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Quick Review



Flip-Flop Analogy

(double door)



D Flip-Flop Analogy

[https://www.maglocks.com/sdc-two-door-airlockmantrapcleanroom-level-1-kit.html]



D Flip-Flop Analogy

Master Latch

(Data)

Clk @i

Slave Latch

(Data)

Clk -@

____________________________________________________



D Flip-Flop Analogy

Master Latch Slave Latch

outer door mner door



D Flip-Flop Analogy

Quter Door Inner Door
Will Not Unlock When Will Not Unlock When
Inner Door is Open OuterDoor is Open

[https://www .nortechcontrol.com/solutions/people/door-interlock/]



Unsecure
Area~ -

Secure
Area

[https://www.insafe.com/activa-pro-interlock/]



Shift-Register Analogy

Door1 Door 2 Door 3 Door 4

[https://tiimg tistatic.com/fp/1/004/777/door-interlock-controllers-by-radix-566 .jpg]



Shift-Register Analogy

Door 1 Door 2 Door 3 Door 4

Doors 1 and 3 are always Doors 2 and 4 are always
in the same configuration in the same configuration



Shift Register



A simple shift register

In Out

ClockT> Q r> Q F> Q > Q

[ Figure 5.17a from the textbook ]
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Clock

Positive-edge-triggered

A simple shift register
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D Q
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NS

D Flip-Flop

Out



A simple shift register

In

Out

Clock

m Slave

Qm

D D Q D Q Q
Clock [>o— cik Q Clk Q Q

Gated D-Latch Gated D-Latch




You need 2 latches to make a flip-flop




4-bit Register




4-bit Register




A simple shift register

In

ClockT> Q r> Q F> Q > Q

Out

Master Slave Master Slave Master Slave Master Slave

In

D QHD Q D QD Q D QHD Q D QHD Q-

Clock

Clk Q |- Clk Q Clk Q |- Clk Q Clk Q |- Clk Q Clk Q |- Clk Q




A simple shift register

Out

In D Q D Q D Q D Q

Master

Clock >  Q r> Q

Slave

D Q

Clk Q |-

D Q

Clk Q

Master

Slave

D Q
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D Q

Clk Q

Master Slave
D QHD Q
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Master

Slave

D Q
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D Q
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A simple shift register

In D Q D Q D Q D Q Out

Clock >  Q >  Q F> Q > Q

Slave Master Slave Master Slave Master Slave

D Q

Master

D Q

D QD Q D QHD Q D QHD Q-

1 _ _ _ _
o Clk Q |-C1kQ) Clk Q |-CikQ Clk Q |—C]kQ Clk Q |—CIkQ
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Clock

Master

A simple shift register

Q) Q, Q;
D D Q D Q
> > Q > Q
N N_ N_"

Slave

D Q

Clk Q

D Q

Clk Q

Master

Slave

D Q

Clk Q

Master

Slave

D Q

Clk Q

D Qf

Clk Q |-

D Q

Clk Q

Q4
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D QHD Q
Clk Q Clk Q




A simple shift register

In D Q D Q

Clock > Q > Q

Master Slave

D Q

Master Slave

D QHD Q

Master Slave

D QD Q

Slave

D Q

Master

D Q

Clk Q |-C1kQ) Clk Q |—Cle Clk Q |-CJkQ Clk Q




Simulating a shift register

Master Slave Master Slave Master Slave Master Slave

D QHD 0Q D QHD 0Q D QHD Q D QHD Q

Clock

i

Clk Q I—C]kQ T[>oC1kQ I-CikQ rcjké I—Cle T[>oCJkQ I—Cle




Simulating a shift register

Master Slave Master Slave Master Slave Master Slave
In
1 D QHD Q D QHD Q D QHD Q D QHD Q
Clock [

Clk Q I—C]kQ T[>oC1kQ I-CikQ rcjké I—Cle T[>oCJkQ I—Cle




Simulating a shift register

Master Slave
In —
S S P | F

Clock _
_._T[>o Clk Q

Clk Q

Master Slave
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D QHD Q
Cle
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Slave
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Master Slave
\ 0
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Clk Q
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D Q

Clk Q

Clock
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time —»



Master
In
"1 [,
Clock _
_._T[>o Clk Q

Simulating a shift register

1

Slave
D Q

Clk Q

Master Slave
D Q O D Q
Clk Q Clk Q

Master Slave
D Q 0 D Q
Clk Q Cilk Q

Master

Slave

D Q
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Clock
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time —»



Simulating a shift register

Master Slave Master Slave Master Slave Master Slave
In [ — M— [ — [ —
—lD QlD Q 1 D QlD Q 0 D QOD Q 0 D QOD QQ

Clock
—OE—T[>0C11<Q|-C11(Q T[>oC]kQ|-CIkQ Cik Q| { cik § T[>oC1kQ Clk Q

Clock

In

time —»



Simulating a shift register

Master Slave Master Slave Master Slave Master Slave
In _— ——l1 —~—~—0 () 0
D QHD Q D QHD Q D QHD Q D QHD OQF—
Clock _ _ _ _ _ — - -
—o—TDo Clk Q Clk Q TDO Clk Q Clk Q Clk Q Clk Q Clk Q Clk Q
Clock
In
time —»



Master
In
S U R
Clock _
_._T[>o Clk Q

Simulating a shift register

0

Slave
D Q

Clk Q

Master Slave
D Q 1 D Q
Clk Q Clk Q

Master Slave
D Q 0 D Q
Clk Q Cilk Q

Master
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Simulating a shift register

