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Ternary Electronic Logic Systems Automation: A Novel Study
Based on VHDL Language-Second Part: Ternary Combination
Logic Components

Abstract:

In this paper, the second part of the software library for the Ternary combinational
logic components will be built based on VHDL language starting by the TXOR
(Ternary XOR gate) and ending by the TPA (Ternary Parallel Adder). This second

part is an extension to the library given in the first part of the study which was
about the basic Ternary Logic Gates [1].

Keywords: Ternary logic, Ternary combinational logic components, VHDL
language.
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:do200]l. 1
of oM [1] 2 iy 1] aadn d@ait) SLaigdt Awlydt) e to¥) Al b1 Coimmd
O9-Siud dile g Atele A8y 2 (1D el Al po IS LD O g Sl po Bbs (be (99T At yull
ALY AEalll atadll GLIN g Ayl (s ALl At J1 L) DGl Agalall 2880 sia
ceatas .TXOR - TDEC — TENC - TMUX - TDMUX - OTC - THA-TFA- OTM - TPA
Aataztt (4) widt TDEC aataatt (3) aidt TXOR 215t (2) icd + I gomid (le AB et 0l
(8) widt OTC 2ataatt (7) wiedt TDMUX 2akazatt (6) wiedt TMUX 2ataztt (5) wadt TENC
(12) ) TPA ataatr (11) it OTM Aataztt (10) it TFA Aataty (9) et THA datazyy
A3l el (peudit! Galll @3 g 81 @3 AI U (13) aiedt VHDL 31 24l 22 Lt atasty (i

. SUN At ataztt VHDL 34

:[12] TXOR dlgl.2
Ayl (0 (o 0¥ Ak 501 2 Chank® (2 g A MY AGhait) Oyl gt ACSE AleSio Al 5l 00D piliald
(ot 91 Al U1 Sl g3 (30 31k LasS 2 (I kyg Slime L4358 2SN Alom pald 231581 008 Eikmy. [ 1]
TXOR 25t (JLadiiitt J guom g uuntight a8 (1) IS s

= z=TXOR (x, y) PR
x ~.
j_g)— xOx=2x 0
v /
xOxOx=0 1
2

TXOR w15t aisit) Jguim g ruuntit 3o ,31:(1) g

AL 5 ygualt 2 (95 Al gt 008 Jeat (553l 2wyl Lo
Tcomp: TXOR(2:1)
Inputs: x,y

0
0
1
2

olv]|=| =
—lo NN

Outputs: z
Begin
Case x of
Begin
0: casey of
Begin
0:z=0
l:z-1
2:2=2
End
1: casey of
Begin
0:2z-1
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1.z-2
2:2=0
End
2: casey of
Begin
0:2z=2
1:z-0
2:z=1
End
End
End

:[2] TDEC d=n$JI.3
1 (ywlie e Aatadli oag (Jernary Decoder 5 yLatt e TDEC 3
3 1TDEC.1
91 2TDEC .2

3a1(3) IS qudgs ety 3 (M 1 ulitls TDEC 1 (it Jgutom g ouunkigh a1 (2) ISt i g
.9 M2 gutatly TDEC 4 aiactt J g g i

T 0—>a X a b c
x,gl,b ()} 2 0 0
c 2 c 1 0 2 0

2 0 0 2

3 i1 utatly TDEC 4y aisad| Jgun 5 uuntigh 031 £(2) St

X y a b c d e f g h k
0f——>a
ol ol 2] ol ol ol of of of of o
1——>b
5 & ol 1] o] 2l 0] o] of of of of o
x| T 3L sag ol 2ol of2[ofofofofofo
D 4l >e 1]l o]l of of of 2] o] o] o] of o
y— > E 5 >f 1l 1] of of of of 2] o] o of o
C 6—>g 1] 2] of of of of o] 2] o] of o
7+—>h 21l of ol ofl ol of of of 2| o] o
8§—>k 20 1] o] o)l o] o] of of of 2| o
2] 2] o]l ol ol of of of of o] 2

9 M2 Lutatls TDEC 1 asast gy 5 uunigh 3,31 5(3) st
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s I 3y9ualt 2 (5950 3 (M1 | (ulatls TDEC 4 g5attt oyt Lo
Tcomp: TDEC(1:3)
Inputs: x
Outputs: a, b, c
Begin
ifx-0, Then{a-=2,b-=0,c=0}
elseifx=1, Then{a-0,b-2,c-0}
elseifx=2, Then{a-=0,b-0,c-2}
End
s AL 5 gualt 2 g
Tcomp: TDEC (1.3)
Inputs: x
Outputs: a, b, c
Begin
Casexof
Begin
0:a-=2,b-0,c=0
l:a=0,b=2,c=0
2:0=0,b=0,c=2
End
End

:[2] TENC d=ln &l .4

a3 (4) St i g <1 31 2 (malE Ly Aatalt s2ia g Jernary Encoder 3yt (s TENC 1
TENC W faict g g o ountigh!

