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Systémy




| Implementace algoritmu | o

o Aplikacné specifické vypocCetni systémy
e Funkce je optimalizovana pro danou (specifickou funkci)

e Vysoka efektivita vypoctll (velka vykonnost, nizké energetické
naroky)

e Slozity navrh a vyroba = vysoka cena (vyplati se pri hromadné
Vyrobé)
e Lze modifikovat (programovat, konfigurovat) jen v omezené mire
e Univerzalni vypocetni systémy (pocitace)
e UrcCeny pro obecné pouziti (univerzalni)
e Amortizace navrhu a vyroby vypocetniho stroje

e Mohou byt programovany tak, aby resily (potencialne) libovolné
(vycislitelné) ulohy = levny navrh aplikaci (software)

o NizSi efektivita vypoctl oproti aplikacné specifickych systémtm
e Dnes jsou Casto vestavény do vétsich systémi (anglicky Embedded
Systems), kde vykonavaiji specifickou funkci
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| Implementace algoritmu | o

e Software (SW)
e \ypocCet bézi na univerzalnim procesoru
o Datoveé struktury
e Ridici struktury — sekvence, rozhodovani, iterace

e Hardware (HW)
e Specializované obvody pro konkrétni ulohu
e Datoveé struktury — registry, paméti apod.
e Ridici struktury — fadi¢ fidi funkéni jednotky a datovou cestu
e Urychleni, nizSi cena a spotreba pro vhodnou tridu aplikaci

e Ne univerzalni stroj, ale aplikacné specificky HW — implementuje
se jen to, co je nezbytné treba pro danou funkci
e Realizace
 Jako kombinacni, nebo sekvencni obvod, Ci jejich kombinace —
zavisi na pozadované vykonnosti (zpozdéni), prikonu, kapacité
paméti, ceny, zkusenosti, pozadované rychlosti navrhu,
dostupnosti navrhovych prostredkl atd.
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| Implementace algoritmu: Sekvencni obvod |

e Posuvny registr e Posuv vlevo, vpravo, paralelni
e DIN[2:0] — Paralel Data In ulozeni informace a
e DOUT[2:0] — Paralel Data Out zapamatovani stavu
e SIN — Serial Data In e S1=0, S0=0 — Paralel Load
e SOUT - Serial Data Out e S1=0, SO=1 - Shift Right
e S0,S1 - vybér funkce e S1=1, SO=0 — Rotate Left
e S1=1, SO=1- Hold
DINO DIN1 DIN2
SIN RN RN RN SOUT
Imx[—| P Q[P mx | P QP [Imx[|P QT
_// — CLK QN _// T CLK QN _// — CLK QN
CLK i ? J Q Q
S1,S0
DOUTO DOUT1 DOUT2
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| Implementace algoritmu: Kombinacni obvod |

e Valcovy posouvac (barrel shifter)
e Priklad: rotace vpravo v jednom kroku e Rotace vlevo v jednom kroku

e S1=0, S0=0 - rotace o 0 bit{ vpravo e S1=0, S0=0 — rotace o 0 bitd vlevo
e S51=0, SO=1 - rotace o 1 bit vpravo e S1=0, S0=1 — rotace o 1 bit vlevo
e Sl1=1,S0=0 - rotace o 2 bity vpravo e S1=1, S0=0 - rotace o 2 bity vlevo
e S1=1,S0=1 - rotace o 3 bity vpravo e S1=1,S0=1 - rotace o 3 bity vlevo
BN | BN
DIN2_| MX|—— DOUTO DIN3_| MX|—— DOUTO
DIN3— 1 DIN3 1
BN | DI
DTNz MX DOUT1 DINO—mx|-+— pout1
DINO— { DIN2— E
BIN—| x I
DINS | Mx|-|— pout2 DINS 1 Mx|-}|— pout2
DIN1— { DIN1— ﬁ
DI DI
DINO | mx|{— pours DIN2 | MX|+— DOUT3
DIN2— /( DINO— I
S1,S0 S1,S0
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| Implementace algoritmu: Radi¢ + datova cesta | g

Carry delay

e Priklad - sériova scCitacka ¢ Dl

e Do posuvnych registril X . e
a 'Y se paralelné zapisi ! I
hodnoty operandt i

e Vynuluje se registr

e S kazdym taktem hodin ]
se postupné vysouvaji B
jednotlivé bity operand@ s i . *
od LSB k MSB a pfivédi -
se na vstupy scitacky bt ,f

Shift

e V registru se pamatuji Clear
pfipadne prenosy e Kombinaéni s¢itacka

e Vystup scitacky je l ‘ e . ” . ‘ *
priveden na seriovy vstup { L {

posuvného registru Z FA

e Pon krocichjev Z )
vysledek "

“~f
(end carry)
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| Implementace algoritmu: Radi¢ + datova cesta | i

Vstupy Stav
Ridici logika Datova cesta
vystupni funkce Ridici signaly —> Vystupy

prechodova | Nasledujici
Soucasny funkce stav Vysledky
stav operaci

Pamét’ stavu Pamét’ dat
v Operandy )
(ridici registry) (datove reg.)

e Ridici logika (kombinaéni logicka sit)
e MUze byt implementovana pomoci paméti (napr. ROM, viz dale)
e Chovani automatu muize tedy byt naprogramovano

e Datova cesta

e Typicky z hradel - implementace pomoci paméti nemusi byt efektivni
(viz napr. nasobicka)
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| Implementace algoritmu: Priklad | o

e Nejmensi spoleCny délitel (Greatest Common Divisor)

e Popis v jazyku C e Behavioralni popis ve VHDL
A = A_in; = A_in:
8= B.in Sy
n({A!=0&&B!=0) if (A /=0and B /=0) then
while (B /=0) loop
while (B !=0) while (A >= B) loop
{ A=A-B;
while (A >=B) AY end loop;
{ — . '.
A=A-B iWOp:g\'
} R e
Swap = Al ean loop— e
A =B; | else
B = Swap; A =0
; } End i end if;
shis Yi=A
{ swap
A=0; o
}
Y=A: [D.J Smith: ,HDL Chip Design“]
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| Implementace algoritmu: Priklad

e Architektura GCD obvodu na RTL Urovni

Load

A_Hold[7:0]

Q === s memm ofae r:'lux Y([7:0]
0
Compare ! AlessthanB | I I/

A<B

ol

11

1
Compare
B =0 Done

P [D.J Smith: ,HDL Chip Design"]
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| Implementace algoritmu: Priklad

e Popis GCD obvodu ve VHLD na RTL urovni

library IEEE;
use IEEE.STD_Logic_1164.all, IEEE.Numeric_STD.all;

entity GCD is
generic (Width: natural):
port (Clock. Reset, Load: in std_logic;
A, B in unsigned(Width - 1 downto O):
Done: out std_logic:
Y: out unsigned(Width - 1 downto 0));
end entity GCD:

architecture RTLof GCD is

signal A_New,A_Hold,B_Hold: unsigned(Width-1 downto 0);

signal A_lessthan_B: std_logic;
begin

- Load 2 input registers and ensure B_Hold < A_Hold

LOAD_SWAP: process (Clock)

if rising_edge(Clock) then
if (Reset ='1") then
A_Hold <= (others => '0°);
B_Hold <= (others => '0);
elsif (Load = '1") then
A_HOld <= A;
B_HOld <= B;
elsif (A_lessthan_B = '1') then
A Hold <= B_Holdg;
B_Hold <= A_New;
else
A_Hold <= A_New;
end if;
end if;
end process LOAD_SWAP;

