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* Code the instruction for add RA, RB, RA RA < RA+RB

\/
or 0000
and 0001

@ -A 00-A Q0-A
P ik Technically th
echnically these are
10-C 10-C don’t care
11-D 11-D

but
we will always code them as Os

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

ELE 3510
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e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA
located in program memory at 0x56

Ox58

Inst [15 - 12]
—

clk

0x56

Inst [5—0]

Control
Inst[11-10] | Read W
| Register 1
Inst [9 — 8] | Read Read
"| Register 2 Datal
Inst [7 - 6] Write f'!

Register Read

[=)

Data 2

Write  pagister
Data A
File

!

CLK Sign

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

| Extend

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA
located in program memory at 0x56

Ox58

clk

0x56

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

0 0O 0 0 O 0 O
0x4100
Inst [¥5-12]
Control
nst[11-10] | Read W
/ | Register 1
y
Inst [9 — 8] | Read Read
"| Register 2 Datal Set
- v
Inst [7 - 6] Write A > ALU WE
. Read
Register Dafaaz O Result FS »| Address
| u
Write  pegister 1X 4
Data A Data
File Write
T Data Data
Memory
Inst [5 — 0] CLK Sign
*
| Extend ‘
CLK




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA
located in program memory at 0x56

Ox58

clk

0x4100

0x56

£ e

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

Inst [15 - 12]
—| Control
0100
Inst [11 - 10] ReadA W
00 Register 1
Inst [9 — 8] Read B Read
Ol Register 2 Datal
Inst [7 - 6] Write 1]
Regist o
OO Register .5
Write .
R t
> Data eg.ls er
File
000000 | f
Inst [5 — 0] CLK Sign
| Extend

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values Ox11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA

located in program memory at 0x56

Ox58

>0
2
—>
Read
L -3
PC "| Address
T Instruction
! [15-0]
clk
Instruction
Memory

0x4100

0x56

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

A 4

A 4

Inst [15-12] 4
—| Control
0100
st [11 - 10] Read A W
OO Register 1
Inst [9 — 8] Read B Read
01 Register 2 Datal
Inst [7 - 6] Write .1
Regist eal
00 egister L
Write 3
R
| Data eg.lster
File
000000 | 1
Inst [5 0] CLK Sign 0x00
o\ Extend| “g

WE
Address

Read

Data
Write

Data Data
Memory

im

0 X




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA

located in program memory at 0x56

Ox58

>0
2
—>
Read
L -3
PC "| Address
T Instruction
! [15-0]
clk
Instruction
Memory

0x4100

0x56

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

0001

A 4

Inst [15-12] 4
—| Control
0100
st [11 - 10] Read A W
OO Register 1
Inst [9 — 8] Read B Read
01 Register 2 Datal
Inst [7 - 6] Write .1
Regist eal
00 egister L
Write 3
R
| Data eg.lster
File
000000 | 1
Inst [5 0] CLK Sign 0x00
o\ Extend| “g

WE

Address

Read
Data

Write
Data Data

Memory

im

0 X




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA
located in program memory at 0x56

Ox58

>ap

clk

0x56

.| Read
"| Address

Instruction
[15-0]

Instruction
Memory

0x4100

Reg

RA

0x11

RB

0x22

RC

0x44

RD

0x88

ELE 3510

Inst [15 - 12]
—| Control
0100
Inst [11 - 10] ReadA W
OO Register 1
Inst [9 — 8] Read B Read
Ol Register 2 Datal
Inst [7 - 6] Write 1]
Regist o
OO Register .5
Write .
R t
> Data eg.ls er
File
000000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g

v
WE
Address plp) L
Read| 8
»{1
Data *"MI0x33
Write u
Data Data >0 X
Memory
*
|
CLK

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA
located in program memory at 0x56

Ox58

>0
—>
Read
L -3
PC "| Address
T Instruction
! [15-0]
clk
Instruction
Memory
Ox56
Reg
RA 0x33
RB 0x22
RC 0x44
RD 0x88
ELE 3510

0x4100

Inst [15- 12]
—| Control
0100
11
Inst [11 - 10] ReadA W
OO Register 1
Inst [9 — 8] Read B Read
Ol Register 2 Datal
Inst [7 - 6] Write 1]
Regist 5
OO Register .5
0x33r \[';‘;rti;e Register
File
000000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g

v
WE
Address 27 L
Read| 8
»{1
Data *"MI0x33
Write u
Data Data >0 X
Memory
*
|
CLK

