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Ternary Electronic Logic Systems Automation: A Novel
Study Based on VHDL Language - First Part: Ternary Logic
Gates

Abstract:

In this scientific paper, a software library for Ternary logic gates will be built
based on VHDL language to be used in the implementation of combinational
Ternary logic circuits. The VHDL language had been designed to be used
to automate and design Binary electronic logic systems. Therefore, several
problems have been arised in adapting the VHDL language to be used with
Ternary electronic logic systems. However, these problems have been solved
and the result were encouragement to continue the study with the other Ternary
components, so that a complete software library based on VHDL language
for different Ternary components will be used as a tool in the design and
simulation of Ternary electronic logic circuits and systems.

Keywords: Ternary logic, Ternary logic gates, VHDL language.
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TOR 1501 (D)

USE WORK.ternary type.ALL; Ve -Deft : A

[Hentity TOR TEST is

[l PORT (x,v : IN t logic:
r z : OUT t_logic);
end entity;

Harchitecture arc of TOR_TEST is
Hkegin

Z <= tor (¥%,¥):
end arc;
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TAND au1541(2)
1 USE WORK.ternary type.ALL; e Dt Hdx
2
3 [Hentity TAND TEST is
4 [H PORT (x,y : IN t logic:
5 F z 1 OUT t_logic):
& end entitcy;
'? L
8 [Harchitecture arc of TAND TEST 1is
3 [Hbegin
10 z <= tand (x,¥);
11 end arc;
STlassa(3)
1 [JSE WORK.ternary type.ALL; 1 Yve-Defat 5 EET
2
3 [Hentity 5TI is
4 H FORT (x : IN t logic:
& y ¢ OUT t_logic);
& end entity:
7
8 [Harchitecture arc of 5TI i=
9 [Hbkegin
10 L v <= stnot (x);
11 end arc;
PTI as1501(4)
1 [ISE WORH.ternary type.ALL; Ve Dt X
2
3 [Hentity PTI i=
4 [H FORT (x : IN t_logic;
5 ¥y OUT t_logic):
& end entity:
7
8 [larchitecture arc of PTI i=
3 [Hbegin
10 L ¥y <= ptnot (x):
11 end arc;
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NTI 2315.01(5)

L

g Viave - Defat

USE WORE.ternary type.ALL;

Bentity HTI i=
=] PORT (x : IN t logic;
¥y &+ OUT t_logic);
end entity;

Hlarchitecture arc of NII is
BHkegin

W o =] o N L ke

[
[=]

y <= ntnot (x);

[y
[

end arc;

1 Viave -Defat HdX

USE WOREK.ternary type.ALL;

Hentity STHOR TEST is
H PORT (x,v : IN t logic:
z 00T t_logic):
end entity;

Harchitecture arc of STNOR_TEST is
Hbegin

W o -1 on N s L R

[y
=]

Z €= stnor (x,v);
end arc;

=
=

PTNOR 2315.81(7)

4%

USE WORK.ternary type.ALL; 1] Vave- efat

[Hentity PTNOR_TEST is
H FORT (x,v : IN t_logic:
z 00T t_logic;
end entity;

Harchitecture arc of PTNOR_TEST is
Hbegin

[ Y O I

=
=1

Z <= ptnor (X,y):
11 end arc;
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NTNOR a315.01(8)

Hdx]

1] Wave -Defat

USE WORK.ternary type.ALL;

1
2
3 [entity NINOR TEST is o
4 [ PORT (x,v : IN t logic;
5 z : OUT t_logic);
(3 end entity;

7

B

9

Harchitecture arc of NTHOR TEST is
Hlbegin
10 L Z <= ntnor (X,y):
end arc;

STNAND 2315.01(9)

HAx

1 Vave -Defalt

USE WORE.ternary type.ALL;

Bentity STNAND TEST i=
El PORT (x,v : IN t logic;
z 1 OUT t_logic);
end entity;

Jstnand_testfy

Harchitecture arc of STHEND TEST is
Bregin

10 z <= stnand (X,v);