Master Slave Master Slave Master Slave Master Slave
In — — 0 [ — 1 [ — 0 0
D QHD Q D QHD Q D QHD Q D QHD OQF—
Clock
—OE—TDO Clk Q CIk Q TDO Clk Q Clk Q Clk Q CIk Q Clk Q Clk Q
Clock
In

time —»



Simulating a shift register

Master Slave Master Slave Master Slave Master Slave
In [ — M— [ — [ —
—lD QlD Q 0 D QOD Q 1 D QlD Q 0 D QOD QQ

Clock
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Clock

In

time —»



Master
In
"1 [,
Clock _
_._T[>o Clk Q

Simulating a shift register

1

Slave
D Q

Clk Q
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Simulating a shift register

Master Slave Master Slave Master Slave Master Slave
In [ — M— [ — [ —
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Master
In
"1 [,
Clock _
_._T[>o Clk Q

Simulating a shift register
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Slave
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Clk Q

Master Slave
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D Q 0 D Q
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Master
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A simple shift register

In

Clock T

(b) A sample sequence

DQQ1 DQQ2 QQ3 DQQ4 Out
> Q r> Q r> Q > Q
(a) Circuit
In Q Q, Q3 Q4= Out

L 1 0 0 0 0

4 0 1 0 0 0

L 1 0 1 0 0

| 1 0o 1 0

6 1 1 1 0 1 This simulation

5 0 1 1 1 o0 goes only up to here

ttk 0 0 1 1 1

L 0 0 0 1 1

[ Figure 5.17 from the textbook ]



Parallel-Access Register



1-Bit Parallel-Access Register

In

Clock

—]— Out

The 2-to-1 multiplexer is used to select whether to load
a new value into the D flip-flop or to retain the old value.

The output of this circuit is the Q output of the flip-flop.



Positive-Edge-Triggered D Flip-Flop

Clock —.—[>o——l. >< ><

Rl



1-bit Parallel-Access Register

Load
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1-Bit Parallel-Access Register

é;D Q—LOut
In —1

> Q—

Clock

If Load =0, then retain the old value.



1-Bit Parallel-Access Register

} _L
D Q Out
In —

> QF—

Clock

If Load =1, then load the new value from In.



1-Bit Parallel-Access Register

Load

0 I |
D Q Out

> Q—

Clock

If Load =0, then retain the old value.

If Load =1, then load the new value from In.



Load

Clock

4-Bit Parallel-Access Register

Parallel Output

" Out_3 Out 2 Out_1 out 0"
l ! l ! l ! !
Eﬁ Eﬁ :ﬁ 5
Q |- D Q| Q |- D Q|
1 1 1 1
Ql— > Ql— Ql— > Q—
® ® ®
In 3 In 2 In_1 In O
J
Y

Parallel Input



4-Bit Parallel-Access Register

Out_3 Out_2 Out_1 Out_0

. [ : [ : [ ¢ :

Clock

In 3 In 2 In_1 In O



4-Bit Parallel-Access Register

Out_3 Out_2 Out_1 Out_0

S S o S — |

Clock & ® ’

In 3 In 2 In_1 In O



4-Bit Parallel-Access Register

Out_3 Out_2 Out_1 Out_0

- [ ! [ ! [ ¢ !

Clock

In 3 In 2 In_1 In O



4-Bit Parallel-Access Register

Out_3 Out_2 Out_1 Out_0

. [ : [ : [ ¢ :

Clock

In 3 In 2 In_1 In O



4-Bit Parallel-Access Register

Out_3 Out_2 Out_1 Out_0

- [ ! [ ! [ ¢ !

Clock

In 3 In 2 In_1 In O



4-Bit Parallel-Access Register




4-Bit Parallel-Access Register




4-Bit Parallel-Access Register




Parallel-Access Shift Register



Parallel-access shift register

Parallel output
VAN

Q:»’ Q24 Qi Qo ﬂ\
Shift/Load . . - ‘
Serial
input h D Q h D Q- h D Q h D QF-
> Q > Q > Q > Q
Clock

V
Parallel input

[ Figure 5.18 from the textbook ]



Parallel-access shift register

Parallel output
VAN

Q;fn Q24 Qi 4 Qo u\
Shift/Load O o - .
Serial ) ) !
input D QL. D Q- D Q- D QF-
> Q > Q > Q > Q
Clock

V
Parallel input

When Load=0, this behaves like a shift register.

[ Figure 5.18 from the textbook ]



Parallel-access shift register

Shift/Load

Serial
input

Clock

Parallel output
VAN

Q3 Q24 Qi Qo 4

Q D QL D Q D QM
Q > Q > Q > Q

V
Parallel input

When Load=1, this behaves like a parallel-access register.

[ Figure 5.18 from the textbook ]



Register File



Register
(Definition)

An n-bit structure consisting of flip-flops.



Flip-Flop

[https://www .ebay.com/itm/223956811053 ?chn=ps&mkevt=1&mkcid=28&var=522710005842]



4-bit Register




8-bit Register




ster file with four 8-bit registers




ster file with four 8-bit registers

Register A

Register B

Register C

Register D




th four 8-bit registers

Register A

Register B

Register C

Register D




Register File (Definition)

A circuit that can store several binary numbers,
which can be read or written independently.

Each number is stored in a separate n-bit register.

To write: a decoder selects which resister is enabled
for writing. An input bus provides the values.

