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Rotace a posuvy

Bitové rotace a posuvy se implementuji vyhradné pomoci pomoci tzv.
Barrel Shifter obvodu, coz je kombinacCni obvod, ktery je schopen vycislit
vysledek operace béhem jediného taktu.

Pocet taktu pfi pouziti posuvného registru by zavisel na poctu bitu o
kolik posuv realizujeme.

Barrel Shifter je obvod slozeny z vhodné usporadanych multiplexord,
pouziva se oznaceni BS(n,,n,,...,n,), kde N odpovida poctu stupnu
(zpozdéni) a n, Sifce multiplexort v jednotlivych stupnich.

BS(B), kde B je pocet bitu operandu odpovida B multiplexorum s B-
bitovym vstupem (velmi drahé).



4-bitovy valcovy posouvac pro rotace vpravo
nejjednodussi varianta - BS(4)
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4-bitovy valcovy posouvac pro rotace vpravo
nejjednodussi varianta - BS(4)
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0//2/ Q: Jak by se realizoval BS pro posuv nikoliv rotaci?



4-bitovy valcovy posouvac pro rotace vpravo
varianta BS(2, 2)
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4-bitovy valcovy posouvac pro rotace vpravo
varianta BS(2, 2)
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Q: Jak by se realizoval BS pro posuv nikoliv rotaci?
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16-bitovy valcovy posouvac pro rotace vpravo BS(2,2,2,2)
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Q: Jak bude vypadat BS(2,4,2)?

Q: Jak by se implementoval BS pro rotaci vlievo?



16-bitovy valcovy posouvac pro rotace vievo
BS(2,4,2)
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W-bitovy valcovy posouvac¢ ve VHDL
BS(2,...,2) rotace doprava

library IEEE; - - -
use IEEE.std logic_1164.all; i shifted shift
use work.math_pack.all;
1 (7..0) & (15...8) 0/8
entity BS is
generic ( W : natural := 16 ); 2 (3..0) & (15..4) 0/4
PIFE { 3 (1..0)&(15..2 0/2
DIN : in std _logic_vector( W-1 downto 0); (1..0)&(15..2) /
DOUT : out std logic vector( W-1 downto 0); 4 (0..0) & (15...1) 0/1
SHIFT : in std_logic_vector( log2(W)-2 downto 0)
)s 0 o 0
end BS; 1 o]
2 o)
. . 3 o)
architecture rtl of BS is 1
constant STEPS : natural := SHIFT'length;
type tarray is array(STEPS downto @) of std logic vector(W-1 downto 0);
signal level, unshifted, shifted : tarray; 8
begin :
level(®) <= DIN; 15 € 015
DOUT <= level(STEPS); rotace: 0/8 0/4 0/2 0/1  cekem: 0+15
A A A A T=44

levelgen: for i1 in 1 to STEPS generate
unshifted(i) <= level(i-1);
shifted(i) <= level(i-1)(2**(STEPS-i)-1 downto 9) &
level(i-1)(W-1 downto 2**(STEPS-i));
level(i) <= shifted(i) when SHIFT(STEPS-i) = '1' else unshifted(i);
end generate;
end rtl;



W-bitovy valcovy posouvac€ ve VHDL
BS(2,...,2)

architecture rtl of BS is
constant STEPS : natural := SHIFT'length;
type tarray is array(STEPS downto 0) of std logic vector(W-1 downto 0);
signal level, unshifted, shifted : tarray;
signal zeros: std logic vector(W-1 downto 0);
begin
level(©) <= DIN;
DOUT <= level(STEPS);
zeros <= (others => '90");

levelgen: for i in 1 to STEPS generate
unshifted(i) <= level(i-1);

--ROTACE DOPRAVA

shifted(i) <= level(i-1)(2**(STEPS-i)-1 downto 0) &
level(i-1)(W-1 downto 2**(STEPS-i));

--ROTACE DOLEVA

shifted(i) <= level(i-1)(W - 2**(STEPS-i)-1 downto 90) &
level(i-1)(W-1 downto W-2**(STEPS-i));

--POSUN DOPRAVA

shifted(i) <= zeros(2**(STEPS-i)-1 downto 0) &
level(i-1)(W-1 downto 2**(STEPS-i));

--POSUN DOLEVA

shifted(i) <= level(i-1)(W - 2**(STEPS-i)-1 downto 9) &
zeros(W-1 downto W-2**(STEPS-i));

level(i) <= shifted(i) when SHIFT(STEPS-i) = '1' else unshifted(i);
end generate;
end rtl;