T x[1] x[0] z

xfl] —» F 0 0 1
: —i 0 2 2

xf0] —» N 2 0 0
c 2 2 1

TENC b gasant Jgun g unigh jo,31 :(4) gt
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AT 5 ygualt 2 098 TENC & g9att) camgtt Lai

Tcomp: TENC (2:1)
Inputs: x [2]
Outputs: z
Begin

ifx=00, Then z-1

ifx-02, Thenz-2

ifx =20, Thenz=0

ifx-=22, Thenz-1

End
2] TMUX d=ladll.5
1 M9 mulitiyg 1 313 il Aakadtl sia 3159 Jernary Multiplexer 5yt ;e TMUX 14

ol g (6) IS bai 1 31 3 (utatls TMUXL JLRaiht J g 9 uctigh a1 (5) JSeid o919
Inputs €{0,1,2} e (1 319 (ulatts TMUX L (bt J g g kil

a—>0 T X z
b—>1 M —>z(x)
U 0 a
c—>2 X
I 1 b
X
Selector line 2 ¢

1 o113 putat TMUX L (fiantt Jgam g runtight 30,11 :(5) Jsat!

N

oT|e

—> z(%, )

M2 -
o |o

o

RS S S B )
L S I N S

-

A A

Selector lines

NN === ]|]Oo]|lOo|o|Xx

Y
0
1
2
0
1
2
0
1
2

9
h
k

119 gutatt TMUX W Jasitt J g 5 unigh jo,31:(6) Jsas
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Tcomp: TMUX(3:1)

Inputs: a, b, ¢, x

Outputs: z

Begin

ifx=0, Thenz=a
ifx-=1, Thenz-b
ifx-=2, Thenz-c

End
TDMUX d2n &l .6
M 1 ulatty 3 1 1 (ulatly dataztt sia ili g Jernary Demultiplexer 3 yLatt ;e TDMUX 31

(8) JSi o gt Lo 3 (M1 1 ity TDMUXY it J g g uuntiah 3031 (7) Y5l eiigtg 9
-9 M 1 ulatls TMUX S Jaiitt g g g ukigh 3a 31

s a b c
T o—»>a
D
SRR - I 0 X 0 0
Ual se 1 0 x 0
5 2 0 0 X

Selector line

3 M1 Lutats TDMUX L faaiitt Jgan g runtight 3o ,31:(7) st

sl s0 a b c d e f g h k
0——> a 0 0 X 0 0 0 0 0 0 0 0
1—> b
T 34— 0 1 0 X 0 0 0 0 0 0 0
D 3—d of 2] o o x| of of of of of o
X —> M 4—>¢€
o B pe 1 0 0 0 0 x 0 0 0 0 0
X 6l—g 1 1 0 0 0 0 X 0 0 0 0
1>k 1] 2| of of of of o x| of of o
8§ —> k
2 0 0 0 0 0 0 0 X 0 0
s1 ’ s0 2 1 0 0 0 0 0 0 0 X 0
Selector lines 2 2 0 0 0 0 0 0 0 0 X

9t 1 utat, TDMUX b5 gaisatt Jgun 5 uunigh 3,31 5(8) st
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s AIL 5 ygualt 2 098 3 1 1 (utatl TDMUX L g5at1 gt Lo
Tcomp: TDMUX (1:3)
Inputs: x, s
Outputs: a, b, c
Begin
ifs=0, Then {a-x,b-0,c-0}
ifs-=1, Then {a-=0,b-x,c-0}
ifs=2, Then {a-0,b-0,c-x}
End
:[2] OTC A_=ndll.7

AL J g § (i@l ! 3 331 (9) JSi is 99 One-Trit Comparator 5 yaatt (e OTC 1

.OTCx
X y a b [
0 0 0 2 0
0 1 0 0 2
0 2 (] 0 2
>l >a 1 0 2 0 0
x—> O
T = b 1 1 0 2 0
Yy —» ¢ 1 2 ()} ()} 2
<|l—>c
2 0 2 0 0
2 1 2 0 0
2 2 0 2 0