To read: a set of multiplexers select which register
will be read and copied to the output bus.

Some register files come with two read ports.
In those designs the multiplexer circuitry is doubled.



Complete the following circuit diagram to implement a
register file with four 2-bit registers, one write port,
one read port, and one write enable line.
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Sample solution by a former student
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Inl
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Components of the Register File



2-to-4 Decoder
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2-to-4 Decoder

[ Figure 4.14c¢ from the textbook ]



2-to-4 Decoder with Enable Input

En




2-to-4 Decoder with Enable Input

En




2-to-4 Decoder with Enable Input

Write_address_0 Wo _._DO_.

Write_address_1 W I o AD( ~

L

En

Write_enable

0

Write to Register A

Write to Register B

Write to Register C

Write to Register D



2-to-4 Decoder with Enable Input
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2-to-4 Decoder with Enable Input

En




2-to-4 Decoder with Enable Input

En




2-to-4 Decoder with Enable Input

En




2-to-4 Decoder with Enable Input

En




4-to-1 Multiplexer
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4-to-1 Multiplexer
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4-to-1 Multiplexer

J =81 8gWo+ 581 Sogw; + 8;5gW, + 857 89 W3

[ Figure 4.2¢ from the textbook ]



Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=0)

5o —‘—DO—‘
S1 —0——>0 9




Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=0)

Sl —0__>C
[




Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=0)

50 D 1 Wo
0 "o ‘:I )7
Sl —0__>C . 1
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Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=0)

>




Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=1)

>




Analysis of the 4-to-1 Multiplexer
(s4=1 and s,=0)

>




Analysis of the 4-to-1 Multiplexer
(s=1and s,=1)

>




Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=0)

Wl Wy

W, /




Analysis of the 4-to-1 Multiplexer
(s4=0 and s,=1)




Analysis of the 4-to-1 Multiplexer
(s4=1 and s,=0)




Analysis of the 4-to-1 Multiplexer
(s=1and s,=1)




Multiplexer Tricks
(select one of two 2-bit numbers)



Select Either A=A,A, or B=B,B,




Select Either A=A A, or

FO =A0

Fi=A,
1

B=B,B,



Select Either A=A,A, or B=B,B,

S

Ay —o

By — Fo =Bo
A —{,

Bl— FlzBl




Multiplexer Tricks
(select one of four 2-bit numbers)



Select A=A,A, or B=B,B, or C=C,C, or D=D,D,

Ay —00
By —o1
C() —_— 10 FO
Dy —11
A —Joo
B, o1
C1 —_— 10 Fl
D, 11




Select A=A,A, or B=B.B, or C=C,C,

00

S
51 %

Ay
By —o1

10
11

0
01
10
)

FO =AO

Fl =A1

or D=D,D,



Select A=A1A0 or B=B1Bo or C=C1C0 or D=D1D0

1

1%
Ay —Joo
By —Q-L; _
Cy —10 Fo =By
Dy —11
A —Joo
B, —
c, —wo F; =B,
D, 11




Select A=A1A0 or B=B1Bo or C=C1C0 or D=D1D0

1

51 %
Ay —00
By —o1
Coy — Fo =Co
¢ 3
A; —oo
B, —

Fl =C1

e
I
\~z_\s

Dl—l



Select A=A,A, or B=B.B, or C=C,C,

Ay —
B, —

Dy —

00
01

10

A, —
B, —

X

00
01

10

D, —

N

FO =DO

F1=D1

or D=D1D0



Select A=A,A, or B=B.B, or C=C,C, or D=D,D,

rotate by 90 degrees

Ay —Joo

By —o1

C() -1 10 FO

Dy —11

A —Joo

B, o1 .
!

10
D, 11

\_“T



Select A=A,A, or B=B.B, or C=C,C, or D=D,D,

& >
- S =2 8/_ - = S - Read_address_1
Y 4 [ — 7 Read_address_0

Outl Outo
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1-bit Parallel-Access Register



1-bit Parallel-Access

Register
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1-bit Parallel-Access

Register

X 8

Inl
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Outl Out() |



1-Bit Parallel-Access Register

j7 _]_
D Q Out

Clock




Positive-Edge-Triggered D Flip-Flop

Clock —.—[>o——l. >< ><
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1-bit Parallel-Access Register

Load
N o
9 ®

> -

- ]

Y
Y
.

Clock I

YL

Y
Y
.
!




Putting it all Together
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Register file with eight 10-bit
registers and two read ports



Write Addr

Register file with 2 read ports

Re adAddrA

tyoy

81MUX p———» OutA

\AARARAR

81 MUX ——— Outf

\AARARA

Dataln ¢l Regster D
Regsster 1
| Regster 2
- # Regster3

38
Decoder [—|||||=——=1 Regsterd
i ¢l RegsterS
WriteEnb ¢ Regster6
¢ Regster 7

Gray lnes are 1-bit signals

Black lines are 10-bit signals

)
-

e

J

sdAddrB

"

[https://jindongpu.wordpress.com/2012/03/07/register-file/]



Write Addr

Register file with 2 read ports

Re adAddrA

10 lt!

