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Definition: Synthesis = Translation + Optimization

# HDL code—— gtech logic netlist

# Optimization & technology Mapping —»
min(Speed X Area X Power)

# Behavioral Synthesis:
Scheduling and Allocation Algorithm
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1.8 VHDL t1/M%g5 (Cont.)

entity rsdecoder is component bmexpand
port (reset , clk : in std_logic; port(reset, clk : in std_logic;
decin : in bit8; synin : in bitg;
decout : out bit8); cnt @ in rsint;
end rsdecoder; @ synout : out bit8;
Istsfe : out bit8; @
architecture structural of rsdecoder is bout : out bit8);
component syndrome end component;
port (reset, clk : in std_logic; component bmfftbuf
rec : in bit8; port(reset, clk : in std_logic;
synfb : in bit8; ctl255 : in std_logic;
syndout : out bit8); syno, addo : in bit;
end component; bmfo : out rsbit8_vector(0 to N2 - 1));

end component;
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1.8 VHDL t1/M%g5 (Cont.)

component ifft component decbuf

port(reset, clk : in std_logic; port(reset, clk : in std_logic;

ctiINIm1, ctiN1 : in std_logic; din : in bit8;
ctl254 : in std_logic; dout : out bit8);
buffin : in rsbit8_vector(0 to N2 - 1); end component;

iffto : out bit8);

end component; @ component control @

port(reset, clk : in std_logic;
ctiINIm1, ctiN1 : out std_logic;
ctl254, ctl255 : out std_logic;
ctlobf : out std_logic;

component fftobuf
port(reset, clk : in std_logic;

ctlobf : in std_logic;
A 2 o (ST synfb : out std_logic;

fbo : out bit8); cntout : buffer rsint);

end component; end component;
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1.8 VHDL #1175 (Cont.)

component xor8
port(inl, in2 : in bit8;
xout : out bit8);

end component; @

signal ctiN1Im1, ctIiN1, ctl254, ctl255 : std_logic;
signal ctlobf, synfb : std_logic;

signal fbo, dout, synout, Istsfe, bout : bit8;
signal cntout : rsint;

signal iffto, syndout : bit8;

signal bmfo : rsbit8_vector(0 to N2 - 1);




1.8 VHDL ¥ vI/)hg5 (Cont.)

begin

ul :
synfb,

u2 :
us3:
u4 .
us :
: fftobuf port map(reset, clk, ctlobf, iffto, fbo);

: decbuf port map(reset, clk, decin, dout);

ué
u/
us8

control port map(reset, clk, ctiINIm1, ctiN1, ctl254, ctl255, ctlobf,
cntout);

syndrome port map(reset, clk, decin, synfb, syndout); @
bmexpand port map(reset, clk, syndout, cntout, synout, Istsfe, bout);
bmfftbuf port map(reset, clk, ctl255, synout, Istsfe, bmfo);

ifft port map(reset, clk, ctiINIm1, ctIN1, ctl254, bmfo, iffto);

: xor8 port map(fbo, dout, decout);

end structural;
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2.1 P52 (Cont.)

PR R Y
bit, bit_vector, std_ulogic, std_logic,

std_logic_vector, boolean, integer, etc.

5B PR

array, record, sub_type, new type
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2.1.1 I fE 5]

i/ signal t, s : bit;

s<="1, --s<=1t

li/ signal c : bit_vector(0 to 3);
signal d : bit_vector(3 downto 0);
c <="1011"%
c(0) c(1) c(2) c(3)

d(3) d(2) d(1) d(0)

d<=c; --ok?P  =———

c(0 to 3) <= d(0 to 3) — tk?
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2.1.1 I{{E#E+H) (Cont.)

iii/ signal s, t, w, m : bit;
signal c : bit_vector(0 to 3);
c <="1011";
C<=s&t&wa&m;
c<=(1,%,"1,%1);
c <=3; --No

c<=(0->'1,1->s5, ‘

2->'1", 3 -> '1"); -0k
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2.1.1 I{{E#EH) (Cont.)

iv/ signal a_vec : bit_vector(0 to 11);
a_vec <= B"1100_0011_0011_1100";
a_vec <= "1100001100111100%
a_vec <= X"C33C";
a_vec <= X"C3_3C"
a_vec <="1100_0011_0011_1100%

a_vec <= "C33C": ‘
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2.1.1 I{{E#EH) (Cont.)

A7 EB R R EEIER 1
—ikHl—B (Binary)
J\EtEH]—O (Octal)

+758E#l—X (Hexadecimal)
+##—D (Decimal) @P
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2.1.1 I{{E#EH) (Cont.)

v/ signal A, B, C : bit_vector(3 downto 0);

C <= A and B;
)

C(3) <= A(3) anc
C(2) <= A(2) anc
C(1) <= A(1) anc

C(0) <= A(0) anc

B(3);
B(2);
B(1);
B(0);

cOa

617

617

cOa

617

617

cOa

617

cOa

617

cOa

cOa

C<=notA

cOa

617

617

cOa

617

cOa

cOa

617
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2.1.1 I{{E#E+) (Cont.)

vi/ slice of array
entity VHDL is
port(A : in bit_vector(0 to 7);

signal C : bit_vector(0 to 7);

C(4) <= ‘1 outp : out bit);
C(0 to 3) <= *1001~; end VHDL;
architecture E1 of VHDL is
begin

outp <= A(5);

end;
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RE1E ) (Cont.)

vii/ Composite data type
type date is record
year : integer range 1980 to 2030;
month : integer range 1 to 12;
day : integer range 1 to 30;
end record;

subtype bit8 is bit_vector(7 downto 0);
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2.1.1 I{{E#EH) (Cont.)

vii/ Composite data type
signal weekday, today : date;
weekday.year <= 2003;

weekday.monty <= 2;

weekday.day <= 14;

today <= weekday;
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2.1 A&

H R A8 He i (Cont.)

R e

sta_

std_

std_

ogic and std_ulogic,

ogic_vector and signed

ogic_vector and unsigned

integer and real%:

signal a std_logic_vector(0 to 7);

signal b unsigned(0 to 7);

b <= unsigned(a);
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2.1.2 iy ¥4 (Cont.)

std_logic and bit

PR B AT

std_ulogic and bit, boolean and bit,

std_logic_vector and bit_vector

integer and std_logic_vector/unsigned%%
signal a std_logic_vector(0 to 7);
signal b integer range 0 to 255;
a <= to_stdlogicvector(X”AF”);

b <= conv_ingeter(a);




2.1.2 e M #: 4 (Cont.)

B BRI
type typeconv_type is array(std_ulogic’low to
std_ulogic’high) of bit;

constant typeconv : typeconv_type := (‘0’ | L’
=> ‘0, ‘1" | ‘H> => ‘1”, others => 0’);

signal s : std_ulogic;
signal a : bit;

a <= typeconv(s);




2.1.2 B 2R ¥ 1 (Cont.)

Discussion

How to transform bit type to boolean type?

signal bitty : bit;

signal booly : boolean;

booly <= (bitty = 1°);
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2 1, 3 ff‘ e R ARIEH

s H AT
and, or, not, xor, nand, nor

=I /=l <I <=I >l >=

Discussion: What is the result of the following

relational statement?