At the next rising clock edge

A < 0x33

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: add RA,RB,RA

located in program memory at 0x56

®

A 4

Inst [15 - 12] 4
5 >AD ——| Control
=
»¥ Inst [11 - 10] Read W
eal »
L > > . 0
PC I At Register 1 \1, s \'
Inst [9 — 8] Read Read | 8 R e AT
- | me Data 1 0 x Set
T Instruction | Register 2 e
| Ly b Inst [7 - 6] Write A > ALU
v : Read | 8 5
Register ;QM R It ]
Instruction Data 2 1 esu
InB
Memory i Write Reglster A
Do F|Ie

Inst [};4' Slgn
/ / Extend| ‘g

8

WE

»| Address

Read
Data

Write
Data Data

Memory

..1M

0 X

Node

Value (hex)

A

0x58

0x4100

Ox11

0x33

0x22

Ox11

0x22

IT(O | M |m|[O|0O |

0x33

??

Gl

ELE 3510

10

0x56

© tj



ELE 3510

* Code the instruction for Idi RD, 24

S Wl

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

di 1100 >

1 1 0 0 X X X X 1 1 0 1 1 0 0 0

00—-A
01-B
10-C
11-D

00—-A
01-B
10-C
11-D

11

RD € 24 (0x18)

00—-A
01-B
10-C

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located

in program memory at 0x10

Ox12

Inst [15 - 12]
—

clk

0x10

Inst [5—0]

Control
Inst[11-10] | Read W
| Register 1
Inst [9 — 8] | Read Read
"| Register 2 Datal
Inst [7 - 6] Write f'!

Register Read

[=)

Data 2

Write  pagister
Data A
File

!

CLK Sign

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

| Extend

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located

in program memory at 0x10

Ox12

>0
2
—>
Read
L -3
PC "| Address
T Instruction
! [15-0]
clk
Instruction
Memory

0x10

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

1 0 0 X X 0 0O 0 O
0xCOD8
Inst [¥5-12]
Control
nst[11-10] | Read W
/ | Register 1
y
Inst [9 — 8] | Read Read
"| Register 2 Datal Set
P v
Inst [7 - 6] Write A > ALU WE
. Read
Register Dafaaz O Result FS »| Address
| u
write  pegister 1X 34
Data A Data
File Write
T Data Data
Memory
Inst [5 — 0] CLK Sign
*
| Extend ‘
CLK




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located

in program memory at 0x10

Ox12

clk

0xCOD8

0x10

£ e

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

Inst [15 - 12]
—| Control
1100
Inst [11 - 10] ReadA W
00 Register 1
Inst [9 — 8] Read A Read
OO Register 2 Datal
Inst [7 - 6] Write 1]
Regist eal
1717 Register .5
Write .
R t
= Data eg.ls er
File
011000 | 1
Inst [5 — 0] CLK Sign
| Extend

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located

in program memory at 0x10

Ox12

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0xCOD8

0x10

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

A 4

A 4

Inst [15-12] 4
—| Control
1100
st [11 - 10] Read A W
OO Register 1
Inst [9 — 8] Read A Read
00 Register 2 Datal
Inst [7 - 6] Write .1
Regist 3
11 egister L
Write 3
R
| Data eg.lster
File
011000 [
Inst [5 0] CLK Sign 0x18
o\ Extend| “g

WE
Address

Read

Data
Write

Data Data
Memory

im

0 X




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located

in program memory at 0x10

Ox12

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0xCOD8

0x10

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

0010

A 4

Inst [15-12] 4
—| Control
1100
st [11 - 10] Read A W
OO Register 1
Inst [9 — 8] Read A Read
00 Register 2 Datal
Inst [7 - 6] Write .1
Regist 3
11 egister L
Write 3
R t
> Data eg.ls er
File
011000 [
Inst [5 0] CLK Sign 0x18
o\ Extend| “g

WE

Address

Read
Data

Write
Data Data

Memory

im

0 X




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located
in program memory at 0x10

Ox12

>ap

clk

0x10

.| Read
"| Address

Instruction
[15-0]

