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Instruction cycle =0

| N

Fetch and decode
instruction

l

Execute
instruction

Interrupt cycle

l

Store return address
in location 0
M [0) « PC

l

Branch to location 1
PC « 1

!

IEN « 0
R«0




255
PC =256

1120

Memory

0 BUN 1120

Main
program

I/O
program

1 BUN 0

(a) Before interrupt
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Memory
0 256
PC=1|0 BUN 1120
program
1120
I/O
program
1 BUN 0
(b) After interrupt cycle




“v

a28g JSow yo (giilo ) yuudd

T TITA(IEN)(FGI + FGO): R <1

RTy AR<«0, TR < PC
RT;: M[AR]«<TR, PC <0
RTy PC«PC+1, IEN«0, Re«0, SC<«0
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5-9 Design of Basic Computer

The basic computer consists of the following hardware components:

A memory unit with 4096 words of 16 bits each

Nine registers: AR, PC, DR, AC, IR, TR, OUTR, INPR, and SC
Seven flip-flops: I, S, E, R, IEN, FGI, and FGO

Two decoders: a 3 X 8 operation decoder and a 4 X 16 timing decoder
A 16-bit common bus

Control logic gates

Adder and logic circuit connected to the input of AC

P,
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Start
SC«—0,IEN «0,R«0

(instruction cycle) =0 =1 (interrupt cycle)
\R/
Y R'Ty Y RTy
AR « PC AR« 0, TR« PC
l R'T, 1 RT,
IR—MI[AR], PC« PC+ 1 M [AR)« TR, PC«0
l R'T, l RT,
AR « IR (0-11), I « IR (15) PC—PC+1, IEN«O
Do D7 « Decode IR (12 - 14) Re«0,5C«0




I10) =1

(Registeror 1/0) =1

Execute
input-output
instruction
(Table 5-5)

=0 (register)

Dy'T;

Execute
register-reference
instruction
(Table 5-3)

=0 (Memory - reference)

N

(indirect) =1

=0

(direct)

Y DY T, \ D'.I'T,
AR « MI[AR] Nothing
Y Y
Execute
memory — reference
instruction
(Fig 5-11)
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Fetch R'T. AR<«PC
R'Ty: IR«<M[AR], PC«PC +1
Decode R'T;: Dy, ..., D;<Decode IR(12-14),
AR «IR(0-11), I<IR(15)
Indirect DiTy: AR <«M[AR]
Interrupt:

ToTiTH(IEN)FGI + FGO): Re«1
RTy, AR<«0, TR«PC
RT: M[AR]«<TR, PC+«0
RT;;, PCe«PC+1, IEN<0O, R0, SCe&0
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Memory-reference:

AND DT DR <—M[AR]
D, Ts: AC«—ACANDR, SC<«0
D\Ts: AC+«AC+ DR, E<+(C,,, SC+«0
LDA D,Te DR «—M[AR]
Dsz! AC‘—DR, SC«0
STA DT M[AR]«<AC, SC«0
BUN .D.‘Tq'. PC ‘—AR, SC«0
BSA DT M[AR]<PC, AR<—AR + 1
DTs: PC«AR, SC«0
ISZ DJT. DR «—M[AR]

.D(,Tsi DR«<DR + 1

DTs. M[AR])<DR, if(DR =0)then(PC«<PC +1), SC«0
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Register-reference:
D:I’T; = r (common to all register-reference instructions)
IR@)=B,(i=0,1,2,...,11)

r SC«0
CLA rB,;: AC<0
CLE fBlo.' E<«0
CMA rBy; AC<«AC
CME rBy; E<«FE
CIR rB;: AC<«shr AC, AC(15)«<E, E<«AC(0)
CIL rBg: AC<«shlAC, AC(0)«E, E<«AC(15)
INC rBs: AC<«<AC+1
SPA rBy:  If (AC(15) = 0) then (PC«<PC + 1)
SNA rBy: If (AC(15) = 1) then (PC«—PC + 1)
SZA rB;: If (AC =0) then PC«PC + 1)
SZE rB,: If (E = 0) then (PC«<PC + 1)