“1000” > “1111” = -
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2.1.4 HAREAE

B H AT
+’ ) *’ mOdy /’ Frem

11
FHAEBB TN 20035 !

BRAERERAL:

std_logic_vector, integer, signed, unsigned

use ieee.std_logic_unsigned.all;
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2.1.4 HAREAE (Cont.)

signal a, b : std_logic_vector(3 downto 0);
gl <= unsigned(a) + unsigned(b); -- 4bit
g2 <= unsigned(a) + signed(b);  -- 5bit
g3 <= signed(a) + signed(b); - 4bit
g4 <=a+ b; -- 4bit
g5 <= (‘'0' & a) + b; -- Sbit
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2.1.5 EF TR AE

»

#¥: concatenation operator

(i

=
f£: aggregates

o

signal A, B : std_logic_vector(3 downto 0);

signal C : std_logic_vector(7 downto 0);

signal D : std_logic;
C<=A&B;

C(7) | C(6) | C(5) | C(4) |C(3) | C(2) | C(1) | C(0)
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2.1.5 &7 1242 (Cont.)

C(7) <='Z";
C(6 downto 3) <= A;
C(2 downto 0) <="'0" & A(1 downto 0);

C<=(7=>'1,6=>D, 5downto 2 => "1,
others => *0");

C <="00000000"; ----- et

C <= (others => '0");
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2.2 FFR P IR v )

I & I AH 5 1) £F architecture ¥ begin flend 2 [H]
5H Gy IR, ®—4&IFREA)EH—
processit 1) 2

G Tk AR T 1) L fE 7F process Al 112 7 ) begin A1
endZ [b], ERESWEER)I, A48 ERE
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B
D<=A+E A
e —>D
A<=B+C; C
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2.2.1 FF R AE 5 R](Cont.)
IR WA

A
B

AT

C<=A; A\ C
e =~
C <= B; B/

Multi-driver, need resolved function
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2.2.2 iRy AE v )

B
D<=A+E A
[ ID
A<=B+C C E
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2.2.2 i e 15 f)(Cont.)

C<=A;

C <=B;

A<=B+A; —>>@—> ~A
H 5 0EFE

I ke Ok!
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V.

—/N Tt dentity flarchitectureffiid

Hds Gt 5% 2584 bit, boolean, integer, std_logicZsbr
AER AN P B e R

HRER) AT S BT JCC (order independent)
VHDLZ —F iR a5 CGRAUAGE H 20 AH B84

TUHIAITE A AN REAEprocess T, ifiEfi) FliforiE ) FH
TIRIEAFR, Hftitgenerateiffy, I KIER)ILA
2 I TS )
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2.3 /hgfi(Cont.)

entity shift is signal tv : std_logic_vector(0 to 7);
port( reset, clk : in std_logic; begin
din : in std_logic; for I in O to 7 generate
dout : out std_logic); if I = 0 generate
end shift; ul : dff port map(reset, clk,

din, tv(0));

end generate;

architecture str of shift is

component dff
if I > 0and I <= 7 generate

port(reset, clk : in std_logic;
u2 : dff port map(reset, clk,

d : in std_logic; tv(I - 1), tv(D));
q : out std_logic); end generate; end generate;

end component; dout <= tv(7); end str;
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2.4 process

IR FEL R DI e BAT A o TSRS B O B e
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2.4.1 syntax

[process_label :] process(sensitivity list)
[declarations; ]
begin
statements; --if, loop, case, subprogram call etc

end process [process_label];
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2.4.1 syntax

P1 : process(A, B) P1 : process(A, B, C)

Begin Begin

D<=AorBandC l D<=AorBandC;

End process P1; End process P1;
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Signal_1|

Signal;z

Process A

| : \Q % Signal_l\lé Assignment |
f If, case, loop etc

Process B

Signal_3
—

architecture example
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2.4. 3 if then elseit )i &

i/, ST A7

entity dff is
port (d : in std_logic;
clk : in std_logic;
g : out std_logic);
End dff;

architecture rtl of dff is
begin
infer_reg : process(d, clk)
begin
if (clk’event and clk = 1) then
q<=d;
end process infer;

end rtl;
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2 4, 3 if then elseitt)Zi4 (Cont.)

i/, I ANBIAF o

Infer_latch : process(A, B)
begin
if (A= °1") then

X <= B;

end process infer_infer_latch;

e o

|
I
X <= X; I
I
|
|

e S S S o

Infer_latch : process(A, B)
Begin
X <= ‘0
if (A =°1") then
X <= B;

end process infer_infer_latch;
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2.4.3 if then elseiff)%i4(Cont.)

iii/ . éﬂ/ﬁ\ Eiﬁ% architecture arch of comb is
begin

entity comb is
port(a, b : in bit;

process(a, b, select)

begin
select : in bit; if (select = ‘1°) then
y. out blt), y <= b,
end comb; ;
elsey <= a;

b end if;
Y
a B end process;

select end arch;
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2 4, 3 if then elseitt)Zi4 (Cont.)
iv/. 7 BAT

process(reset, clk, d)

Begin
if (reset = “0’) then
q<=°0;
d q elsif (clk’event and clk = “1”) then
q<=d;
clk end if;
end process;
reset %
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2 4, 3 |f then elseiE )25+ (Cont.)
v/. =xEH D

signal s, sel, data : std_logic;
process(sel, data)
Begin

if (sel = “1’) then

s <= data; data .
else s <= 7"

_ sel
end if;

end process;
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2 4, 3 if then elseit: 1) 255 (Cont.)
v/. =& (2D

architecture beh of tribuf is
signal asel, bsel, a, b, s : std_logic; pb : process(bsel, b)

begin pa : process(asel, a) begin
s <=L

begin i
S <= 7’ ? if (bsel = <1°) then
! asel [ S
if (asel = <1’) then S <=b;
— Bl end if;
s<mp; P

end if: end process pb;

end process pa; _ end beh;
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2 4, 3 if then elseifin)Zi4(Cont.)
Discussion (1

signal a, b, use_b : bit;
process(a, b, use_b)

Begin

if (use_b = “1’) then > Latch?
S <=b;

elseif(use_b = ‘0’) then
S <= a;
end if;

end process;
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2 4, 3 if then elseitt)Zi4 (Cont.)
Discussion 2D

signal a, b, use_b : std_logic;
process(a, b, use_b)

Begin

if (use_b = “1’) then > Latch?
S <=b;

elseif(use_b = ‘0’) then
S <= a;
end if;

end process;
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2 4, 3 if then elseit: 1) 255 (Cont.)

Discussion (3)
signal a, b, use_b : std_logic; else assert false
process(a, b, use_b) report “invalid use_b”
Begin severity error;
if (use_b = ‘1) then end if:
s <=Db; end process;
elseif(use_b = ‘0’) then
S <= a;

) What?




b e B §

2 4, 3 if then elseit: 1) 255 (Cont.)