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

SUBTRACT: process (A_Hold, B_Hold)
begin
if (A_Hold >= B_Hold) then
A_lessthan B <=0’
A_New <= A_Hold - B_Hold;
else
A_lessthan B <='1"
A_New <= A_Holg;
end if.
end process SUBTRACT;

WRITE_OUTPUT: process (A_Hold, B_Hold)
begin
if (8_Hold = (others =>'0")) then
Done <="'1";
Y <= A_Hold;
else
Done <=0
Y <= (others => '0");
end if;
end process WRITE_OUTPUT;

end architecture RTL;
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| Implementace algoritmu: Pfiklad | o

e Sekvencni nasobicka ve dvojkovém doplnku (shift & add) -

/

B < Multiplicand

Q <+ Multiplier

A -0

E -0

Pg <—Multiplicandg(® Multiplierg
SC<—n-1

/’,

Multiplier
ok

sign bit o

% =0 q] =1
flip-flop :

Multiplicand sign bit ’
m e . ’ " % EA<4—A+B
g Clock y, .
papBesety, Register B i /
g-Load 5 (multig}lcand) Done shr EAQ

i i |—— SC<—SC-1
g Control
é
4 .
g sequence
counter #0/ s \=0
y 3 4 < Add_Shift8 product is in AQ
¢ logicO E Reqister A Register Q
iy 2 > Sois
: flip-fiop {partial product) (multiplier)
SRR bt :‘:::é*
. \sign it WholePraduct

Product
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| Implementace algoritmu: Aplikacné specificky obvod|

e Plnicka lekovek
e pasovy dopravnik

On-site display

@ Encoder

e plnici jednotka 0 5 g Gl
+ apia (! 50

tablets per bottle

L Se nZO I" Keypad for entering Register
V7 e 7. number of tablets DA
cr bottle i
e Il d ICI Jed N Otka per bottl Code Binary code for preset number
. of tablets per bottle
4 . J, |CONVEItED y
e klavesnice . L Comp
’ 7 - A
L4 kOd er klavesn |Ce HIGH closcs valve Binary code for A=B On-site display of
. and advances conveyor. actual number of FEmsssEusEEsuy| B total tablets bottled
L4 reg |Stry LOW keeps valve open.  tablets in bottle ' 5 E: i1
7 . o) R
° dekOdeI'y dISp|e_]U . _ Adder tosnm —u—l
ounter b e A T Sl
One pulse from

[ ]

kOd e ry ﬂ sensor for each B Cou Cade Becoder

4 tablet advances rter B
* kom pa rator counter by 1. 8 111G causes new i CQ"‘]’; i
~r ~ Register
e scitacka :
(] m u Iti p I eXO r Pulse resets counter 1o zero ﬂ MUX
when next bottle is in place. 4 |

i i - i B0
o displej poctu pilulek
’
na IekOVku A binary code for the total number of tablets is transferred in serial form ?
along this line for remote display and computer inventory control.

e displeje celkového oo T

pOétU plIUIek DEMUX Decoder _
7 = X i < I :
e na vzdaleném 23
AV, . Register C
pracovisti

Remote unit

e kontrola celkového
noctu pilulek
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| PInicka lékovek: Plnici ¢ast | i

EBIERIEN Encoder Decoder Onsite display
ENEN IS A EE
J2J3] AL
o]l ”#] Number of
Keypad for entering Reai tablets per bottle
egister
number of tablets A
per bottle _ Code Binary code for preset number
of tablets per bottle
|converter| "~/
A Comp
: A
\ HIGH closes valve Binary code for A=B On-site display of
o) and advances conveyor. actual number of | B total tablets bottled

LOW keeps valve open.  tablets in bottle
9 L

Counter

E % One pulse from
sensor for each
tablet advances

Conveyor =~ {+) counter by 1.
control Iy

HIGH causes new
sum to be stored. | Register

B

-0

Pulse resets counter to zero FE MUX

when next bottle is in place. .

Current total sum
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| PInicka Iékovek: Vzdalené kontrolni pracovisté | &

e Slouzi pro kontrolu celkového poctu naplnénych pilulek
e je umisténa na vzdaleném pracovisti
e prenos Udajl v sériové formé
e pomoci MUX a DMUX

A binary code for the total number of tablets is transferred in serial form
along this line for remote display and computer inventory control.

| Decoder|
C

f_;: | RegisterC :

Remote unit
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| PInicka Iékovek: Stav po resetu

I fl

N Encoder Decoder Tabletlione
(2] 05]) 06 D 01110101 o001, [ A -1[:'.
M@E e as (15)" |BCD 1o {1
; i 7-se
D ; £ 7-scgment display
Keypad Register A
01110101
(75)
Code
H . |converter | 01001011
IR 1 (75)
0!110‘101 BCDto| = . Comp
(75) binary A 3
A=
\ 00000000 B
- ZLFB
Total tablets bottled
—o— _
Valve % 4—-'
alve P Counter Adder | 000000000000 ‘l EE{—I
Sensor EZ3 —  (J0000000 A BRI (0)
©) L 0
r D D ' out 0000000000000000
Conveyor {+) Code \ l OdCl'
control . - |converter |
egister Sy
g 000000000000 Binary [* | BCeD 0
to BCD o { 7-seg
MUX
000000000000
(0)
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| PInicka lékovek: Je prave plnéna lékovka €.51 |

@ II Encoder Decoder | Tablets/bottle
3 I | I PN R origlon. | A -
| "?;’gg‘g‘ | (5 |BcDw]| (1
= e
@ ] ) : >t 7-segment display
Kiypad i Register A

G010

(75)

[ Code

(75) . |converter| 1001011
ecersing : = 1(75)
81110101 BCDto| -
binary
1001010
e Total tablets botded
New binary sum "" ‘—' il n l
Counter Adder | 111011110000 (3824) "’l ( E“ {!
G : = 1001010 : .14 Zi - -]
6} ] One pulse for (74) _ 0 )
] '-’"] - L each tablet . 4B Cyn F“rewous BCD sum
| [ n] ; 001101110101000 -
—— . . -
Caneyor ] . ) 3 S Code | i Decoder
control ] ﬁ RegisterB _ . fconverter ol b B
(3750) e to BCD |3730) 7-seg
MUX
Previous binary sum 111010100110 (3750)
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| PInicka lékovek: Je pravé naplnéna lékovka ¢.51 |

Encoder Decoder Tablets/bottie
O eroior. AL L T
Ry "‘-: DeClmal S R o .: i
, ' BCDt '
ol o 12
@ E:] T-segment display
Keypad
Register A
01110101
Code
: - tconverter; 1001011
S, 3 '::‘.;\] e (T75)
01110801 RCD to Comp
binary | =ElA )
ooto1 . | A8
S| B
(75) Total tablets bottled
‘ .
i New binary sum l "‘"i L
Counter . Adder | 111011110001 (3825) *‘"';f"" r’* I
— = 1001011 S I I WD YR I — |
z|_‘ One pulse for (75) o 0 e
4 L cach tablet B Coy Current BCD sum
ﬁ ﬂ ﬁ O L GO1TH0000010G101
HIGH causes new sum to P BEES
Comveyor 0 be stored and initiates - e Code Decoder
eono advance of conveyor. ‘\ L Register B | converter ) ! B
A = > 111011110001 | Binary | BCD to
(3825) ) to BCD |(3825) 7-seg

MUX

Current binary sum 1110111110001 (3825)
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| Analogové vs. Cislicova informace |

e Analogoveé veliCiny je treba prevest pred jejich digitalnim
zpracovanim do Cislicové podoby a po jejich zpracovani zpét na
analogové

