(Arithmetic and Logic Unit - ALU)

(Register) (Bus)
31
8
Memory reference instructions Branch instructions 2
(Opcode) (Operand)
Miscellaneous instructions
Acc
Acc
31
765 76543 0 7 O
LBl - & . (22 ¢ J[ 8 |
F F ) [y ? T
| Function ] Eperandl
Type of Instruction g'gd'%s,smgt Mode
00 = 1-Byte Instructi &
it} 01 = Indirect
10 = SP/PC-Relative
11 = Immediate

Type of Instruction
01 = Branch Instruction
10-11 = Memory Reference Instruction

31 (a) 1-Byte Instruction (b) 2-Byte Instruction



Memory) ROM 8

3.2

RAM (Random Access Memory)

256 8 RAM

Isochronic Fork [11]

Isochronic Fork

1

15

ROM (Read-Only

ROM RAM

EO-FF (224-255) (Stack)

11

ROM

3.2

ROM

(Common Bus)

ROM
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:

—

Hli

P
| in || mem Ll_fa Mi | ou |
a1 129 ls 3
0 U
= |= = = |=
2 & g & &
ROM & RAM
32
3.2
8
IR (Instruction Register) Fetch
Fetch
Decode Execute
(ALU)
Memory reference instructions
PC (Temporary
Register)
(Latch) Flag
Acc (Accumulator)
PC (Program Counter)
ROM 0
PC

PC PC Flag
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5. SP (Stack Pointer) (Top-of-stack)
RAM EO-FF (224-255)
EO
EO SP
EO El
6. MAR (Memory Address Register)
ROM RAM
ROM Fetch RAM
RAM
7. MI (Memory Interface)
ROM Fetch IR
2 Fetch (Operand)
ROM
Ml RAM
RAM
8. In (Input Register) (Port)
Acc Request
9. Out (Output Register) Acc
Request Acc
3.2
3.2
Shifter Flag
10 Shifter Acc Flag
(Shift) (Rotate) Shifter

(Write-Back)

11 Flag CF (Carry Flag)  ZF (Zero Flag)
Shifter

Flag Flag



RAM
Acc
Mode

Acc

Address
28
29
30
3

31

Acc

Acc

Acc

3.3

(Multiport Register)

53

Fetch

18

Shifter

Acc

ADD (30) Indirect
30

Acc

Data

17

28

96

Acc =53 +17=70 70

Acc



OR

AckA

A1

B1

AT
BT
A2
B2
A2
B2'

AckB

3.3

3.3 (@

3.4

— X1
— X1'

— X2

— X'

34

X'

— AckX  AckX ¢

X2

X'

3.3

3.4

Request

19

3.3 (b)

35



20

Ackh +

A0 ; %0
AD' XU-
1Oy
A7 %7 Bunit delay 2unit delay
AT [): X7
Tunit delay
2unit delay
3.5
3.6 35
tl 2 o

7 ) - 3 tl )



2

tl = 2unit delay

——

2unit delay

0 %( -
0" RO

Acka,

Al X0'

©

X7 Bunit delay
X7

A7
A7

A0 DXU
>

\1)1n|t delay

(2= Tunit delay

3.6

(Reset)

(0.1)
AND NOT  OR 3.7 Reset 0

(0,1) f Reset 1

Reset

X0 RO

RO’
X0

3.7

34

(Function) BDD



ROBDD
ADD, SuB
(Cin,Cin’)
Complement
B’ B’
CF
Flag
Request
Flag
Flag
(.

22

ROBDD
AND, OR, XOR
8 2 1 A B
MI A
Carry In Cin 2’
(.)
1 Cin B
B 2’s Complement
Latch
Flag
Latch
Flag
B B’
B 1 (Bout,Bout’) (B',B)
(1,0
3.8



SB| Bout 01
01 01
0
(d)
Bout'
3.8 (3) (b) BDD (c) ROBDD (d) B
XOR
XOR AND OR XOR
3.93.103.11 3.12
ETET N (A) o
out
00| 0
01 0
B /e 051 05X
1 1 0 00 1
€ ,p5 gald

ANDout ANDout'

3.9 (a) (b) BDD (c) ROBDD (d) AND
o @, "
out
00 0 [\
10[1, 1 01 01
1] 1 0 11 1
(c] cosed(d)
AB BA
on

