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Instruction Set Example

ADD
A R1,D2(B2)
‘BA’ R1 B2 D2
0 8 12 16 31
1B
Next SB
< State BC
Control Store SCTIT] DR Instruction
Decoders
Here are the steps for the ADD instruction: Control Word
. ) . Register
1. Fetch the first instruction halfword. = Branch
) opP | TY| NA >l Control
2. Find the ADD control word seqguence. Control Fields .
.o . . (dynamic) y
3. Fetch the remaining instruction halfword. 3 !
C | Word C | Field
4. Calculate the operand address. Decoders oI etatic)
5. Fetch the operand. Control Lines: IRE
Register Select _T_
6. Add. ALU Function
Bus Select Condition IRF
7. Store the answer. \ l Codes
Execution Unit
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ADD Instruction Timing State

IRE IRF (<
| | | | | |
Internal A Bus >
DO
AO PC T2 ROO RO1 Rnn T1 < ALU K
.(_I
1 Internal B Bus
| | N | Dt |
External Address External Data
Bus (EAB) Bus (EDB)
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ADD Instruction Execution with No Overlap

ADD R1, D2 (B2)

State Execution ’/ry/ Decoder External Bus

1 / Read instruction halfword

2 ALU = D2 + (B2)

3 ad operand halfword

4 ALU = (DI) + (R1)

5 R1 = (ALU) ALU data D2+(B2) placed inA>
6 ALU = (PC) + 2 Read Value of into DI

7 PC = (ALU)

8 . Read instruction halfword

9 IR

5/29/2022
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ADD Instruction Execution with Overlap

Place (D2+(B2)) in AO

Next
Instruction

.

State Execution Unit /pé:uder External Bus

1 ALU = D2 + {32]/ Read instruction halfwor
2 Read operand halfword
3 ALU = (PC) + 2
4 PC = (ALU) Read Value of>
5 ALU = (DI} + (R1) D2:+(B2)) into DI
6 R1 = (ALU) IR Read instruction halfword
Second half word of Next Instruction or first halfword
of the instruction following the next instruction
5/29/2022 5
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ADD Instruction Timing State

-r;lH-:""a—*aIu, ao = Increment program counter /ﬂce data into ALU in
edb—irf ®= Read next instruction halfword :
+2—alu = The sum is stored in a register in the ALU Sw— first Clock
| ApD1]
H /ﬁnsfer data from ALU
alu—t1 = Save the ALU (updated program counter) S~— toTl

b2—+a—alu = B2 register to internal A bus to ALU
di—=b—alu = Displacement D2 from DI to B to ALU °
ADDZ = The sum is stored in a register in the ALU ‘
' O
¥
alu—*—ao = Send the operand address to the pads i
edb—di = Read the operand into DI from the pads Read and write
t1=*=pc » Save the updated program counter from ALU at the
ADD3 ) same Time
X
di—a—alu = Add the operands
rl—=b—alu

ADD4 |

Read and write

alu—*-nr1 s Store the result f h
edb—di, irf * Read second instruction halfword ® ‘ rom IRF at the
irf—ire » Decode next instruction o .
pc—"—alu, ao ® UUpdate the PC and read instruction halfword same Tlme
+2—alu
ADDS |
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Timing Signals

* Ring Counter
- Timing signals control the sequence of operations ina
digital system

- A ring counter is a circular shift register with only one
flip-flop being set at any particular time, all others are
cleared.

initial value
shift 1000
right
5/29/2022 .
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Timing Signals

» Sequence of timing signals

ry
clock
To
T
T2
T3
5/29/2022 8
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Timing Signals

Counter with Decoder

- To generate 2n timing signals, |
- we need a shift register with 2nflip-flops.