\AARARAR

bus mux

10

Dataln \\ ¢l Regster D
Lg Regsster 1
| Regster 2
- # Regster3

38
Decoder [—|l|||=—=1 Regsterd
i ¢l RegsterS
WriteEnb ¢ Regster6
¢ Regster 7

Gray Ines are 1-bit signals

Black lines are 10-bit signals

\AARARA

bus mux

T

ReadAddrB

[https://jindongpu.wordp

10

81MUX ——\— OutA

10

81MUX —N\— OutB

ress.com/2012/03/07 /register-file/]



The 1281 CPU has a register file
with four 8-bit registers
and two read ports



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

cxl lcq lcm

Registers

A 00000000
2] troren)
C [00000000]
D [isam00]

C4] |cs

N
!

\U O wx

o

(=}

!
o
[N

o0 w»>

1011

ALU

lc14

Flags

|0 00 0|

PC
Update
Logic

&
(e}
—_
W

1018

PC

Switches

1017

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111]00000000

Data Memory

i281 CPU



Write .
Select 1c1 Write Enable
100000 00110100{ 00000000
100001] 00110000/ 00000001
100010[ 10001100/ 00000000 OpCode Control
Input J1o0011 iigiggié gggggggg Decoder C1C2C3C4C5C6C C9 C10 C11 C12 €13 C14 C15 C16 C17 C18
100100
10010107050 1501 50005000 RN RN R
100110 01010000| 00000001 000000 00000O0OO0OO0O0OO
100111[11100000[ 11111011
101000[10100100] 00000010
Read  Code Memory .
Select elect Write Enable Write Enabl
cxl lcq lcm r elcr:f e
Registers ~Far0fRead Select ALU Select Flags
5
C12 Ci13
A 100000000 A I{ 0000
B
c ALU Result REG Writebac]
B Joo000000 D csMux Mux
. Port1]Read Select ALU'S lclg
Input 6| lc7 ource] ALU
C [o0000000 Al J crux o—]0
g Write Enable
D loooooooo] |b Read 10” 1
t
DMEM Input 0000190000101
Mux —1 0001100000000
[ 1016 Write 10010[00000000
Select] 0011[00000000
PC Mux , 0 0100[{00000000
|2 Wr'te"%g‘ab'e 0101[00000000
PC 1 Switches 1 Input 011000000000
Undat PC 0111]00000000
paate [100000]
Logic 0 Data Memory

i281 CPU



I

.16

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 _ 8 high

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

8 low

Decoder

27

cxl lcq lcm

Registers

A 00000000
2] troren)
C [00000000]
D [isam00]

C4] |cs

N
!

\U O wx

o
(=}

!
o

o0 w»>

6 low

PC
Update
Logic

|100000|

Switches

1017

0000

00000101

0001

00000000

0010

00000000

0011

00000000

0100

00000000

0101

00000000

0110

00000000

0111

00000000

Data Memory

i281 CPU



I

.16

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 _ 8 high

OpCode

11010011

00000000

11110010

00000011

8 low

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

27

" Control
C1 €C2C3C4C5C6C7C8C9oC10C11C12C13C14Ci5Cl6C17 Cl18
EERRRRRRRRRERERRR
00000000000O0O0OO0ODOOO0ODO

/

~ A~ alle Jen

The Register File
With Four Registers

1017

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111]00000000

Registers
C4| Jcs
0121 1013
A [oooooooo] [}
B 8 4
C \
B-_oooooooo y
.8
] |e7 ALU
C
C [o0000000 :LH Jon
B 8 0
C 8
D [00000000 y
\= — T
8
¢
6 low
C2 c3 16
PC 6 11 ‘ Switches
Update | S Pe
pdate 6 100000
Logic [~o [100000] 16

Data Memory

i281 CPU



B

.16

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 _ 8 high

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

8 low

Decoder

27

" Control
C1 €C2C3C4C5C6C7C8C9oC10C11C12C13C14Ci5Cl6C17 Cl18
EERRRRRRRRRERERRR
00000000000O0O0OO0ODOOO0ODO

The Register File
!Vith Four Registers

1017

6 low

PC
Update
Logic

|100000|

Switches

0000

00000101

0001

00000000

0010

00000000

0011

00000000

0100

00000000

0101

00000000

0110

00000000

0111

00000000

Data Memory

i281 CPU



B

6 |1oo000 00110100{ 00000000
100001| 00110000/ 00000001 ] 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
16 100011 iigiggié gggggggg Decoder C1 €2 €3 C4 C5C6 C7 C8 Co Clo C11 Cp C14 C15 C16 C17 C18
Ay 100100
8 low
100101 [ 3T550T061 30665000 EERRRRRRRRRERERRR
6 |100110[ 01010000 00000001 00000000000 O0O0O0OOOOO0OO
1001111 11100000/11111011
1010001 10100100( 00000010
Code Memory .
eclect  Write Enable
cxl lcq lcm
Registers C4FiOI’(tJO Read Select 4
5 \
A Joooooooo] [}
B
C
B Joo000000 D
8 CFiorﬂ Read Select
Input ol |©7
8
C [00000000] [N \ ®
B
C
D loooooooo] |b 10”
0000190000101
8 0001100000000
[ 0010100000000
0011100000000
6 low 0100100000000
C2 c3 0101)00000000
) 16 81
PC 11 ‘ Switches il 1 0110{00000000
Updat 6 PC 0111{00000000
6 pdate 100000
* Logic [~o [100000] 16 Data Memory

i281 CPU



B

1017

6 |100000] 00110100/ 00000000
100001| 00110000/ 00000001 ] 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
(16 |*00011[11010011]00000000 ) Decoder C1 Ca C3 C4 Cs C6 C G Co C1o C11 C1
A\ 1001004 11110010/ 00000011 8 low 1 1 l l 1 1 1 l
100101[ 01000100 00000000
6 [100120[ 01010000 00000001 00000000
101000[ 10100100/ 00000010 2-to-4 decoder
Code Memory .
eclect Write Enable
csl 109 1c10
Registers PortOJRead Select
C4] |cs
A |ooo00000 A
B
C
B Joooo0000 D
\8 CPort1 Read Select
Input ol |©7
C |o0000000 Al
B
C
D |ooooo0000 D
8
¢
6 low
C2 c3
. 16 81
6 11 ‘ Switches il 1
UF;Ct ) s Sl X
6 pdate 6 100000
* Logic [~o [100000] 16