Pocet bitli prevedeného Cisla udava presnost

Pocet vzorkd udava frekvenci

Digitalné/Analogovy (D/A) — ,,Digital-to-Analog Converter”

Analogové/Digitalni (A/D) — ,Analog-to-Digital Converter”

VV)

15 4
144
13 oot
12 L]
104

T R B I B S S .;.‘._AM;MWM 0“1 e g S
T g QT e S O e e ENU NP . NS S T - R
L oned /ol ot NEEEEER

: : i H H H
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| Digitalné - analogovy prevodnik | &

o Priklad realizace 200 kQ)
@
e Na vstupech DO0..D3 je bud’ Po
0V, nebo 5V (log.0nebo |, AX -
oL 50 kO
e Vystupni napeti je dano D, ©
souctem napéti jednotlivych 25 10
Vout(Di) pro Di v log.1 (pro  b; o—AW
i=0..3)
e Prevadi 4-bitovou binarni 5y
informaci a 16 rliznych o= S0 ka 0.025 mA
napét'ovych Urovni — sy
analogova informace I, = = 0.05 mA
100 k()
Voweooy = (10 kQ)(—0.025 mA) = —0.25 V v
Voweony = (10 kO)(—0.05 mA) = —0.5 V L= S0k~ 0 mA
Veurpzy = (10 kE)(—0.1 mA) = -1V I, = N 0.2 mA
Vowrosy = (10 kQ)(—=0.2 mA) = —2 V 25 ki
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| Digitalné - analogovy prevodnik | &

° Casow'/ diagram 012345678 9101112131415
e Vstupni Cislicova informace », o= = |

e Hodnoty na vystupu Dy 0

prevodniku D, 0

e Kazdé binarni hodnoté na 72 ©

vstupu odpovida hodnota ZES585:Z855:58:22¢
analogova sl L |

~0.50 | i

e Rozsah hodnot je (0V) s
[0000] az (-3,75V) [1111] 100

-1.25 o AR S
150 b £ T » - T

Binary input

C1TS o e
200
2250 |
_2.75 ] R ORI S - ,
300 |t B S .
3250 ,,,,,, mmmmmmmmm DI S
350 - e — ;

VOH! (V)
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| Analogové - digitalni prevodnik: Generuijici pilu |

Cita¢ modulo 256
e 8-mi bitovy prevod

e Komparator
e Porovnava generované |
napéti se vstupnim ;[> CTRDIVISS | crpar |
nap&tim v LD pe
L I:v{|,d|C|’ obvod CLK ©r{ 6| Cs5[ 0| 03] 02 €110 E‘;V L o)
e UloZi aktudlni stav ¢&itace s
do vystupniho registru, [y foims
jakmile je vstupni R
hodnota napéti rovna o,
aktualni hodnote CitacCe _— NN Larches
« DAC — D/A prevodnik L
e Prevadi stav El’tvacj:e na e H
analogoveé napéti S
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| Analogové - digitalni prevodnik: Generuijici pilu |

e Princip ¢innosti

D/A prevodnik generuje pilovy priibéh = postupné zvysujici se
analogové napeti

Jakmile je generované pilove napéti > vstupni napéti, zastavi se
generator pily a jeho hodnota odpovida vstupnimu napéti

Doba prevodu je umérna velikosti vstupniho napéti

Po kazdém prevodu se CitaC nuluje

|4
A
15 — Stairstep reference voltage
14 — L1110
13 /Analog input 1100
12 |~ )
- Counter reset
o 1010
9 1000
= , 0111
7 0110 0110 \0101
¢ —T 0100 0100
4 -
3
2
1 . .
0 ——7 > 1
Maximum conversion time Minimum conversion time
for these particular values for these particular values
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| Analogové - digitalni prevodnik: Sledujici |

e Princip Cinnosti

DAC generuje pilovy priibéh
= postupné zvysujici se
analogové napéti

Jakmile je generované pilové
napeti > vstupni napéti,
zastavi se generator pily a
jeho hodnota odpovida
vstupnimu napéti

Jakmile vstupni napéti opét
vzroste, ¢ita€ bude cCitat
nahoru az do hodnoty
odpovidajici vstupnimu napéti
Pokud vstupni napéti klesne,
bude ¢itac ¢itat dold az do
hodnoty odpovidajici
vstupnimu napéti

Prevodnik sleduje vstupni
napéti

Analog input
8 1p N Control

circuit

l—c DOWN
j> UP/DOWN o | 1o Counter

Comparator > c 3
U7| Qs 5| 4| B3| 02 1] G EN

CLK

— 5
— D,
— b,
| D3 | Binay
— D, [ output
— .
— D,
— D,

Latches

Dy Dy Ds D, Dy D, D, D,

DAC

%)

O e L e DN~ 00N

L L P T T i i,
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| Analogoveé - digitalni prevodnik: Aproximacni |

e Pracuje na principu déleni
intervalu

Nejprve se nastavi MSB

na log.1 => porovna se, You DAC

zda je hodnota vstupniho

napéti mensi Ci vetsi nez I 1

polovina I——Do\
Pokud je vétsi, v SAR se Dy | Parall]
zapamatuje MSB=log.1 ¢ D, ”;3;3
Pokud je mensi, v SAR Se a0 ;l>~ o D)
zapamatuje MSB=l0g.0  input = o | (MSB) (LSB)

Dale se pokracuje pro D Serial
hodnoty v horni Ci dolni SAR —— binary
poloving, atd. CLK — > C output

SAR — Successive-
Approximation Register

Celkovy pocet krok{ je
roven poctu bitd

e Rychlé
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| Analogoveé - digitalni prevodnik: Aproximacni |

+8V DAC _ +4 'V DAC
23 22 2]. 20 23 22 21 20
1| 6| O O 0| 1| 0] O
+5.1V +5.1V
D 2392|0190 . 3092 Al 0
. LOW | SAR . HiGH| D | 27| 271 27| 27 gup
Reset Keep
(a) MSB trial (b) 2%-bit trial
+6V DAC | +5V DAC
23 22 ol 20 23 22 21 20
0 1| 1| 0 0] 1| 0 1
+5.1V +5.1V
D 2312221120 - 3192 ] 51 | 50
3 Low| D 2| sAR 4 HIGH| D [ 2727 27| 2
ﬂ O— Cl0]1 % 0 m e Ci{Of1]071
Reset Keep
(c) 21 bit trial (d) LSB trial {conversion complete)
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I fl

ikrokontrolér Motorola HC11

M

klad procesoru:

Fi

| P

Blokové schéma

LVDD

—Vss

4 KBYTES ROM

192 BYTES RAM

axy
axL

SClI

OSIN
ISON

A0S
SS

SPI

CONTROL

RESET

XIRQ

v

INTERRUPT LOGIC

?

