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Combinatoric emergence:
New combinations
of pre-existing primitives

Sets of primitives
(axioms, atoms, states)

Processes for

Creative emergence:
De novo creation

of

combining primitives

1-2-F D-F-1 Sets of
2.F-M possible
1-M combinations
of primitives
M-D

new primitives

Process for
constructing
new
primitives

12F D

a

2-F-M

M-5-a.
2-F-n

M-D

-0

1$,-5"(D; (V" A%S+/*""581(7#;(15" /*$7° ("4 "5, "+1°;(

(

B4 AT 1" ARG/ Y 15T -H#9(

RS, (

A7 1451 -5+ ) (U5, J+$EASL (5~ 1454
(<.SH( #5790 35, THUB/(

17 A%+ /45" +4("3(5" 14T 1O (HAJid(#
J(V =530 (LS " (8

3(*.

7/59( %4

(3158497 " (1/5 (S
" (HO#" A /415"

AL ) (1M ANFT5(4 4 -] (WS, $/8( 17 A -*5( /5

) /UO(#-TY(375( , "+ 15/ B (1A ("
DSSASST "4(/+) (&, SLA("" 1 "5/ +( "+

("

3(#94%"L:
A (U

U ("7 /4-/#")( 375( —H" 3 $+*T5 TG U /)T —+3U5 E T+
3U5A/H( V51U HS (VUSRI ) 400 $+( *. (5T /A

DIVST U SIS+ /0 (AT .S+ ()85 1) (3 /51 "#(" l*$4$z
17 AU/ +4(3( 15" 118387 ) (37 /55 H(/+) (/18" +4(65;";

30 /45 1AL St B U/HSIL/S 8 [ /(354109
Y8+, -$H. "H()$33"5" +*(@$+)#( 5/ /0" (47194 Hl(4-1.
JH( +7 =50 +Tr=""50#( "5( ,"+"$1( /4"
BB LB 3 ¢ T (5 HL LT 1 AUSHIS /LT S (

SIS+ (F. " (50 H(* ()85 1 ("
55—, (R B /5RRASAN 683T( 1T

o5, A8 /5°( *.

"(#/5L (15T

*$1

I, 58 A =, S/T( 1/ SIAALSH /L.
L5, (1M AR/, [0S
4757 (" 1S4y 151" l*/1*$ SH(LTUE) SIS (83
AL/ ( 5% 1) 5, [+$EA( )
JVVSL/S (£ /51 (FV/L 815" (U5, "2 =r( 4" 75 "0 H

1)

"(#1/180(5(36+)

5
H(0( Q1T 3

"#-4*/156)6!71183/%" /3! - 1/ B/7)-!

r

(ITH(/5, = ) (T (5 FH(="0) "3+ ) (3646 (7 44(
188" )2(= . $6" ($0:) "36+ " )2(S+) "3 (BTHH(/57 (1 T+ +)
(

/5°
);

O=H(= . /(" =+ 4(""3(:) "85+ ) "k A HH\(<. °(, "+"551
10,58 AR 1+)( V5 SIADSSH AT HS Y (/T

R ARRReettttee(

PC W/=@$+#( ) A +#5/5) (L8

TU=A/50( 571 SLH( 15", 5/ A(/4(*.