0000

00000101

0001

00000000

0010

00000000

0011

00000000

0100

00000000

0101

00000000

0110

00000000

0111

00000000

Data Memory

i281 CPU



B

6 |1oo000 00110100/ 00000000
100001| 00110000/ 00000001 ] 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
16 100011 iigiggié gggggggg Decoder C1 €2 C3 C4 €5 C6 C7 C8 €9 C10 C11 C12 €13 C14 C15 C16 C17 C18
Ay 100100
8 low
10010137000 1301 53000660 RN RRRERE RN RE
6 |100110[ 01010000 00000001 00000000000O0O0OO0ODOOO0ODO
1001111 11100000/11111011
1010001 10100100/ 00000010
Code Memory .
eclect  Write Enable Inputs to the
cg”cg 1c10 4-to-1 bus MUX lC
14
Reaqister PortO]Read Select
egisters | | os Flags K
A [oooooo00o] X
B
C
B Joo000000 D
\8 CFiort1 Read Select
Input ol |©7
8
C |ooo00000 N \ ®
B
C
D loooooooo] |b 10”
0000190000101
8 0001100000000
[ 4 0010100000000
0011100000000
6 low 0100100000000
C2 c3 0101)00000000
PC 11 ‘ Switches 16 8 low 1 0110{00000000
Undat 6 PC 6 0111/00000000
6 pdate 100000
* Logic [~o [100000] 16 Data Memory

i281 CPU



B

6 |1oo000 00110100/ 00000000
100001| 00110000/ 00000001 ] 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
\
16 igg?;; iigiggié gggggggg Decoder C1 €2 C3 C4 €5 C6 C7 C8 €9 C10 C11 C12 €13 C14 C15 C16 C17 C18
A 8 low
100101 [ G T6007061 3000666 EERARRERRR RN RN RN
6 |100110[ 01010000 00000001 00000000000O0O0OO0ODOOO0ODO
1001111 11100000/11111011
1010001 10100100/ 00000010
Code Memory .
eclect  Write Enable
cxl lcq lcm lc”
Reaqister PortO]Read Select
egisters | s Flags K
A Joooooooo] [}
B
C
B Joo000000 b
33 oot
Input o] |¢7
C [oooo0000] (N 3 s
B
C
D [o0000000 o/ 10”
Inputs to the other zzz: 00000101
8 4-to-1 bus MUX 00000000
[ 4 0010100000000
0011100000000
6 low 0100100000000
C2 c3 010100000000
. 16 8 1
PC 11 ‘ Switches il 1 0110/00000000
Updat 6 PC 0111{00000000
6 pdate 100000
* Logic [~o [100000] 16 Data Memory

i281 CPU



B

.16

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 _ 8 high

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

8 low

Decoder

27

cxl lcq lcm

Registers

A [sszm0003]
2] troren)
C [00000000]
o) o

o

N
e

Q

Register A

\U o w >

O
N

f—
(e}

o0 w»>

6 low

Update
Logic

PC

|100000|

Switches

1017

0000

00000101

0001

00000000

0010

00000000

0011

00000000

0100

00000000

0101

00000000

0110

00000000

0111

00000000

Data Memory

i281 CPU



B

6 |1oo000 00110100{ 00000000
100001| 00110000/ 00000001 ] 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
\
16 100011 iigiggié gggggggg Decoder C1 €2 C3 C4 €5 C6 C7 C8 €9 C10 C11 C12 €13 C14 C15 C16 C17 C18
Ay 100100
8 low
10010107050 1501 50005000 RN RN R
100110 01010000| 00000001 00000000000 O0O0O0OOOOO0OO
1001111 11100000f11111011
1010001 10100100( 00000010
Code Memory
cxl lcq lcm lc”
Registers e Register B Flags 4
5 \
c12
A [oooo0000f [} | l
B
C
o B Jo0000000 D
\
061 C
C [00000000] N W3 s
B
C
D loooooooo] |b 10”
0000190000101
8 0001100000000
[ 0010100000000
0011100000000
6 low 0100100000000
C2 c3 010100000000
PC 11 ‘ Switches 16 8 low 1 011000000000
Updat 6 PC 0111{00000000
6 pdate 100000
* Logic [~o [100000] 16 Data Memory