Instruction
Memory

0xCOD8

Reg

RA

0x11

RB

0x22

RC

0x44

RD

0x88

ELE 3510

Inst [15 - 12]
—| Control
1100
Inst [11 - 10] ReadA W
OO Register 1
Inst [9 — 8] Read A Read
OO Register 2 Datal
Inst [7 - 6] Write 1]
Regist o
1717 Register .5
Write .
R t
> Data eg.ls er
File
011000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g

0010

v
WE
Address plp) L
Read| 8
»{1
Data *"MI0x18
Write u
Data Data >0 X
Memory
*
|
CLK

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located
in program memory at 0x10

Ox12

>ap

—>
Read
L -3

PC "| Address

T Instruction

1 [15-0]
clk

Instruction
Memory

0x10

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x18
ELE 3510

0xCOD8

Inst [15 - 12]
—| Control
1100
1
Inst [11 - 10] ReadA W
OO Register 1
Inst [9 — 8] Read A Read
OO Register 2 Datal
Inst [7 - 6] Write 1]
Regist eal
TI[Rresistet 1§ §a
Ox18r \[';‘;rti;e Register
File
011000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g

0010

v
WE
Address 27 L
Read| 8
»{1
Data *"MI0x18
Write u
Data Data >0 X
Memory
*
|
CLK

At the next rising clock edge

D < 0x18

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: Idi RD, 24 located
in program memory at 0x10

Nede | Value (hex)

(:) A 0x12

B 0xC0OD8
> il 3 Control 2
AD
2 C Ox11
B Inst[11-10] | Reaq W (E l D Ox18
—* PC > | Register 1 \1, 1
Address M
Inst[9-8] | Read Read | 8, | u ——>m' E Ox11
T Instruction | V| "| Register2 Datal X Set |
‘ [15-0] .
clk Inst [7 - 6] ;‘;”ffter o [l ‘g,‘ > ALU » WE F OXOO
Instruction g Data 2 > M Result » Address v
! u
Memory 11 ‘[';‘;’t';e Reg.ister/ >l x T In B FE;;atcai 8. im G OX18
File _| Write u
T "| Data Data >0 X
/ / Memory H OX 1 8
Inst [52£ 0] 3

| I ?7?

of

J 0x10

ELE 3510 19 © tj



& ol

ELE 3510

* Code the instruction for st RC, RB

or 0000
and 0001
nor 0010
nand 0011
add 0100
sub 0101
slt 0110

Id 1000

[di 1100

1 0 0 1 1 0 0 1 X X 0 0 0 0 0 0

00—-A

01-8
1001 __X10-O 10-C

11-D

00—-A

11-D

20

mem(RC) €< RB

00—-A
01-B
10-C
11-D

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located

in program memory at 0x68

Ox6A

Inst [15 - 12]
—

clk

0Ox68

Inst [5—0]

Control
Inst[11-10] | Read W
| Register 1
Inst [9 — 8] | Read Read
"| Register 2 Datal
Inst [7 - 6] Write f'!

Register Read

[=)

Data 2

Write  pagister
Data A
File

!

CLK Sign

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

| Extend

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located

in program memory at 0x68

Ox6A

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0x68

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

1 0 1 1 0 X 0 0
0x9900
Inst [¥5-12]
Control
nst[11-10] | Read W
/ | Register 1 \
\
Inst [9 — 8] | Read Read In A
"| Register 2 Datal Set
- v
Inst [7 - 6] Write A > ALU WE
. Read
Register Dafaaz O Result FS »| Address
: u In B
Write  pagister 1X 34
Data A Data
File Write
T Data Data
Memory
Inst [5 — 0] CLK Sign
*
| Extend ‘
CLK




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located

in program memory at 0x68

Ox6A

clk

0x9900

0Ox68

£ e

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

Inst [15 - 12]
—| Control
1001
Inst [11 - 10] Read C W
10 Register 1
Inst [9 — 8] Read B Read
Ol Register 2 Datal
Inst [7 - 6] Write 1]
Regist o
OO Register .5
Write .
R t
> Data eg.ls er
File
000000 | f
Inst [5 — 0] CLK Sign
| Extend

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located

in program memory at 0x68

Ox6A

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0x9900

0Ox68

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

A 4

A 4

Inst [15-12] 4
—| Control
1001
st [11 - 10] ReadC W
10 Register 1
Inst [9 — 8] Read B Read
01 Register 2 Datal
Inst [7 - 6] Write .1
Regist eal
00 egister L
Write 3
R t
> Data eg.ls er
File
000000 | 1
Inst [5 0] CLK Sign 0x00
o\ Extend| “g