11 end arc;

[T R R L Y S FL R e

PTNAND 21541(10)

1 Viave -Defat A

USE I'.‘DE_Z{.ternary_type.ALL:

Hentity PINAND TEST is
£l PORT (x,v : IN t_logic;
|: z 1 OUT t_logic);

[pinand_testfy

end entity;

Harchitecture arc of PTNAND TEST 1=
Hkegin

(- - T Y S SUR R

=
=1

Z <= ptnand (x,¥);
end arc;

b
=
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2
3 [Hentity NTNAND TEST is

4 [ PORT (x,vy : IN t_logic;
5 z 1 OUT t_logic);
(]

1

8

g

end entity;

Harchitecture arc of NTHAND TEST is

Bbegin

end arc;

10 L z <= ntnand (x,vy);
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#4%

1 Viave - Defat
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s AN A AGGomt ) AGhaR 3 a0 meeeual S (pa Al
F(A,B)=1 at X(0,1,3)
=2 at 2(4,5,7,8)

b33 TAND 5 TOR aaasbud 1 St .31 ubast ol 391 F(AB) Alh Aot 3350481 6 L @y
9% 3okadt g (AwStalt Sl gt s STNAND S50t (ulud (e Lot @3 « NTIg PTlg STI dustats
Ayttt g [1] Ay soedt Ady ol LGl 5 ygmio sl 2 F(AB) A1l (6 i poimiadlll i g3 (3953

ol duasid [1] & gttt
F(A,B)-A12B12, 1.A% B!

2 a1 531901 TAND 5 TOR 2aslasd St gt bl e+ ¥

s 4S5 9uatls F(AB) a1 a3LS (S
F(A,B)=TOR [A'?B'2,1.A% B"]

F (A,B)=TOR [TAND (A2B'2) ,TAND (1,TAND (A”,B))]

((12) Ui 2 s 9o 92 LeS (3953 F(A,B)anat VHDL 31 zeali

USE WORK.ternary type.ALL;

Hentity Application is
E  PORT (&,B : IN t_logic:

F F  : OUT t logic):
end entity;
Harchitecture arc of Application is
Lsignal m01, BO1, A12, B12, T1, T2: t_logic:
Hbegin
RD1 <= ptnot (R):
B01 <= ptnot(B);
R12 <= ptnot (stnot (&));:
B12 <= ptnot(stnot (B)):
Tl <= tand (A12,BE12);
I2 <= tand ('1',tand (R01,B01});
F <= tor (T1,I2):
~end arc;

2uSLat 1 LIty TAND 5 TOR il ¥1 Ol gt ol e F(A,B) a1t Gaasct VHDL 31 el 4 :(12) ysa
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9 TOR 2l 1 St 0 bl e FOA,B) 210y At 3,508 318 Lot 230 (13) IS i 929
NTl PTly STl awstatt S 9019 TAND

H A X

£E| Wave -Default

EEEEEEEEEEEE -

]| |
2usSLalt Sbtgdty TAND g TOR acwlu ¥ cilsl gt (ubad e F(A,B) A3l 2aaamt1 5 pi1ill SISLmt | 305 - (13)JS.u
AuS ot Sl gt 9 STNAND Sl gt ol (e ,L“uu
4S9l F(AB ) A auLs salet o Sao
F(AB)=A'?B'24 1.A% B!
F(A,B)-STNAND [STNAND (A'2,B'?) STNAND (1,A%,B")
((14) Ui 2 pusge 52 LeS (953 F(AB) anatr VHDL 31 el g

USE WORK.ternary type.ALL;

1
z
3  [Hentity Application? is

4 [ FORT (&,B : IN t_logic:
5 F i OUT ©_logic):
& end entity;

7

8

Barchitecture arc of Application2 is
9  Llsignal a01, B01, mi1z, Bl2, T1, T2: t_logic:
10 [Hbegin

11 A0l <= ptnot(A);

12 B0l <= ptnot(B):

13 212 <= ptnot(stnot (A));