( Ods+)(
"(385H(="50#% .1 (" +

L/*L. 4/0°S(

Y5$3818/8(KS3" ($+(BCTN/H(K #( Y&/ A" #(6W/ =@8+#2(BCT8;(

—_ =



AT (QIR)MIS™ B, &Mt &H&L S L1088 &M HIHIG(" 1M
28" 3H"." A5%)265780" 80$9056/" *2&(&" 508" .!()0&*&
905821)54" &H&B&™(:" I"* 5 0$;$1)" )$ OSME0!" *28<" 508"
850568*40" #54=&(>"" @$ , &#80/' )$6;1"5*$01)" (*05*491&("
)5 58 = (8. (&18)* )$6 5 1"5HS" (" B+ k- . &1 B50¥("
%25+ )5 I"HQO5)* 1M " SUHINR50/" 5. =808 1)*5; 48" , 5<(?"
A8 *21(* I")S08F05HIS™ ' - . &+"&. " RILB&™*(/" ¥28
(87 $+ 8S((1; 48" ; &25#I0( 1 (14 )IB(&. " =" . 80" 28" (&' $+'
SO0 8S((;MME( $ *28" (R4S 80$)&((? BSO'
868K/ 1+ L& 25." )$"(1.608." *2&' (& $+' D-$;E&)*
8806="5HIS" (" S FG' LI(11"9=1(25;48/" = - &8
$1E8)*( 1" *28" 5;$H& &C568I8’ I BI9=0&' F/' *2&" (&' $+'
8R06="5"1$" (" , $=h." 25#&' D" 6&6;80(7 @&08/ &HE"
2$=92" , &' .$"H" 7", " 5 *28" B0$BEIHI&(" $+ *2&" $;E&)*("
286 (BHE(I" &' 5" 08HI5 ;U< *085* *266" 5(" 1" .11 . =5i("
1"568'5"." . 1(*1"9=1(2" 266>/ 5" . *2808+$0&’ .05 , '5" ; $C’
50$=""."*2&"(85)&'$+'8$((!; 1&'8406="5"1$" (" A& , 08" "'$*"
5148 *$ L $' *21(" 480" (&( $+ 50; 10500 . &+1"8. " $1E&)*(/"
16)5=(8' *2808" I(" "'$" )H&50' 6&°2$." ;< ,21)2" L& )5
HE50K<’ &' =6805*6" *2&10" &I&B&™(" $0" )10)=6()0!; &' *2&10"
YS!

LR 1428 (67 S+ 8S((1487)$6 1 1MBHS (1( IS (8. /1
B5<" ;&' =(&+=4"$")$" (1. 80*28" 0&(8&) 148" )50. I"BHI*I&(" $+'
%, 8 L IHR08™ (<(*86(" 5 5" )$68505* 48" 685(=08" $+'
(*0=)*=05%" )$GBIRCI<T I ;ISISON)5H )$4CH(/' 65"<'
RO (H0=)*=05K 5™ " +="")11$ 5" )01*&015" 508" 8((! ; haK"
"=6;80(" $+ )&HH(/" ) &M *<8&(/" &CBO&((&. " 98" & (/" B0S ™
)$ 065418 (' 6&5;BH) (*5H&(/" 1"+$065H1$"5H (548 (/"
§)7" 13" Q0" FLMV>Y N$68H&CI*</' 2% , &#80/" . $&(*"$* ;<
(&4 ; 898 $8E -8 . &. "&((?' @S , &#80" (*59980!" 94<"45098"
28)$6;1"5*301) (" ;8)$68/ 6&IE'"=6; 80'5i$"&" . $&(" 'S
05" (+$06"5")iB(&. " (&' 1"*$'5 " S8R $"& 141" IFG/" 5 =*"¥5008"
NN TR B