XTAL EXTAL
OSCILLATOR |

CLOCK LOGIC

CPU

QY [
M/E

ADDRESS/DATA

PARALLEL I/O

STROBE AND HANDSHAKE

BUS EXPANSION
ADDRESS

PORTD

- (0Xd/0dd
< OX1/1dd

<—» OSIN/Zad
<« 1SON/Ead
> Y0S/v(d
< » 55/50d

-—» SV/90d
- \WH//0d

CONTROL

PORT C

-—» 00/0V/00d
< L Q/LV/10d
—p £A/2V/20d
-—» CO/EV/E0d
-—» vA/V/YOd
~—» GA/5V/SOd
-—» 90/9V/90d
- /Q//V//.0d

CONTROL

PORT B

- 8Y/09d

> G/l 9d

-—» (0|V/c8d
<—» | |VV/€8d
- C|V/Vdd
<—» €|V/58d
-—» ¥ |Y/98d
- G|V/.9d

MODB!/
VslBY

MODA/
IR

MODE
CONTROL

1dNYH3ILNI D1A0I-43d

TIMER
SYSTEM

[ £01/0vd

i callvd

< Lolevd
—»100/500/evVd

PORT A

»| D0/FO0/IFV d

| D0/€00/5Vd

d00

JOLVINWNOJY 3STNd

| D0/200/9Vd
€| 00/IVd/LVd
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| HC11.:

Programatorsky model

7 A 0|7 B 0
15 D 0
| IX |
| Iy |
| 5P |
| PC |
7 0
[ s X H 1 N Z V C |

I fl

8-BIT ACCUMULATORS A&B
OR 16-BIT DOUBLE ACCUMULATOR

INDEX REGISTER X
INDEX REGISTER Y
STACK POINTER
PROGRAM COUNTER

CONDITION CODES

Ll‘.'::.l'!ilFlH"'l"J"B"ZIFIFII'.:Z!'In"'nI' FROM M5B

OVERFLOW

ZERO

MEGATIVE

I-INTERRUPT MASK

HALF CARRY (FROM BIT 3)
X-INTERRUPT MASK

STOP DISABLE
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| HC11: Zakladni bloky | &

e Pamét’ programu a dat e Registr instrukci
e Program/Data Memory e Instruction Register (IR)
e Aritmetickd a logickd jednotka e Radi¢ procesoru
e Arithmetic Logic Unit (ALU) e Controller (CNTL)
e Sada regqistrll e Registr priznakd
e Register Bank (ACCA, ACCB, e Flag Register (CCR)
IX, IY, SP) e Pomocné registry
e Programovy citac e Temporary Registers (ALU
e Program Counter (PC) Result, Mem OpCode/Data)
e Scitacka e Datova cesta je realizovana
o Adder (ADD) pomoci multiplexord
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| HC11: Pamét’ (Program/Data) | i

e Asynchronni SRAM
e Address Bus (ADDR)

e 16-bitova adresa (64kB)

e Data Bus (DATA) MEM
e 8-bitova data (obousmerna
sbérnice) ADDRN
e A

o Write Enable (WE) DATA

e kdyz WE = 0, tak zapis RE <:>
DATA do paméti

e zapis se provede na _WE A
vzestupnou hranu WE

Read Enable (RE)

e kdy? RE = 0, tak ¢ti DATA
Z pameti

|
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| HC11: Aritmeticka a logicka jednotka (ALU) | i

e Signaly
e Prvni vstupni operand (A)
e Druhy vstupni operand (B)
e Vystup souctu — Result (R)
e Pfenos z nizsiho Fadu - Carry In (CIN) A
e Prenos do vyssiho radu — Carry Out > R
(COUT) >

ALU
CIN

o Detekce preteceni — Overflow (VOUT)
e Vybeér funkce — Operation (OPER)

e Addition

e Subtraction

e Logic AND, OR, XOR

e Shift Left/Right

e Pass A/B — prenos data z A Ci B na
R beze zmény

COUT
5 VOUT

S

OPER
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| HC11: Registry | il

e Jedno az 16bitove registry

, v s DO D Q Q0
e Klopne obvody D se spolecnymi | CLK
ridicimi vstupy | CE LR QN
e Synchronizacni hodinovy signal
(CLK) |
e Asynchronni vstupy pro
nastaveni ¢i nulovani (PRE, CLR) D1 D Q Q1
v . CLK
e Povoleni Cinnosti hodin (CE) TP CE ON
e Vstupy (DO0..Dn) o~ CLR
e Vystupy (QO0..Qn) | |
REG 0
O
) ) P >
Q Qn
——/|P Q | | leLk
CLK T TcE QN
— SICE CE ——0 CLR
S C RESET —0 |
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| HC11: Registry | il

e Program Counter (PC) e Res (R)
e Ukazatel do paméti e Vysledek ALU
programu (dat) e Mem (M)
e Instruction Register (IR) o Data z paméti

* Operacni kod (opcode) pravé o Temporary Carry (TC)

vykonavane instrukce e VyuZiva se pro 16-bitové ALU
Address Low (AL) operace

* Nizsi byte pocitane adresy e Carry Flag (C)
(napr. pro Index Addressing
Mode) e Zero Flag (2)

Address High (AH) e Overflow Flag (V)

o \/ySSi byte pocitané adresy
(napr. pro Index Addressing
Mode)

Névrh &slicovych systém (INC): Systémy | 32



| HC11: Sada registrt (Register Bank - RB) | i

Input Data (DI)

O

o vstupni datova sbérnice - input data bus RB
o Input Data Address (ADI)
o adresa registru, do kterého se maji ulozit data z DI ACCA
»  Output Data Bus A (DA) L'\ ACCEB
o vystupni sbérnice A —/ %{>
o Output Data A Address (ADA) IXH
o adresa registru, ze kterého se ¢te na vystup DA % IXL
o Output Data Bus B (DB) IYH
o vystupni sbérnice B % 1YL
»  Output Data B Address (ADB
0 Edresa registru, ze kteréhc(> se étz. na vystup DA % = DB
o Write signal (WRB) WRB | SPL :>
o kdyz WRB =1, tak zapis data z DI do registru s 00h
adresou ADI FEh

o Constant Values
o v sadé registra jsou trvale ulozeny konstanty
o 11111111=FFh, 00000000=00h
O vyuzivaji se pro nékteré operace
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| HC11: Register Bank | o

e Cte se ze dvou registrll naraz

ADA
v
ACCA * >\
ACCB o—i—
@ »| U » DA
00h ® »| X
FFh - > /
ADB ¢
—»\
SRS PN
»| U » DB
> X
> /
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| HC11: Register Bank | o

e Zapisuje se do jednoho registru

WRB
o
)  —c
ACCA
1 » D
0 H ¢
ADl ——| DN-to-
decoder ACC
@ » D
n-1
n .
@
O
SPL
& » D
O
SPH
DI & » D
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| HC11: Multiplexor

e N vstupnich datovych sbérnic (2 .. N)

e \/yuzivaji se pouze dvou a tri
vstupové MUXy

e Sitka 1 a7 16 bit@
e Vybér vstupni sbérnice (SEL)

I fl

MUX

DO N

e Vybira jednu ze vstupnich sbérnic na v

vystup Y
e Vystupni sbérnice (Y)

e Ma stejnou Sirku jako vstupni
sbérnice

D1

gy

/

SEL
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| HC11: S&itacka | o

e Pouziti

e Inkrementace programoveho
Citace (Program Counter - ADD
PC) o jednicku

e Pricteni ofsetu k soucasné A
hodnoté PC v pripadé
vykonavani instrukce skoku >
(Branch)

e Pricita 8-mi bitova Cisla ve
dvojkovém doplnku

B
e Skok dopredu — pricteni > /

kladného cisla

e Skok dozadu — pricteni
zaporného Cisla
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| HC11: Tristavovy budic |

Tristate Buffer (TBUF)
e KdyzE=1,tak O =1jinak O
=7
e Z ... High Impedance
(odpojeno)

e Pouziti
 Pro zapis do paméti, ktera |

@)
ma Vv sobé téz tristavové > >
budice

Zapis do paméti
e TBUF je otevren
e Cteni z paméti
e TBUF zavren a vystupni budic
v paméti je otevren