Vif. ZE— AR, —AMES R N AN =K S

process(b, ub, a, ua)

Begin
dout <= ‘Z’; f‘la D—L
if (ub = <1°) then X dout
dout <= b; ub j—r

end if; _—D

if (ua = “1’) then
dout <= a;

end if; end process;
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2.4.3 if then elseif)z:4&(Cont.)
vii/. <Z>{E A FH ]

Q) MG T E 2ER, Bl A=), H2Z
(EAREH TR HRIE N GE/HARELE D

I: dout <= ‘Z’ and din;

5 A5 5 2 EILR, 25 R 5 hfalse, 5] HIXHE
IR R RIE A0 T B £ 45 45 R AN UL

. if (sel = <Z°) then #H*4T
if false then
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2.4.3 if then elseif)z:4&(Cont.)

vii/. if then elseitf)/Ngh

@ TLLRIUTAT

@ /Ll

@ i belseiffy, nlAELERklatch
O oS

P CIN

©® 57 Tprocessfisubprogram




e | L3 EL |

2.4.4 case iEh]

i/. syntax
case (expression) is
when value => statements;

when value | value => statements;

when valuel to value2 => statements;
when others => statements;

end case;




R bl 24 &

2.4.4 case i1j(Cont.)

ii/. case & 1) N

> AT value I ANHH A

> Uifootherssrty, 2555 R A ] e =&k U
> tnfyothersirfy, WA — AN RIBERSH
> EEDETHTER) P LA 2 5%
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2.4.4 case ifit)(Cont.)

entity decoder is
port(din : in std_logic_vector(0 to 2),
g : out std_logic_vector(0 to 7));
end decoder;
architecture ex of decoder is
begin
process(din)
begin
case (din)
when “000” => q <= “00000001”;
when “001” => q <= “00000010”;
when “010” => q <= “00000100”;

when “011” => g <= “00001000”;
when “100” => q <= “00010000”;
when “101” => q <= “00100000”;
when “110” => g <= “01000000”;
when “111” => q <= “10000000”;

when others => q <= ©
end case;
end process;

end ex;
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2.4.5 for loopi £
i/, 1Bk

loop_label : for loop_var in range loop

sequential statements;

end loop loop_label;

iJ‘EEU% loop_labeln]#E, loop_varAs75 /i,
zEEI, I EA) ¥ unrolled

Why loop statement ?
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2.4.5 for loopi&+)(Cont.)

entity parsum is
port(word : in std_logic_vector(0 to 7);
par : out std_logic);

end parsum;

architecture addxor of parsum is for I in word’range loop
begin ts := ts xor word(I);
process(word) end loop;
variable ts : std_logic; par <= ts;
begin end process;
ts: = 0’; end addxor;

Discussion: W Hts H{5 5, SR A7
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2.4.6 Fi#uxi 4

constant variable signal

i/. constant and variable

constant const_name : type := value;

2

variable var_name : type;

constant mask : std_logic_vector(0 to 7) := “000000007;
constant led_zero : bit_vector(0 to 7) := X”7E”;

variable tsum : std_logic_vector(3 downto 0);
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2.4.6 4% % (Cont.)

ii/. signal and variable

MRS AERTAR, AIER5 NIZ ARk

ANE] i AR s E A LRI, H ] T-processH
subprogramtlj (VHDL-1076- 87) , M5 TRt

Ah, & w T TE A
NWH: HHIHE — signa

g4t — variable

hE] 45 . — variable
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2.4.6

signal a, b, ¢, X, y : short

process(a, b, ¢)

begin
C <= aq;
X <=C+ 2;
C<=Db;
y <=cC+ 4;

end process;

A % (Cont.)

signal a, b, X, y : short
process(a, b, ¢)
variable c : short;
begin
C:=a;
X<=C+ 2;
C:=b;
y<=cCc+4;

end process;
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2.4.6 4% % (Cont.)

Signal variable
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2.4.6 4% % (Cont.)

entity sigvar is
port(a, b, ¢, d : std_logic;
g : out std_logic;
end sigvar;
architecture sig of sigvar is
signal int : std_logic;
Begin
process(a, b, ¢, d, int)
begin
int <=aand b and c;
g <=intord;
end process;

end sig;

entity sigvar is
port(a, b, ¢, d : std_logic;
g : out std_logic;
end sigvar;
architecture sig of sigvar is
Begin
process(a, b, ¢, d)
variablel int : std_logic;
begin
int :=aandb and c;
g <=intord;
end process;

end sig;
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2.4.7 wait & 1]

wait until, wait, wait on, wait for

> waitif f) R 75 S ieE
process/t) 14

> {EprocessH, Wi waitiff],
FRURR R A 20 B

> {Eprocess™', anlt iwaiti&fy,
WERUEER, AR IE R

> 254 T HA S Hrwait untilis A
(FINFF4x)
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2.4.7 wait 1&14)(Cont.)

library ieee; if (updown = 1°) then
Use ieee.std_logic_1164.all; if (cnt = 15) then
entity count4 is cnt <= 0;
port(updown : in std_logic; else cnt <=cnt + 1;
clk : in std_logic; end if;
dout : out integer range 0 to 15); else
end count4; if (cnt = 0) then
architecture behave of count4 is cnt <= 15;
signal cnt : integer range 0 to 15; else cnt <= cnt - 1;
begin end if;
process end if;
begin end process;

wait until clk’event and clk = <1’; end behave;
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2.5 LT

ﬁﬁ/ﬁ:%’_}\‘/\:
%/\ﬁﬁi: = /=’ <, <=, >, > =

WAREH: +, — %,/

RN HAT ) BH AL R
PRUR, JEre A e

TE /M BEIRSEEUA R ) Zh g 2

LnAn]

+—
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if (sel_a = ‘1) then

Z<=a-+t

end if;

if (sel_a = ‘0’) then
z<=b+t;

end if;

| Ll
‘3
4\ Lo /
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/. &
Z<=a+t when sel a="°1" else
b+ t;

o
if (sel_a = ‘1) then
Z<=a+t
else
z<=b+t;

end if;




2.5 TRt =(Cont.)
i/, (D
dout := 0;

found := false; )
for k in 1 to 4 loop ii il ii

if(found = false) then ‘ + T T N
if (a(k) = ‘1°) then Voo Yy
dout := b(k) + c(k);
found := true; dout
end if;
end if;

end loop;
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i/, t1:=0; t2:=0;
@D found := false;
for kin 1 to 4 loop
if(found = false) then
if (a(k) = ‘1”) then

bl—
tl := b(k); t2 := c(k); b2
found := true; b3—
end if; ‘ M + [—dout
_ cl—
end if; |
end loop; 3— |
dout :=tl1 + t2; s
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2.5 TRt =(Cont.)

i/, 2l O
P1 : process
begin
wait until clk’event and clk = 1’;
if (sel = “00”) then
reg_0 <= dA + dB;
end if;

end process P1;

P2 : process
begin
wait until clk’event and clk = 1’;
if (sel = “01”) then
reg_1 <= dA - dB;
end if;

end process P2;
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2.5 TRt =(Cont.)

i), ZHE Q@O
P3 : process dout <= reg_0 when sel = “00” else
begin reg_1 when sel = “01” else

wait until clk’event and clk = <1’;
if (sel = “10”) then
reg_2 <= dB - dA;

end if;

end process P1;

