

// Arithmetic
//

// C version

int main()

{
int x=2;
int z;

z = x+3;

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



Assembly Version

; Assembly version

.data
X BYTE 2
b4 BYTE ?
.code

LOAD A, [x]
MOVE C, A ;7 Z=X;

ADDI C, 3 z+=3;
STORE [z], C

we

update the memory for z

we

Register allocation

we we

=

X

<not used>

QO w

zZ

D: <not used>

we



C vs. Assembly

// Arithmetic
//

// C version

int main()

{
int x=2;
int z;

z = x+3;

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

; Assembly version

.data
p'<

Z

.code

BYTE
BYTE

LOAD A, [x]
MOVE C, A
ADDI C, 3
STORE [z], C

Z=X;
z+=3;

update the

; memory for z



Arithmetic 2



C Version

// Arithmetic 2
//

// C version

int main()

{
int x=2;
int y=3;

int z;
z = x+ty;

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



Assembly Version

Arithmetic 2

we

Assembly version

we

.data
X BYTE 2
y BYTE 3
b4 BYTE ?
.code

LOAD A, [x]
LOAD B, [y]

MOVE C, A ;7 Z=X;
ADD C, B
STORE [z], C

z+=y;

we

Register allocation

we we

=

X

Yy

zZ

v+

<not used>

we

O QO



C vs. Assembly

// Arithmetic 2
//

// C version

int main()

{
int x=2;
int y=3;

int z;

z = x+y;

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

; Arithmetic 2

; Assembly version

.data

X

Y
z

.code

BYTE
BYTE
BYTE

LOAD A, [x]
LOAD B, [y]
MOVE C, A
ADD C, B
STORE [z], C

°
4

Z=X;

z+=y;



Arithmetic with User Input



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
¢ N Upde}te N 000000 6
N Logic 0 A & Data Memory

1281 CPU



C vs. Assembly

#include<stdio.h>
int x = 2;
int y;

int result;

// Addition with User input

// for the second variable (y)

void main()

{

scanf ("%d", &y);

result = x + y;

//printf("%d", result);

; Arithmetic with user input from switches

; Assembly version

.data
X BYTE 2
y BYTE °?
result BYTE ?
.code

LOAD A, [x]

INPUTD [y]
LOAD B, [y]
ADD A, B

STORE [result], A

°
14

Reg. A <- [x]
[v] <- Input
Reg. B <- |[y]
A<- A + B
result <- Reg A



Multiplication



C Version

// Multiplication
//

// C version

int main()

{
int x=2;
int z;

Z = X*5;

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



Assembly Version

; Multiplication

.data

X BYTE 3

z BYTE ?

.code
LOAD A, [x]
MOVE C, A 7 Z=X;
MOVE B, A ;7 B=x;
SHIFTL B ; B=2x
SHIFTL B ; B=4x
ADD C, B ; C=4x+x

STORE [z], C update the memory for z

we

Register allocation

we we

=

X

v+

temporary results for 2x and 4x

zZ

O QO

<not used>

we



C vs. Assembly

// Multiplication
//

// C version

int main()

{

int x=2;

int z;

zZ = x*5;

// printf("%d\n", z);
}

; Multiplication

.data
p'<

Z

.code

BYTE
BYTE

LOAD
MOVE
MOVE
SHIFTL
SHIFTL
ADD
STORE

-

A, [x]

[z], C

we we we we we we

we

update the

memory for =z



Multiplication
(implemented with repeated addition)



C Version

// Multiplication
//

// C version

int main()

{
int x=2;
int z;

Z = X*5;

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



C Version

// Multiplication
//

// C version

int main()
{
int x=3;

int z=0;

for(int i=0; i<5; i++){
z+=x;

}
// printf("%d\n", z);



Assembly Version

Assembly version

we

we

The CPU does not have OPCODEs for multiplication.

we

Therefore, it is emulated with repeated addition.