WE
Address

Read

Data
Write

Data Data
Memory

im

0 X




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located

in program memory at 0x68

Ox6A

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0x9900

0Ox68

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

0010

A 4

Inst [15-12] 4
—| Control
1001
st [11 - 10] ReadC W
10 Register 1
Inst [9 — 8] Read B Read
01 Register 2 Datal
Inst [7 - 6] Write .1
Regist eal
00 egister L
Write 3
R t
> Data eg.ls er
File
000000 | 1
Inst [5 0] CLK Sign 0x00
o\ Extend| “g

WE
Address

Read

Data
Write

Data Data
Memory

im

0 X




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located

in program memory at 0x68

Ox6A

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0x9900

0Ox68

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

0010

Inst [15-12] 4
—| Control
1001
st [11 - 10] ReadC W
10 Register 1
Inst [9 — 8] Read B Read
01 Register 2 Datal
Inst [7 - 6] Write .1
Regist eal
00 egister L
Write 3
R t
> Data eg.ls er
File
000000 | 1
Inst [5 0] CLK Sign 0x00
o\ Extend| “g

X
v
WE
Address plp) L
Read| 8
»{1
Data S e
Write u
Data Data >0 X
Memory
*
|
CLK




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located
in program memory at 0x68

Ox6A
>0
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory
0Ox68
Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88
ELE 3510

0010

X
v
WE
Address 27 L
Read| 8
»{1
Data S ?7?
Write u
Data Data >0 X
Memory
*
|
CLK

0x9900
Inst [15 - 12]
—| Control
1001
‘l 0
Inst [11 - 10] ReadC W
] 10 Register 1
Inst [9 — 8] Read B Read
f Ol Register 2 Datal
Inst [7 - 6] Write 1]
. eal
OO Register .5
Write .
?? | Data Reg.lster
File
000000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g
No reg write

At the next rising clock edge

mem(0x44) < 0x22

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: st RC, RB located
in program memory at 0x68

Nede | Value (hex)

@ A Ox6A

B 0x9900
> Inst [15-12] COntrol 4
AD
21 C Ox44
B —‘l' P77
T Inst[11-10] | Read W (E l D "
— PC > "| Register 1 \1/ 1
Address M
Inst[9-8] | Read Read | 8 u ——>m' E 0Ox22
T Instruction | V| "| Register2 Datal 0 x Set I
I‘k By Inst [7 - 6] Write s > Gl e F 0x44
v Register Read | 8 >0 Result FS »| Address
Instruction . Data 2 1 X €su - v
s Al e | G| ox00
File | write u
T | pata Data >0 X
/ / el H Ox44
Inst [54£0] A

of

J 0x68

ELE 3510 28 © tj



* Code the instruction for |d RC, RD RD € mem(RC)
and 0001

nor 0010
nand 0011
add 0100
sub 0101

ot 00—A 00-A O00-A
Qd 1000 > 01-B 01-B 01-B
St T001 10 - gt 11¢

Idi 1100 11-D 11-D
1 0 0 0 1 O x x 1 1 0 0 0 0 0 O

ELE 3510 29

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located
in program memory at Ox3E assume mem(0x43) = 0xAA, mem(0x44) = 0xBB, mem(0x45) = 0xCC

0x40

Inst [15- 12] i
>ap —| Control
2
=
¥ Inst[11-10] | Read W l
> > : .
—» PC A e Register 1 e \'
Inst [9 — 8] | Read Read | 8 5 R e AT
T Instruction "| Register2 Datal X Set
[ v
: 15-0
clk Ly 1 Inst [7 - 6] Write o I A > ALU o
¥ ¥ >0 2 »| Address
Instruction Data 2 T Result » AL
i ™ ing
MEnsoxy Write  pagister > Read| 8, 4
| Data g’ 2 Data —>'M
OX3 E File | write u
T "| Data Data o X
Memory
Inst [5—0] CLK Sign :
o\ Extend| “g ‘
= 8 CLK
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510 30 © tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located

in program memory at Ox3E assume mem(0x43) = OxAA, mem(0x44) = 0xBB, mem(0x45) = OxCC
Reg 2 Immediate Value