%'__'f?)/?: 341“]*2%%/”32?2%%)
HEAE 2 JEAR [A] L)L !

reg_2 when sel = “10” else
0;




ST o, ] adizEL¥

2.5 TRt =(Cont.)

iv/.

if((addr(31 downto 20) <= “000000000110”) and
(addr(31 downto 20) >= “000000000001™)) then

G AN 1247 LA e ﬂ

if((addr(31 downto 23) = “000000000”) and
(addr(22 downto 20) /= “111”) and
(addr(22 downto 20) /= “000)) then

PEUR: I3 EEER AR+ Ao B s
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2.5 TRt =(Cont.)
v/. (1D

s(0) <= A(0) and A(1);
forkin 1to 7 loop

%'__'f?)/?: 14?)32?2%%’ 7/l\

BREE
if (k>A-1)then
s(k) <= 1’ UL B RG, [E
else jjllzt_l:]\ﬁﬁfxi/jﬁﬁfﬁ
éﬁ\ﬂfjﬁ //T:IHTIEHHE
s(k) <= ‘07, oK, WG E T A

. BRI E(ETR
end if; ﬂ et

end loop;
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v/. (2D
s(0) <= A(0) and A(1);
tvi=A-1;
forkin1to 7 loop . IR, 7A
if (k > tv) then th i 28
s(k) <= ‘1’;
else Ui B, ZEE IR
s(k) <= <0’;
end if;

end loop;
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{ﬁ‘?)ﬁ/\g(Cont)

v/. 3D
s(0) <= A(0) and A(1);
for kin 1 to 7 loop WUE. ONRVESE, 74
if (k + 1 > A) then BRE
s(k) <= ‘1’;
else AL —T:f?iiﬁﬁjﬁiﬁzéE
s(k) <= ‘0’ %Dﬁ% GIRHAE, ZRE
H ETJJFHZ to S%Atki&,
end 1; N S

end loop;
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2.5 TRt =(Cont.)

vif. < A(0) A(L A6) A7)
sum := 0; >C\C O\@ dout
forkinOto7loop

sum := sum + A(k);

end loop; |
8/ IMigids, 8 INIAAs LR
dout <= sum;
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vi/. @D
cnt ;= 8; AQA(}) A2) A(3) A(4) A(5) A8) A(7)
for 1in O to 2 loop

cnt := cnt/2;

for kin 0 to cnt — 1 loop

ACK) 1= A(K*2) + AGK*2 + 1): T

end loop; dout

end loop;

ANE N I Q Y me LT: }j
dout <= A(0); 7N IERs, 3gUmikes iR
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2.6 '

i/, EFfHERNENGES O
process(A_late, B, C, D)
begin
if (A_late + B < 24) then
dout <= C;
else dout <= D;
end if;

end process;




2.6 H-'¢/(Cont.)
i/, LR EEIEREYS QO
process(A_late, B, C, D)

begin
if (A_late < 24 - B) then
dout <= C;
else dout <= D;
end if;

end process;

b e B §
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2.6 H-'¢/(Cont.)

i/, PiE5%5E4 RATGE CD
process

variable cnt : integer range 0 to 255;

begin
wait until clk’event and clk = ‘1, \@7 doyt
cnt:=cnt + 1; /
dout <= cnt; k C

end process;

AL ERE G NFII ) A A7 A |
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i/, TESZA 4 RAILE 2D
signal cnt : integer range 0 to 255;
process

begin

wait until clk’event and clk = 1°; \,: doyt

cnt <=cnt + 1; /!

i
end process; dk

dout <= cnt;
(H&, PER, Henti{EN
255N, 5 — kit N\ izprocess
IS, R s B R |
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2.6 H-'¢/(Cont.)

i/, TESZA 4 RAILE 3D
signal cnt : integer range 0 to 255;

process
begin
wait until clk’event and clk = “1’; \
if (cnt = 255) then /@7
cnt <= 0; 1 clk

dout
>

else cnt <=cnt + 1;
end process;

dout <= cnt;
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2 6 ¢ (Cont.)

11V i W NIV - O £ =R DRR B

function add8(in1, in2 : bit_vector(7 downto 0))
is return bit_vector(7 downto 0);

sign_bit := add8(A, B)(7);
lower_nibble := add8(A, B)(3 downto 0);

tv := add8(A, B);
sign_bit := tv(7);

lower_nibble := tv(3 downto 0);
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iv/. JCHEIA R B A D
instl : compl port map(din_1 => “0’;
din_2 => con_A;
dout => con_out);
/ 1 T N\ vy 11 2 [ 3 PR
signal gnd : std_logic; WAGI A aME S, B e
...... T AN REAE Ui F I AT 4R !

gnd <= “0’;
instl : compl port map(din_1 => gnd;
din_2 => con_A;

dout => con_out);
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iv/. JCAEBIAk R TG ) 2O
component dff

port(reset, clk : in std_logic;

d : in std_logic;
q, qn : out std_logic); B Tk o - Gl NP Vs U 7
end dff; openifiEy !

ul : dff port map(reset => reset, clk => clk;

g => dout, gn => open);




2.6 H-'¢/(Cont.)
v/, EEGLRES T R R

signal data8 : bit_vector(0 to 7);

signal dout : bit_vector(7 downto 0);

dout <= data8(7 downto 0);

!

for Iin 0 to 7 loop
dout(I) <= data8(7 - I);

end loop;




Py e

T EEoY .

2.6 H-'¢/(Cont.)

vi/. EERRBERER D
signal : 11, 12 : bit;

P1 : process(l1, 12, A, B, C, D)

begin
case (11 & 12) is
when “00” => dout <= A;
when “01” => dout <= B;
when “10” => dout <= C;
when “11” => dout <= D;

end case;

end process P1; -

—)

signal : 11, 12 : bit;
P2 : process(l1, 12, A, B, C, D)

begin

if (11 & 12 = “00”) then
dout <= A;

elsif (11 & 12 = “01”) then
dout <= B;

elsif (11 & 12 = «“10”) then
dout <= C;

else dout <= D;

end if;

end process P2;




LT ] wdizEx¥

"

2.6 H.'&(Cont.)
vi/. EERARERER QO signal : 11, 12 : bit;

P3 : process(l1, 12, A, B, C, D)

subtype twobits is bit_vector(0 to 1);
begin

case (twobits’(11 & I2)) is

when “00” => dout <= A;

when “01” => dout <= B;

when “10” => dout <= C;

when “11” => dout <= D;

end case;

end process P3;
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2.6 H-'¢/(Cont.)

vii/. WAL A AR D

entity barrel_shifter is architecture behave of barrel_shifter is
port(clk : in bit; begin
din : in bit_vector(0 to 31); process
k : in integer range 0 to 31; begin
dout : out bit_vector(0 to 31)); wait until clk’event and clk = “17;
end barrel_shifter; dout <= din(k to 31) & din(0 to k);

end process;

end behave;

