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ABSTRACT

In this thesis a complete methodology for efficiently managing energy
resources in modern buildings is presented. The proposed methodology deals with
the problem of energy management in buildings in two main directions.

The first direction demonstrates a control model of a building capable of
resolving functional requirements during the everyday operation including user
requests, spatial variations and electromechanical equipment specification. In
addition, the requirements for the assurance of the necessary thermal comfort, visual
comfort and indoor air quality are fulfilled, especially in the prevailing situation of
conflicting, multiple desirable conditions. The proposed methodological framework
utilizes expert systems, self adaptation and knowledge engineering techniques, in
order to assure the operational needs with the minimum possible energy cost and the
environmental protection.

The second main direction of the proposed methodology is focused on the
overall energy management and energy conservation measures that can be taken in
order to improve a typical building s efficiency. In this context, an innovative
intelligent model for the integrated energy management of a typical building is
presented. The proposed framework provides the means for the systematical
analysis for all the data that are associated with building s energy consumption
(loads, current operation demands, user requirements, finds) and take into account a
series of external parameters (rate of interest, operational cost, funding possibilities
etc) in order to propose measures, interventions and investments for energy
efficiency optimization of the controlled building.

The proposed overall methodology was implemented in to an information
system and tested under supervision on a real office building. The findings of the
experimental operation were analyzed and compared to previous energy
consumption measurements indicating that the proposed framework provides one
more innovative and useful tool to the problem of optimizing energy efficiency in

modern buildings.

Keywords
Energy management, energy efficiency, energy resources, electromechanical
equipment, modern buildings, expert system, knowledge engineering, investments,

indoor comfort conditions.
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Br g #( )#  # () W HE L 3T br,o#HO( 2% #T, . -,
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$(* #H(  H& $ TO( ., —*#l. vt x#  vgr (0t

! "URVHOS , # 1T #O (3 LU L S #HY ., #i# 3 H#,
KA I G ##H 0 (3 —*C($,-*3 /5 —* TMi—xg 2% #
1"2%$6 ", * boagr,/ ot 60 #* 1.8% # Iy, " 1" $
#(6, # —*#. =% # $#H 20 ($#"#H-* ##(" 6 2* ##(,(-*
0B #* # #*  —H(S$S# (# 1 #(# * L # , & *# ).
N($™, *3" 1 /3", #) "# /5. ** # U #r & 3" (( 3

#1 YES V3* * 10 (. =*(C($, —*&#M(G -~ )
bg*— (2% *,508 # S U(CIEES(C TGS ' /(2% (
# $* 1"2 § / *x, 31 IF_* x IH/# U 0%, . =", /# $F

#21($ ST H WM. L1 sH# 2 ( (S, #IH
* o (#( ) -* . RR#B . *—* 5" ($ #* . —*( 54-*(C ,0
6#" /[ #! b 6( $# Y. 31$"/# $ 1 86 . " S
*gT ., BF St L =T #HUVIS U )Y#UL T ITH/ O # 3T& *H % " S #

#Hr#1 C , ( )S#'# "#

&) "$ /*, 6 2% ti—x g (4 # 1 13 5" _*y

#/. "#s #( B W ST LWt LT # x $* RS H
CC # " &#HSW (S *# #1 " o# (" #W@ (" -* 5"$( 2%
WH(6H W > #° ,x ($ # #(6, #. #*3u# ,5## $( L, H#WH ) 113 %
#  # (C ) /# $)0 (8 -* ( *0$ 2* (- " ) r x4
" (=, —($ —* 5* /2% 1 $U 6 T # 1 x_xD* g , (#
3 ( 5 = (($, —* #HEI" *#, $ Y6 1 2% g )-*

1" ( #($" (Local Access Networks) # $ 5"$(C ' is($ $ " * 2*
1o/ (2% ( Voo Rt L W& )"H OSHH $U( . —*
C($, —*# 2*#1 iSH L 181 & 3 /() & “/HGT
Ty &#5 " *# #1,"$# °© AR . 5" (%S "ok 2%
1 /(2% v# 1 3% #0 # ,$36#($35 &O0K( *$ 1 Fxy .
# 1S 6" . 3 H#5(S 3 ($&HB(S —*&# 03 F—*FU "_* #
Y &# ,* (") VoSS (0 (-t L ) 88, (R #HC .
$* & # —($ $ "/ ), $5H /4 ) #S$ " r )
1V () =% ™=* #(( ##E&) "$ /7 *," #*1 Y