we

.data
X BYTE 3
z BYTE ?
.code
LOAD A, [x]
LOADI C, O ; 2=0
LOADI B, O ; i=0
LOADI D, 5 ; sentinel value
For: CMP B, D ; i<5?
BRGE End ; 1f(i>=5), exit for loop
ADD C, A s zZ+=x
ADDI B, 1 s i4+
JUMP For ; jump to For loop

End: STORE [z], C update the z value in memory

we



Assembly Version

Assembly version

we

we

The CPU does not have OPCODEs for multiplication.

we

Therefore, it is emulated with repeated addition.

we

data ; Register allocation
7
X BYTE 3 ; I
Z BYTE ? ; B: 1 (optimized to register)
; C: z
; D: 5
.code
LOAD A, [x]
LOADI C, O ; 2=0
LOADI B, O ; i=0
LOADI D, 5 ; sentinel value
For: CMP B, D s i<57?
BRGE End ; 1f(i>=5), exit for loop
ADD C, A s zZ4=x
ADDI B, 1 s i+
JUMP For ; jump to For loop

End: STORE [z], C update the z value in memory

we



C vs. Assembly

// Multiplication
//

// C version

int main()

{
int x=3;
int z=0;
for(int i=0; i<5; i++){
z2+=Xx;
}
// printf("%d\n", z);
}

; Assembly version

.data
p'<

V4

.code

For:

End:

BYTE
BYTE

LOAD
LOADI
LOADI
LOADI
CMP
BRGE
ADD
ADDI
JUMP
STORE

-~

A, [x]

o
O u O

For

[z], C

we we we we

we

z=0

i=0

sentinel value

i<5?

if(i>=5), exit loop
z+=x

i++

jump to For loop
update the z

value in memory



If Equal



C vs. Assembly

// If Equal ; If Equal
// ;
// C version ; Assembly version
.data
BYTE
int main() BYTE
{ z BYTE
int y=5; LOAD A, [x]
int z=0; LOAD B, [y]
CMP A, B
if (x==y) BRNE End
Z=X; STORE [z], A




If Greater



// If Greater
//

// C version

int main()

{

int x=3;
int y=5;

int z=0;

if(x > vy)

Z=X;

C vs. Assembly

°
14

.data

.code

End:

; If Greater

; Assembly version

BYTE
BYTE
BYTE

LOAD A, [Xx]
LOAD B, [y]
CMP B, A
BRGE End
STORE [z], A
NOOP

; these are swapped



If Greater or Equal



// 1f Greater or Equal
//

// C version

int main()

{

int x=3;
int y=5;

int z=0;

if(x >=vy)

Z=X;

C vs. Assembly

°
14

.data
BYTE
BYTE
z BYTE

.code
LOAD
LOAD
CMP
BRG

End: NOOP

; If Greater or Equal

; Assembly version

A, [x]
B, [v]
B, A
End

STORE [z], A

; these are swapped



If Less



C vs. Assembly

// If Less ; If Less
// ;
// C version ; Assembly version
.data
BYTE
int main() BYTE
{ z BYTE
int y=5; LOAD A, [Xx]
int z=0; LOAD B, [y]
CMP A, B
if(x < y) BRGE End
Z=X; STORE [z], A




If Less or Equal



C vs. Assembly

// 1f Less or Equal ; If Less or Equal
// 7
// C version ; Assembly version
.data
BYTE
int main() BYTE
{ z BYTE
int x=3 : .code
int y=5; LOAD A, [Xx]
int z=0; LOAD B, [y]
CMP A, B
if(x <=vy) BRG End
Z=X; STORE [z], A




If Not Equal



C vs. Assembly

// 1f Not Equal ; If Not Equal
// 7
// C version ; Assembly version
.data
BYTE
int main() BYTE
{ z BYTE
int x=3 : .code
int y=5; LOAD A, [Xx]
int z=0; LOAD B, [yl
CMP A, B
if(x !=vy) BRE End
Z=X; STORE [z], A

} End: NOOP




If-Else Statement



// If-Else Statement
//

// C version

int main()

{

int x=3;
int y=5;

int z;