FIREIAR LS, K&0~31P R KL,
BT AER, (H A H !
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1
2.6 H.'tZ(Cont.)
architecture syn1 of barrel_shifter is
vii/. WAL 2O pegin
process
begin
wait until clk’event and clk = <1’;
if (k = 0) then dout <= din;
else
forl'in 1 to 31 loop
if (I = k) then
dout <= din(l to 31) & din(0 to |);
end if;
end loop;
end if;
end process;
end synl;
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2.6 H-'¢/(Cont.)

vii/. TR T A (3D
architecture syn2 of barrel_shifter is
begin
process
begin
wait until clk’event and clk = <1’;
case (k) is
when 0 => dout <= din;
when 1 => dout <= din(1 to 31) & din(0);
when 31 => dout <= din(31) & din(0 to 30);
end case;
end process;
end syn2;
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2.6 H-'¢/(Cont.)

viii/. =MURER A Ay (HBAEAS)

entity trienreg is architecture rtl of trienreg is
port(clk : in std_logic; begin
rocess(clk, en, din
en : in std_logic; ; . ( )
begin
din : in std_logic; if (en = 0°) then
dout : out std_logic); dout <= ‘Z’;
end trienreg; elsif (clk’event and clk = ‘1) then
din | dout d(_)Ut <= din;
clk = end If;
e end process;
o end rtl;
—>




b e B §

2.6 H-'¢/(Cont.)

ix/. [nE#EAESfor loop

process(scalar_A, vector_B)
begin
for k in vector_B’range loop

vector_C(k) <= vector_B(k) and scalar_A);

end loop;
process(scalar_A, vector_B)

end process; _ :
variable tmp : std_logic_vector(vector_B’range);
begin
tmp := (others => scalar_A);

vector_C <= tmp and vector_B;

end process;
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2.6 H-'¢/(Cont.)
ix/. [ =0

entity case_ex is
port(a : in std_logic_vector(4 downto 0);
q : out std_logic_vector(2 downto 0));

end case_ex;
when “00000” => g <= “011”;

architecture rtl of case_ex is
when “00001” to «“11100” =>

begin
q <= “101”;
process(a)
_ when others => q <= “0007;
begin
_ end case;
case a is

end process;

end rtl;
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2.6 H-'¢/(Cont.)
ix/. [ =0

process(a)

variable int : integer range 0 to 31;

IZET R TG,
int := conv_integer(a); ANpEFeE M =AY ! !
case int is

when 0 => q <= “011”;

when 1 to 30 => q<= “101”;

when others => g<= “000”;
end case;

end process;
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x/. WHEMES

type not_single_bit is (‘X’, ‘0°, <1°, ‘Z2°);
signal invalid_clk : not_signal_bit;

...... illegal

wait until invalid_clk’event and invalid_clk = “17; usage!

-- or

if(invalid_clk’event and invalid_clk = 1’) then

Ve il N S = 20U e H - P 2 b
ISR, {Hstd_logicS 2 & — /Myl A !
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Xif. ZiG IR AN

¥
Y

entity comb is

port(a, b, ¢ : in std_logic;

d : out std_logic);

end comb;

L

architecture rtl of comb is

begin @ o 3

d <=(aandb)orc;

end rtl;

ol
?
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2.6 H-'¢/(Cont.)

xii/. A A TR 2k 2

Suml <= a + b; Suml <=a + b:

Sum2 <=a+ b + ¢ ‘ Sum2 <= Suml + ¢
Sum3 <=a + C; Sum3 <=a + C;
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2.6 H-'¢/(Cont.)
xiii/. HEREAERlatch

process(ctl, a, b, ¢)

begin c z

: Ctl(0)
> — N 7 ]
if (ctl > 2) then " DE
X <= a;

y<= b, ‘ d y

en

Y

Z <=C;

b
else x <= b; D ¢——
end if; Den

end process;
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2.6 H-'¢/(Cont.)
xiii/. HEREAERlatch 5>

process(bcd)

begin
case(bcd) is
when “000” => zero<= ‘1’; one <= ‘0’; two <= ‘0’;
when “001” => zero<= ‘0’; one <= ‘1’; two <= “0’;
when “010” => zero<= ‘0’; one <= ‘0’; two <= ‘1’;
when others => zero<= ‘-’; one <= ‘-’; two <= ‘-’;
end case;

end process;
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i

2.6 H-'¢/(Cont.)

xiii/. HEREAERlatch 5>

process(bcd)
begin
case(bcd) is
when “000” => zero<= ‘1’;
when “001” => one <= ‘1’;
when “010” => two <= ‘1’;
when others => zero<= ‘-’; one <= ‘-’; two <= ‘-’;
end case;

end process;
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2.6 H-'¢/(Cont.)

xiv/. HRRENL D
inputs
state register logic
— ” logic L
clock
state register » logic
— ” logic L
clock

outputs
—>

Moore machine

outputs
—>

Mealy machine
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2.6 H-'¢/(Cont.)

xv/. Clock gating

module clkgate(en, data, clk, outp)
input en, clk;
input [7:0] data;
output [7:0] outp;
reg [7:0] outp;
Always @(posedge clk)
if (en) outp <= data;

endmodule

data

€n

Clk—>>

data

eﬂ%}

outp
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ROM
RAM

-FIFO

» ADDER
» ALU
» MCU
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3.1 ROM

ren

library ieee;
addr(0 to 7)
use ieee.std_logic_1164.all; —_—

ROM
256x8

dout(7downto 0)
—

package ROM_P is
subtype byte is std_logic_vector(7 downto 0);
type memory is array (0 to 255) of byte;
constant rom_data : memory := ((“11010101”),
(“010010007),
(“10101010));
end ROM_P;




ST 2 wdizEx¥

3.1 ROM(Cont.)

. . architecture rom_a of rom_e is
library ieee;

use ieee.std_logic_1164.all; begin

use ieee.std_logic_unsigned.all; process(ren, addr)
use work.ROM_P.all;

entity rom_e is

begin
if (ren = ‘1”) then

port(ren : in std_logic; dout <= rom_data(conv_integer(addr)),

addr : in byte; else

dout : out byte); dout <= (others =>’2);

end if;
end rom_e;

end process;

end rom_a;
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inp7 | inp6 | inp5 | inp4 | inp3 | inp2 | inpl | inp0 |y(2 downto 0)
X X X X X X X 0 111
X X X X X X 0 1 110
X X X X X 0 1 1 101
X X X X 0 1 1 1 100
X X X 0 1 1 1 1 011
X X 0 1 1 1 1 1 010
X 0 1 1 1 1 1 1 001
0 1 1 1 1 1 1 1 000
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3 2 1%5'6%6% s(Cont.)