#o,0 # #3( St Ww $T(* " (% -*( 5i-* " #
5SSt # #/ T # 20($T —x 1 gt T 2% 1§ —x o
VY (LA R #8&) ST/ % ,T3L TR #) Y# .S #( "H$*

! 8%61#, 13 18 $F ¢t &#S(S > P 3 T L (%, -7
A, $*F# #2288 #*,1 18 $° 5¢ /W #C Y ./ 8T (#H(C L8 #
> 3## . -* ##C 2 v#  #'5 . .(C ",$3 83! $ 6."$(%"
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#S /xS % LS #HC #( ) #*HE&(I( V("3
5 /4. #1.& ($ $" 1" (6 ",V T N G G a1 €
&H H# ., # UL <t Bl (" ( 3 H# H#HO( ) # (( H#H#

' 8 " —xa#5 (2 (($,-F&) S/, ox M4 < #
C* 3% ") (S $" 3 (S$HV.GH(S # $H 21 ($ ##(,( -*
(" VET 10 $ H(.5 WEHE T L% [/ F 0 ) (*S0( 3* /#
IO 06 1*RL L ## W# L1 (3 (( 3 =%

M35 ke /x4, ru#l 3 H#E (B H . U (=", # Y

5" ( ($* 1318 —*(C(C$,—-*(C 51 =*31 I*x—* "_*g&) "§"
/*," #1 t$ 3 (B&#LE ) 1Y (C ), #(@O% "-* # 1 J(2*
/7" 2x#  # &HF V#6." # /# & #*,1 1$ $° *3#" [/ *,°
c(s ., -~
e, # V3 QM S/, —*F 62 Mi—* 6#M # (# 3I#H
$" & # W 008 # GHt# $MM O # #V. $* 5T (S -*$ v*x 2%
T /(2% -" 3" 1#¢ )OS(S", &#5 1" ($" #  8%" #1.6#($".
(28%" # #/ #Y. # 35" 2"# ((C ##3 # (% 3 # o
#*,1 1% &#& #(2* LI RN S It s /2% 1gT (2% #
# # 1 IS($", &#5 "4 *# =" xS #H, C v 2 o
* I, # VH#Y, S HH#E S 18T )* #, # 3H(C#
M )y *# "1 (-1 3 /3L ($N9F T3 L ) (8
5#'# $"(C . =* O/ —* (($, —* #! P S &*H .S # trH
¢*v /Mmoo 7 gt (" =*6 (2% IR/ # —* ] ) *—*
2% o WA #t $* 3 ($/7# ,0 0N H(SH o * '/ 2*
T35 I3 *&ON (ST EHE #(H ST #HVL.6H(ST, /H W O$T 1 W P
&,6" #/."0 1 #O4 *# (1 e ", #O0S # ,  *3#
#/7."0 # o #, S #H#H (S $° 10 $ 7 (T 5S(C N )
O/t 7 5* 31— 5% * §  (O*$ (artificial intelligence), ! "i# (expert
systems), #(#6 /  (fuzzy logic) # 1" (//(C 3° 0.& " 9% (% #*
C 58 =*C($,—*# 2 pP#$I1" (#" (C -$# #&*# . $# “/#

L0$($ #1. $* #0$ "* "/ U B T I T
&Y LML —($ H#, # 3H(C W, L HY. BHUTHE 1T
& * O# #1#(5 )*# #O. $* &# ."6-(3 —* (- " 2* ( *0$ 2* $
VO P 0)*S (( # . THHY *— 5% 335 * 6#" (i (
&,6 "# 1 Y1 # v /(C 1" #H# # o, (* 3 &HS (S <.

N YL E G IR B o B E AV A R
5BU$( 1 )X # 5% / ,( S5 $TUTS/) F$T /<L # 1V x#

v /(.Y wmBHM # 1S #l. (S ##1.& (B(C ,0
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017 "$. *$H

(#C . 1. s # 3 # ( /, v (.