- or, we can construct the ring counfe.r' with a
binary counter and a decoder -~

To Ty T T3 Cost: ™
-2 flip-flop
- '+2-to-4 line decoder
. Cost in general case:  p I T
* n flip-flops
* n-to-2"line decoder Qo Q
- 2"n-input AND gates

CLK _D>@Qb 4h—|:l> @

count 2-bit counter

5/29/2022 9
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Timing Signals

Johnson Counter

So S5y Sz ?3 Sy Ss Se SA W
| | sequence Flip-flop outputs
_ 5 number X Y 7 T
= 1 0 [0 [0 |o
. 2 1 0] 0 0
4. 1 3 1 [1 |0 |o
% ? 4 1 1 1 o
4 b 1 1 1 1
? |6 0 |1 1 |1
7 0 0 1 1
| 8 0 0] 0 1
clock
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Timing Signals

Clock-Phase | Reset and Power-On Logic Interrupt
Generators L Logic

Bus Controller

Next
State
Control
IR
Control Store Decoders
Branch
> Control
Unit
T 1
": | : :
| Encoded Execution Unit Control ) - Instruction register for decode (IRD)
l L
Control Word Decoders o IRE J L IRE  k—
1 1

TTTTITTITI IR T=

Decoded Execution Unit Ccnm}i

T l |
_ |
r2EER: *l*‘_v 1~Lr‘|r1 1
!

o |
1] L Internal A Bus
> 4 ﬁ , DO
AQ T2 || PC ROO | RO1 | - - | Rnn I T ALU
1 E l
i

Internal B Bus 1 - 1
| ] | l | | DI
External Address External Data
Bus (EAB) Bus (EDB)
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Timing Signals
» During phase 1, the source register is gatedto-the internal bus.

» During phase 2, the signal on the internal bus is amplified and
broadcast the length of the bus.

» During phase 3, the signal on.the internal bus is gated to the
destination.

» In phase 4, the bus-is returned to a neutral state.

5/29/2022 12
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Timing Signals

SEL
)
IRE
LOAD CCR MPX
| lDD
FLAGS
FUNC ABUS
A p<—-
L
T1 U 1
PE— e O
MPX
| «— _1
T b Gm—
LOAD T1
SEL ——1
B-BUS
5/29/2022 13
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Timing Signals

E:E--*a—*a!u, ao ® |ncrement program counter

edb —irf = Read next instruction halfword In state ADD1],
+2—alu = The sum is stored in a register in the ALU The PC will reach AO at phase 3

ADD1 | . . .

AO is the buffer that drives the pads.
. The instruction returned by the memory on the

alu—t1 = Save the ALU (updated program counter) : .

b2—a— alu = B2 register to internal A bus to ALU EDB will arrive at phase 4 or (some) phase 4
di—=b—alu ® Displacement D2 from DI to B to ALU rime

'__]ADDZ ® The sum is stored in a register in the ALU p )

alu—* :aa » Send the operand address to the pads In ADD2,

edb—di » Read the operand into DI from the pads The value being saved in T1 is the updated PC .
o me ® Save the updated program cOyRQY The ALU-to-T1 transfer must be a phase 1

ADD3 . transfer. It will take 3 phases for data from b2

) and di to reach ALU

di—a—alu » Add the operands
rf—=b—alu

ADD4 | In ADD3,

| PC is updated with T1.

alu—*—n = Store the result .

edb—di, irf . Ftea::l secnnds{:nstruction haltword Tl nOt Ioaded Wlth AI—U

irf—ire = Decode next instruction
pc—"—alu, ao ® |Update the PC and read instruction halfword
+2—alu

ADDS |
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pc-—a—alu, ao
edb—irf
+2—alu

ADD1 |

k

alu—t1
b2—+a—alu
di—+b-—alu

| AbD2]

k4

alu—*—ao
edb—di
t1—=*—=pc

ADD3

T

¥

di—+a—alu
rl—+b—alu

ADD4 |

alu—=*—r1
edb—di, irf
irf—ire
pc—*—alu, ao
+2—alu

ADDS |

5/29/2022
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Timing Signals

® |[ncrement program counter
® Read next instruction halfword
= The sum is stored in a register in the ALU