1 0 0 0 1 0 x x 1 1 O O O 0 o0 O

0x40 0x88C0

Inst [¥5-12] a
>ap Control
2
=
Read st [11 - 10] . Read W 1
-3 > ; .
—» PC i / Register 1 " \'
Inst [9 — 8] | Read Read | 8 5 R e AT
T Instruction "| Register2 Datal X Set
B v
clk [15-0] Inst [7 - 6] Write o [l f'! ALU i
¥ ¥ >0 2 »| Address
Instruction Data 2 T Result » AL
i ™ ing
Miosy Write  pagister > Read| 8, 4
| Data g’ 2 Data —>'M
OX3 E Hle | Write u
T "| Data Data o X
Memory
Inst [5—0] CLK Sign :
o\ Extend| “g ‘
E 8 CLK
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510 31 © tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located
in program memory at Ox3E assume mem(0x43) = 0xAA, mem(0x44) = 0xBB, mem(0x45) = 0xCC

0x40 0x88C0

Inst [15 - 12] i
>ap ——| Control
2
2 1000
inst [11-10] Read C W l
Read [ e—]
L, . : 0
PC I At 10 | Register1 im \'
Inst [9 — 8] Read A Read | 8 5 U|l———InA
———————
T Instruction i (OQ | Resister 2 Latapl X Set I
4 [15-0] Inst [7 - 6] wiite LI A > ALU WE
Register (=] »|0 8 X
Instruction 11 2 Data 2 L Result b PEEES v
M Write A y! In B Read| 8
emory L Register »l1 X —(1M
Data A Data
OX3 E File | write u
000000 | f "| bata Data Hox
Memory
Inst [5 — 0] CLK Sign 3
o\ Extend| “g ‘
Reg : CLK
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510 32 © tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located
in program memory at Ox3E assume mem(0x43) = 0xAA, mem(0x44) = 0xBB, mem(0x45) = 0xCC

0x40 0x88C0

Inst [15 - 12] 4
>Ap —| Control
2
" 1000
Y /st [11 - 10] ReadC W
E=—— 7
- -4 .
i " Address 10 | Resister 1
Inst [9 — 8] Read A Read
i i Data1
T Instruction | 00 Register 2 !
clk (15-0] Inst [7 - 6] Write 1) WE
Register el X
Instruction 11 Data2 »| Address il
Memory i Write Register Read| & I
Data A Data
OX3 E File | write u
oooooo | 1 " bata Data o x
Memory
Inst [5 — 0] CLK Sign 0x00 n
o\ Extend| “g ‘
g CLK
8
RA 0x11
RB 0x22
RC Ox44
RD 0x88

ELE 3510 33 © tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located
in program memory at Ox3E assume mem(0x43) = 0xAA, mem(0x44) = 0xBB, mem(0x45) = 0xCC

0x40 0x88C0

> Inst [15 - 12] i a
—
7 AD 1 OOO ontro OO 10
=
Y /st [11 - 10] ReadC W
E=—— 7
- -4 .
i " Address 10 | Resister 1
Inst [9 — 8] Read A Read
i i Data1
T Instruction | 00 Register 2 !
clk | 53 Inst [7 - 6] Write 1) WE
Register el
Instruction 11 Data2 Address I
Memory i Write Register Read| & I
Data A Data
OX3 E File Write u
oooooo | 1 pata Data o x
Memory
Inst [5 — 0] CLK Sign 0x00 n
o\ Extend| “g ‘
s CLK
8
RA 0x11
RB 0x22
RC Ox44
RD 0x88

ELE 3510 34 © tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located
in program memory at Ox3E assume mem(0x43) = 0xAA, mem(0x44) = 0xBB, mem(0x45) = 0xCC

0x88C0

Inst [15 - 12]
e

1000

Control

]

| [nst[11-10]
10

Inst [9 — 8]

0x40
>0
2
—>
Read
L -3
i | Address
T Instruction
! [15-0]
clk
Instruction
Memory
Ox3E
Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88
ELE 3510

ReadC W
Register 1

Read A\ Read

0010

OO Register 2 Datal
Inst [7 - 6] Write
1717 Register szaag
Write .
R t
> Data eg.ls er
File
000000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g

1
0
v
WE
Address OXB B"’
Read| 8
»{1
Data S OxBB
Write u
Data Data >0 X
Memory
+
|
CLK