OTC . gt Jguim g puuniigh 3o ,31:(9) st
AL 5 ygualt 2 098 OTC A g 9altt Loyt Lol
Tcomp: OTC (2:3)
Inputs: xy
Outputs: a, b, c
Begin
Case xof
Begin
0: casey of
Begin
0:a=0,b=2,c=0
l:a-=0,b=0,c=2
2:0=-=0,b=0,c=2
End
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1: casey of
Begin
0:a=2,b=0,c=0
l:a=0,b=2,c=0
2:a0-0,b=-0,c-2
End
2: casey of
Begin
0:a=2,b=0,c=0
l:a=2,b-0,c=0
2:a0-=0,b=2,c=0
End
End
End

(2] THA G0 &)1 .8
THAL it Jgda g untigh a1 (10) JSi gy Ternary Half Adder st oo THASY

X y carry sum
0 0 0 0
0 1 0 1
0 2 0 2
1 0 0 1
X —> T —> sum 1 1 0 2
H 1 2 1 (1]
y—> A [>carry
2 0 0 2
2 1 1 0
2 2 1 1

THA & gzt J g 5 uuntight 3 ,31:(10) gt

s AT 5 ygualt 2 098 THA L 59alh) camgtt Lai
Tcomp: THA (2:2)
Inputs: x, y
Outputs: sum, carry
Begin
sum =LST of x+y /ternary addition
carry = MSTof x + y
End

MST. = Most Significant Trit, LST. = Least Significant Trit : ¢
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AL 3ygualt & THA L (g 9alh oyl S o (Sadg
Tcomp: THA (2:2)
Inputs: x, y
Outputs: sum.carry
Begin
Case x of
Begin
0: casey of
Begin
0:sum=0,carry=0
l:sum=1,carry=0
2:sum=2,carry =0
End
1. casey of
Begin
0:sum=1,carry=0
lI:sum=2,carry =0
2:sum-=0,carry =1
End
2: casey of
Begin
0:sum=2,carry=0
1:sum=0,carry =1

2:sum=1,carry =1
End
End
End
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:[2] TFA A=n§11.9
TFAL QR Jgua g quaigh 3ot (11) JSa g Ternary Full Adder 3kt g TFA S

x y z carry sum
0 0 0 0 0
0 0 1 0 1
0 0 2 0 2
0 1 0 0 1
0 1 1 0 2
x —>
T —> sum
y—> F
A [—>carry
T IR 1 [ o
2 | 2 | 2 2 | o

TFA L st Jgun g guniia? jo,01:(11) gt
s AS LY 3y9ualt 2 (5950 TFA L (g 9alh) oyt Lol
Tcomp: TFA(3:2)
Inputs: x,y, ci
Outputs: sum, carry
Begin
sum =LST of x+y+ci /ternary addition
carry =MSTof x+y +ci
End

2] OTM 4= dll.10

A SR J gt g ki@l a1 (12) St i 939 One-Trit Multiplier 3 yloatt is OTM 1
.OTM
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X y carry P
(] 0 0 0
0 1 0 0
(] 2 0 (]
X —> O —> p (product) 1 0 0 0
¥y —> ;{1 ——> carry 1 1 0 1
1 2 0 2
2 0 0 0
2 1 0 2
2 2 1 1

OTM 13 Jaait) Jgam 5 ruuntight 3o ,01:(12) gsans

s AS LD 3 9ual 2 (5950 OTM U (g 9alh) ot Lo
Tcomp: OTM (2:2)
Inputs: x,y
Outputs: p, carry
Begin
Caosexof
Begin
0: casey of
Begin
0:p=0,carry=0
l:p=0,carry=0
2:p=0,carry=0
End
1. casey of
Begin
0:p=0,carry=0
l:p=1,carry=0
2:p=2,carry=0
End
2: casey of
Begin
0:p=0,carry=0
l:p=2,carry=0

2:p=1,carry =1
End
End
End
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Tcomp: OTM (2:2)
Inputs: x[2]
Outputs: p, carry
Begin
ifx=22,  Then {p-1,carry-1}
elseifx =11, Then {p=-1,carry -0}
elseifx =12, Then {p-2,carry-0}
elseifx - 21, Then {p-2,carry-0}
otherwise {p=0,carry -0}
End