i281 CPU



I

6 |1oo000 00110100{ 00000000
100001] 00110000/ 00000001 ) 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
\
\16 100011) 11010011/ 00000000 Decoder €1 C2C3C4C5CpC7C8CoCroCr1 Cr2C13Ci4Ci5Ci6C17 Cl8
A\ 1001004 11110010/ 00000011
8 low
100101 [ 3T550T061 30665000 EERRRRRRRRRERERRR
100110 01010000| 00000001 00000000000O0O0OO0ODOOO0ODO
1001111 11100000/11111011
1010001 10100100( 00000010
Code Memory
cxl lcq lcm lc“‘
Registers cip s Register C . Flags K
12
A Joooooooo] [} l l
B
C
o B Joo000000 D
\
061 c g
C 00000000 N N ®
B
C
D [o0000000] | 10”
0000190000101
8 0001100000000
@ 0010100000000
0011100000000
6 low 0100100000000
[ G 0101/00000000
) 16 81
PC 11 ‘ Switches il 1 0110{00000000
Undat 6 PC 0111]00000000
6 pdate [100000]
* Logic [~o 16 Data Memory

i281 CPU



I

6 |1oo000 00110100/ 00000000
100001| 00110000 00000001 ) 27 Control
100010| 10001100[ 00000000(} (16 o (8high | OpCode , ontro
\
\16 1000111 11010011 00000000 Decoder €1 €2 C3C4C5C6 C7C8CoCroC11 C12C13 C14 C15 C16 €17 C18
A\ 1001004 11110010/ 00000011
8 low
10010137000 1301 53000660 RN RRRERE RN RE
6 |100110[ 01010000 00000001 0000000000000OO0OOCOO
1001111 11100000/11111011
1010001 10100100( 00000010
Code Memory
cxl lcq lcm lc“‘
Registers Flags 4
“ll| RegisterD ¢ :
c13
A [oooooooo] [N } l 0000
B
C
B Joo000000 D
8
\
Cél c g
C |ooo00000 N A ®
B
C C17
D 00000000 D 1
0000190000101
8 0001100000000
@ 0010100000000
0011100000000
6 low 0100100000000
[ G 0101/00000000
1 ‘ Switches 16 8 low 1 0110{00000000
PC 1 6 PC 0111]00000000
6 Update |100000|
* Logic [~o 16 Data Memory

i281 CPU



Register A

Write ‘
Enable
Nl el Pl Pl P P Pl Pl
Clock | r> 6—| r> QI l r> é—l l-> e l |—~> é—l r> 6—\ r> 6—| |-> o
IN,  INg INg IN, INs IN, IN, INg

8-Bit Parallel-Access Register



VCC

Write

Register A

Enable

Clock

Reset

of
|
N7

ADO_.




Register A

Write \
Enable

i:[\(:j~l> Q-‘L ? D Q-+ ‘IZB‘D Q=+ (1) D Q—<L ;:B~D Q= i:[alj~n Q—<L i:[i‘p Q- '\:F;FD Q_j,
Clock r> o o r> o o r> o o l—> o r> o r> o] o l—> o) ‘—> o] o

| | | | | | | |

IN,  INg INg IN, INs IN, IN, INg

8-Bit Parallel-Access Register



Register B

B, B B B, By B, B B
e \
P U P P P T H P Al P il
B e A s e
N, INg INs IN, INg IN, IN, INg

8-Bit Parallel-Access Register



Register C

Co
Write ‘
Enable
T DQ—«L ? D Q-+ ? D Q|+ (1) DQ—4L (1) D Q= ? DQ-AL (: D Q|+ ? DQ—L
Clock \ r> 6—-\ r> (’2—| l—-> é—l l—> O] ‘ !—-> é—l r> 6—-‘ r> é—| |—-> o
IN,  INg  INs IN, INg INy IN; INg

8-Bit Parallel-Access Register



Register D

D, Dg D D, Ds D, D, D,
e \
i:B~D Q—<L ? D Q-+ \I:B~D Q-+ ":B~D Q-l- '\:@‘D Q-+ ":[\?J~D Q-L (: D Q-+ Iﬁa~n Q—Js
B e e A e e
N, INg INs IN, Ny IN, IN, INg

8-Bit Parallel-Access Register



I

6 |1oo000 00110100{ 00000000
100001] 00110000/ 00000001 ) 27
100010] 10001100] 00000000} (16 o 8high | OpCode , Control
\
\16 100011) 11010011/ 00000000 Decoder €1 C2C3C4C5CpC7C8CoCroCr1 Cr2C13Ci4Ci5Ci6C17 Cl8
A\ 1001004 11110010/ 00000011
8 low
100101 [ 3T550T061 30665000 EERRRRRRRRRERERRR
6 |100110[ 01010000 00000001 0000000000000OO0OOCOO
1001111 11100000/11111011
1010001 10100100( 00000010
Code Memory
cxl lcq lcm lc“‘
Registers Flags 4
“N Port 0 C1zl ci3 0000 -
A |oooooooo] | |} - |_|
B
C
o B Joo000000 D
\
Cél C7 3
C 100000000 N N ®
B
C
D [o0000000] | 10”
0000190000101
8 0001100000000
@ 0010100000000
0011100000000
6 low 0100100000000
[ G 0101/00000000
) 16 81
PC 11 ‘ Switches il 1 0110{00000000
Undat 6 PC 0111]00000000
6 pdate [100000]
* Logic [~o 16 Data Memory

i281 CPU



4-to-1 Bus Multiplexer
(with 8-bit lines)




Bo —
Co—

oaOw»



OaQwp

v






B; —
C7—

N

Ap— A
' Co—C
D, —
A 0 D
B P,
C
D

nv)
N



B; —
C7—

A —
Be —
Cg —

N

As— A

Bs— B

' Cs—C

A Ds=—D

B Pe
C
D

U
~

Ap— A
BO—B PO
' Co—C
D =——
A 0 D
B P,
C
D

nv)
N

These 8 lines form the output bus
for Port_0 of the register file.