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located
in program memory at Ox3E assume mem(0x43) = 0xAA, mem(0x44) = 0xBB, mem(0x45) = 0xCC

0x40
>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory
Ox3E
Reg
RA 0x11
RB 0x22
RC 0x44
RD 0xBB
ELE 3510

0x88C0

Inst [15 - 12]
—>

1000

Control

11

| [nst[11-10]
10

Inst [9 — 8]

ReadC W
Register 1

Read A Read

f OO Register 2 Datal
Inst [7 - 6] Write
1717 Register szaag
OXBB \[.;\;:;e Refi‘lls:er
000000 | 1
Inst [5 — 0] CLK Sign
o\ Extend| “g

0010

1
0
v
WE
Address OXB B"’
Read| 8
»{1
Data S OxBB
Write u
Data Data >0 X
Memory
+

At the next rising clock edge

RD < 0xBB

© tj



®

clk

ELE 3510

B
2
.| Read
“| Address
Instruction
[15-0]

Instruction
Memory

in program memory at Ox3E assume mem(0x43)

= OxAA, mem(0x44) =

e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: |d RC, RD located

_.
=
(T
L
=

2

=]

Q.
,.

Jx43 =0xCC

Value (hex)

0x40

Inst [;;{l

5
>‘

\v4

Inst [15 - 12]
—| Control
Inst [11-10] | Read w
Register 1 \1/0 1M
Inst [9 — 8] | Read Read | 8
Register 2 Datal
Inst [7 - 6] Write A
Register Read
Data 2
) write Reglster
Data
F|Ie

A 4

A 4

Set

ALU

Result <

h 4

0x88CO0

Ox44

OxBB

Ox11

»| Address

Write

Slgn

of

/ Extend/ ‘g

h 4

WE

Read
Data

Data Data
Memory

0x44

<
<

=

A 4

0x00

xc =

[=]

T O(mMm|m[{[OOlo|lwm]|>

A

0x44

CLK

OxBB

Gl

Ox3E




* Code the instruction for slt RB, RD ALUout € 1 if RB < RD, otherwise 0
o oo el
and 0001

nor 0010
nand 0011
add 0100

i 0110 D 00-A 00-A 00-A

Id 1000 @ g’ S8 Technically these are
st 1001 10-C 10-C 10-C e

Idi 1100 11-D I-D 11-D but

we will always code them as Os

0 1 1 0 0 1 1 1 X X 0 0 0 0 0 0

ELE 3510 38
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e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located

in program memory at 0x56

Ox58

Inst [15 - 12]
—

clk

0x56

Inst [5—0]

Control
Inst[11-10] | Read W
| Register 1
Inst [9 — 8] | Read Read
"| Register 2 Datal
Inst [7 - 6] Write f'!

Register Read

[=)

Data 2

Write  pagister
Data A
File

!

CLK Sign

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

| Extend

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located

in program memory at 0x56

Ox58

clk

0x56

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

0 1 0 0 0 0
0x6700
Inst [¥5-12]
Control
nst[11-10] | Read W
/ | Register 1
y
Inst [9 — 8] | Read Read
"| Register 2 Datal Set
- v
Inst [7 - 6] Write A > ALU WE
. Read
Register Dafaaz O Result FS »| Address
| u
Write  pegister 1X 4
Data A Data
File Write
T Data Data
Memory
Inst [5 — 0] CLK Sign
*
| Extend ‘
CLK




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located

in program memory at 0x56

Ox58

clk

0x6700

0x56

£ e

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

Inst [15 - 12]
—| Control
0110
Inst [11 - 10] Read B W
O 1 Register 1
Inst [9 — 8] Read D Read
1 1 Register 2 Datal
Inst [7 - 6] Write 1]
Regist 5
OO Register .5
Write .
R t
> Data eg.ls er
File
000000 | f
Inst [5 — 0] CLK Sign
| Extend

x = =2

=y

y

Set
> ALU

Result -

A 4

T,.

