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Zadani
Assignment

* Navrhnéte konecny automat, ktery bude jednickou na vystupu (po
dobu jednoho hodinového taktu) signalizovat detekci vstupni

posloupnosti bitd “0110” nebo “1000” (prvni vstupni bit je vlevo).
Posloupnosti se nesméji prekryvat.

Design a finite state machine, which outputs ‘1’ (for one clock cycle) if
it detects input sequences “0110” or “1000” (the first input bit is
leftmost). The sequences must not overlap.



Vstupy a vystupy
Inputs and outputs

* Vstup Input
* IN

* jeden bit posloupnosti (za hodinovy takt)
a single bit of sequence (per clock cycle)

* Vystup Output
* DETECT

* ‘1’ (po dobu jednoho hodinového taktu) pravée tehdy, kdyz byla detekovana na vstupu IN
zadana posloupnost; jinak ‘0’
‘1’ (during a single clock cycle) iff the defined sequence was detected on the input IN;
else ‘0’



Priklad vstupu a vystupu
nput and output example

* 0110, 1000

e IN: 01110100110001000101
* DETECT: 00000000001000001000 (Mealy)
* DETECT: 00000000000100000100 (Moore)



Navrh krok po kroku
Step-by-step design

0110 Po resetu nemame nacéteno nic
—————————— After reset, nothing is |
1000 @ .- othing is loaded

Chybi prechody pro ‘0" a ‘1’
Transitions for ‘0’ and ‘1’ are missing




Navrh krok po kroku
Step-by-step design

reset
‘0’ si zapamatujeme: je prefixem hledané

posloupnosti

0110
1000

We will remember ‘0’: it is a prefix of the
searched sequence

-
-




Navrh krok po kroku
Step-by-step design

reset
0110 Stejné tak si zapamatujeme nacteni ‘1’

1000 @ _.-- Similarly, we will remember ‘1’

PokraCujeme opét chybéjicimi prechody...
Again, we continue with missing transitions...

Vsimnéte si, ze kdyby posloupnosti byly treba “0110” a “0100”, tak by nas tahle jednic¢ka nezajimala: cyklili bychom se
v pocatecnim stavu. ‘1’ by nebyla prefixem ani jedné posloupnosti, a tak by nebyl divod si ji pamatovat.

Note that if the sequences were, say, “0110” and “0100”, we would not care about this particular ‘1’: we would stay
in the after-reset state. ‘1’ would not be a prefix on either sequence, so there would be no reason to remember it.



Navrh krok po kroku
Step-by-step design

reset

0110

1000 O

0 1

Nacteni dalsi ‘O’ znamena, ze jsme precetli “00”. Nam staci
si pamatovat jen prefix “...0”: nula, a pred ni néco, co nas
nezajima (dalsi nuly).

Reading another ‘0’ means we have read “00”. But we
only need to remember prefix “...0”: a zero, and
something uninteresting before it (another zeroes).



Navrh krok po kroku
Step-by-step design

reset

0110
1000

Nacteni ‘1’ ale znamena nacteni prefixu “..01”,
ktery si potfebujeme zapamatovat cely.

But reading ‘1’ means we have read “...01”, which
we need to remember whole.

Do stavu 01 se lze dostat treba posloupnostmi “01”, “001”, “0001”, ...
To get in state 01, sequences such as “01”, “001”, “0001”,... can be used



Navrh krok po kroku
Step-by-step design

Podobné si nepotrebujeme pamatovat “11”,
budeme si pamatovat jen “...1".
Zajima nas ale “...10".

0110
1000

/' Similarly, we do not need to remember “11”, we
handle it same as just “...1".
But we care about “...10".




Navrh krok po kroku
Step-by-step design

0110
1000

Z prefixu “...010” si potfebujeme pamatovat jen “...10”.
From prefix “...010”, we only need to remember “...10”.



Navrh krok po kroku
Step-by-step design

reset

0110
1000

Prefix “...011” nas zajima cely.
All of prefix “...011” is interesting.



Navrh krok po kroku
Step-by-step design

0110
1000

Podobné z “...101” nas zajima jen “...01".
Ale “...100” nas zajima celé.

Similarly, from “...101” we only care about “...01”".
But we care about all of “...100”.

-




Navrh krok po kroku
Step-by-step design

0110
1000

-
J—
-
-
-
-
e
-
-

Prefix “...0110” znamen3, ze
jsme uspésné detekovali
posloupnost. Zaciname znovu.
Prefix “...0110” means we have
successfully detected the
sequence. Now we start over.