*3/ #

#6 "2 # (% “H# . 3, 1-"35 &S ##6 "0L 1" (1,0 # /#
1 * $( 1.m—* ( "y # . #HEH (. % U/ B &ML
NG RCE T L Ut x4 #
C VUL HE D RS T DR S ¢ 1" $/ 0%

#e U ) #H (& ) Tt .St < s#L #6,( * 6 #
#1 & .3 /5 11 () *"Q/5" * g H# x$T x v #
#Y.& (8" #  =($ .ty (¢

1"2$ <USH VT H X SHEHN( (S . 3B I"#/ # 1 $04

G# .o L3 (1 3 ( 3/5  # $" &#(6, (3
&H* 2% ( *0$ 2% ( "52" k.t H(SH L TS 1T. & 35
G -0t ( * #v& . 1 . 3 /5 # o ##(

$ "o$sHr /) L0 () *.tow *$ 13 1 52"

-t #1351 ) #Y. $* 6" [/ ($* ##( # S ) $ 3¢ #1$ (
1,05 (" CH#3T& 3. &#" (& 3 ( 3/5 1 p*
#O0& /fH O HIHI. 1 OQ(S# NV WOHAH(BHYM * $* 3 ($
v/ % 5" ($ 11 () *° &# H#HSHH $U( L, $
) S I GUSEST( VLB r#( ( ## 3/5 # $TUHHE T 1SS

BY. %/ Ut F2 B g Nt o (3T /r2(
&) "$ *.$# ( VUH( ,-*1"35 03## (*

T RHS (ST
=3/ B # (RS, #2101 (% v/ ) (T =r tiex
#O(L(SH U TE3C T 0& ATUTH K THL /8 #
*v/ %) 35 ( W# Vhtob < H1L & 3 H#, #Y )*

148$ 3" #&)( # 6#° .( " )( " v# (#63" . 1,"5 3#5,( #
#1) #O$ "* ) 3/5 # “# S #,(HEG # $"&# .U6—(S

$ XU/ H ST # SH. #H&) M (3 " $ 08& /S $TaH"
Vox2x of (O # H#T 2" S&HUSH N # —($" "y

C* . ( ("#$/ . wrg 5U'$C 1 2% "/, & & 3 #
1t okt — 3t (T
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02 1 &H")S&I" 1 %—(l %+ / % #

1t % x§ 0& /i $TRH#T T35 —T# 4 * $EaF 1 1S
*T 6 ) (( #1 RL$($T K3 o # C Vst -+
w2% % ox gl N (# o# * . (.5 $  (#( #

$U— 3FS , B —* K/ f 2% g/ 2% % iox # §" If 5
I$" (2% /# $* #5  21($ —* (OF5" *—* #l# (=% # #0$ "r2*
##C (=~
*3, 1", 1$ 0& /#3B - ) (.5 $* "—($
3/5 # $° 6 ) &#H5 (ST &#6 T 2% mf2% % M_* (15,
# (.7, 03" #N(S, WU(., 6— (.7 L) $* 1 0$( $°
("HS/ xS # — (8" " 13t 3 /5 %
mf2%g 2% L Uik L 504t g$ 1,5 (" ( ( 3. #'.#
# /AT #3137 6 "33 xH ( #I0 (S #D)
#1 03 (#* 1,5 $#5,/$ $"— 3  3/5 # 2* * 3
GoIT e oH I#35 # #0027 $&,(#(S, S v WH#HI 13 8%
#O2%HY . # &S 1,5 *#( ( ##
BHL. T )T T (*(2CT #4118 $T 08& /##HI 4 B
LSS —* &# T —* —*B2U_x g T ( 1 "E M, —*5U$( 2%
( #W1(Q,o # C VIB(ST ST <t/ ot 1Te T, —x tiox(
( *& #( . $&*H.SH# 6 ) &HSI($" # 3/5  —x vy 2%
") 2% $* 5" ($ #r.F—* A LE—x (S, =% (=%

/*2($" # 5% x 2% " g
# 06 S## $U( , $T I x. ox$T NS (*8u*# (S

( *35 #
.S H KU TRHS I (ST —*&#HE " 2% "/ 2%,
6#" / ( .( & * % ™Y " 6, (# M=%, #)1 x4
,( &# . " N LG W8S .(# H, *,& "
VHH —
—tOHL #1 )1 ($ /5. * " #, S S #L(H#HG 3 (
2(C *# /W # 3 ( "3 /5" # &HS(S . —* —* WS, —*
$ 0" O$sH#F /) 10 (). #1 )I—($ # Y H )

(S SIS/ ) * V(O #S/EVC MH &L,4 (7 #IH (3
&H5 (S " FF=FB2"—* g # (S, (3.
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—xRHE T 2% &UH(ST -1 0 )*# (&#6 ", 3"$
"P# —*&H6 " 2% LI3R—*1 _$# "

* . $# 3/5  1— " 22X UHH/ < —* 1 A$" 4 x ot sy
#.$# U /() $T 1 xL$(ET I/ o#1 N /5% #,