S0 () *H)",-,. /) *$01-,) 203" 1 4-5,060, %'
0"'58* 21(*$01)5¢'4C56818'$+)$6 ; 154601 " Hai<"=(1"9"
- &+ G QHRB&"(" 1(" *2& 2$68$(*5 $+ P$((' O(2;<'
10(2;</'FLDG:" . & Q5*i/' FLRD>” S2&' 2$68$ (5 )$" (1(*&..
$+' 48=0" (= (<("&6(" 85)2' I'"" .<"56!)' &T=II;01=6" , 12"
28" $280(' 1197 U>1' "' 85) 2" (=3 (<(*86" , 5('5'VR-8$(H1$""
W=""1(BHE)*SON" ( , 1¥)2" *25+" . &*606!"E. " *28' 5" 559" ) $" 0"
850568+80(' 1)585) 15 )&/ 0&(1(*5")&>' $+'*25* (= ; (< (‘&BH("
848)10$"D)" I0)=M S28 HIO)=IH( L8408 X05".$6H<Y"
)$"(0=)". 5"." 5((19"&." *$" *28" =" (&K&) SV BS(IHI$" (/"
(2)2' *25* *2810" (*0=)*=08" 5"." 5005"946&™ ,5(' "$
YOH)SH G 28" G#)8H(' $BE0SHS 5" . BIO2F SH aHE™ ;&
R TS, o< 28" LGH)BH(T 8 (19780 S0 =80 S28
2$68$(*5*2808+$08' 25 . "'VRCVRCVRCVR' IULG/DVR>' )E504<"
LBHME LT =" I(BH) $0-)$6 ; 1MEIS (*5He(1 25+ L&rR0BIME. "
- &H & 5UBISO" )$™OSH 850568%0(° 5".' *28l0"
5(($)!15%6." ;82581800 Z501)=I50" )$6;I"5HS (T S+
850568+80(" 1" I"*405)HI$™ 142" 5' 850*1)=H50' &C*0"5H"
(19"'5H")$=4 . M85 . 18" (5 ; IHI*<"$0$") 258+1) 1" (5 ; IHI*<

Analog control circuits
(ll-defined elements)

t 4

Uniselector

)

T

Goal
Variable
under control?

Environment '
B19=08'U?"S2&'2$6&$(*5*'5™ . 'I*("$8&05*1$"*5H" (*0=)*=0&”"

' S28" 95K $+ 28 2868$(*5* , 5("$ 7848 26" H5K=E' $+'5"
)S$ OB #5015 ;8" 450'5" QI 95K (*5+6/" , 121" (BE) 1+16..."
BHE05™M)&(" S28' 2$6E$(*5" *2=(" &H5I=5H." , 28+260" 5'
850)=H50" (& $+ )I0)= 85056&:80(° 10&(!(*5")&(/"
)585)1"5")&(>" 65.8" 5' WO$S." IS H0SHaN #(-[-#(" 5’
8504 ) =H50' 8" #10$" &' JH*28") $"HOSHE . #5015 ;48" 1. " S
5)218#8" (*5; k<" , 121" ($68' (88)1416." 8R0S " $+' 168/
)25"91"9 28" 8S(IFI$" ("$+*28'="1(&H&)*$0'( , 1*)2&(" , $=b."
05" . $6H<") 285 (85" $*280" (& $+'8505 6 8%0($' ; &4 (8. 7"
' S28'2$68$(5 I('5' L &#1)& *25% 25( " $ 4CBI) M 65 &'
&IF280" S+ 14 & HI0S" ( $0' 1H(* I"™R0"BY L $0719(? O( .8
Q5 (5<(/" XS2&' 2$68$(5* ,$07( *20$=92' *28&'
BCBIB05HIS™ S+ 8S((I;MME( 5". 28 (MO $+
8HE =BHIFI(Y S28' 65) 218 H(&H )5 SH\TS , 28" ; ("
(SH=H1$ S+ 14" 80$ ;&6 (/" (B 1+ H01&(" &1%280" (< ("8 65) 5Hi<!
$0' 5+ 05" . $6/" 5t 8S((1348" ($H=*1$" (V' 187 UGMS" O(2;<"
SH($ 0854]&." *25% "$* $i< )$=h.' *28' 2$68$(*5F &
19"$05" $+'428" . &*514(/" ($')$=h. 28" . &(19"&0K'5" . &(19" 80"
"EE." S =" 80(*5"." 5* B 2%, ' 5<' $#' 28" 5"5I$O"
)$HOSHRO(" , $07&."1""$0. &0$)2$$ (8" , 21)2'$"8" , $074.."
i