Y
o

MADAd MDA

3.10 (a) (b) BDD (c) ROBDD (d) OR

23



24

(&)

b)
A B[X0Ro [
0] 0 of&

o1| 1

i By (B,
1] o 6 11 0

(d]
(c) BoutBout' A A'

XORout XORout'
311 (a) (b) BDD (c) ROBDD (d) XOR

(Bout,Bout’)

. (3 )
Cin AB R Colt 0 X0ORout XORout' ©
0 000 O0
0 001 0
0 10 1 0
0 100 1
1 001 0
1 000 1
1 100 1 ,
111 R R
CinBout A A" Bout' Cin'
(b) (d)
0 Cout
10781
001R
11 1 Cout
Cout Cout'
312 (3 (b) BDD R Codt (c) ROBDD R (d) ROBDD
Codt (g) R (f) Colt
XOR (Bout,Bout) (B,B’)
XORout XORout’ XOR
ADD/SUB B (Bout,Bout’)
(R,R") (Coit,Codt’)
XOR 311 (0
3.12 (©) ROBDD 3.12 ()

311 (o)



3.13

CF

Sl

Cin

Cin'

3
Q

Y

#

50—

3.13 HUUAUINUALATING

25

3.14
CAND cOR cXOR  cADDSUB
R Colt
CADDSUB
CADDSUB 1
Flag ,
Flag 1 PC

) ANDout

—D‘ﬁ) ANDO

DD OR out
m; ORoutt
XORout
XORout
%})} [ ADD outl

-I:::) Cout

Cout'



ACK

AND out

ORout

ADD out
XORout

AND out'

ORoutl

ADDoutl

XORout'

3.14

ROBDD

3.16

26

RI

3.15

ROBDD

3.15

3.17
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D ANDout
B —DD ANDout
| 5T ORout
F1_\, ORout'
. XORout
XORout'
B' H
5 — %ﬁ} ADDout
- b1 & @; ADDout'
Cin
.‘D QD— Cout
Cin'
2unit delay
- D 2unit delay
—] D 3unit delay | |Bunit delay
ANDout' = =
ORout D0 ACK.
XORout :1' 4 *
%ORout 2unit delay
ADDout
ADDout' - D
Cout J :
Cout' 2unit delay
cAND
cX0R _l
cADDSUB

3.15

R"DO -~

,-30 —
Colt -~ 0 —»
Colt-1*

ACK ]
3.16
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1unit delay (d]
ClearB gg e ©
M * L= — ACK_B
ear . . B7' Bunit delay
E | I Cin
Cin'
c S
- i g
cﬁ)@R_ Ty we
cADDSUB _ ACK_CF
2unit delay
lunit delay
Cout? — (c) Accl
— Accl © b ACK_Acc
Cout?' Acc? .
i Apse? 8unit delay
S
ACK_HB
¥ ACK_CF
3unit delay
3.17 )
K 2 3.12 1
2 6
12 K
3.17 19
35 Shifter
Shifter (Shift) (Rotate)
Shifter
Shifter Flag CF

(Least Significant Bit)
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Shifter
Shifter

3.18 8

SN

1 LSR, LSL, ROR, ROL

OR 0 7

Rin-1)

Rin-1)
Aln) l1:)‘ HEH
Aln)

3 > RIT
A0l D 1 > R?

3.19

LSR
ROR
LSL
ROL

<&
R

3.18

A7 Bg_LO

AT L1

3.19 1

Shifter

Flag CF , Flag



36 (Memory Unit)
ROM RAM
ROM 3.20 ROM
RAM
3.21
REQ ACK @
Delay >
S s W
E
-
2-ail L-rail 2-1¢
Strobe Strobe -
] R (b) YI- ZY 721 ©
Xl 1Yl —_—
0 y D
, ! Y2- - =
X ULi-22

3.20 (8 ROM (b) 2-1 Converter (C) 1-2 Converter



ACK_read

| g robe a7+ Delay

Strobe_data

. =
2-aill. lj
Qz-raill €
REQ data
321
MAR
Converter
2 Converter
ROM
(Access Time) ROM
D Flipflop 2
MAR
21 i '
2, RAM
2
Enable)
RAM

> RAF 1-rai|0 2—rr:i|0

Jrvx VE
[ ACK _write
Delay -
RAM
ROM
ROM RAM ROM 2-1
(1-rail)
ROM ROM 1-
ROM
ROM
' Ml
2
RAM
MI

| 1 1"
2-1 Converter

RAM OE (RAM Output

RAM

D Flipflop 2 ROM
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