TPA A0 8]l .11

31 e 23S0 91 () day 39 TPA DY (e Jg—amtt @ing Ternary-Parallel Adder 5 yatt e TPA 11
(Mo e Aot TFA I sue (ului e TPA S (ulie o959 (3 LE AL 2. LeS M5 e TFA
3-Trit TPA L o8 a3 TFA S ade 518 1319 2-Trit TPA mili o1 gloet TFA S aue oS 1312
NNV Y

OLEM SN yuliaes TPA 19 2-Trit TPA sty Mo (ulias TPA 31 (o IS @t &5 01 1082 @ Tw
(gl 30 (- 13) IS g cpd M uliad TPAL gt 31 (i- 13) JS& g9 3-Trit TPA

OLAM &M e TPAL
-y X -V x
Py b
3-Trit . :
€<—— Cin 2-Trit n
TPA B TPX —cti
i’ ( f
Comt  S=XFYTtCm Cout S=X+Y+Cin
SLAME &M ulzes TPA () oA ulzes TPA (1)

TPA L auiigh 3 ,1:(6) gsats
s AT 5 ygualt 2 598 2-Trit TPA LY (g altt oyt Lol

Tcomp: 2-Trit TPA (5:3)
Inputs:x[2], y[2], cin
Outputs: s[2], cout
Begin

s[0] = LST of x[0] + y[O] + cin

carry = MST of x[0] + y[0] + cin

s[1] =LSTofx[1]+y[l] + carry

1

dcou’r =MSTof x[1] + y[1] + carry
n
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& Wave - Default B Hd x|

4 fhoor_testfx
ftxor_testjy
4 [oeor_testfz

Cursor 1 [0.00ns

TXOR atgutr caiars it (14) sz

g Wave - Default i Hdf x|

3 M1 putat TDEC aatazn s gt (15) gsa
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28] Wave -Default

B’ Jtdec2 9fx 2

)
@
(6)
(5)
)
3)

@
(¢1]
©

-

LR AR L A R AR AR AN
0.9ns |y 0.2ns 0.4ns 0.8 ns
ors

< 3] |

9 M2 sttt TDEC aatazu s pit: (16) gsa

| Wave - Default ——————3:: HAax

4 ftencloutput

fmux3_1jc
Jtmux3_1/sel
fmux3_1fz

1 13 gttt TMUX aataztr s gt (18) gsa
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8| Wave - Default i H A x|

ftmux3_1/b
ftmuxs_1jc
fimux3_1/d
ftmuxS_1fe
ftmuxs_1/f
ftmux3_1/g
ftmux3_1/h
ftmux3_1k
fimux9_1/sel

ftdmu3_1/zel
ftdmux3_1/a
frdmux3_1/b
ftdmux3_1/c

3 11 utats TDMUX dataan s pitn: (20) gsa

| Wave - Default H ) x|

911 utats TDMUX zatazu s pits: (21) gsa
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& Wave - Default i o x

< fotmprod
“  fotmjcarry

ftoafy
ftpafdn
ftpajsum (i 00 772 221

ftpafcout

TPA zataztr s mits (26) Jsa
:Aoilall 13
Coom A Glatelt VHDL 31 248 e Q31 Aimnat ot A0S gkl Al yllf (o Al p10 008 2 @3
489, TPA Aakait s 4 g3 g TDEC Aabaitly 15 oty Al S ducapanil! adazt) s TXOR 4y o1 Al @3
-Modelsim gels y pluiuls LI Hlglalg aladll aren) 31SLadl Hail @3
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AN G Syt g+ o 91 A ,0) — VHDL 4ay e duubo Aduomiune At 3 + A
A7 228 402017 2 sualt 22 Aot cbi o8 43S g p glal| Alone
Polal! Anelas OLe gl o gurlond! paisd (sl 9 I o 1 Glaiths bl sbse cid Miise [2]
22001 s laiuo (o o1 Andall (Lo ot i g
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PACKAGE ternary_type IS
TYPE t_logic IS ('U’,'0','1",'2));
TYPE t_logic_vector is array (natural range <>) of t_logic;
FUNCTION txor (a,b: t logic) RETURN t_logic;
END ternary_type;
PACKAGE BODY ternary type is
type t_logic Id is array (t_logic) of t_logic;
type t_logic_table is array (t_logic, t_logic) of t_logic;
CONSTANT txor_table: t_logic table := (