TBUF

EnTBUF
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| HC11: ﬁadi(\f | |

e ,Srdce” HC11
e Na zakladé operacniho kodu

instrukce (OpCode) prectené z CNTL
paméti a stavu priznakovych registrl
generuje posloupnost fidicich signalt, IR Over
které ovladaji ¢innost jednotlivych :> — >
blok{ procesoru Loads
P e | A —
¢ Vstupy Selects >
e Vystup IR registru — soucasny _Z
OpCode v | Addresses ::
e Priznaky C,ZaV EnTBUF |
e Hodiny - CLK RS W
K
. Reset | E—
IRGSGt
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| HC11: ﬁadié | il

e Oper - ALU operace (ADD, SUB, AND...)
e Load (uloz do registru) signaly
e LdIR, LdPC, LdAL, LdAH, LdM, LdC, Ldz, CNTL

LdV, LdTC a LdR
ry v ] IR
e Select (vybér vstupu MUXu) signals :> Eni—
e SelPC, SelAL, SelAH, SeIMW, SelADDR, L oads
SelB, SelC, SelCIN a Selv _c :DS »
elects
e Adresy do sady registrt (Register Bank) z E—
+ ADI, ADAQADB L Addresss
e Vystupni budic Enable (zapis do pameti) EnTBUE |
e EnTBUF SR W
e Zapis do sady registrt (Register Bank) A —
° WRB TRESG'[
e Zapis/Cteni z pameti
e WE, RE
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| HC11: Test na nulu | o

e Test, zda je vysledek operace
roven nule

e N-bitovy NOR

RO
R1

R2

R3 s
) O ZERO
R4 .

R5

R6&

R7

NORS8
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| HC11: Datova cesta | o

RB CLKl

[acca | oA RES N
i Lacce | > —

[ ixH | ALU | ¢

SelAL  SelAH : II' MBUS i> —

LdAL  LdAH i % OPER LT selc  Ldc  LdTC
CLK | ﬂ ANRE_——p Com ] Sl Selv. Ldv  LdR
SeIADDR CErn ] selcin Ldz
t Data | AHL N
MBUS N Address d
- 1Generator ADDR CNTL

Next PC

% Address L> —E :> 0 Q£:> b

WE

Generator —_— LdIR,| cp c
CLK - _Smb
CLKT T T VA==

e — = phddesses
SelPC Memory - v
Data Bus [0S EE—

LdPC . ] CLK
I—is—ll> Logic R S WE, RE, WRB
LdM T T T EnTBUE T Reset

CLK

MBUS

Navrh dislicovych systém@ (INC): Systémy I 42




| HC11: Generator nasledujici adresy PC i

o Inkrementuj PC — sekvencni vykonavani programu
e Pricti hodnotu +1 k PC
e \ypocet ofsetu skoku (Branch) — vétveni programu
e Pricti 8-bitovou hodnotu (offset) prectenou z paméti k PC

» Protoze je ofset jen 8-bitovy a scitacka 16-bitova, je horni byte
vyplnén nulami

ADD
PC
16 PC
PCI PC N | PC
\ 16 Y P Q ) 16 >
hodnota
0000000000000001=+1
CE

.>C

g
11

N
d

MBUS MBUS rozsiien na 16 biti
vypInénim hornich 8 biti
nulami 00000000
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| HC11: Generator ukazatele (adresy) dat v paméti |

e Adresa dat (ukazatel na data)

e Indexed addressing mode - adresa je vypoctena v ALU (sbérnice
RES)

e Direct and extended addressing modes — adresa je Ctena z paméti

(MBUS) -
RES \L RegAL

\ AL
g 3D Q 8 >
MBUS l
/ LdAL CE AHL
—_—
CLK
SelAH >
RES RegAH

| AH
I RN
MBUS
@, CE

CLK >C

13l

I

I
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| HC11: Zdroje dat a zapis do paméti

e M Registr

e Je urcCen pro ulozeni dat ¢i OpCode

I fl

e TBUF — tristavovy vystupni budic pro zapis do paméti
e Vysledek ALU (sbérnice RES)
e Ulozeni obsahu PC do paméti (sbérnice PCL a PCH) — navratova

adresa pri volani podprogramu Ci obsluze preruseni

\ TBUF
POL 8
) B

Memory
DATA bus

/

DATA
8

EnTBUF

CE

MBUS
8
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| HC11: ALU a priznaky (Flags) | i

CIN
k Result
— >i‘ RES >
>ALU COUT @
. VOUT LR | ¢ Flagz
/ﬁ CLK__ y> ¢ =ZERO »pD Q Z >

e ALU OPER oMU E?_KL> CE

e Vykonavéa operace dle OPER ecour Flag¢ ~ *=——1>c
e Result Registr w |  |—D Q T

e Pro ulozeni vysledku ALU , c
o ZERO ! - CLK ,;E @,

e Test na nulovy vysledek ALU SelC = e —
e CMUX/VMUX o L T o

e Pro uloZeni Carry/Overflow z "D Q > ﬁ

ALU LdTC ) CE SelCIN

e Nastav priznak C/V (log. 1) QK s

° NUlUj prznak C/V (IOg 0) VMUX
e CINMUX - ALU CIN = ULy gy ’

e Cflag - add/sub with carry LIILEEN »D Q >

e 0 - add/sub without carry 2 ) % PVEEN P

e 1 -e.g.increment/decrement LKy~
e Temporary Carry TC - 16-bit ALU Selv

operations
e C, Z,V priznaky jsou soucasti
CCR
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| HC11: Casovy diagram pamé&tové sbérnice i

- o -
- (2) > |- (3) -
4 X
£ \ / N
e -
- @ - -l—l-—@
R/W. ADDRESS y Y
(NON-MUX) ; KX}
® - @ | |t @ 1--4—@—»—
Z - (29) > >
/ 7 ” 350_(7\ / y
READ i ADDRE XX) ¢ DATA ]H—
ADDRESS/DATA
(MULTIPLEXED) -—{(19)—» «»1{21)
7 Y 7 Y
WRITE XXXX)( ADDRESS ECH DATA m
\ X / K 7
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| HC11: Pfiklad instrukce — uloZ do akumulatoru | o |

LDA Load Accumulator LDA

Operation: ACCX <= (M)

Description: Loads the contents of memory into the 8-bit accumulator. The condition
codes are set according to the data.

Condition Codes and Boolean Formulae:

N RY
Set if MSB of result is set; cleared otherwise.

Z R7*R6+*R5+*R4+R3+*R2+*R1+R0
Set if result is $00; cleared otherwise.

vV 0
Cleared

Source Forms: LDAA (opr); LDAB (opr)
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| HC11: Instrukce LDA

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

I fl

[ LOAR (i) LOAA (DIF) LDAA (EXT) LOAA (IND.X) LDAA (IND,Y)
Cye Addr | Data | RAW | Addr | Data | RAW | Addr | Data | RA'W | Addr | Data | RfW | Addr | Data | R'W
1 QP a6 1 QP a6 1 QP Bo 1 OP Ab 1 OP 18 1
2 OP+1 I 1 OP+1  dd 1 OP+1 hh 1 OP+1 ff 1 OP+1  AB 1
3 Q0dd [ﬂ:;jd 1 OP+2 Il 1 FFFF — 1 OP+2 ff 1
4 hRll  (hRID 1 | X+ff () 1 |FFFF — 1
5 Y4t (Y4ff) 1
oyora]_LOAB () [DAB(DIR) | LDAB(EXT) | LDAB (INDX) LDAB (IND.Y)