5% % #LO/$(S 1N (= R/ # T (8T )6

# 11 () "y 5° ($ (" 2% ( 5i-* “IH #
- L FTATR R

&# " #H I H# m( (#C ., ($* VUV "# 3" — #5,1 1S #

208 C (S, —* *" Y(C* *(C ), &#5 " (¢ # 3/5 "%,
#7935 *#"F#*3  0& / .V #H( ¥ "1, 6 ) 3/5
# o#l  /$($" 1 RR)( -F oo vy o oy

¢ $T&#T U ThrEHHE 0V (C & /* Lt (*(2(CT, %
1($ * #$ -
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031 * O

6, # # . 15 "H#SI" (V0 #(* 1 CUHE (G —*
G 4. *=* 08& /2% 5% [2% # 5 2% 6 ) 3/5
6, # &#H5-"WM # (&) *.$ "1 #6 ") ($*#*, (3 #2*
6 "i—* # (*0$2* # (' 0& ST v /C v ("%
#1 6,( -* 36H(S(#H3I Y "#( ( ## )" 1($ * )1 &
O FLUSHT &R 13N $x ey 1t G/ (S -* 0& /2% # &%
#Y (V. $T&HEM™ UL S H#Y . U35, 3#HHEH#HI &0 (H#H (S W
(# VW #@ #$1" > *$ 08& /i 1. < 6# #

032 & "*+ % "3& ! %HO& " *O% "3& "&,+"3&

4 *- C $% v+, $-%+h

L& (S0 L s# Pl myg) (=, = /U2 (2% # U=
61 # ($&#6 ", 0" (Tl 3B *# ,  #1) . $ L& (8
0" . $# 1 "i*( b B B <) #/—-/ - $# ) #6 ",,
/) #ox W S (/| #, #H) # 1= # oot (5%,
(G Y*# #)

%o o1+, S-%+% S O $-%+h
et #( - OQC($S# L& (3 $"0" _s# &#3( ("2t #
S H e # - #i& * $ &3/ "( ,o" I3 (87, #Y.
O ™ #*. * ($ L 1" _##, # 3% @# "

hoo1F+ L $-Uth S % !
PHES 1T 308" L& (ST $TOT USH/#T (., #HH &2

b HH #OH ( #L(HGO T T3 (S # % )*# &# 3(

R G 2 BN G A - L G #3
B4 B HY. # 1 " Q) S (V=" ot W I (O H H
*$04 . ITH/ # 1 G # 5% #6 U, 0" LS H, *2 L8 /.
#3U O xN# 1wt ST &#6 .7 0" TH(H $ 1 . gH
R/ H# L b # 0 )OS 6 ( #6 ", 0" . $#
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%or*+, S-S "h&IHD )

S "6 & (S ST 0T U S# &#3( S " #IG 2%
, =X H# VW e . # ) ##6-— .7, * 1 # ) ##6- .7
3B * 8% . "$(5F.HH . ") #

vl % 1L Stk
$FUTH/ # SHCTTU(C TTUITI2( 'S #6 U,0" S #
61 # ( (& H( )T —* U2% N 1 5 )0$ #* 0" 4
C* 3 vy #CHC3HC . C 2C $(C*
6 U, 0" U SH# K L thkg 1 [V #Y. $*#'S # S

0"  HCHS-TV *HS" L4 # %H B vH /5—(3" *&, (0" HG "
033 ,1 1 1) _11 *p" IR+ 1 > 08
&Hwtr - ,$1

/*  W#1.M0 0 # x( & $T v s /(2 #
#1 )< # 30 & #H4 $($" 3 (=* )(-*( (( ##V 1 v)yx

*HOUU/UHE )* =t #0$ # . 1. S #M w5t (0 (1T HH
135 20 3T ag# 3t CRH(L,( " #H&* 1,5 #°% 308 "1
I BRI I 3 ( (*&#( . 2*/# " # $3" 2( .
BHGS OQCS #*## &, . ( & *# .* 0o . ".r.

o CIHT X[ R 2% /M0 =% B Ux (3% THI. $*

. USC Vb $* &3 $T 13 18" 3(—=/* ., #1$", 6 (
Vo # H(H-($. /% L H#/.U0 WHE o# L #1 ) ($*

1 i$( . 3" /H# O WHH 3Tt C( # " 1"31  *g
—& 1 ) # oL 2( H EHUH(HO ) HY. # # 0$ 1
1735 (", 5## U—* & #& 2* 8$6i—* (0/1). $ # $ b #
/* . 28 # 1 1,5 ( tA=rgr )t (). "5, /%
#/.U0 T ML/ Y #eytHeH $° #0$ ", (* 0-" S# "