U 0 1 2|
('U,’U, U, YY), - U
('U,'0,'1,2"), --10|
('U, ', '2,°0"), - | 1]

( 'U'I '2'/ 'O', ‘.l‘ ))/ - | 2 |

TXOR

FUNCTION txor ( a,b :t_logic) RETURN t_logic IS
BEGIN
RETURN (ixor_table(a,b)) ;
END txor;
3 M1 1 gutatly TDEC aataaty VHDL 31 2t i 5
USE WORK.ternary_type.ALL;
entity TDEC1 3 is

[ ]
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PORT (x :IN t_logic;
a,b,c: OUTt logic);
end entity;

architecture arc of TDEC1 3 is

begin
process(x)
begin
ifx="0 then a<="2"; b<='0"; c<='0];
elsifx ="1"  thena<='0"; b<="2"; c<='0’;

elsifx =2 thena<='0"; b<='0"; c<="2’;
else a<='U}; b<='U; c<='U;
end if;
end process;
end arc;
9 11 2 ultts TDEC Aataztt VHDL 31 &t geli 59
USE WORK .ternary_type.ALL;
entity TDEC2 9 is
PORT (x : IN t_logic_vector(1 downto 0);
output: OUT t_logic_vector(8 downto 0));
end entity;
architecture arc of TDEC2 9 is
begin
output<= "000000002" when x="00" else
"000000020" when x="01" else
"000000200" when x="02" else
"000002000" when x="10" else
"000020000" when x="11" else
"000200000" when x="12" else

. .
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"002000000" when x="20" else
"020000000" when x="21" else
"200000000" when x="22" else
"Uuuuuuuuu";

end arc;

TENC Zataati VHDL 31 2 o o
USE WORK.ternary_type.ALL;

entity TENC is
PORT (x : IN t_logic_vector(1 downto 0);
output: OUT t_logic);
end entity;
architecture arc of TENC is
begin
with x select
output <= "1"when "00",
2" when "02",
‘0" when "20",
1" when "22",
‘U’ when others;
end arc;
1 113 gutatly TMUX ataatt VHDL ! A4t galips
USE WORK ternary_type.ALL;
entity TMUX3 _1 is
PORT (a,b,c: IN t_logic;

sel :in t logic;

z :OUT 1t logic);
end entity;
architecture arc of TMUX3 1 is

begin

[ ]
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z<= a when sel="0'else
b when sel="1"else
c when sel="2"else
U
end arc;
1 319 ulitts TMUX atatt VHDL 31 248 gali
USE WORK:.ternary_type.ALL;
entity TMUX9 1 is
PORT (a,b,c : IN t_logic;
d,ef:IN t logic;
g,h,k : IN t_logic;
sel :in t_logic_vector(1 downto 0);
z : OUTt logic);
end entity;
architecture arc of TMUX9 1 is
begin
with sel select
z <= a when "00",
b when "01",
c when "02",
d when "10",
e when "11",
f when "12",
g when "20",
h when "21",
k when "22",
‘U’ when others;

end arc;
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3 o1 1 gulatly TDMUX aataatt VHDL 31 24t el
USE WORK.ternary_type.ALL;

entity TDMUX1_3 is
PORT (x :IN t_logic;
sel :IN t_logic;
a,b,c: OUT t logic);
end entity;
architecture arc of TDMUX1 3 is
begin
process(sel)
begin
ifsel='0" thena<=x;b<='U;c<="U;
elsif sel = '1"thena <='U; b <=x;c <="U};
elsif sel = 2" thena <='U; b <="'U’;c<=x;
else a<=U;b<="'U;c<="U;
end if;
end process;
end arc;
9 1 1 utitls TDMUX ataztt VHDL 31 2t gali
USE WORK .ternary_type.ALL;
entity TDMUX1_9 is
PORT (x : IN 1 logic;
sel :IN t_logic_vector(1 downto 0);
a,b,c: OUT t_logic;
d,e,f: OUT1 logic;
g,h,k : OUT t_logic);
end entity;
architecture arc of TDMUX1 9 is
begin
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process(sel)
begin
case sel is
when "00" => a<=x; b<='U; c<='U;
d<="U; e<="U; f<="U};
g<='U; h<="'U; k<="U;
when "01"=>a<="'U; b<=x; c<='U;
d<="U; e<="U; f<="U;
g<='U; h<="U; k<="U;
when "02" =>a<="U; b<="U; c<=x;
d<="'U; e<="U; f<="U;
g<='U; h<="U; k<="U;
when "10"=>a<="'U; b<="U; c<="U;
d<=x; e<='U; f<='U};
g<='U; h<="U; k<="U;
when"11"=>a<="'U; b<="U; c<="U;
d<='U; e<=x; f<='U;
g<='U; h<="U; k<="U;
when"12"=>a<="'U; b<="U; c<="U}
d<="U; e<="U; f<=x;
g<='U; h<="U; k<="U;
when "20" =>a <='U’; b<="U; c<="U;
d<="U; e<="U; f<="U;
g<=x; h<="U; k<="U;
when "21"=>a<="'U’; b<="U; c<="U;
d<="U; e<="U; f<="U;
g<='U; h<=x; k<='U;
when "22"=>a<="'U’; b<="U; c<="U;