COS21( (8 $+)$" (0518 105" . $6" (850)2" $+' k- . &S,
(=; C05%6.("1("5' . &850"=08' 0$6" 28" . $6!"'5"+'4"91""8&0!"'9"
821$($82<" $+' )$"()IS=(/" WOSHIS"SHN .&(19"/" , 2808"
.8(19"80(" 508’ 9=1.8." ;< ($6& 6%. &' $+' 28" 80$)&((&("
8< (BET' *$" )$™HOSH' S28' &8I(\&6!)" )$"HCH $+' *28
2$68$(*5* 1(" $;#1$=(4<" 28" "$065K' )5(8" I"* ;1$I$9!)5H
$095"1(6( 5" ;051"(" " 2$68$(5(1(/" K509 5.
BHSI=HS A28 BEH( 428" (< (&6 25 . $ 28" (84&)H"O"
"g&. $F 15" BHES(F 5(" 5' 0= "&H&D' .$>' 25H8' 5"<"
=" G0(5™ .10 0" B$. & $+*28" . &*51E. ' 80$)&((&(" *28<"
S OB BISHSON)5H GHBI=HIS™ 1(" S 1 210 (8" (&
98"'8*1)" 68)25"1(6(" 8S((&((*'$'5"*1)I185*$0<" 6. &H(" $+'
266 (R $0' *2810" & #I0$" (" *25¢ , $=4." 9=1.&' , 21)2"
6="54$" (", $=K."8""25")& (SOHIH5H'5" . 0680$ . =)HI$™'5" "
,21)2", $=4. " $'3=r5 ("1 9'5 ('S & 25('501) 2" ($=0)&'$+"
SHEO BHAR(  12192' 1" #5018*<>/" 5" . 5™ E#5H=5*1#8" 80$) &(("
#05% (+680('5" (848) 18" 68) 25" 1(6/'$"&')5" ™ " ($i=H1$" ("



"ESh&"E (US)ERS Y , -+ (/" OHOL)US-181). 124 /" (41/%3¢
("848 'S (/34 /%3¢ -O55Y)6E 74 "T128 &t & -3-10h , # .
RS8R+ 305" 14T SHOU) +R5AB SIS , &15UTELE+ ¢
L, ST U E YT LE OF L/ ke RIS - 10K%S. 128 1 /¢ -3-10% , # /841"
LYW OO LY US' 3. 1 26% 8 - -1/ BIEASE+. 1 245/ -1
"SE L ").0.0) 68

B/ 838 O/ & LE 1/ 0.8-14681.9.5.8'
881,20 )0z BUE1""E 15" §*""SRIKE 1/ -4, 15, % 0 "9 4 1¥<. "=
Y. 10R)<E&)&*1. 1 U-3-1 , BH8H*S.15. % hit1/ &14>""$) " 142844
(&4 1" 58S83¢ 1" 814 QIS , Ut &F W6t UES-# "&ISE .1¢ /.
WUSIS"5/% , 58 8-t , + &20h-EA- U+ (Bl