S&itagky

polovicni scCitacka (Half Adder)
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S — jednobitovy soucet
C — vystupni prenos
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Séitacky
uplna scitacka (Full Adder)
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Séitacky

vicebitoveé scitacky
« Existuje nékolik architektur lisicich se v zpozdéni a plose na Cipu (od nejpomalejsSi k
nejrychlejsi varianté):
— sCitaCka s postupnym prenosem (Ripple-Carry Adder)
— sCitaCka s vybérem prenosu (Carry-Select Adder)
— CLA scCitaCka (Carry-lookahead Adder)
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Scitacka s postupnym prenosem

» Lze zkonstruovat pomoci 1-bitovych uplnych scCitaCcek
« Zpozdéni: 2nA, kde A je zpozdéni log. ¢Clenu, n je pocet bitu
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Scitacka s postupnym prenosem

» Lze zkonstruovat pomoci 1-bitovych uplnych scCitaCcek
« Zpozdéni: 2nA, kde A je zpozdéni log. ¢Clenu, n je pocet bitu

Priklad: 4-bitova sCitaCka
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Scitacka s vybérem prenosu

* Vyuziva stavebni blok skladajici se ze dvou scitacek s
postupnym pfenosem (SPP) a multiplexort (MX).
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Scitacka s vybérem prenosu

 Vicebitova varianta sCitaCky s vyberem prenosu
o Zpozdéni: O(\n)

Priklad: 16-bitova scitacka
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S&itagky

rozsirena scitacka (Extended Adder)
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CLA scitacka

» Lze zkonstruovat pomoci 1-bitovych rozsSirenych scCitacek a
CLA logiky (obvod se zpozdenim 2A)
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CLA scitacka
slozitost CLA logiky

« CLA logika jako obvod se zpozdenim 2A
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* Plochy CLA jevdnotky zavisi na poctu bitu kvadraticky. Plocha je neunosné velka jiz pro 16-
bitovou CLA. ReSenim je zavést viceuroviiovou CLA logiku (sestavit CLA do stromu).
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CLA scitacka

se stromovou architekturou

Priklad: 16-bitova scCitacka
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Implementace stromové CLA scitacky 1/4

entity CLA1l6 is

port (
A, B : in std logic vector(15 downto 9);
CI : in std logic;
S : out std logic vector(15 downto 0);
co : out std _logic);

end CLA16;

architecture RTL of CLA16 1is

component XA
port (
A, B, CI : in std _logic;
S, P, G : out std logic);
end component;

component CLAU

port (
P, G : in std _logic vector(3 downto 9);
CI : in std_logic;
co : out std logic vector(3 downto 9);

GP, GG : out std_logic);
end component;



Implementace stromové CLA scitacky 2/4

constant N : integer := 4; -- number of 4 bits
signal P, G, C : std logic vector(N*4-1 downto 0);
signal GP,GG,GC : std logic vector(N-1 downto 9);

begin

fagen : for i in @ to N*4-1 generate
xau : XA port map (A => A(i), B => B(i), CI => C(i),
S =>S(i), P => P(i), G => G(i)
)

end generate;

claugen : for i in @ to N-1 generate
clau : CLAU port map (
P => P(i*4+43 downto i*4),
G => G(i*4+3 downto i*4), CI => GC(i),
CO => C(i*4+3 downto i*4),
GP => GP(i), GG => GG(i));
end generate;

claul : CLAU port map (P => GP, G => GG, CI => CI, CO => GC,
GP => open, GG => CO);
end RTL;



Implementace stromové CLA scitacky 3/4

library IEEE;
use IEEE.std logic _1164.all;
entity CLAU is

port (
P, G : in std logic vector(3 downto 90);
CI : in std logic;
co : out std logic vector(3 downto 0);
GP, GG : out std logic);
end CLAU;

architecture RTL of CLAU 1is
begin
CO(0) <= CI;
CO(1) <= (CI and P(9)) or G(9);
CO(2) <= (CI and P(©) and P(1)) or
(G(@) and P(1)) or
G(1);
CO(3) <= (CI and P(©) and P(1) and P(2)) or
(G(@) and P(1) and P(2)) or
(G(1) and P(2)) or
G(2);
GG <= (G(©®) and P(1) and P(2) and P(3)) or
(G(1) and P(2) and P(3)) or
(G(2) and P(3)) or
G(3);
GP <= P(3) and P(2) and P(1) and P(©0);
end RTL;



Implementace stromové CLA scitacky 4/4

library IEEE;
use IEEE.std logic_1164.all;

entity XA is
port (
A, B, CI : in std logic;
S, P, G : out std logic);
end XA;

architecture RTL of XA is

signal Gsig, Psig : std logic;
begin

Gsig <= A and B;

Psig <= A xor B;

S <= Psig xor (CI;
G <= Gsig;
P <= Psig;

end RTL;



Python implementace

ehw-fit/ariths-gen
g ehw@HT

Generator of arithmetic circuits (multipliers,

adders) and approximate circuits

python’
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https://github.com/ehw-fit/ariths-gen/tree/main/ariths_gen/multi_bit_circuits/adders
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