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Autmatically Generated VHDL Using Evolutionary Computation

and its Application to Air-conditioning
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Recently, it has been needed to control a car air conditioner not only by merely heating and
cooling based on the set temperature fixed by a passenger but also by considering of passenger's
comfort. In order to design such a controller for the air conditioner, a cabin's thermal comfort in
various situations has to be considered. Also, many parameters of all components such as sensors
and/or actuators formed as a control system of the air conditioner have to be taken into consideration.
It is for the reason that it has to take a lot of man-hours to design a program for the controller of
the air conditioner. In this paper, designing support for a controller of car air conditioner using
evolutionary hardware is described. First, a method to estimate the car air conditioner by using
neural network is shown. Second, genetic algorithm is applied to generate a circuit of controller
for the air conditioner. Next, an experiment is conducted to validate the automatically generated
controller. As a result, a validation of our method is confirmed.
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3. FPGA/CPLD & VHDL
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Fig.1 Framework of genetic algorithm
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library IEEE;
use IEEE.std logic 1164.all;

entity HALF ADDER is
port(
A,B : in std logic;
§,CO0 : out std_logic);
end HALF_ADDER;

architecture DATAFLOW of HALF ADDER is
signal C, D : std logic;
begin
C <= A or B;
D <= A nand B;
CO <= not D;
§ <= C and D;
and DATAFLOW;

(a) VHDL source code
A D—r
B D S
co

(b) Schematic
Fig.2 VHDL and its schematic
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Fig.4 CPLD applications
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1ibrary I

e bty 1oq1c 1164.al1;

use IEEE. std logic_arith.all;
use IEEE. std_logic_unsigned.all;

entity GA_VHDL 1s
port.

i
DI000 : in std logic; w

DIOO1 : in std logie;

PI002 : in std logic:

DI003 : in std logic:

DI004 : in std logici

DIOOS : in std logic:

DI006 : in std loglc:

DI0G7 : in std logic:

D000O : aut std logic;

D0003 : eut atdlogies > (a) Entity declaration

DO004 : out std logic:
DOD05 : out std logic:
D006 : out std logic;
DO007 : out std logie;
DO00B : out std togic;
DO00Y : out std logic;
D010 : out atd logic;
DOO11 : out =td logic:

DO014 : out std logic;
DOO15 : out std logic J

);
end GA_VHDL;

architecture Behavioral of GA _VHDL is

signal 5000 : atd_logic; } (b) Signal declaration

signal 001 : std_logic;

pegin

8000 <= ((( ((not DI00?7 pand DI004) nor not DIODS) or PI003) and not DIOO7) nand not DI003):

5001 <= ({{ (not DI007 nor not DIOO7) nor DIOD4) or not DINO2)

p!c:aal(SUﬂD DI002) begin 1
[} 1 £(S000 'event and S000='1") thel

or b1002) ; €———————  (d) Substitution W

1 DO0 OO <= (DIOO2 nand not snon»; <<
end if;
| end process:

DO001 <= not DI00C;
process{5001) begin
D0002 <= S001 ;

end process :

DO003 <= (((((net DIOOS and not DI002) nand not DIOO1) nand not D:oun or not DIOO0S) er DI00S):
DO00A <= {{ ((DI001 and not DIO003) nand DIO0O6) and DICO2) nor mot DIOOO;

proce sa(DIDO1, 8000} begin
DO00S <= (5000 nand DIOO1):
end process ;

DO00S <= (( (nat DI0OO and not D1002) nor DIO03) and DIOOE);

process(S000, DIOO1) begin
1£(5000 'event and 9000='1"')then
DOD 07<=DI 001;
end if;
end proceas ;

D008 <= ({ ((({({({S001 or DIODO) and Rot DIOOS) or not DIOOL) nand not DI000) and not DIOO3) nor DIN03) nand not DI00Z) or DIOOL}:
©00) ;

DOO0S <= ({ {((not DIOO1 nand not DIOO1) nor DIOOE) nand DIOOY

process (DI004) begin
D010 <= not DICO4:
end process ;

Pprocess(s001) begil
1 £(8001 'event And 8001="0 ') then
DO011<=§001;
d if;
and process :

pzn:eu(nmos orooz) begin
£(DI003="1") ¢
D00 12<-(nrnn3 nand not DI002);
nd i€;
end process ;

process (DIO05) bagin
DOO13 <= DIOOS;
end process ;

DOOL4 <= ({ (({ (nor_ 5000 nand not DIO03) nand not DIDO6) or
Do015 <= ({ (((( (not DIOOL nor not DIO03) oF hot DI007) nor m

end Behavioral;

(e) Process statement

} (c) Architecture body

) nor not DICO1) and 8

DIOOS5) nand S001) nand S001) or not SO01) er DI005) nand DI007)
ot DIC03) nand not DIOOD) or DICO5) and not DL00?) mor not Dxncn nand not DIOOL): b,

Fig.5 Automatically generated VHDL
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Fig.6 VHDL genetic coding onto chromosome 2) FTRTHOEBEEREZTHEILTS.
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Fig.7 Air conditioning system
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Fig.8 Simulation results
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