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;
use work.ROM_P.all;

entity encoder is

port(inp : in
std_logic_vector(7 downto 0);

y : out
std_logic_vector(2 downto 0));

end rom_e;
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3 2 ﬁﬁ'ﬁ%ﬁ% s(Cont.)

architecture encoder_a of encoder is

begin
process(inp)
begin
if (inp(0) = 0’) then
y <= “111";
elsif(inp(1) = <0’) then

y <= “11099;
elsif(inp(2) = <0’) then
y <= “101”;

elsif(inp(3) = 0’) then
y <= “1007;

elsif(inp(4) = ‘0’) then

y <= “011”;
elsif(inp(5) = ‘0’) then
y <= “01099;
elsif(inp(6) = ‘0’) then
y <= “001”;
else
y <= “000”;
end if;

end process;

end encoder_a;
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3.3 RAM

din 8{ | 8 dout

entity sram16x8 is RAM
generic(k : integer := 8; WM—— 16X8
. I’d;»
W : integer ;= 4); =

port(wr, rd, cs : in std_logic;

addr : in std_logic_vector(w — 1 downto 0);
din : in std_logic_vector(k — 1 downto 0);
dout : out std_logic_vector(k — 1 downto 0));

end sram16x8;
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3.3 RAM(Cont.)

architecture behav of sram16x8 is
subtype word is std_logic_vector(k — 1 downto 0);
type memory is array (0 to 2 ** w — 1) of word;
signal addr_tmp : integer range 0 to 2 ** w — 1;
signal sram : memory;
signal din_change, wr_rise : TIME := 0 ns;

begin
addr_tmp <= conv_integer(addr);
process(wr)
begin

if (wr’event and wr = 1°) then




3.3 RAM(Cont.)

if (cs = 1’ and wr = “1’) then
sram(addr_tmp) <= din after 2 ns;
end if;
end if;
wr_rise <= NOW; --rising time of wr
assert(NOW - din_change >= 800 ps)
report “setup error din(sram)”
severity WARNING; -- din setup time checking

end process;




3.3 RAM(Cont.)

process(rd, cs)
begin
if (cs = ‘1’ and rd = ‘0’) then
dout <= sram(addr_tmp) after 3 ns;
else dout <= “Z7777777>;

end if; report “hold error din(sram)”

severity WARNING;

end process;

end process;
process(din)

begin

end behav;

din_change <= NOW;
assert (NOW — wr_rise >= BOM
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rp wWp
din 4@» 4&» dout /
I
wd —» 8x8 ‘
clk —» ___empty ‘ q

Wi. RS ipp=wp-1
WRRASHIRT—IRE: mp=wp -1, F5NGIRE
ZORSHIRTIRE: rp = wp — 2, FiRNAEIRE
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3.4 FIFO(Cont.)

library ieee;

Use ieee.std_logic_1164.all; SWr. rd 1'155 Eﬁizﬁ%[!

entity fifo8x8 is > ZFIFOVC U B S 2 1Y
generic(w : integer := §; ik, liﬂ:*ﬂﬂﬁtéﬁﬁ

k : integer := 8);

port(clk, reset, wr, rd : in std_logic;
din : in std_logic_vector(k — 1 downto 0);
dout : out std_logic_vector(k — 1 downto 0);
full, empty : out std_logic);
end fifo8x8;
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3.4 FIFO(Cont.)

architecture behav of fifo8x8 is
type memory is array( 0 to w — 1) of std_logic_vector(k — 1 downto 0);
signal ram : memory;
signal wp, rp : integer range O tow - 1;
signal in_full, in_empty : std_logic;
begin
full <= in_full;
empty <= in_empty;
dout <= ram(rp);
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3.4 FIFO(Cont.)

process(clk, reset)
begin
if (reset = <1°) then
wp <= 0;
elsif (clk’event and clk = <1°) then
if (wr = 0’ and in_full = ‘0) then
if (wp =w—1) then

process(clk)
begin
if (clk’event and clk = “1°) then
if (wr = <0’ and in_full = <0) then
ram(wp) <= din;
end if;
. wp <= 0;
end if;

else wp <= wp + 1;
end process;

I endif;
: end if; |
| | / i g o b
RS | warr, | WP EEGHE

end process; = c---m----m--mmmm—----

S S e
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3.4 FIFO(Cont.)

process(clk, reset)
begin
if (reset = <1°) then
rp<=w-1;
elsif (clk’event and clk = ‘1) then
if (rd = ‘0’ and in_empty = <0’) then
if (rp = w-1) then

rp <= 0;
elserp<=rp+ 1;
end if;
end i rp BER
end if; |

end process;
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3.4 FIFO(Cont.)

process(clk, reset)
begin
if (reset = <1°) then
in_empty <= ‘1’;
elsif (clk’event and clk = ‘1) then
if(lp=wp-2or(rp=w-1andwp =1) or
(rp=w-2andwp =0)) and (rd = ‘0’ and wr = ‘1’)) then
in_empty <= ‘1’;
elsif (in_empty = ‘1’ and wr = ‘0’) then
in_empty <=0,
end if;
end if;

end process;
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3.4 FIFO(Cont.)

process(clk, reset)
begin
if (reset = <1°) then
in_full <= <1’;
elsif (clk’event and clk = ‘1) then
if (rp =wpandrd = 1’ and wr = ‘0’) then
in_full <= <1’;
elsif (in_full = ‘1” and rd = ‘0’) then
in_full <= <0’;

———————————————————————————————

end if;
end if; - Fullbr&E P~ AR
end process; :

end behav;
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3.5 ZZn] AR BN As
package mymath is
function add_sub (L, R : bit_vector;
ADD : boolean) return bit_vector;
end mymath;
package body mymath is
function add_sub (L, R : bit_vector;
ADD : boolean) return bit_vector is
variable carry : bit;
variable A, B, Sum : bit_vector(L’length — 1 downto 0);
begin
if ADD then
A:=L;
B:=R;
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3.5 %éﬁTEEEl’JiJD/UZ s (Cont.)

carry :=
else
A:=L;
B :=notR;
carry := ‘1’;
end if;
for Iin O to A’left loop
Sum(I) : A(I) xor B(I) xor carry;
carry := (A(I) and B(I)) or (A(I) and carry) or (B(I) and carry);
end loop;
return Sum;
end add_sub;

end mymath;
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library ieee;
use ieee.std_logic_1164.all;
use work.mymath.all;
entity varlen is
port(op1, op2 : in bit_vector(0 to 7);
as : in boolean;
result : out bit_vector(0 to 7));

end varlen;

architecture func of varlen is
begin
process(opl, op2, as)
begin
res <= add_sub(opl, op2, as);
end process;

end func;
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Instruction Set

Description

MOVE srcl dest
ADD srcl src2 dest

SUB srcl src2 dest

MUL srcl src2 dest

Move the contents of srcl to dest

Add the contents of srcl with contents of
src2, and put the result in dest

Sub the contents of srcl with contents of
src2, and put the result in dest

Multiply the contents of srcl with the
contents of src2, and put the result in dest
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Instruction Set

Description

CJE srcl src2 CODE

LOAD value dest

READ dest

NOP

Compare contents of srcl with the contents
of src2, if they are equal, jump to the the
portion of the instruction labeled CODE

Load the contents of value into destination

Read the contents of dest and drive the
data on the output pin

No instruction




b e B §

3 6 owk?i“i"] Fipgda#s (Cont.)