Kdyby se posloupnosti smely prekryvat, presli bychom do stavu 10. Tedy bychom si dale pamatovali “...10”.
If the sequences could overlap, we would go to the state 10. So, we would still remember “...10”.



Navrh krok po kroku
Step-by-step design

0110
1000

Z prefixu “...0111” nas zajima pouze “...1".
In prefix “...0111”, we only care about “...1".



Navrh krok po kroku
Step-by-step design

0110
1000

Prefix “...1000” znamena, ze
jsme uspesne detekovali
posloupnost. Pamatovat si dal
nemusime nic.

Prefix “...1000” means we have
successfully detected the

sequence. There is no prefix to
remember.

Kdyby se posloupnosti smeély prekryvat, presli bychom do stavu 0.
If the sequences could overlap, we would go to the state O.



Navrh krok po kroku
Step-by-step design

0110
1000

Z prefixu “...1001” nds zajima pouze “...01".
In prefix “...1001”, we only care about “...01".



Navrh krok po kroku
Step-by-step design

reset

0110
1000

Jesté nam chybi vyresit vystup.
We still need to take care of the output.



Navrh krok

00 kroku

Step-by-step design

0110
1000

Posloupnost detekovana
Sequence detected

Pro Mealyho automat staci doplnit
vystup na hrany.

For Mealy machine, it’s enough to
complete output on the edges.



N éV r h k rO k :) O k rO k U Pro Moorlv automat je nutné vytvorit
. dalsi stav.
Ste p_ by_Ste 3 d es | g n For Moore machine, another state is
necessary.
reset
0110
1000

Posloupnost detekovana
Sequence detected




Algoritmus pro navrh
Design algorithm

e Vstup: hledané posloupnosti * Input: searched sequences

» Vystup: graf prechodl e Qutput: state-transition graph

. Kaigv stav reprezentuje néjaky aktualné nacteny * Every state represents some currently read prefix
prefix

y o * After reset, we begin in the state where nothing is
* Po resetu zacglz)name ve stavu, kdy neni zatim read: 0
nacteno nic: . . .
eno ,C _ o 5 e Until all transitions (edges) are defined, repeat:
* Dokud nejsou definovane vsechny prechody e Select an undefined transition
(hrany), opakuj:

* Concatenate selected input (0,1) with prefix of the

Vyber néjaky nedefinovany prechod state, in which the transition origins
* Zfetéz \,/Kbrarvn'/ vstup pfechodu (0,1) s prefixem stavu, * Crop the concatenation result to the longest part that
ze kterého prechod vychazi overlaps with at least one searched sequence
* Ofizni vysledek zfetézeni na nejdelsi ¢ast, ktera se * End the transition in a state, which represents the
prekryva s alespon jednou hledanou posloupnosti result of the crop
* Prechod ved do stavu, ktery reprezentuje vysledek * If the crop is equal to the searched sequence, and they
orezu must not overlap, go to state @. If the sequences may
. i i ] overlap, crop the prefix so that it overlays only with
* Pokud se orez rovna hledané posloupnosti, a ty se other R/et undetected) sequences.

nesméji prekryvat, pokracuj do stavu @. Pokud se
posloupnosti sméji prekryvat, oh’znié)refix tak, aby se
prekryval pouze ostatnimi (zatim nedetekovanymi
posloupnostmi.



Algoritmus pro implementaci
Implementation algorithm

1.
2.
3.

Graf automatu

Tabulky prechodl a vystupu
Zakédovani vnitrnich stavd,
vstupU a vystupu

Minimalizace vyrazU pro
prechodovou a vystupni
kombinacni logiku

Implementace pomoci
dostupnych stavebnich blokU
(napr. hradla, klopné obvody)

1.
2.

State-transition graph

Tables of transitions and
outputs

Encoding of inner states,
inputs and outputs

Minimization of expressions
for transition and output
combinational logic

Implementation using
available building blocks (e.g.,
logic gates, flip flops)



mplementace Mealy
Mealy implementation

reset

Tabulka prechodu

Transitions table

Graf automatu

State-transition graph

Tabulka vystup
Output table

Next state | Next state
(IN=0) (IN=1)

“ep
“g
“qn
“01”
“10”
“011”
“100”

State

“ep
“g
“qn
“01”
“10”
“011”
“100”

o~ T
“g “01”

“10” “q

“10” “011”
“100” “01”

= P

“0” “01”
DETECT
(IN=0) (IN=1)

0 0

0 0

0 0

0 0

0 0

1 0

1 0



mplementace Mealy 'State, IN | Next state | DETECT |
Mealy implementation e o

‘o,1 |
“0%,0 “0”

““““““““ > “071 “01”
“17,0 “10”
“17, 1 “1”