A 4

WE
Address

Read

Data
Write

Data Data
Memory




e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located
in program memory at 0x56

Ox58

>0
2
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory

0x6700

0x56

Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510

Inst [15-12] 4
—| Control
0110 0
! Ol
Inst [11 - 10] Read B w O0x22
L ‘ 0
01 Register 1 \1, M Oxzz\'
Inst [9 — 8] Read D Read - U | =—————| In A
] Data1l X Set
f 171 | Register 2 € gk
Inst [7 - 6] Write 1) 9X44 A A ALU WE
OO0 Register Data 2 =0T X Result | » Address v
A > InB
Write : - Read 1
| Data Reg.lster R / Data M
File | write o
000000 | 1 | Rl Y
Memory
Inst [5 — 0] CLK Sign 0x00 z
o\ Extend| “g \
CLK
8
42



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located
in program memory at 0x56

Ox58

PC

clk

0x56

>ap

.| Read
"| Address

Instruction
[15-0]

Instruction
Memory

0x6700

Reg

RA

0x11

RB

0x22

RC

0x44

RD

0x88

ELE 3510

Inst [15-12] COI‘ItI‘OI 4
; 0101
0110 0
] y
Inst [11 - 10] Read B w O0x22
01 Register 1 M OXZZN'
Inst [9 — 8] Read D Read - U | =—————p| In A
17} |jRemister 3¢ Patal X Set 1 I
Inst [7 - 6] Wri’.[e 1 QX44 f'! Gl 0x01 e
OO Register L >0 Ox44 Result FS »| Address 1L
Write  pasister - ! V Read 4
> Data 8! >1X Data +
File | write o
0ooooo | 1 | b2, Data 'd
Memory
Inst [5 — 0] CLK Sign 0x00 z
o\ Extend| “g \
X CLK
43



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located
in program memory at 0x56

0x58 0x6700

X
Inst [15 - 12] 4 0
>AD —| Control 0101
2 0110
=l N 0
1 y
2 fnst [11 - 10] Read B W 0x22
L A i Tmm e’ 3 0
PC A e (1 | Resister 1 1M 0X22\r
Inst [9 — 8] Read ) Read | 8 UU —_ InA
T Instruction 11 | Resister 2 Data1 X Set 1 !
| 15-0
4 [15-0] Inst [7 - 6] write A 1) QX44 A A ALU 9X01 WE
Instruction Q0| Register Data2 :OT Result sbiis e ?? ¥
i > InB
Memory | Write " pegister »l1 x / FE)Zat(ai 8 3l1m 27
OX56 ik File | write upl’
000000 | f " Data Data o x
Memory
Inst [5— 0] CLK Sign 0x00 z
o\ Extend| “g i
Reg CLK
8
RA 0x11
RB 0x22
RC 0x44
RD 0x88

ELE 3510 44 © tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located
in program memory at 0x56

Ox58
>0
—>
Read
L -3
PC "| Address
T Instruction
1 [15-0]
clk
Instruction
Memory
Ox56
Reg
RA 0x11
RB 0x22
RC 0x44
RD 0x88
ELE 3510

0x6700
Inst [15-12] 4 q
—| Control 0101 0
0110 0
gl
| Jnst [11-10] Read B w O0x22
01 Register 1 M 0X22\"
Inst [9 — 8] Read D Read - U | =—————p| In A
f 17} |jRemister 3¢ Patal X Set 1 I
Inst [7 - 6] Write g |9X44 A AU\ 0x01 e
OO Register L >0 Ox44 Result FS »| Address 27 4
. ul—* ins >
Write : - Read| 8
Dol Sr-3(0 e SReglster b1 X / Data ~>'M| 77
File | write o
000000 | | = '
Memory
Inst [5 — 0] CLK Sign 0x00 x
o\ Extend| “g \
CLK
8

At the next rising clock edge

nothing happens

45

© tj



e Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Provide the values for each signal after executing the instruction: slt RB, RD located

in program memory at 0x56

Nod
°® | Value (hex)
@ A 0x58
B 0Ox6700
> Z ikl Control :
AD
2% C 0x22
B
l LILE D | ?? Or0x01
— Read nst [11 - 10] > Read \1/0
PC > Register 1 1
Address M ‘
Inst[9-8] | Read Read | 8, | u ——>h' E Ox44
T Instruction | V| "| Register 2 Datal X Set |
C|‘k [15-0] Inst [7 - 6] Write LT f'! > ALU WE F OX2 2
Instruction F Data 2 f :OT Result [ »| Address AL
Moy > b= Reglster »1 X V Read| 8 M G OX44
Data F|Ie A Data A
> Data D P10 X
= Al H | oxol
Inst [54 0] Slgn 2
Extend| g ‘ | 29
& LA f
8
: )/ J Ox56
ELE 3510 46
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