C vs. Assembly

; If If-Else Statement
7

; Assembly version

.data

X BYTE 3

y BYTE 5

z BYTE

.code
LOAD A, [x]
LOAD B, [y]

If: CMP A, B
BRGE Else
STORE [z], A
JUMP End

Else: STORE [z], B
End: NOOP




If with two conditions (OR)



C vs. Assembly

; Assembly version

// If with 2 conditions (OR)
// .data
// C version X BYTE 9
min BYTE 1
max BYTE 8
int main() inRange BYTE 1
{
.code
int x=9; LOAD A, [x]
int min=1; LOAD B, [min]
int max=8; LOAD C, [max]
int inRange=1; First: CMP A, B s X < min ?
BRGE Second
if ( (x<min) || (x>max) ) Set: LOADI D, O
inRange=0; STORE [inRange], D
} JUMP End
Second: CMP C, A s max < X
BRGE End
JUMP Set
End: NOOP



C vs. Assembly

// If with 2 conditions (OR) ; Assembly version
int main() .data

{ X BYTE 9

min BYTE 1

int x=9; max BYTE 8

int min=1; inRange BYTE 1

int max=8;

int inRange=1; .code
LOAD A, [x]
if(x < min) // First LOAD B, [min]
{ LOAD C, [max]
Set: First: CMP A, B ; X < min ?
inRange=0; BRGE Second
goto End; Set: LOADI D, O
} STORE [inRange], D
else if(max < x) // Second JUMP End
{ Second: CMP C, A : max < x
goto Set; BRGE End
} JUMP Set

} End: NOOP



C vs. Assembly

// If with 2 conditions (OR) ; Assembly version
int main() .data

{ x BYTE 9

min BYTE 1

int x=9; max BYTE 8

int min=1; inRange BYTE 1

int max=8;

int inRange=1; .code
LOAD A, [x]
if(x < min) // First LOAD B, [min]
{ LOAD C, [max]
Set: First: CMP A, B ; X < min ?
inRange=0; BRGE Second
goto End; Set: LOADI D, O
} STORE [inRange], D
else if(max < x) // Second JUMP End
{ /I swapped condition Second: CMP C, A ; max < X
goto Set; BRGE End
} JUMP Set

} End: NOOP



If with two conditions (AND)



C vs. Assembly

// If with 2 conditions (AND) ; Assembly version
//
// C version .data
X BYTE 5
min BYTE 1
int main() max BYTE 8
{ inRange BYTE 1
int x=5; .code
int min=1; LOAD A, [x]
int max=8; LOAD B, [min]
int inRange=1; LOAD C, [max]
CMP B, A ; min <= x ?
if ( (x>=min) && (x<=max) ) BRG End
inRange=1; CMP A, C ;s x <= max ?
} BRG End
LOADI D, 1
STORE [inRange], D
End: NOOP




C vs. Assembly

// If with 2 conditions (AND)
//

// C version

int main()

{
int x=5;
int min=1;
int max=8;

int inRange=1;

if (min<=x) // swapped dir.

{

if (x<=max)

{

inRange=1;

; Assembly version

.data
X
min
max

inRange

.code

End:

BYTE
BYTE
BYTE
BYTE

= 0 = U

LOAD A, [x]
LOAD B, [min]
LOAD C, [max]
CMP B, A

BRG End
CMP A, C
BRG End
LOADI D, 1

STORE [inRange], D
NOOP

°
4

min <= x ?

X <=

max ?



Switch Statement



// Switch Statement
//

// C version

int main()

{
int x=2;
int y;
switch(x)
{
case O:
case 1:
case 2:
default:
}
}

C vs. Assembly

y=2*x;
break;

y=x+1;
break;

y=x-3;
break;

y=x/2;
break;

; Assembly version

.data
p'<

Y

.code

Zero:

One:

Two:

Default:

End:

BYTE
BYTE

LOAD
LOADI
CMP
BRNE
MOVE
SHIFTL
JUMP
LOADI
CMP
BRNE
MOVE
ADDI
JUMP
LOADI
CMP
BRNE
MOVE
SUBI
JUMP
MOVE
SHIFTR
STORE
NOOP

-~

A, [x]
c, O
A, C
One

B, A
B

End
C, 1

End

C, 2

A, C
Default
B, A

B, 1
End

B, A

B

[vyl, B



1281 Example:
Add the numbers from 1to 5



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



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



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 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



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
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N
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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
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N
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write B to sum



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
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Loop:
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B
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e

sum=0

i=1

register D=N
i<=N ?