Tl 2 S

instruction | inst
cache

| srcl
src2

instruction
memory dest
data
clk

microcontroller

jump

outp
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Pins  Input/Output Bit Size Description
inst Input 3 Instructions of the microcontroller
000-----MOVE
001-----ADD
010-----SUB
011-----MUL
100-----CJE
101-----LOAD
110-----READ
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Pins  Input/Output Bit Size

Description

srcl Input 4
src2 Input 4
dest Input 4
data Input 32
clk Input 1
jump output 1

outp output 32

Sourcel address
Source2 address

destination address
Input data for LOAD instruction

Assert high when the CJE instr.
compares srcl and src2 as having
the same value

Output of data for READ instr.
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TRE A N 58 27 A7 2

srcl/src2/dest register Register name
0000 register 0 reg0
0001 register 1 regl
0010 register 2 reg2
0011 register 3 reg3
0100 register 4 reg4
0101 register 5 reg5
0110 register 6 reg6
0111 register 7 reg/
1000 register 8 regd
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TR A PN 358 2 AT A

srcl/src2/dest register Register name
1001 register 9 reg9

1010 register 10 regl0

1011 register 11 regll

1100 register 12 regl2

1101 register 13 regl3

1110 register 14 regl4

1111 register 15 regl5
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LOAD #FA, reg0

LOAD #1, regl

ADD regO, regl, regl3
READ reg13

—PREDECODE

DECODE

EXECUTE
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Pl A K & A5 1)

TIME Predecode stage Decode stage Execute stage
1 LOAD #FA, reg0
2 LOAD #1,regl  |* LOAD #FA, reg0
3 ADD regO, regl, regl3 LOAD #1, regl D LOAD #FA, reg0
4 READ reg13 % ADD reg0, regl, LOAD #1, regl
regl3
5 READ reg13 ADD regO, regl,

regl3
" READ reg13
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d_dest
d_dest =
PR d_srcl
pd_data > d_src2
cmd | DECODE d_cmd
v
inst d_data v
el pd_src2 # f 3 jump
Src2 flush
——» PREDECODE =
dest 2 pd_srcl EXECUTION
d_srcl_dat t
data | pd_read v Corc . da outp
d_src2_data>

REGFILE |—X-92t

ex_store

%E@%%’le“/z% é:nk *@  €x_dest

A
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library ieee;

use ieee.std_logic_1164.all;
package pipeline_pkg is
type command_type is (MOVE, ADD, SUB, MUL, CJE, LOAD, READ, NOP);
type reg_type is (reg0, regl, reg2, reg3, reg4, reg5, regb, reg/, regs,
reg9, regl0, regl12, regl13, regl4, regl6);
type array_size is array (0 to 15) of std_logic_vector(31 downto 0);
constant ZERO : std_logic_vector(31 downto 0) := others => <0’);
end pipeline_pkg;
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PREDECODE Block:

clk
inst | ETe
pd_srcl
srcl >
pd_src2
src2 — >
— PREDECODE| ;4 dest
dest | —>
pd_read
data | >
flush pd_dafa
—>
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Signals decription of PREDECODE:

Signal Name I/0 Description
clk input clock input
inst input 3 bit instruction bus
srcl input 4-bit bus to specify srcl register
Src2 input 4-bit bus to specify src2 register
dest input 4-bit bus to specify dest register
data input 32-bit bus for data input during
LOAD instruction

flush input assert high when a branch occurs
cmd output instruction to be passed to

decoder block, it is com
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Signals decription of PREDECODE:

Signal Name I/0 Description
pd_srcl output indication of srcl, reg_type
pd_src2 output indication of srcl, reg_type
pd_dest output indication of dest, reg_type
pd_data output 32-bit bus for passing of data to
DECODE block
pd_read output single bit and asserted high to

indicate to register file to read its
internal register pd_srcl, pd_src2
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DECODE Block:

clk

cmd d_cmd
—> —>
pd_srcl d_srcl
> —>
pd_src2 DECODE d_src2
pd_dest d_dest
b —>
_flush | _d_datg
Ed_datg
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Signals decription of DECODE:

Signal Name I/0 Description
clk input clock input
cmd input command_type
pd_srcl input reg_type
pd_src2 input reg_type
pd_dest input reg_type
pd_data input 32-bit bus used to pass data
between PREDECODE block and
DECODE block
pd_flush input When asserted high, DECODE

block must be in flush mode
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Signals decription of DECODE:

Signal Name I/0 Description
d_srcl output  passes pd_srcl to EXECUTE block
d_src2 output passes pd_src2 to EXECUTE block
d_dest output passes pd_dest to EXECUTE block
d_data output  passes pd_data to EXECUTE block
during a LOAD instruction
d_cmd output  passes instruction to EXECUTE block
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RTL code of DECODE and simulation results:

Decode.vhd

| wave — default
ile Edit Miew Insert Format Tools Window

i fdecnde th_ents/clk
HFHdH_fb entSd_cmd Suh
o ! regql
regld
reqld

; _th_ent/d_ dﬂFﬂm
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C cursor il ons v g
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REGFILE Block:

clk

pd_read
srcl_data .

d_srcl
—>

4SC%  REGFILE

ex_dest src2_data
—Pp |

ex_da;a

flush
—>

ex_store T
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Signals decription of REGFILE:

Signal Name I/0 Description

clk input clock signal
flush input when asserted to ‘1’, output is 0
pd_read input when asserted to ‘1°, the content

of registers labed pd_srcl and
pd_src2, passed to srcl_data and
src2_data
pd_srcl input the contents of register labeled
pd_srcl are to be passed to
srcl_data

pd_src2 input
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Signals decription of REGFILE:

Signal Name I/0 Description
ex_store input when asserted to ‘1°, ex_data is
to be stored in register labeled
ex_dest
ex_data input transfer data from EXECUTE block
to REGFILE block
ex_dest input destination of ex_data should be
store in REGFILE block

srcl_data output output of contents of srcl
src2_data output output of contents of srcl
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clk
flush
d_cmd S >
jump
d_srcl_daﬁe >
3 e ex_data >
S22 REGFILE i
>
d_dest
——p ex_store >
didatg ex_dest >
d_srcl

d_src2 T
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Signals decription of EXECUTE:

Signal Name I/0 Description

d_cmd input command_type, from decode block
d_srcl_data input 32 bits input from regdfile block
d_src2_data input same as above

d_dest input register_type, from decode block

d_srcl input register_type, from decoder block
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Signals decription of EXECUTE:

Signal Name I/0 Description
d_src2 input register_type, from decode block
d_data input 32 bits input from decode block,
only valid during LOAD instruction
clk input clock signal
flush output asserted to ‘1’ when a branch

occurs. and other block flush all
existing instructions

ex_data output 32 bits results of arithmetic
operation, to regfile block
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Signals decription of EXECUTE:

Signal Name I/0 Description

ex_dest output register_type, it indicates register
address in regfile to be used to
store ex_data

jump output asserted to ‘1’ when a branch
OCcCurs.
outp output output of excute block, during a

READ instruction, the content of
register designated by
<destination> are driven on this
output bus
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X(n)  y(n) F(n)
0 0 0

0 1 1

1 0 1

1 1 0

F(n) = x(n)y(n) + x(n)y(n) = x(n) xor y(n)
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2. 1 bit full adder