Pfeusporadand tabulka prechod( a vystupd
Reorganized table of transitions and outputs

Tabulka pfechodu ! Tabulka vystupl
Transitions table Output table

4----

O b O r O O O O O O O O o o

“017,0 “10”
(IN=0) (IN=1) (IN—O) (IN 1) “10” 0 “100”

d o v R “107, 1 “01”
“0” “0” “01” “0” 0 0 011”0 | “@”
“1” “10” “1” “1” 0 0 0117 1 | “17
“01” “10” “011” “01” |0 0 “100”,0 | “@”
“10” “100” “01” “10” | O 0 100", 1 | “01”
“0117 | “©” “1” “011” |1 0
“100” | “@” “01” “100” 11 0




mplementace Mealy
| |
Mealy implementation St INextsta

000, 0 001 0
R (R
”@” 0 ”0” 001, 0 001 0
0" 1 1 0 g | ooo 001,1 |o11 0
“0” 0 “y 0 g 001 010, 0 100 0
“0” 1 “01” 0 i 010 010, 1 010 0
“1 0 “10” 0 e . 011,0 100 0
aqr 1 g7 0 o 100 011,1 |101 0
“01” 0 “10” 0 peep | Py 100, 0 110 0
“01”, 1 “011” 0 p— 100, 1 011 0
“10” 0 “100” 0 101, 0 000 1
“10” 1 “01” 0 101, 1 010 0
“0117,0 |“0” 1 Zakddovana tabulka pfechodd a vystupld . 110,0 000 1
“011”7,1 | “1” 0 Encoded table of transitions and outputs 110, 1 011 0
“100”,0 |“@” 1
“100”,1 |“01” 0




mplementace Mea

State, IN Next state | DETECT

000, O 0
000, 1 010 0 0
001, 0 001 0 0
001,1 011 0 0
010, 0 100 0 0
010, 1 010 0 N 0
011, 0 100 0 0
011, 1 101 0 0
100, 0 110 0 1
100, 1 011 0 1
101, 0 000 1 1
101, 1 010 0 1
110, 0 000 1 1
110, 1 011 0 1

Mealy implementati

Y
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Prechodova funkce
Transition function

__________________________
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Vystupni funkce
Output function

s
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Pravdivostni tabulky
Truth tables (4 in 1)

S r»r O r O O O O O O O O o



mplementace Mealy

Mealy implementation
9, |a, |ay |IN_ d, [dy |y | DETECT [ o g y
0

IN IN

R S UNE 0 0 0 0 0 TGL 1 0
O 0 0 1 0 1 O O 0000 0001 0011 0010 | 0000 0001 0011 0010

1 0 1 1 0 1 0 0
0 0 1 0 0 0 1 O 0100 0101 | o111 01h0 0100 | oib1| o111] o110
O O 1 1 O 1 1 O (1100 O1101 1111 1110 01100 ]ilol )§111 )§110
o 1.0 0 |1 0o o0 o % 0o | 0| o0 ol 1 ()] 1)]| o

1000 1001 1011 1010 1000 1001 1 | 1 1010
0 1 0 1 0 1 0 O a; B % j j -
0o 1 1 0 1 la la la dy;y=0q0° 91+ 3,9, IN+q,-q,- 4y IN di=q,"IN+qy-IN+q,-q,"q
o 1 1 1 |1 0o 1 o dy: N ° DETECT: N D
1 0 0 O 1 1 0 O 1 0 1 1 0 0 0 0

0000 0001 0011 0010 0000 0001 0011 0010
1 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0

0100 0101 11 0110 0100 0101 0111 0110
1 0 1 0 0 0 0 1 o | 11| x X 1 0 X
1 0 1 1 0 1 0 0 1100 1101 1111 1110 1100 1101 1111 1110

al o 1 0 0 al 0 0 0 1
1 1 0 0 0 0 0 1 1000 1001 1011 1010 1000 1001 1011 1010
q, a,

1 1 0 1 O 1 1 o0 dy=q, ;" IN+ q,-q,-IN+q,-q,-IN DETECT =q,-q,-IN +q,-q,-IN




mplementace Mealy
Mealy implementation

Prechodova funkce
Transition function

___________________________________________________

Aktualni stav (g,-q,)
Current state (g,-q,)

-----------------------------------

Vystupni funkce
Output functio

] C|2
a, d, a,
q d2 d q
0
IN reset
—P
— q2
d q
gl d1 1 q q 1
0
IN reset
>
19
d q
21 do ° d ¢ ’
0
IN reset
>
IN
-
M

reset clk

aq;

Yo
IN

DETECT

DETECT
—>



A to je vsel
That’s all folks!