B; —
C7—

N

Ap— A
' Co—C
D, —
A 0 D
B P,
C
D

nv)
N



B; —
C7—

A —
Be —
Cg —

N

As— A

Bs— B

‘ Cs—C

A Ds=—D

B Pe
C
D

U
~

Ap— A
' Co—C
D, —
A 0 D
B P,
C
D

nv)
N



SR TA

Vi
C, —

RN I WA

D, —

RN I WA

nv)
N

CROR B WA

L



\Uow

A

o
|
o 0w

o
|
O O W LN

L



UOUU}A

2—

C, —

(] D, —
A
C
D
P,

UOUU}A

nv)
N

UOU'>A



o = > LN

Vi
C, —

WA A

w)

D, —

»)

W BA

o

w > )

P,



AO B > [N

nv)
N

AO & > D



I

.16

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 _ 8high | OpCode

11010011

00000000

Decoder

11110010

00000011

27

8 low

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

cxl lcq lcm

Registers

A 100000000

5 [sczmod]
C [00000000)
p [sszzod]

8
¢
6 low 1
2 ‘03 16
6 Switches
U F;Ct —' | s
pdate 6 100000
Logic [~o [100000] 16

1017

0000

00000101

0001

00000000

0010

00000000

0011

00000000

0100

00000000

0101

00000000

0110

00000000

0111

00000000

Data Memory

i281 CPU



4-to-1 Bus Multiplexer
(with 8-bit lines)

Q7...Qo




B7 —
C7—

R @Rlvels

gaOw»
[9)

[9)

N

Qo



B; —
C7—

N

Ap— A
BO—B QO
' Co—C
D =—
A 0 D
B Q1
C
D

[9)

2

These 8 lines form the output bus
for Port_1 of the register file.



SR TA

2—
C, —

RN I WA

Q4

D, —

RN I WA

[9)

2

CROR B WA

LY

Qo



o
|
\Uow

Qs

w
I
g O W/ L)

Q4

<
2—B
C.—C

D

D, —

A

N
I
CROR= VWA

o
|
o 0w

Qo



SRS IEWA

|
UOU'>A

Q4

O m—
Co—
Dy, —

<
A
C

D

UOUI>A

UOUU}A




o® = >[N

2_
Cy, —

A A

w)

D, —

w)

W BA

o

oA

Qo



AN T > D

AO & > D

Qo



I

.16

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

16 _ 8 high

OpCode

11010011

00000000

11110010

00000011

8 low

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

27

" Control
C1 €C2C3C4C5C6C7C8C9oC10C11C12C13C14Ci5Cl6C17 Cl18
EERRRRRRRRRERERRR
00000000000O0O0OO0ODOOO0ODO

/

~ A~ alle Jen

The Register File
With Four Registers

1017

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111]00000000

Registers
C4| Jcs
0121 1013
A [oooooooo] [}
B 8 4
C \
B-_oooooooo y
.8
] |e7 ALU
C
C [o0000000 :LH Jon
B 8 0
C 8
D [00000000 y
\= — T
8
¢
6 low
C2 c3 16
PC 6 11 ‘ Switches
Update | S Pe
pdate 6 100000
Logic [~o [100000] 16

Data Memory

i281 CPU



Simulation of the execution
of one line of assembly code:

ADD B, A



I

(equivalent to B=B+A )

ADD B, A
100000 00110100{ 00000000
100001 00110000 00000001
100010[ 10001100] 00000000 OpCode
100011[ 11010011 00000000 Decoder C1 €2 C3 C4 €5 Cg €
100100[11110010| 00000011 1 1 1 l 1 1
100101 01000100 00000000
100110[ 01010000[ 00000001 001010
100111 11100000/ 11111011
101000[10100100] 00000010
Code Memory
Cgl 109 1c10
Registers &
lC5 c121 c13
A |00000001 A
B
C
B |oo000000 D
co| Icr ALU
C 00000000 Al 1011
B
: N
D |oo000101 D
¢
102 103 Switeh
witches
PC 1 PC
Update
. |100011|
Logic 0

1017

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111/00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100) 00000000

00110000) 00000001

10001100| 00000000

ADD B, A

OpCode

11010011]00000000

11110010/ 00000011

01000100| 00000000

01010000| 00000001

11100000/11111011

10100100 00000010

Code Memory

Decoder

(equivalent to B=B+A )

cxl 109 1c10

Registers

10

cs ci2| e
A [ooooooor 1
[eooo0oa] A 00000000 I\l
C
e
00000001
¢} |e7 ALU
¢ [rommonnd] fen
B
p [rzomoed] |5
[
e l Suicn
witches
e | . e
paate 100011
Logic 0 |—|

1017

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111]00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100) 00000000

00110000) 00000001

10001100| 00000000

ADD B, A

OpCode

11010011]00000000

11110010/ 00000011

01000100| 00000000

01010000| 00000001

11100000/11111011

10100100 00000010

Code Memory

Decoder

(equivalent to B=B+A )

Cgl 109

1(310

read from
register B

Registers

N
B [Emo0m00d)
C [00000000]
D [zoom010]

10

Clzl 1013
00000000 [~

)

00000001

1011

ALU

PC

Update

Logic

|100011|

Switches

1017

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111]00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100) 00000000

00110000) 00000001

ADD B,

A (equivalent to B=B+A )