Addr | Data | R/'W | Addr | Data | R'W | Addr | Data | R'W | Addr | Data | R'W | Addr | Data | R'W
1 QP ChH 1 P D& 1 O F& 1 OP EG 1 OF 18 1
2 OFP+1 ii 1 OP+1 dd 1 OP+1 hh 1 OP+1 ff 1 OF+1 EB& 1
3 00dd l[ﬂf-;dd 1 lops2 0 1 |FFFF — 1 |oPs2 B 1
4 hRll  (hRID 1 | X+ff () 1 |FFFF — 1
5 Y+t (Y+ff) 1
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| HC11: Instrukce LDAA, adresovaci rezim IMM | o

E Clock 1/faze 1
Uloz OpCode do IR registru,

inkrementuj PC, vyber ADDR=PC RB ci |
[acca | DA
[xH ] ALU | .
== Coivm i:> z |
SelAL  SelAH = D MBUS | Y,
LdAL  LdAH —— % OPER LT selc  Ldc  LdTC
CLK : ANRE—y Selv.  Ldv  LdR
¢ SelADDR m SelB
Dat AL : [ Fen | Selcin  LdZ
ata L ARL N

Address —

I_hius':> Generator ADDR CNTL

Next PC

I_hih':> Address L> i’ :> 0 Q£:> b

Generator _WE . LdIR

CLKT T \" VA

oe E— %
SelPC > Memory v —
Data Bus ﬁ >
LdPC 3% :: Logic ‘ CLK ,n WE, RE, WRB

LdM T T T EnTBUE TReset
CLK
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 1/faze 2

Uloz OpCode do IR registru,
inkrementuj PC, vyber ADDR=PC

Dekdéduj instrukci

SelAL
LdAL

CLK¢ ﬂ

SelAH
LdAH

Data
Address

I_hius_:> Generator

AHL N
—l/

Next PC
E—

>

Address
CLKT T T

Generator
SelPC

LdPC

SelC
SelV

CNTL

I fl

LdC LdTC
LdVv LdR
Ldz

RB CLKl
[acca | DA
> [Cacce | >
[ ixq | ALU
== I
ses B e | )
—AbBr [ spH |
wes | LsPL_] OPER \_T
.SIADDR m SelB
¢ = SelCIN
ADDR
IR
RE
b ol r [
WE LdIR
’ —{ CE c_,
/ (_:I:£>>C 7 |
PC
> Memory v |
Data Bus jﬁ >
Logic CLK 5>

LdM T T T EnTBUF
CLK

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 1/faze 3

Uloz OpCode do IR registru,
inkrementuj PC, vyber ADDR=PC

Dekdéduj instrukci
Dekdéduj instrukci

SelAL
LdAL

CLK¢ ﬂ

SelAH
LdAH

Data
Address

I_hius_:> Generator

AHL N
—l/

Next PC
E—

>

Address
CLKT T T

Generator
SelPC

LdPC

SelC
SelV

CNTL

I fl

LdC LdTC
LdVv LdR
Ldz

RB CLKl
[acca | DA
> [Cacce | >
[ ixq | ALU
== I
ses B e | )
—AbBr [ spH |
wes | LsPL_] OPER \_T
.SIADDR m SelB
¢ = SelCIN
ADDR
IR
RE
b ol r [
WE LdIR
’ —{ CE c_,
/ (_:I:£>>C 7 |
PC
> Memory v |
Data Bus jﬁ >
Logic CLK 5>

LdM T T T EnTBUF
CLK

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 1/faze 4

Uloz OpCode do IR registru,

inkrementuj PC, vyber ADDR=PC

Dekdéduj instrukci
Dekdéduj instrukci
Dekdéduj instrukci

SelAL  SelAH
LdAL LdAH

CLK¢ ﬂ

Data
Address

I_hius_:> Generator

Next PC

% Address

Generator

o

AHL N
—l/

>

SelPC

LdPC

RB CLK l
[acca | DA
Lacce | >
[ixH | ALU | .
II' MBUS L’
==
- Coon | sl selv
Sel
SIADDR [ Fen | SeICIN
ADDR CNTL
IR
RE >
D Q| IR
WE LdIR 'l:
—| CE c
/ CLK N >
— ¥ C z
PC -
> Memory v |
Data Bus jﬁ >
Logic CLK 5>

I fl

LdC LdTC
LdVv LdR
Ldz

LdM T T T EnTBUF
CLK

_EnTRUE

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 2/faze 1

Vyber data z paméti, uloz do M

I fl

registru, inkrementuj PC RB ci |
[acca | DA
[ixH ] ALU | .
e —— B
L <
SelAL  SelAH Ly | MBUS i> ——
LdAL  LdAH —— % OPER LT slc  LdC  LdTC
oLk ﬂ AMRB—p Coon ] SelB selv  Ldv  LdR
SPDR Ceen | sciy Lz
Data il\ (
Address —
I_hius_:> Generator ADDR CNTL
IR :
Next PC RE :> D IR
% Address > ) — :> b
Generator _WE LdIR . .
/ CLK B %
CLKT T \" —>C z )
PC ' pAddresses
SelPC Memory v |
> Data Bus jﬁ > —ERTBUE—0>
LdPC 355 ll: LOgiC CLK ’> WE, RE,WRB[

LdM T T T EnTBUF
CLK

T Reset
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 2/faze 2

Vyber data z paméti, uloz do M
registru, incrementuj PC

Prenes data pres ALU do RB a
uloz do R registru

SelAL
LdAL

CLK¢ ﬂ

SelAH
LdAH

Data
Address

IJLLLS_:> Generator

AHL N
—l/

Next PC
E—

>

Address
CLKT TT

Generator
SelPC

LdPC

4

RB CLK l
[acca | DA
Ii'l> Lacce | >
[ixH | ALU
2ot~ L |
Coivn | i:>
=2 L MBUS
> B ]
WER [ spL |
SelADDR oo ] selg OFER
e =
[ EEn | PASSE
ADDR
IR
RE :> D QIR
WE LdIR 'l:
CLK C ~<—
PC / LS <
> Memory v ]
Data Bus jﬁ >
Logic CLK 5>

SelC
SelV

SelCIN

CNTL

I fl

LdC LdTC
LdV LdR
Ldz

LdM T T T EnTBUF
CLK

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 2/faze 3

Vyber data z paméti, uloz do M

I fl

registru, incrementuj PC RB ci |
Prenes data pres ALU do RB a [acca |
uloz do R registru &> \CCE DA > i’>
Generuj adresu registru ACCA v [ x0_] ALU c
RB auloz R do ACCA x| .
ﬂ% ) —— 1z,
SelAL  SelAH v ] MBUS ‘ ——
LdAL  LdAH g % TT selc  Ldc  LdTC
CLK ¢ ﬂ WRB Coon | SelB OPER Selv  Ldv LdR
SEIADDR [ Een | SelcIN ~ LdZ
Data | AHL N| X
Address
IJLLLS_:> Generator ADDR CNTL
IR
Next PC RE :> D Q| IR Im:>
ff ? > Address > — > & >
Generator _WE . LdIR . .
/ CLK B %
CLKT T \" —>C z
PC " phddeesses
SelPC Memory Vv .
LdPC > Data Bus jﬁ > —ERTBUE—0>
maay I e . e v

LdM T T T EnTBUF
CLK

T Reset
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| HC11: Instrukce LDAA, adresovaci rezim IMM