= Save the ALU (updated program counter)
= B2 register to internal A bus to ALU

s Displacement D2 from DI to B to ALU

® The sum is stored in a register in the ALU

= Send the operand address to the pads
» Read the operand into DI from the pads
» Save the updated program counter

* Add the operands

s Store the result
» Head second instruction halfwaord
= Decode next instruction

* |Update the PC and read instruction halfword

COMMUNICATION

In state ADDA4,

The register. DI and the register
designated . by the R1 field of
instruction are gated to buses B and
A, respectively, during phase 1.

During phase 2, the contents of the
registers are amplified and broadcast
down the bus.

During phase 3, the inputs to the
ALU are opened, and the ALU begins
to operate.

During phase 4, the result of the ALU
operation is saved in the ALU output
register, and the resulting condition
codes are sent to the condition code

reqister.
g 15
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Timing Signals

:

control Store » The execution unit operates on a
address latch [ four-phase clock .

»  A-microcycle is one sequence of
Contral Store e Instruction the f(_)ur cloc_k phases.

(Half a microcyclel Sequencer [* (One micro- » The instruction decoders take one
cycle) microcycle, and the control store
takes half a microcycle. The
control word decoders also take
P half a microcycle.

IRD
Control Word latch < P3 JT_ » Output of the control word

A

. decoders must be from the
j beginning of phase 1 through the
+
#53 FL end of phase 4
> Control Store and Control word
Execution Unit cohtrol latch - P1 decoder require 1 micro_cy|e
hence control store address latch
Execution Unit should be latched beginning of

{One microcycle —

Phase 1 to Phase 4) phase 1.

Control Word Decoders
(Half a microcycle)

IRE

5/29/2022 16
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Timing Signals

[ > Since the IR decoders take one
Control Store |54 microcycle,. their input must be
address latch available at phase-1 two microcycles

before the execution unit is to
Instruction
Control Store Stote potrueto pperate._ V_Vh_en we fetch an
(Half a microcycle) Sequencer [ (One micro- instruction, it is loaded into the IRF
|
evelel on phase 4. At the next phase-1, we
could load the IRE and begin

instruction decoding.

. IRD  —P1
Control Word latch — P3
Control Word Decoders J T_
{Half a microcycle) IRE IRF j
g 3
.i i
P3 P4
Execution Unit eontrol latch ke P11
Execution Unit
{One microcycle —
Phase 1 to Phase 4)
5/29/2022 17
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Two-level control store (organization)

Motorola MC68000

Microword output 16:1 MUX
Microword store M rows of 16 words
18 bits per word
address
decoder
4 N rows of 4 words
Nanoword store 72 bits per word
Nanoword output 4:1 MUX
5/29/2022 18
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Two-level control store (organization)

Control store

olov

nanoword

IR -
Xy w0

Execution Unit
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EXxceptions

Anything that isn’t a valid instruction is an Exception.

Exceptions
Internal External
Deferred Immediate Deferred Immediate
5/29/2022 20
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EXxceptions

Interrupts
An interrupt is a request for a change in the normal instruction sequence.
From the microprocessor's view, there are two kinds of interrupts.

One kind comes from inside the chip (internal interrupts), and the other kind
comes from outside the chip (external interrupts)..

The following might cause an internal interrupt:
fixed-point overflow

divide-by-zero

trace

These conditions might cause an external interrupt :
bus error

peripheral (chip) service request

reset request

power-on

test request
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EXxceptions

Immediate Deferred
External External
Interrupt Interrupt
address address
Deferred
Internal
Interrupt
Control
< MPX o MPX address
To Control Store ore
select Address selec
‘|‘- Multiplexer ‘|‘
Immediate Interrup
External Instruction
Control Word Address
I I Next Address Select I Next Address Field I
5/29/2022 22
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Thank you
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