14 B12 <= ptnot(stnot (B));

15 Tl <= stnand(Al2,B12):

16 T2 <= stnand('1',A01,B01);
17 F <= stnand(T1,T2);:

Sttt oligd iy STNAND ;;;lei,._d’!wu‘! e FAB) a1 st VHDL 31 el o2 (14) Usa
S15.019 STNAND St 001 (ubaa e F(A,B) A1ty Azt 5,514 318 Lt 2506 (15) IS e 99
NTIyPTly STl austar

| Wave - Default s HA x|

EEEEEEES -

>|.
auSlat St gd 1y STNAND Zewlu¥ Olilgd ! (ulul e FIAB) a1 2225015 5000 slSt ) b+ (15) s
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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 stnot (I: t_logic) return t_logic;
function ptnot (I: t_logic) return t_logic;
function ntnot (I: t_logic) return t_logic;
FUNCTION tor  (l,r: t_logic) RETURN t_logic;
FUNCTION tand (l,r: t_logic) RETURN t_logic;
FUNCTION stnor (I,r: t_logic) RETURN t_logic;
FUNCTION ptnor (I,r: t_logic) RETURN t_logic;
FUNCTION ntnor (I,r: t_logic) RETURN t_logic;
FUNCTION stnand (I,r: t_logic) RETURN t_logic;
FUNCTION stnand (l,r,k: t_logic) RETURN t_logic;
FUNCTION ptnand (I,r: t_logic) RETURN t_logic;
FUNCTION ntnand (I,r: 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 stnot_table: t_logic Id :=

( IUII I2I, I'I I, IOI);

[ ]
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CONSTANT ptnot_table: t logic_Id :=

( IUII I2I’ I2II IOI);

CONSTANT ntnot_table: t_logic_Id:=

( IUI, I2I’ IOII IOI);

CONSTANT tor_table: t_logic_table:= (

('u,uL UL YY), - | U
('v,'0,1,'2'), -]0]
(UL, ), -1
(U,2,72,2)); --]2]

CONSTANT tand _table: t_logic_table := (

(U, U, 0,0, - | U
(U, '0,0,0'), -0
(U, 0,17, |1
( IUII IOII I.lll I2I )); o | 2 |
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FUNCTION stnot (I: t_logic) RETURN t_logic is
BEGIN

RETURN (stnot_table(l));

END stnot;

FUNCTION tor (I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN (tor_table(l,r)) ;

END tor;

FUNCTION tand ( I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN (tand_table(l,r)) ;

END tand;

FUNCTION ptnot (I: t_logic) RETURN t_logic is
BEGIN

RETURN (ptnot_table(l));

END ptnot;

.. [ ]
ﬁnggl-?-ll alo https://doi.org/10.20428/JST.22.2.2 :



el sutie oy ie (Sbiead! o Alliibie ¢ fudl) e S
22017 (2) suatt yg piially 311 ot

--Negative Ternary Not

FUNCTION ntnot (I: t_logic) RETURN t_logic is
BEGIN

RETURN (ntnot_table(l));

END ntnot;

FUNCTION stnor ( I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN stnot(tor_table(l,r)) ;

END stnor;

FUNCTION ptnor ( I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN ptnot(tor_table(l,r)) ;

END ptnor;

FUNCTION ntnor ( I,r :t logic) RETURN t_logic IS
BEGIN

RETURN ntnot(tor_table(l,r)) ;

END ntnor;

-- Standard TNAND
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FUNCTION stnand ( I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN stnot(tand_table(l,r)) ;

END stnand;

FUNCTION stnand ( I,r,k :t_logic) RETURN t_logic IS
BEGIN

RETURN stnot(tand_table(l,tand_table(r,k)));

END stnand;

FUNCTION ptnand ( I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN ptnot(tand_table(l,r)) ;

END ptnand;

FUNCTION ntnand ( I,r :t_logic) RETURN t_logic IS
BEGIN

RETURN ntnot(tand_table(l,r));

END ntnand;

END ternary_type;
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