E Clock 2/faze 4

Vyber data z paméti, uloz do M

I fl

registru, incrementuj PC RB ci |
Prenes data pres ALU do RB a [acca |
uloz do R registru &'l> \CCR DA > i:>
Generuj adresu registru ACCA v [ x0_] ALU c
RB auloz R do ACCA x| =
Vyber V=VOUT, uloz V a Z == e > z
prlznaky SelAL SelAH II' MBUS v >
LdAL  LdAH iy % TT selC  Ldc  LdTC
CLK ¢ ﬂ WRB  —» Coon | SelB OPER Selv  Ldv LdR
SEIADDR [ Een | selcin ~ LdZ
Data | AHL N| X
Address —
I_hius_:> Generator ADDR CNTL
IR
Next PC RE :> D Q| IR Im:>
SN Address > ) — :: > poads—
Generator _WE . LdIR . .
/ CLK - %
CLKT T \" — P cC Z %
- > Memory Y%
SelPC L
LdpC Data Bus j% CLK_. EEE—
I_E:> LOgiC __>> WE, RE, WRB

LdM T T T EnTBUF
CLK

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

O

E Clock #1

o load Opcode into IR reg,

I fl

increment PC, select ADDR=PC RB CLK l
[acca | DA
> [Cacce | = >
[ ixH | ALU
I —
SelAL  SelAH : Ly | MBUS ‘ C Y
LdAL  LdAH AEE EII' OPER LT selc  Ldc  LdTC
CLK ¢ ﬂ . e Con | SelB Selv  LdV LdR
SelADDR
[ FEn | SelcIN  LdZ
Data il\
Address —1
I_hius':> Generator ADDR CNTL
IR Qper [
Next PC RE >D Q| IR
% Address N — :> b
Generator _WE . LdIR
—>»( CE c_, ——
CLKT / LR ¢
ya
T = R
SelPC emory v .
Data Bus | "? >
LdPC 5%% ll: LOgiC CLK ’> WE, RE,WRB[

LdM T T T EnTBUF
CLK

T Reset
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| HC11: Instrukce LDAB, adresovaci reziim IND, X | g

o E Clock #1
o load Opcode into IR reg,
increment PC, select ADDR=PC RB CLK l
o decode instruction
m DA
> [Cacce | = >
[ixH | ALU | .
x| — >
== B > z,
SelAL  SelAH Ly | MBUS ——

LdAL  LdAH 208t [ spH | OPER LT selc  Ldc  LdTC
SelB

CLK¢ ﬂ . Selv Ldv LdR
SelADDR

Data il\
Address —1

I_hius':> Generator ADDR CNTL

Next PC

I_hih':> Address L> i’ :> 0 Q£:> b

Generator _WE . LdIR

CLKT T \" VA

SelcIN  LdZ

oe E— %
SelPC > Memory v —
Data Bus ﬁ >
LdPC 3% :: Logic ‘ CLK WE, RE, WRB

LdM T T T EnTBUE TReset
CLK
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #1

o load Opcode into IR reg,

I fl

increment PC, select ADDR=PC RB CLK l
o decode instruction Cocen]
o idle DA
> [Cacce | = >
[ ixH | ALU
I —
SelAL  SelAH : Ly | MBUS ‘ C Y
LdAL  LdAH 0B [spy | OPER LT selc  Ldc  LdTC
wes | s ]
CLK ¢ ﬂ . Con | SelB Selv  LdV LdR
SelADDR
[ FEn | SelcIN  LdZ
Data il\
Address —1
I_hius':> Generator ADDR CNTL
IR Qper [
Next PC RE ) IR
% Address N — :> b
Generator _WE . LdIR
/ a’ CE £ ) &>
CLK —> C z
1 < [, z_] ndeses
SelPC emory v _
Data Bus | "? > >
LdPC 5%% ll: LOgiC CLK ’> WE, RE,WRB[

LdM T T T EnTBUF
CLK

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #1

o load Opcode into IR reg,
increment PC, select ADDR=PC

o decode instruction

o idle
o idle

SelAL
LdAL

CLK¢ ﬂ

SelAH
LdAH

Data
Address

I_hius_:> Generator

AHL N
—l/

Next PC

% Address

Generator

>

o

SelPC
LdPC

SelADDR

ADDR

RE

WE

RB CLKl
Caccal | o

[acce | >

[ixH | ALU | ¢
T ) —— 2,
o weue | ) v,
S ey
Coon | seip selv
[een | .

I fl

LdC LdTC
LdVv LdR
Ldz

- > Memory

Data Bus
Logic

Law TCLTK f

EnTBUF

CNTL
IR :: | ??ff [
< E——
Z—» Faddresses
vl ETRLE
CLK > > WE, RE, WRB[

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #2

o load offset into M register, read
IXL from RB, disable address

SelAL
LdAL

CLK¢ ﬂ

SelAH
LdAH

Data
Address

I_hius_:> Generator

AHL N
—l/

Next PC
E—

>

Address
CLKT T T

Generator
SelPC

LdPC

I fl

RB CLKl
[acca | nA
> [Cacce | = >
[ixd | ALU | .
AADS [Ty ] weue | ) v,
I£:> % OPER LT SelC LdC LdTC
URE— selv  Ldv  LdR
: [oon | SelB
SelADDR
= SelCIN  LdZ
ADDR CNTL
IR
« b ol r [ oo :[
_WE LdIR
—| CE c_, E——
/ CLK N
— »> C z
PC = phddeesses
> Memory v |
Data Bus jﬁ > —EoTBUE—»
I_is_ll> Logic CLK WE, RE, WRB

LdM T T T EnTBUF
CLK

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #2

o load offset into M register,

read

IXL from RB, disable address

o add IXL to offsetin M, CIN

load result into R, load carry out

into Temporary Carry (TC)

SelAL  SelAH
LdAL  LdAH
oy [
Data | AHL K

Address —

I_hius_:> Generator

Next PC
% Address
CLKT T T

Generator
SelPC

>

LdPC

I fl

LdC LdTC
LdVv LdR
Ldz

LdM T T T EnTBUF
CLK

0 RB CLKl
[acca | oA
— pac] >
x| AU |
>
> m@ > N
ADER m@ MBUS LV,
MWRB IE' SelC
.s IADDR [m SelB OPER Selv
e A;D SelCIN
CIN=0
. CNTL
IR
RE >
e B
—E LdIR
Lt < »
/ —> C z |
PC ,
> Memory % vl
Data Bus | —
Logic CLK

_EnTRUE

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAB, adresovaci reziim IND, X | g

o E Clock #2
o load offset into M register, read
IXL from RB, disable address RB CLK l
O iatdddIXL tcla offset inI M,dCIN =0
oad result into R, load carry out ACCA
into Temporary Carry (TC) &'l> ACCE R4 > i{>

o read IXH from RB (bus DA), read [ ixy | ALU c

constant 00f from BR (bus DB), L C
load Result into AL m— %} 4—DB—:> ,

SelAL  SelAH : II' MBUS i> —

LdAL  LdAH DB~ % ﬁ selC LdC  LdTC

CLK¢ ﬂ . S IIl sels  OPER Selv LdVv LdR
SEIADDR Ceen | secin LAz
Data | anL ] X
Address —11

I_hius':> Generator ADDR CNTL

Next PC

I_hih':> Address L> i’ :> 0 Q£:> b

WE LdIR
Generator —_— >l CE c &>
CLK -

CLKT T T /S

bC — [ “— phddeesses
SelPC emory | AN EnTRUE
LdPC RES :: Dzli_tsg?cus % CLK WE, RE,WRB[
LdM T T 1 EnTBUF TRESEt
CLK
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #2

0

O

IJLLLS_:> Generator
E—

O

load offset into M register, read
IXL from RB, disable address

add IXL to offsetin M, CIN =0
load result into R, load carry out
into Temporary Carry (TC)

read IXH from RB (bus DA), read
constant 00f from BR (bus DB),
load Result into AL

SelAL
LdAL

CLK¢ ﬂ

Data
Address

SelAH
LdAH

SelADDR

AHL N
—l/

ADDR

I fl

LdC LdTC
LdV LdR
Ldz

RB CLK l

[acca | oA

L acce | >

[ ixH | ALU

Cx ] .

e 2,

II' MBUS L’

[ spH | Selc

[ spL |

[ oon | SelB  OPER Selv

[ Fen | ADD SelCIN
CIN=TC
CNTL

IR

PC>

Next PC RE
Address p —
Generator _WE .
CLKT T T
SelPC
LdPC

add IXH to constant 00h, CIN =
TC, load resultinto R

>

Memory
Data Bus
Logic

LdM T T T EnTBUF
CLK

_EnTRUE

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAB, adresovaci reziim IND, X | g

o E Clock #3
o load resultinto AH, select
ADDR=AHL RB CLK l

[acca | DA
[ixH | ALU .