d<="U; e<="U; f<="U;

[ J -
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g<='U; h<=U; k<=x;
when others =>a <='U’; b<="U; c<="U];
d<='U; e<="U; f<="U};
g<='U; h<="U; k<="U;
end case;
end process;
end arc;
OTC Aataztt VHDL 1 28 gali
USE WORK .ternary_type.ALL;
--One Trit Comprator
entity OTC is
PORT (x,y :IN t logic;
grt : OUTt logic;
eq :OUTt logic;
less : OUT t_logic);
end entity;
architecture arc of OTC is
begin
process(x,y)
variable a,b : integer;
begin
= to_dec (x);
b := to_dec (y);
fa=b thengrt <='0eq <='2;less<="0];
elsifa > bthengrt <='2eq <='0;less <=0
elsifa < bthengrt <='0;eq <='0;less <=2
else gt <='U;eq <='U;less <='U];
end if;

[ J
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é
end process;
end arc;
THA 2atadts VHDL 31 44t zeli o
USE WORK .ternary_type.ALL;
--Ternary Half Adder
entity THA is
PORT (x,y :IN t logic;

sum : OUT t_logic;

carry : OUT t_logic);
end entity;

architecture arc of THA is

begin
sum <= txor (x,y);
carry <= "1"whenx ="1"andy = 2 else
"T"whenx="2"andy = "1"else
'T"whenx =2 andy = 2 else
0
end arc;

TFA datazatt VHDL 31 4if el 5
USE WORK .ternary_type.ALL;
--Ternary Full Adder
entity TFA is
PORT (x,y,z :IN t_logic;

sum : OUT t logic;

carry : OUT t_logic);
end entity;
architecture arc of TFA is

component THA
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PORT (x,y . IN t_logic;
sum : OUT 1 logic;
carry : OUT 1 _logic);
end component;
signal s1,c1,s2,c2,c3: t_logic;
begin
Ul: THA port map (x, y, s1, cl);
U2: THA port map (s1, z, s2, c2);
--to find the final carry
U3: THA port map (c1, 2, carry, c3);
sum <=5s2;
end arg;
OTM 2ataztt VHDL 31 230 geali
USE WORK .ternary_type.ALL;
--One Trit Multiplier
entity OTM is
PORT (x,y :IN t_logic;
prod : OUT t logic;
carry : OUT t_logic);

end entity;
architecture arc of OTM is
begin
prod <="1"whenx="1"andy = 'T'else
"1"whenx="2"andy = 2 else
'2'whenx="1"andy = 2 else
'2'whenx="2"andy = "1 else
0
carry <= "1"whenx ="'2"andy = '2" else
0
end arc;

[ ]
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TPA aakadtt VHDL 31 448 zeli
USE WORK:.ternary_type.ALL;
--Ternary parallel Adder
entity TPA is
generic (width: integer:= 3);
PORT (x,y :IN t logic_vector(width-1 downto 0);
cin  :IN t_logic;
sum : OUTt logic vector(width-1 downto 0);
cout : OUTt logic);
end entity;
architecture arc of TPA is
component TFA
PORT (x,y,z :IN 1 logic;
sum : OUT t logic;
carry : OUT t_logic);
end component;
signal carry: t_logic_vector(width downto 0);
begin
carry(0) <= cin;
F1: foriin O to width-1 generate
U1: TFA port map (x(i), y(i), carry(i), sum(i), carry(i+1));
end generate;
cout <= carry(width);

end arc;
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