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++) {

sum+=i;

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

; Assembly Version
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N
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.code
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End:
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exit if i>N
sum+=1i
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next iteration

write B to sum



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
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Loop:
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i++

next iteration

write B to sum



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
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i=1
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i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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Loop:
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End:
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i=1
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i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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LOADI
LOADI
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ADD
ADDI
JUMP
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End
B, A
A, 1
Loop

[sum],

B
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e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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ADDI
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[sum],
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e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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LOADI
LOADI
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ADD
ADDI
JUMP
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End

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



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
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BRG
ADD
ADDI
JUMP
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End
B, A
A, 1
Loop

[sum],

B
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e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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LOADI
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ADD
ADDI
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End
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Loop

[sum],

B
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e

sum=0

i=1
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i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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:
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ADDI
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Loop

[sum],
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sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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LOADI
LOADI
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BRG
ADD
ADDI
JUMP
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End

A, 1
Loop

[sum],

B
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e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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LOADI
LOADI
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CMP
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ADDI
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Loop

[sum],
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e

sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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:
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ADDI
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[sum],
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sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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:
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sum=0

i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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i=1

register D=N
i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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sum
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Loop:

Add:

End:
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i=1
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i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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Loop:
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End:
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i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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
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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);
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i<=N ?
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i++
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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);
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Loop:
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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

// 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:
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End:
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i=1
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i<=N ?

exit if i>N
sum+=1i

i++

next iteration

write B to sum



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:
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BRG
ADD
ADDI
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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



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

-
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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 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



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 =—=—@—=x 1 0110{00000000
PC - 6 PC 0111[00000000
6 Update
\ : 100000
¢ v Logic ~o [100000] 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 |1ooo11fTT0T0011[ 00000000 ° - Bl . C11 C1y €13 Cia ©15 Cig C17 Cig
] 100100{ 11110010] 00000011
100101{ 01000100] 00000000 1 1 1 1 1 1 1 1
6 | 100110] 01010000] 00000001 Data Memory: 0000O0O0OO0OO
100111011100000] 11111011
101000(10100100] 00000010] 00000101
Code Memory 00000000
00000000
1014
Flags 4
1\ Code Memory:
INT. \ 0000
H /0011_01_00_00000000
s[d | 0011_o0_00_00000001 .. J6low
8 o | |
\ 1000_11_00_00000000 N 8
- 8
Cl | 1101_00 11 00000000 > *-—
41
of] | 1111_00_10_00000011 g N -
1| 0100_01_00_00000000 ull I
- = = ) oooooLoaf| |
.8 0101 00 00 00000001 0ooflooo00000f |
— —YY_Yu_ e 0010{00000000)
1110_00_00_11111011 0011}00000000] |=
J 6 low 8 0100{00000000
\ q QOIO_Ol_OO_OOOOOO]y 0101[00000000
0 0110/00000000
U PdCt < 011100000000
\6 pdate 6
¢ v 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 =—=—@—=x 1 0110{00000000
PC - 6 PC 0111[00000000
6 Update
\ : 100000
¢ v Logic ~o [100000] J16 Data Memory

1281 CPU



Do Loop



C Version

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

int N=5;

int main()

{

int i, sum;

i=0;

sum=0;

do
{

i++;

sum+=i;
}while( 1 < N );



; Add

.data

sum

.code

Do:

End:

we

; A:
; B:
; C:
; D

i
S

<

N

Assembly Version

the numbers from 1 to 5 using a do loop.

BYTE 5

BYTE ?