3,85 /2*# 3 1 $0 (. )(-* ,0 NS & 4 #/# V1.
* 63" S H(S (( # T($F 10 $ ., 3(— # (*,H(G
g 3" LS H S XS # S VW ox 4 # (RS
#e. S #H.
YUt r# * (% 10 $ , ( (533
O 6-—*# 3" # SRS #r. S u A g ) 2y (B
L. ox§ /%, Y(=* # # ,* * # S## , #1$. V#H# * <y
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# O S &H& HCH/HHT 3/ *3, st # .1 " (C (*&HC .  $*
V(S # HHVEH/—/ =% [ *&%=*)(=* 1 1V $(,4 * #) "#
10 $.#Y 3 (#HOH W,/ *3%/ ™& /)(SY O#1"35 * 3"/#
TEEH 3T T L ) (O #) THIS # SR, S(S #EL S H

1,5 *&,6 " " & 53" $" VHHY *— &#H& #(W /#H "/ * )"

#7000 T #YL T L hT 0t ot gk o, a3 aH(H—(8

G 1,"— #H 1 *&8—*)(-*2( #/."0 "*#6,( ( #! 3 (#!

/"7 . #0215 C5#C . ( 5#) C(# . $°  , #1$" #
4 /"2 # ", ,0 3 ($ /*  Y#/."0 R N A T ¢
&#6 " WS # ( &#6 " . 5Ux . #1.8 ($ EE I
VoG *#HYL S (F,US(S L SH # (/" 3H #Y. #, 1.(

3" $UT/m6 $¢ 3 (S )

* P -

#(#6 " / (fuzzy logic) ( 50% #!. * Lotfi A. Zadeh
#1($4  $ # 6."*# ( Berkeley -* (# 3(# 60131,
0 —"# $"#@#6 )" [/ " #@ # ($* 1" 71.0 ($. P, x5
#Ig WM # #1. ( 5w v o# * ( &,6"# OQ* # &#6 " )"
# )" ( 5 "M #(,6 #& /% #V . $3 #( 52" $
#oOH.SH. HHEY ## PHSH O# 8 #  *&, ("3

#0/ , WL o # $ #'S S o #IM (& (W Heisenberg
C*3## ($*#,1 1$ $* (multi-valued logic) ( $ & # W

1920. .o # 1378 #0 ) # #.$# #0-")(
S## $U( ) # O # #8)& - THUHT 3 KNG #
$" #(,6 #°. 1937 #0$ # ." Max Black 6," ( $(*5 [/ (
O #( 54> #( . -—*# *_ #( $& # # #.$# 1965,
(30 28%( ¥ "Fuzzy Sets", Zadeh '#"' (#( $0 —"i#
—x (*. =% 1 #1 2% D% #@#62* ( *. —* (fuzzy set theory).
"$C 1 is( * " #(#6 / # 1"— (,$C ( 3 *3 #
G# . # )# T(S * T&H(CST.$# Y (*5Mo# 3BT (0 H
ey L = # &, (" 1 #6($ ) $0 -  Zadeh.
*10 #, $ #I-—M# $*35 x( "R L#HI. # # $ 6#T [/  $" #1 &8
¢ # * | 63 8.

0 —"t $"#@H6 )" / " VH# #, $$ _( /# SR, (HG
$* /28 # 0 Wt L #/# $&S /M OSSR (C 2 (C Y tH( , -
15" 1 )* $&#03( $ & ! $IFS/F2(s # M3 (7 3 -

#O$2% $& /HQH V.3 /5 [HH(C OV U,Fo* $F1v 18 3/5 1
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#Ig Y#. $ 2% # . S #@W6 " / 3B " U 3 6#" /3 ($
$5#4 & "IH(2* . # ( #3 ((C 3"V 3B * ## ( $*
#
#5" . xH# 1 EarlCox ( /#/ # 1 W$( *#5"$C 1 | $*##6
/ Mo s&)HS # v, " Vi o# , #31U "#(( ##
(%36 "# ( 3% "6, (#HHE(*O(HE( —*1" $ , —* 5 #4