HLT rBe: S«0
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Input-output:
D,IT; = p (common to all input—output instructions)
IR(())=B:(i=6,7,8,9, 10, 11)
p: SC<«0
INP pB.:  AC(0-7)«INPR, FGI<«0
ouT pBw: OUTR «—AC(0-7), FGO <0
SKI pBy:  If (FGI = 1) then (PC«<PC + 1)
SKO pBs:  If (FGO = 1) then (PC<«<PC + 1)
ION pB;:  IEN <1
IOF pBs: IEN <0
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=t |ncrement (INR)

. Signals to control the inputs of the nine registers

. Signals to control the read and write inputs of memory
. Signals to set, clear, or complement the flip-flops

. Signals for S,, 5;, and S to select a register for the bus
. Signals to control the AC adder and logic circuit
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R'Ty AR <PC
R'Ty: AR «IR(0-11)

DiIT;: AR «—MJAR]
RT;: AR <0

DTy AR < AR + 1

LD(AR) = R'T, + R'T, + D}IT,
CLR(AR) = RT,
INR(AR) = D5T4

Read = R‘Tl + D;IT3 + (Do + Dl + Dz + Dﬁ)T4

P,
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Control gates associated with AR.

12 12
From bus —%—» AR —~<—»— To bus

{
T3

Clock

LD INR CLR

B
B
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b1 Y-
I T\
T /B ] ) J Q IEN
Clock —p>
)
Be _/ K
pBy: IEN «1 R D_
pBs: IEN <0 T, |
RT,: IEN <0

Control inputs for IEN.




TABLE 5-7 Encoder for Bus Selection Circuit

Inputs Outputs Register So=x1+x3+ x5+ x7
selected S] =x,+x3+xs + x7
X, X2 X3 X4 Xs Xs X9 Sz Sl So for bus Sz = x, + Xs + X6 + X7
0 0 0 0 0 0 0 0 0 0 None
1 0 0 0 0 0 0 0 0 1 AR
0 1 0 0 0 0 0 0 1 0 PC
0 0 1 0 0 0 0 0 1 1 DR
0 0 0 1 0 0 0 1 0 0 AC
0 0 0 0 1 0 0 1 0 1 IR
0 0 0 0 0 1 0 1 1 0 TR
0 0 0 0 0 0 1 1 1 1 Memory
P —
D,T, PC<«AR X3 ————|
DsTs: PC < AR X3 = ™52 Multiplexer
b R —— Encoder 1 5| bus select
x1 = D4Ty + DsTs X5 - > S, inputs
' i X i
= -+ + +
x;=R'Ty D;IT, (Do D, + D, + Dﬁ)T‘ X
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(15¥5095T) AC (1,0

D,Ts: AC < AC N\ DR AND with DR

D,Ts: AC <« DR Transfer from DR

pBi: AC(0-7) «INPR Transfer from INPR
rBy:  AC<«AC Complement

rByz;  AC<shr AC, AC(15)«E  Shift right
rBg: AC «shl AC, AC(0)«E Shift left
rBy;: AC <0 Clear

rBs: AC<«<AC +1 Increment

P, e



Circuits associated with AC.
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16

16 - Adder and 16 Accumulator 16
From DR =7 logic —— register e

8 circuit (AC) To bus

From INPR —“—>
AN
A A
LD INR CLR
Clock
Control

gates
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Gate structure for controlling the LD, INR, and CLR of AC.

From adder 16 16
and logic — 7 "] AC [T Tobus
L Clok
?" }_AND LD INN  |CLR
s _j
Dy \ ADD
1
D, DR
Ts
p INPR
By
r COM
By
\ SHR
81 _/
™\ SHL
B(, __/
\ INC
Bs J
— N\ CLR
By, J
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AND (Output of OR gate in Fig. 5-20)

LD

€

FA

ADD

|
'
1

—\\/i (Fig. 2-11)

AC (i)

Cis

INPR

From
INPR
bit (i)

Clock

-

SHR

AC(i+1)
SHL

| B
L’JU UQAJ_I
Ulg
:

AC(i—-1)
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