LOADI A, O ; i=0

LOADI B, O ; sum=0

LOAD D, [N] ; register D = N

ADDI A, 1 s i4+

ADD B, A ;s sum+=i

CMP D, A ; N> i ? (register ordering is swapped)
BRG Do ; 1f true, jump to Do

STORE [sum], B store sum to memory

we

Register allocation:

(the variable i is optimized to register A)
um

not used>



Machine Code Version

Data Memory:
00000101
00000000

Code Memory:

0011000000000000
0011010000000000
1000110000000000
0101000000000001
0100010000000000
1101110000000000
1111001011111100
1010010000000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W »P» U W P
B = -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011000000000000
0011010000000000
1000110000000000
0101000000000001
0100010000000000
1101110000000000
1111001011111100
1010010000000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W »P» U W P
B = -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

00110000_00000000
00110100_00000000
10001100 _00000000
01010000_00000001
01000100_00000000
11011100_00000000
11110010 11111100
10100100 _00000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W »P» U W P
B = -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011 _01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100 _01_00_00000000
1101_11_00_00000000
1111 00 _10_11111100
1010_01_00_00000001



Assembly v.s.

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W »P» U W P
B = -~ O O
=

>

[sum], B

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011 _01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100 _01_00_00000000
1101_11_00_00000000
1111 00 _10_11111100
1010_01_00_00000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W »P» U W P
B = -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011 _01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100 _01_00_00000000
1101_11_00_00000000
1111 00 _10_11111100
1010_01_00_00000001



Assembly v.s.

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W » U W ¥
B = -~ O O
=

>

[sum], B

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011_01_00_00000000
1000_11_00_00000000
0101_00_00 00000001
0100_01_00_00000000
1101_11_00_00000000
1111 _00_10_11111100
1010_01_00_00000001



Assembly v.s.

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

~ ~ ~
— O O
2

O W » U W »
-~

>

[sum], B

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011_01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100_01_00_00000000
1101_11_00_00000000
1111_00_10_11111100
1010_01_00_00000001



Assembly v.s.

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W » O W »
P = -, O O
Z

>

[sum], B

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011_01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100_01_00_00000000
1101_11_00_00000000
1111_00_10_11111100
1010_01_00_00000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W » U W ¥
P =R -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011 _01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100_01_00_00000000
1101_11_00_00000000
1111 _00_10_11111100
1010_01_00_00000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W » U W ¥
P =R -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_dd_00000000
0011 _01_dd_00000000
1000_11_dd_00000000
0101_00_dd_00000001
0100_01_00_dddddddd
1101_11_00_dddddddd
1111 dd_10_11111100
1010_01_dd_00000001



Assembly

.data

sum

.code

Do:

End:

BYTE
BYTE

LOADI
LOADI
LOAD
ADDI
ADD
CMP
BRG
STORE

O W » U W ¥
P =R -~ O O
=

>

[sum],

B

V.S.

Machine Code

Data Memory:
00000101
00000000

Code Memory:

0011_00_00_00000000
0011 _01_00_00000000
1000_11_00_00000000
0101_00_00_00000001
0100_01_00_00000000
1101_11_00_00000000
1111 _00_10_11111100
1010_01_00_00000001



Bubble Sort



C Version

int array|[] = {7, 3, 2, 1, 6, 4, 5, 8};
int last = 7; // last valid index in the array
int temp;

int i, j;
int main()

for (i = 0; i < last; i++)
for (j = 0; j < last-i; j++)
if (array[j] > array[j+1]){
temp = array[j];
array[j] = array[j+1];
array[j+1] = temp;

//for(i = 0; i < N; i++){
// printf("%d, ", array[i]);
//}%



int
int
int

int

int

C Version

array[] = {7, 3, 2, 1, 6, 4, 5, 8};

last = 7; // last valid index in the array

temp;

1, Js

main ()

for (i = 0; i < last; i++)
for (j = 0; j < last-i; j++)
if (array[j] > array[j+1]){
temp = array[j];
array[j] = array[j+1];
array[j+1] = temp;