SelAL  SelAH &> v | MBUS i> —

LdAL LdAH I£:> % ﬁ SelC LdC LdTC

cLK | ﬂ . AURB_—p| Coon ] sls  OPER selv  Ldv  LdR
\*\SEIADDR [_FEn ] SelCIN Ldz

Data il\
Address —1

I_hius':> Generator ADDR CNTL

Next PC

I_hih':> Address L> L :> 0 Q£:> b

Generator _WE LdIR

CLKT TT / S ¢ z
PC |
SelPC Memory \%
LZPC > Data Bus jﬁ > ' EEE—
I_is_ll> Logic CLK WE, RE, WRB

LdM T T T EnTBUE TReset
CLK
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #3
o load result into AH, select
ADDR=AHL
o idle
SelAL  SelAH
LdAL LdAH
CLK¢ il

Data _JMiEJ\\
Address —1

I_hius_:> Generator

Next PC

% Address L>

Generator

ST

SelADDR

ADDR

RE

WE

SelPC

- > Memory

LdPC

>

ﬁ SelC
SelB OPER SelV
SelCIN

ALU

CNTL

I fl

LdC LdTC
LdVv LdR
Ldz

Logic

LdM T T T EnTBUF
CLK

Data Bus jﬂ

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #3
o load result into AH, select
ADDR=AHL
o idle
o idle
SelAL  SelAH
LdAL LdAH
CLK¢ il

Data _JMiEJ\\
Address —1

I_hius_:> Generator

Next PC

% Address L>

Generator

ST

SelADDR

ADDR

RE

WE

SelPC

- > Memory

LdPC

>

ﬁ SelC
SelB OPER SelV
SelCIN

ALU

CNTL

I fl

LdC LdTC
LdVv LdR
Ldz

Logic

LdM T T T EnTBUF
CLK

Data Bus jﬂ

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

SelADDR

ADDR

RE

WE

- > Memory

» E Clock #3
o load result into AH, select
ADDR=AHL
o idle
o idle
o idle
SelAL  SelAH
LdAL LdAH
CLK¢ ﬂ
Data il\
Address —1
%Generator
Next PC
% Address >
Generator
CLKT T T
SelPC
LdPC

>

ﬁ SelC
SelB OPER SelV
SelCIN

ALU

CNTL

I fl

LdC LdTC
LdVv LdR
Ldz

Logic

LdM T T T EnTBUF
CLK

Data Bus jﬂ

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAB, adresovaci reziim IND, X | g

» E Clock #4
o select ADDR = PC, increment PC,
load data from memory into M RB CLK l
register
[acca | DA
> [Cacce | = >
[ ixH | ALU .
SelAL  SelAH $ Ly | MBUS ‘ —
LdAL  LdAH A % ﬁ selC  Ldc  LdTC
CLK | ﬂ . e Coon ] sls  OPER selv  Ldv  LdR
SelADDR [ FEn | SelCIN Ldz

Data il\
Address —11

I_hius':> Generator ADDR CNTL

Next PC

I_hih':> Address L> i’ :> 0 Q£:> b

Generator _WE . LdIR

CLKT T \" VA

oe E— %
SelPC > Memory v —
Data Bus ﬁ >
LdPC 3% :: Logic ‘ CLK WE, RE, WRB

LdM T T T EnTBUE TReset
CLK
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

O

E Clock #4

o select ADDR = PC, increment PC,
load data from memory into M

register

o pass datafrom M through ALU to
R and load it into R register

SelAL
LdAL

CLK¢ ﬂ

SelAH
LdAH

Data
Address

I_hius_:> Generator

AHL N
—l/

Next PC
E—

>

Address
CLKT T T

Generator
SelPC

LdPC

I fl

LdC LdTC
LdV LdR
LdZ

RB CLKl
[acca | oA
&:> Cacce | >
s ] au |
/>
=== m@ > N
ADER m@ MBUS LV,
MWRB IE' SelC
.s IADDR [ oon | SelB OPER Selv
: Ceen | I [ SVSY
. CNTL
IR
RE >
“we B
L’ LdIR
o LE <
/ —> C z |
PC ,
> Memory % vl
Data Bus | —
Logic CLK

LdM T T T EnTBUF
CLK

_EnTRUE

WE, RE, WRB

>

T Reset
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #4

o select ADDR = PC, increment PC,

I fl

load data from memory into M RB CLK l
register
o pass datafrom M through ALU to [acca |
R and load it into R register &'l> ACCE Ra > i{>
0 generate address of ACCA in RB IXH ALU
and load R into ACCA C o] rC »
> Covn | ;m_> Z
SelAL  SelAH : Ly | MBUS ——
LdAL  LdAH Em— % Selc  Ldc  LdTC
CLK ¢ ﬂ . WRE Coon | sels OPER Selv  Ldv LdR
SeIADDR [ Een | SelcIN ~ LdZ
Data il\
Address —
I_hius_:> Generator ADDR CNTL
IR :
Next PC RE :> D Q| IR
% Address > ) — > gl —
Generator _WE LdIR
—| CE c_, E——
/ CLK
CLKT ﬂ‘ —> C z
= B e
SelPC emory v |
Data Bus jﬁ > EEE—
LdPC I_is_ll> Logic CLK N WE, RE, WRB

T Reset

LdM T T T EnTBUF
CLK
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| HC11: Instrukce LDAB, adresovaci rezim IND, X

» E Clock #4

0

load data from memory into M RB CLK l
register
pass data from M through ALU to [acca | oA
R and load it into R register &'l> ACCE >
generate address of ACCA in RB IXH ALU
and load R into ACCA C x|
select V=VOUT, load V and Z A2 Cvn >
flags, (N flaa not implemented ADA Ty ]
here) selAL  selaH MBUS
LdAL  LdAH s [_spr | ﬁ
wee | CseL
CLK¢ ﬂ ' SelADDR oo sl OPER
e
[ Fen |
Data il\
Address
I_hius_:> Generator ADDR
IR
Next PC RE D Q| IR
% Address > S — >
Generator _WE . LdIR
—| CE c
/ CLK
CLKT ﬂ‘ — P cC Z
PC
i > Memory v |
Data Bus |
LdPC RES :: Logic % CLK

select ADDR = PC, increment PC,

SelC
SelV

SelCIN

CNTL

I fl

LdC LdTC
LdV LdR
Ldz

LdM T T T EnTBUF
CLK

_EnTRUE

WE, RE, WRB

>

T Reset
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