10001100| 00000000

11010011]00000000

11110010/ 00000011

OpCode
Decoder

01000100| 00000000

01010000| 00000001

11100000/11111011

10100100 00000010

Code Memory

cxl 109 1c10

Registers

10

Cnl lcu
00000000 [~

Cs
PN e
B
C
B Joooooooo D
Co| |c7

C [00000000] N
o [y

read from

register A

00000001

C11

1

ALU

PC

102

Update

1 c3
! PC

|100011|

Logic

Switches

1017

0000
0001
0010
0011
0100
0101
0110
0111

00000101

00000000

00000000

00000000

00000000

00000000

00000000

00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100) 00000000

00110000) 00000001

10001100| 00000000

ADD B, A

OpCode

11010011]00000000

11110010/ 00000011

01000100| 00000000

01010000| 00000001

11100000/11111011

10100100 00000010

Code Memory

Decoder

(equivalent to B=B+A )

cxl 109 1c10

Registers

Tell the ALU to add

1014

Flags

|0 00 0|

1017

cs el Ten
A 00000001
[eooo0oa] A 00000000 [~
C
e
00000001
¢} |e7 ALU
¢ oo |3 for
B
p [rseaonet] [
[
G Suion
witches
e | . o
paate 100011
Logic 0 |—|

0000100000101

0001100000000

0010100000000

0011100000000

0100100000000

0101)00000000

0110/00000000

0111]00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100) 00000000

00110000) 00000001

10001100| 00000000

ADD B, A

OpCode

11010011]00000000

11110010/ 00000011

01000100| 00000000

01010000| 00000001

11100000/11111011

10100100 00000010

Code Memory

Decoder

(equivalent to B=B+A )

cxl 109 1c10

Registers

10 (add)

cs ci2| e
A [ooooooor 1
[eooo0oa] A 00000000 I\l
C
e
00000001
¢} |e7 ALU
¢ [rommonnd] fen
B
p [rzomoed] |5
[
e l Suicn
witches
e | . e
paate 100011
Logic 0 |—|

1017

Jois
lﬁ

0000
0001
0010
0011
0100
0101
0110
0111

00000101

00000000

00000000

00000000

00000000

00000000

00000000

00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

10001100

00000000

ADD B, A

OpCode

11010011

00000000

11110010

00000011

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

Decoder

(equivalent to B=B+A )

081 109 1c10

Registers

10

Cs ci2| |cis
A [oooooos] PR 0000000 I{
C
s[] [
00000001
Co| |c
¢ o] [ for A
B
D [ooooores] |3
[
e e Swich
F)(; 1 F)(: witches
Update 100011
Logic 0 |—|

1017

Jois
lﬁ

0000
0001
0010
0011
0100
0101
0110
0111

00000101

00000000

00000000

00000000

00000000

00000000

00000000

00000000

Data Memory

i281 CPU



I

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100) 00000000

00110000) 00000001

10001100| 00000000

ADD B, A

OpCode

11010011]00000000

11110010/ 00000011

01000100| 00000000

01010000| 00000001

11100000/11111011

10100100 00000010

Code Memory

Decoder

(equivalent to

B=B+A )

Registers

A [
S e

Cnl lcu
00000000 [~

write enable=1
s oo

10

\U o= >

00000001

c [rosaon 06\1 ¢7 Jei ALU
Sl
[
P R
witches
Ude(;te 1 @
Logic 0

Jois
lﬁ

1017 1

0000100000101

00000000
00000000
00000000
00000000
00000000
00000000
00000000

0001
0010
0011
0100
0101

0110
0111

Data Memory

i281 CPU



B

100000
100001
100010
100011
100100
100101
100110
100111
101000

00110100

00000000

00110000

00000001

ADD B, A

10001100

00000000

11010011

00000000

11110010

00000011

(equivalent to B=B+A )

OpCode

Decoder

01000100

00000000

01010000

00000001

11100000

11111011

10100100

00000010

Code Memory

write to register B

I'\Efs{ers

A [
S e

\U o= >

Cs

10

Cl21 1013
00000000 [~

Jois
lﬁ

1Cn 1

cél | 00000001 ALU 0
¢ [oovouvo] [N Jen
B 1
p [rsmeorel] |5
¢
§ o Swich
F)(; 1 F)(: WIIlChesS
Update 100011
Logic 0 |—|

0000100000101

00000000
00000000
00000000
00000000
00000000
00000000
00000000

0001
0010
0011
0100
0101

0110
0111

Data Memory

i281 CPU



B

(equivalent to B=B+A )

ADD B, A
100000{ 00110100] 00000000
100001| 00110000 00000001
100010[ 10001100/ 00000000 OpCode
100011[11010011[ 00000000 Decoder 61 C2 €3 Ca C5 Cg C7
100100 11110010( 00000011 1 1 1 l 1 1 1
100101 01000100] 00000000
100110 01010000 00000001 00101060
100111[11100000[ 11111011
101000(10100100] 00000010
Code Memory
081 109 1c10
Registers . 10
5
0121 1013
00000001
A [oo000001] x 00000000 [~
C
B[] |
00000001

save the flags

C [00000000)
p [semoey]

Flags

ALU

1011

PC
Update
Logic

102

|0000|

Switches

1 c3
! PC

|100011|

Jois
lﬁ

1Cn 1

0000100000101

00000000
00000000
00000000
00000000
00000000
00000000
00000000

0001
0010
0011
0100
0101

0110
0111

Data Memory

i281 CPU



Questions?



THE END