//for(i = 0; i < N; i++){
// printf("%d, ", array[i]);
//}



Assembly Version

.data
array BYTE 7, 3, 2, 1, 6, 4, 5, 8
last BYTE 7
temp BYTE ?
.code
LOADI A, O ; 1 =0;
Outer: LOAD D, [last] ; Load last into D
LOADI B, O ;7 J = 0;
CMP A, D ; i < last
BRGE End ; If i >= last break out of the outer loop
Inner: LOAD D, [last] ; Re-Load last into D (this register is shared)
SUB D, A ; D=D-A (i.e., D = last - i)
CMP B, D ;7 J < last - i
BRGE Iinc ; If j >= last-i branch to Iinc
If: LOADF C, [array+B] ; C = array[j]
LOADF D, [array+B+1] ; D = array[j+1] (compiler adds 1 to addr. of array)
CMP D, C ; if array[j+1] < array[j] (switched direction)

BRGE Jinc
Swap: STOREF [array+B], D
STOREF [array+B+1], C

Jinc: ADDI B, 1 ;7 Jj+Ht
JUMP Inner
Iinc: ADDI A, 1 ; i++

JUMP Outer

End: NOOP Do nothing

~e

Register allocation:
A: i

B: j

C: array[j]

D: last, array[j+1]

we e we e ~e

Notes: i and j are optimized away. They exist only in registers, not in the main memory.

~e



Assembly Version

.data
array BYTE 7, 3, 2, 1, 6, 4, 5, 8
last BYTE 7
temp BYTE ?
.code
LOADI A, O ; 1= 0;
Outer: LOAD D, [last] ; Load last into D
LOADI B, O ; j = 0;
CMP A, D ; 1 < last
BRGE End ; If i >= last break out of the outer loop
Inner: LOAD D, [last] ; Re-Load last into D (this register is shared)
SUB D, A ; D=D-A (i.e., D = last - i)
CMP B, D ; j < last - i
BRGE Iinc ; If j >= last-i branch to Iinc
If: LOADF C, [array+B] ; C = array[j]
LOADF D, [array+B+1] ; D = array[j+1l] (compiler adds 1 to addr. of array)
CMP D, C ; 1f array[j+1l] < array[j] (switched direction)

BRGE Jinc
Swap: STOREF [array+B], D
STOREF [array+B+1], C

Jinc: ADDI B, 1 ; j++
JUMP Inner
Iinc: ADDI A, 1 ; i++
JUMP Outer
End: NOOP ; Do nothing

; Register allocation:
; A: 1

;i B: j

; C: array[j]

; D: last, array[j+1]

; Notes: i and j are optimized away. They exist only in registers, not in the main memory.






Machine Code Version

.data

array BYTE 7, 3, 2, 1, 6, 4, 5, 8
last BYTE 7

temp BYTE ?

.code

LOADI A, O

Outer: LOAD D, [last]
LOADI B, O
CMP A, D
BRGE End

Inner: LOAD D, [last]
SUB D, A
CMP B, D
BRGE Iinc

If: LOADF C, [array+B]
LOADF D, [array+B+1]
CMP D, C
BRGE Jinc

Swap: STOREF [array+B], D
STOREF [array+B+1], C
Jinc: ADDI B, 1
JUMP Inner
Iinc: ADDI A, 1

JUMP Outer
End: NOOP



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Data Memory:
00000111
00000011
00000010
00000001
00000110
00000100
00000101
00001000
00000111
00000000



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]
D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Data Memory:

00000111
00000011
00000010
00000001
00000110
00000100
00000101
00001000
00000111
00000000

//array[0]
//array[1]
//array[2]
//array[3]
//array[4]
//array[5]
//array[6]
//array[7]
//last

//temp



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]
D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Address
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

Data Memory:

00000111
00000011
00000010
00000001
00000110
00000100
00000101
00001000
00000111
00000000

//array[0]
//array[1]
//array[2]
//array[3]
//array[4]
//array[5]
//array[6]
//array[7]
//last

//temp



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]
D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Address
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Data Memory:

00000111
00000011
00000010
00000001
00000110
00000100
00000101
00001000
00000111
00000000
00000000
00000000
00000000
00000000
00000000
00000000

//array[0]
//array[1]
//array[2]
//array[3]
//array[4]
//array[5]
//array[6]
//array[7]
//last

//temp



Machine Code Version

.data

array BYTE 7, 3, 2, 1, 6, 4, 5, 8
last BYTE 7

temp BYTE ?

