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Datapath (Execution Unit)

Etrecepyadletal 0edopEVa
ExTeAei data-processing tasks
* aPIOUNTIKEG Kal AOYIKEG TTPACEIG,
* shifting K.ATT.

ATTOTEAEITAI ATTO
* registers, gates, multiplexers, decoders, adders,
comparators, ALUs, etc.

[TapExel Ta atTapaiTnTA resources Kal
iInterconnects peTacu Toug yia va UAOTTOINCEI
OUYKEKPINEVA task

Epunveuel Ta control signals atmro tov Controller
Kal TTapayel onparta status yia tov Controller



Controller (Control Unit)

« EAgyxel Tn yetakivnon data oto Datapath ue tnv
eTIAoy multiplexers Kail evepyoTTolwvTaC N
QATTEVEPYOTTOIWVTAC resources, TI.X.

enable signals yia reqisters
control signals yila muxes

« [lapéxel T oAUATA YIA VO evEPYOTTOINOOUV
olapopa processing tasks oto Datapath

« Atmrogaacilel TNV akoAouBia Twv AEITOUpYIWYV TTOU
ekTeAEl To Datapath



Controller

* MTTOpPEI Va gival TTPOYPAUMATICOUEVOC ) OXI
* [1poypappaTIi(OPEVOC
« AlaBETEl program counter d€ixvel oTo next
iInstruction
e O1 evTOAEC aTTOONKEUOVTAI O€ MIA MVAMN
* OxiI rpoypauuaTtilOueEVOC
* YAOTTOIEI TNV idIa AsITOUPYId

* AvagEpeTal Kal wg
* “hardwired state machine”



Finite State Machines

 Ta wnoiaka cuotnuaTta kai o1 Controllers
UTTOPOUV va TTEPIYpa@oUV w¢ Finite State
Machines (FSMs)

 Ta FSMs pytropouv va avarrapaoctabouy Je

State Diagrams and State Tables
* AUTEC Ol TTEPIYPAPEC UTTOPOUV VA UETAPPACTOUV
o€ ouvBeoiuo kwdika VHDL



Finite State Machines (FSMs)

e OTTOI00NTTOTE KUKAWUA PJE uvAUN Eival Eva
Finite State Machine
* O oxedlaouoc evoc FSM trepIAapBavel:
* [1p0COIOPICUO KATAOTATEWYV
* [1pOCOIOPIONO HETABACEWY PMETAEU TWV
KOTAOTAOEWV
« BeAtioTtotroinon / eAaxiotoTToinon



Moore FSM

* Output Is a Function of a Present State Only

Inputs Next State
function

Next State

Present State

clock — S EYHEEERIRSEIE
reset — register

Output Outputs
function



Mealy FSM

e Output Is a Function of a Present State and
Inputs

Inputs Next State
function

Next State l

Present State

wlele gEN Drosont State
register

Output Outputs
function



Moore Machine

transition
condition 1
state 1/ /\ state 2 /
output 1 . output 2
transition

\condition 2/
Mealy Machine

transition condition 1/
output 1
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transition condition 2/
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Moore vs. Mealy FSM (2)

 Mealy FSM Computes Outputs as soon as
Inputs Change

 Mealy FSM responds one clock cycle sooner
than equivalent Moore FSM

 Moore FSM Has No Combinational Path
Between Inputs and Outputs

 Moore FSM is more likely to have a shorter
critical path



Moore FSM - Example 1

* Moore FSM that Recognizes Sequence “10”

0) 1
0)
S0/ 0—— 551/
/ \\_/
reset 0
S0: No S1:“1” S2:“10”
Meaning  elements observed observed
of states:  of the

sequence
observed



Mealy FSM - Example 1

* Mealy FSM that Recognizes Sequence “10”

0/0

1/0 1/0
o e
0/1

~_

reset
S0: No S1: %17
Meaning elements observed
of states:  of the
sequence

observed



Moore & Mealy FSMs — Example 1
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FSMs in VHDL

* Finite State Machines Can Be Easily
Described With Processes

* Synthesis Tools Understand FSM
Description if Certain Rules Are Followed

« State transitions should be described in a
process sensitive to clock and asynchronous
reset signals only

« Output function described using rules for
combinational logic, i.e.

* as concurrent statements or
« as process with all inputs in the sensitivity list



Moore FSM

process(clock, reset)

Inputs ! Next State
| function

I Next State
|

clock :—» Present State

reset —1 " ERGLIN G

Present State

|
concurrent : Output
statements function



Mealy FSM

process(clock, reset)

Inputs ! Next State
function

Present State

Output Outputs

concurrent function
statements

wl

[ ™



Moore FSM - Example 1

* Moore FSM that Recognizes Sequence “10”




Moore FSM in VHDL

PROCESS (clock, reset)

BEGIN
IF (reset = ‘1’) THEN TYPE state IS (SO, S1, S2);
Moore state <= S0; SIGNAL Moore_state: state;
ELSIF (clock = ‘1’ AND clock’event) THEN
CASE Moore_state IS
WHEN SO =>
IF input = ‘1’ THEN
Moore_ state <= S1;
ELSE
Moore state <= SO;
END IF;
WHEN S1 =>
IF input = ‘0’ THEN
Moore_ state <= S2;
ELSE
Moore state <= S1;
END IF;
WHEN S2 =>
IF input = ‘0’ THEN
Moore state <= SO;
ELSE
Moore state <= S1;
END IF;
END CASE;
END IF;

END PROCESS;
Output <= ‘1’ WHEN Moore state = S2
ELSE ‘0';



Mealy FSM - Example 1

* Mealy FSM that Recognizes Sequence “10”

0/0

1/0 1/0
T TP
\/

0/1

reset



Mealy FSM in VHDL

TYPE state IS (SO, S1);
SIGNAL Mealy state: state;
U Mealy: PROCESS (clock, reset)
BEGIN

IF (reset = ‘1’) THEN

Mealy state <= SO;

ELSIF (clock = ‘1’ AND clock’event) THEN
CASE Mealy state IS
WHEN SO0 =>

IF input = ‘1’ THEN
Mealy state <= S1;
ELSE
Mealy state <= SO0O;
END IF;
WHEN S1 =>
IF input = ‘0’ THEN
Mealy state <= SO;
ELSE
Mealy state <= S1;
END IF;
END CASE;
END IF;
END PROCESS;

Output <= ‘1’ WHEN (Mealy state = S1 AND input = '0’) ELSE

1/0 1/0

0/1

\OI ;



[Tapaodeiyua 1

* Na oxedlaotei FSM TUutTOU MOore TTOU VO
avayvwpilel Tnv akoAouBia 011

* Na oxedlaotei FSM tutTou Mealy 110U VO
avayvwpilel Tnv akoAouBia 011

 Na oxedlaoTel KUKAWPA TTOU va
avayvwpilel Tnv akoAouBia 01x1