AR [ x(n)  vin) 1) F(n) cn)
0 0 0 0 0

= = = =2 O O O

0
1
1
0
0
1
1

_ O = O = O =
_ O O = O = =
= = = O = O O
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2. 1 bit full adder
R IA T
F(n) = x(n)*y(n)*c(n-1) + x(n)*y(n)*c(n-1) + x(n)*y(n)*c(n-1) + x(n)*y(n)*c(n-1)
= X(n) xor y(n) xor ¢c(n —1)

C(n) = x(n)*y(n) + x(n)*c(n - 1) + y(n)*c(n - 1)
= x(n)*y(n) + (x(n) + y(n))*c(n-1)

ik
o

F(n) = x(n)*y(ny*c(n-1) + x(n)*y(n)*c(n-1) + x(n)*y(n)*c(n-1) + x(n)*y(n)*c(n-1)

C(n) = x(n)*y(n) + x(n)*c(n-1) + y(n)*c(n-1)
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3. 4 bits ripple carry adder
X(f) y(f) X(f) y(f) x(1) y(f) X(f) y(f)
x(n) y(n) x(n)  y(n) x(n) y(n) ) x(n)  y(n) .
o K< cm K ey cnn P ey ooyl
F(n) F(n) FT) F(f)
F(3) F(2) F(1) F(0)
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4. 4 bits carry look-ahead adder

x3 y3 x2 y2 y1 y1 x0y0 ci—l) x2 y2 yl y1 x0 y0 ci—l) x1 yl x0 y0 Ci'l) x0 y0 Ci'l)

bee bbb PP e

cgen cgen cgen cgen
c(3) c(2) c%l) c(0)
X3 y3 X2 y2 x1 yl x0 y0

fadd <42 |fadd ¥ | fadd <@ |fadd <Y
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4. 4 bits carry look-ahead adder
p(n) = x(n) +y(n) REAT AL 4
g(n) = x(n)y(n) A=A
c(n) = x(n)y(n) + (x(n) + y(n))c(n—1)
=g(n) + p(n)c(n - 1)

F(n) = x(n) xor y(n) xor c(n - 1)

c(0) = g(0) + p(0)c(-1)

c(1) = g(1) + p(1)c(0) = g(1) + g(0)p(1) + p(1)p(0)c(-1)

c(2) = 9(2) + 9(1)p(2) + g(0)p(2)p(1) + p(2)p(1)p(0)c(-1)

c(3) = 9(3) + 9(2)p(3) + g(1)p(3)p(2) + g(0)p(3)p(2)p(1) + p(3)p(2)p(1)p(0)c(-1
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4. 4 bits carry look-ahead adder

c(0) =p(0) + g(0)*c(-1)

c(1) = p(1) + p(0)*g(1) + g(1)*g(0)*c(-1)

c(2) = p(2) + P(1)*g(2) + P(0)*g(2)*g(1) + g(2)*g(1)*g(0)*c(-1)

c(3) = p(3) + p(2)a(3) + p(1)g(3)a(2) + p(0)a(3)a(2)a(L) + a(3)a(2)a(1)a(0)c(-1)
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5. 16 bits carry look-ahead adder

x15x12 y15y12 x11 x8 X7 x4 X3 X0 y3 vy

A S (S I S

c15 x3 x0 y3 y0 c11 x3 x0 y3 y0 7 x3 x0 y3 y0 3 x3 x0 y3 y0

<+«— 3 cle— c3 cle— c3 cle— c3 Cle—

F3 F2 F1 FO F3 F2 F1 FO F3 F2 F1 FO F3 F2 F1 FO

Ay by v

F15 F14 F13 F12 FI1F10 F9 F8 F/7 F6 F5 F4 F3 F2 F1 FO
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5. 16 bits carry look-ahead adder
y15~y12 yll~y8 y7~v4 y3~Yy0
XISﬂxlz ﬂ XII@XS @ X7ﬂX4 @ x3fﬂx0 @
cll c/ c3 C
< <«
pm _gm pm _gm pm _gm pm _gm
F15§F12 J J FlllgFB J J F7§F4 J J F3§FO J J
15 pm3 gm3 cll pm2 gm2 c7 pml gml c3 pm0 gm0
< cl5 e
PO Y s
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5. 16 bits carry look-ahead adder

3 =9g3+ p3*¥g2 + p3*p2*gl + p3*p2*pl*g0 + p3*p2*p1l*p0*c = gm0 + pmO*c

7 = (g7 + p7*g6 + p7*p6*g5 + p7*p6*p5*g4) +
p7*p6*p5*p4(g3 + p3*g2 + p3*p2*gl + p3*p2*pl1*g0 + p3*p2*pl1*p0*c)
= gml + pm1(gmO0 + pm0*c) = gm1l + pml1*gmO0 + pml1*pmO0*c

11 = (g11 + p11*g10 + p11*p10*g9 + p11*p10*p9*g8) +
p11*pl1l0*p9*p8((g7 + p7*g6 + p7*p6*g5 + p7*p6*p5*g4) +
p7*p6*p5*p4(g3 + p3*g2 + p3*p2*gl + p3*p2*pl*g0 + p3*p2*pl*p0*c))

=gm2 + pm2(gml + pm1(gmO0 + pmO0*c))
=gm2 + pm2*gml + pm2*¥*pml1*gmO0 + pm2*pm1*pmO0*c

15 = gm3 + pm3*gm2 + pm3*pm2*gm1l +
pm3*pm2*pm1*gm0 + pm3*pm2*pm1*pmO0*c
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5. 16 bits carry look-ahead adder

JmO0 = g3 + p3*g2 + p3*p2*gl + p3*p2*pl1*g0

Jm1l = g7 + p79g6 + p7p6g5 + p7p6p59g4

Jm2 = g11 + p11*g10 + p11*p10*g9 + p11*p10*p9*g8
ym3 = g15 + p15*g14 + p15*p14*gl13 + p15*p14*pl1l3*gl2
ymO0 = p3*p2*pl*p0

yml = p7*p6*p5*p4

ym2 = p11*p10*p9*p8

ym3 = p15*p14*p13*pl12
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6. 4 bits ALU

cp = g0 *gl1 * g2 * g3

cg=p3+g3*¥p2+9g3*¥g2*pl+g3*g2*gl*po

cr=9g3 *¥g2*gl*g0*cin

c0 = g0 *cin + p0 * s1

cl=9gl1*g0*cin+gl*p0*sl+pl*sl

c2=9g2*gl*g0*cin+g2*gl*p0*sl+g2*pl*sl+p2*sl

c3 = cg *cr

=p3+9g3*¥p2+g3*¥g2*pl+g3*g2*gl*p0+g3*g2*gl*gd*cin
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6. 4 bits ALU
hO =s2 * p0 * g0 =
s1 s2 iR
hl =s2 *pl * g1
h2 =s2 * p2 * g2 0 L n
0 1 A H
h3 =s2%p3*g3 1 0 | Xnxor Yn
*
FO =cin xor h0 1 1 Xn * Yn
F1 =c1 xor hl
F2 =c2 xor h2

F3 =c3 xor h3