.code

LOADI A, O

Outer: LOAD D, [last]
LOADI B, O
CMP A, D
BRGE End

Inner: LOAD D, [last]
SUB D, A
CMP B, D
BRGE Iinc

If: LOADF C, [array+B]
LOADF D, [array+B+1]
CMP D, C
BRGE Jinc

Swap: STOREF [array+B], D
STOREF [array+B+1], C
Jinc: ADDI B, 1
JUMP Inner
Iinc: ADDI A, 1

JUMP Outer
End: NOOP



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Code Memory:

0011000000000000
1000110000001000
0011010000000000
1101001100000000
1111001100001110
1000110000001000
0110110000000000
1101011100000000
1111001100001000
1001100100000000
1001110100000001
1101111000000000
1111001100000010
1011110100000000
1011100100000001
0101010000000001
1110000011110100
0101000000000001
1110000011101110
0000000000000000



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Address
100000
100001
100010
100011
100100
100101
100110
100111
101000
101001
101010
101011
101100
101101
101110
101111
110000
110001
110010
110011

Code Memory:

0011000000000000
1000110000001000
0011010000000000
1101001100000000
1111001100001110
1000110000001000
0110110000000000
1101011100000000
1111001100001000
1001100100000000
1001110100000001
1101111000000000
1111001100000010
1011110100000000
1011100100000001
0101010000000001
1110000011110100
0101000000000001
1110000011101110
0000000000000000



.data
array
last
temp

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

BYTE 7,
BYTE 7
BYTE ?

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

Machine Code Version

3, 2,1, 6, 4, 5, 8

A, O

D, [last]

B, O

A, D

End

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Address
100000
100001
100010
100011
100100
100101
100110
100111
101000
101001
101010
101011
101100
101101
101110
101111
110000
110001
110010
110011
110100
111110
111111

Code Memory:

0011000000000000
1000110000001000
0011010000000000
1101001100000000
1111001100001110
1000110000001000
0110110000000000
1101011100000000
1111001100001000
1001100100000000
1001110100000001
1101111000000000
1111001100000010
1011110100000000
1011100100000001
0101010000000001
1110000011110100
0101000000000001
1110000011101110
0000000000000000
0000000000000000
0000000000000000
0000000000000000






Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011000000000000
1000110000001000
0011010000000000
1101001100000000
1111001100001110
1000110000001000
0110110000000000
1101011100000000
1111001100001000
1001100100000000
1001110100000001
1101111000000000
1111001100000010
1011110100000000
1011100100000001
0101010000000001
1110000011110100
0101000000000001
1110000011101110
0000000000000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