$*#'5 x . (G&H( ., # KN /H o# (. U253 1 U #(#62*
CCS$ ., —*Y#/—/ " , # "/# W B# 6# (41 52°(C /,

6#" /3" V#/ # ) .( (1" 53 1t #6 3%, &H5 4. *$
(R 2% IgT (2% F ST #GHE () *&)* , 1.t 1%

1" 6 "t # L($" && 3F—* #%, (3 (,0#  #w, #95* ($
HU, $"&#5 M4 *$T IR g #1. $($ 2% ## $.$#, 1T 208(8
RGNk gk ($T - (= g ,  *3#  #
V2R D Y - S Lot ##( #( )R H -0 )*,

O *$U$0 ) # H VU HO)* HY. # (( ## 1 5i($#
srg( 1 2x# ( # ,( 30 "B ( #HE
$ #* . *&H#H63" *35 (THEHIT T $* 6#" / $"THMW6 )" /
( * M —* (control systems), —" #! 3 (# $"
L #H 208(8T Y &.08  #Y. # Vv x# g6 ) [/ "1
##C (S # ($* #1-"#. $ 1 F"($ H #HH#S 6.(*$%
#H#6 /w3 w1 ) $ 5 st ( (G&#( . $° I/ *)"
$56* T *$ (O $* #He  / #HC O H(3T VT )* xg

2C * #(@s%, SU.x #F, 1187, T 1) # %

/"# , CC ## *##l )L * 1" 5" 3F# (( ##5'$C 1 2*#"
$5#* )" 35 #E/# 1 ( ** 35 , # *H# T * 35

5§ 1 2*#° 1 * . $"— I 2 # # (chips) # # (0%

$#H V& 6#" /2% $ #MH6 )T /0 UV Ui*HE O (#

# (# (decision support).

, #CC ## V. *$T/ *,U5U8(C OV )T $*#H@MHE6 [/ ogELR T

Y#/—/ C, #3H ") 6,(# 5% 2% W/ (C VRO, - ()T (8

$" #@H#H6 )" [/ ° $* 5 /i 3V " ( (%, —* M#"3B F#

$5#* (. V#'#H/-/ T #HH62* *3 —* 1 "™ -0 )* ($ # 3" ,& "

"m$,-*($1$"6"# P "1s#Y 6,(—* #3 0 "H(C ( ##

¢ D N A D L Y ¢ R N CE G
G W # T b Rt $3T s A3 W1 r (538
#1) —* BH#* 3*—* v/ # ) .( #oo—*  x3 _x  _x*
1 /(2
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" O&. /)I%II
3¢ 1 /(C 2% (($,-*1 BG4 *# (1. 1#
#OU21% /6, 3# #1"2# $"  ## 1943#1. " McCulloch #

Pittst*”) 1y (5 &M@ "2 x otk _gh 11 S #
#0"21* [/ 6, 4 3 #3(2( #W# ") 1 "$ ##*.$(
H## S HELSGS S N kTR 2R @QU21x /6,

6 ",1 )I $. #0210 * " / 36# " #] h# #1.1010* "2* ",
,0 * "2* *# 35 #' 35 ,& " (*3(C . #( , #"'# $"(C ,
#x0"21* /6, P $ #rH/*2" (3 1 )18 (pattern recognition),
C*" . %81 1 S# #$# _$#( 0."
O*f™ * 2%y >/ 1 W # | #*F ( # (& /> # /7))
#1_. W . (*,8 "((*&3C "* m2*—*F) L "ixg g oy & /" 37
#H(CHE 3T, T2*T 35 H #' (2 # #HE&EFET & (.&—* -
& *&"™ Y # & & 1.&—%* T 1" (*&3 * # & *&"
Lk ox ompk_k 3(_ _x (*x8_* # $ 5% , ( ## (.8&=*
& #H&N& * # #1T. &M T ( #' .2 # #31 # 3(— —*F#L.*—*(
"k vpw o x4 5T g 3T H Q) # # (# 5%, * v_x
& #.

BIOLOGICAL NEURON ARTIFICIAL HEURON

Inputs

Connections

Processing unit

Synapse connections Output

(S 4- &*p1 () " 11" % (&+h11& " 3&
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/*2($" (knowledge engineering)™ # 1 i# #I. $58* . [*2($"
(knowledge engineer). * ,, &* 1,"5 #0 , #1 & 0& /#/# $
G&H#HES # > 1/ # (. $  # (S /20 # 3 LS
U 3C# . (* 03" 1 bl #) $54% .t [*2($",

YO "H#Y. R CxF R )L T, $/F2(SHI. #0217 Lt A2 kot
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