00110000_00000000
10001100 _00001000
00110100_00000000
11010011 _00000000
11110011 _00001110
10001100 _00001000
01101100_00000000
11010111_00000000
11110011 _00001000
10011001_00000000
10011101_00000001
11011110_00000000
11110011 _00000010
10111101_00000000
10111001_00000001
01010100_00000001
11100000 11110100
01010000_00000001
11100000 11101110
00000000_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011 _01_00_00000000
1101_00_11 00000000
1111 _00_11 00001110
1000_11_00_00001000
0110_11 00_00000000
1101_01_11 00000000
1111 _00_11 00001000
1001_10_01_ 00000000
1001_11 01 00000001
1101_11_10_00000000
1111 _00_11 00000010
1011_11 01 00000000
1011_10_01_ 00000001
0101_01 _00_00000001
1110 _00 _00_11110100
0101_00_00_00000001
1110 _00 _00_11101110
0000 _00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011 _01_00_00000000
1101_00_11 00000000
1111 _00_11 00001110
1000_11_00_00001000
0110_11 00_00000000
1101_01_11 00000000
1111 _00_11 00001000
1001_10_01_ 00000000
1001_11 01 00000001
1101_11_10_00000000
1111 _00_11 00000010
1011_11 01 00000000
1011_10_01_ 00000001
0101_01 _00_00000001
1110 _00 _00_11110100
0101_00_00_00000001
1110 _00 _00_11101110
0000 _00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011_01_00_00000000
1101_00_11_ 00000000
1111_00_11_ 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11_ 00000000
1111_00_11_ 00001000
1001_10_01_00000000
1001_11 01_00000001
1101_11 _10_00000000
1111_00_11_00000010
1011_11 01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00_00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011_01_00_00000000
1101_00_11 00000000
1111_00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11 00000000
1111_00_11 00001000
1001_10_01_ 00000000
1001_11 01 00000001
1101_11_10_00000000
1111_00_11 00000010
1011_11_01_00000000
1011_10_01_ 00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011_01_00_00000000
1101_00_11 00000000
1111_00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11 00000000
1111_00_11 00001000
1001_10_01_ 00000000
1001_11_01_00000001
1101_11_10_00000000
1111_00_11 00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011_01_00_00000000
1101_00_11 00000000
1111_00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11 00000000
1111_00_11 00001000
1001_10_01_ 00000000
1001_11_01_00000001
1101_11_10_00000000
1111_00_11 00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011_01_00_00000000
1101_00_11_ 00000000
1111_00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11_ 00000000
1111_00_11 00001000
1001_10_01_00000000
1001_11_01_00000001
1101_11_10_00000000
1111_00_11 00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_00000000
1000_11_00_00001000
0011_01_00_00000000
1101_00_11_ 00000000
1111_00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11_ 00000000
1111_00_11 00001000
1001_10_01_00000000
1001_11_01_00000001
1101_11_10_00000000
1111_00_11 00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_ 00000000
1000_11_00_00001000
0011 _01_00_00000000
1101_00_11_ 00000000
1111 _00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11_ 00000000
1111 _00_11 00001000
1001_10_01_00000000
1001_11_01_00000001
1101_11_10_00000000
1111 _00_11_ 00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_dd_00000000
1000_11_dd_00001000
0011 _01_dd_00000000
1101_00_11_ dddddddd
1111 _dd_11_ 00001110
1000_11_dd_00001000
0110_11_00_dddddddd
1101_01_11 dddddddd
1111 _dd_11_00001000
1001_10_01_00000000
1001_11_01_00000001
1101_11_10_dddddddd
1111 _dd_11_00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_dd_00000001
1110 _dd_dd_11110100
0101_00_dd 00000001
1110 _dd_dd_11101110
0000_dd_dd_dddddddd



Assembly

.code

Outer:

Inner:

If:

Swap:

Jinc:

Iinc:

End:

LOADI
LOAD
LOADI
CMP
BRGE
LOAD
SUB
CMP
BRGE
LOADF
LOADF
CMP
BRGE
STOREF
STOREF
ADDI
JUMP
ADDI
JUMP
NOOP

V.S.

D, [last]

D, A

B, D

Iinc

C, [array+B]
D, [array+B+1]
D, C

Jinc
[array+B], D
[array+B+1], C
B, 1

Inner

A, 1

Outer

Machine Code

Code Memory:

0011_00_00_ 00000000
1000_11_00_00001000
0011 _01_00_00000000
1101_00_11_ 00000000
1111 _00_11 00001110
1000_11_00_00001000
0110_11_00_00000000
1101_01_11_ 00000000
1111 _00_11 00001000
1001_10_01_00000000
1001_11_01_00000001
1101_11_10_00000000
1111 _00_11_ 00000010
1011_11_01_00000000
1011_10_01_00000001
0101_01_00_00000001
1110_00 _00_11110100
0101_00_00_00000001
1110_00 _00_11101110
0000_00_00_00000000



Questions?



THE END