VAR (D) TR, 8-/ 0183

C", +.1&!"8.5¢ 1" 1 %"134% .-# &% )31& , .58 58%&!. - %t -1$&1%234
A-"0esE &~ M 5UL-18LI3E +8.12- L11ME +W.12¢ 1%
5", +. 181" 149" , %L!-6D"" (%= %804, 1-#0-%68"" 959, @% ) #-%6! -#
Ok <SG, Lz %', WAl-f , %&1H 1/&M /% -G TOE K- 0
B, +. 181" 1 .45 ) 64 ELH 1/ % %@& , *"%¢ 9% F. 265 GO " 10
B&LL" 1588190 1% (4 &"*/&+0%1.58" % "1 1%k 1 3*%-4+34-18.12.12¢
2% /%8, S &1)E , St %@.-1.12¢ "Wl%S-# HE 1/% 1%t
1718114, O-1e+0e. 118" ) O5%) £98™ , #'01-.) ekl /%et-3-1% , #+34
%@1%$1&" s &2%11-# 'S *$" ' 5%--%-6¢ 1., ."&$ 3% 1/ %t /1, U181
5"0")#- (1574 +%! (%1t IKLAE).99%$%1145.950.1-# +014 1t /&) ¢
1" (&34 %58%&!. 128 1% (#5.950. 14" %" 9% , ") .93.124%@.-1. 12¢
"10%-# 1'% 5&$83¢ 'Ol 1% 9015!." 164 D&)YE /% /1, %' -1
* %)% 1/0%E , %&L-4 "9 *%S10%+. 12¢ 1/ %k - 18051 08%: " %% 1/ %6t
5.850.!-# . 1% &1# 019" $%-%%14 (&30 -&3# 5" 11.12%1 % "' 14 1/%¢
-1305!10$%: "9 %1 - 8" 1 , %1!&".1*018k /%141 /% ) %= .5% (*'0")¢
/82 %/ 8) 814" *%1=01)%)#-1$05! 0$%6¢

£ M./ 185", *0M%E-. , 081" 188 & - , 0"&!%)4&5!. - .13
"5508-# (.1/.1% 1/%¢ -181%=-*&5% &1)¢ )%!%S$ , .1%)% +3¢ 1/ %
$0"%-# "% 1/ -.,0'81.""1¢ *$"2%& , 66 D" (%38 .9 1/%¢
-G08k, -4, 221" S& L4 01 /008 *$ 288 , BH% 1 % LH+&S). &304 Bt Ot
/0% 5", *0%$¢ .- 5" 11%51%)# 1" 01*$%).51&+"%8% %@!%$1&"¢
A*00-88 1/%18 1 %' +%/&: .84 1 -=N=z ¢ L/%F -9 - %$0-#
%@*%51&!1.""1-# 1'#4 55088 &1)# 1%k *S$.,.1.:%-# 5&1#
*0611.6"" 3¢ +06k SS%&I%) ¢ A%626# &4 5", *01%$E -0))%1" 3k -1&$!-¢
).-*'83.12¢7-.814.)%"" 288 , -#.148) ) L. L1 EPY  &141%@! 6Bt
E1#-05/#5.850 , -1&15%-# /% 5™ , *01%$0-# +%/&-."$% ('0")#
&**U&SE "*UL=01)%)# &Y. %k I L/% " +-08 1 %04 %l O
%@*%518!."" 1 -6

)-1,$'0144#1-51+.14,+647 81+91+616+1%%
C'&--.5&""384Q% , %$2%15%RE/ &-#5" 15%$1% )4! /"% *§"* 50%--%-4
178145808 1%¢ 10 C#*S. , 1. - %-8¢ .6%6% *$""*%$!. Y-8 +%/ & .""§-8¢ "' 8¢
90151."1-# 1/&1 &Sk 1"'1¢ "*'2.58" 5" 1-%S0%15%-# "% *$%h=
%@.-1.124 " 1%-6¢ T 1% 5&14 &' (&3-# &-4¢ /" (4 | /%t *8&$!.50" &t
*§.,.Lo%-# ot 814 %@.-1.124 5", +.1&1"8.&" -3-1% , # 5& , %t
00,124 1H1 /089, 14 * " ROUGHEL £@*"&. 1. 1241 /064" 5.2 1-4"" %
LS. , 1o %-0" 10 , O-1&*>*%&"#1"'48) ). 1. " 1&"#*$" B~ Y4
17814 &80k 108 /%% *$. , .1 202 1/% , -%" - %-6¢ '8 %@& , *" %6k
7' CUSIHE 1/ -3+ -4 ) U 5106)# . 14 . 268 GF 98-+8.581%) 4 . 14

L/09.9- 14" R5%UFV/3E (/814 %8 5h--4 581410 (4-3 , +"""#13%%-4
U6 &) )Y UE ELE +."""""2.58'F -3-1h , -8 /" (¢ ).)# 105"%"1.) %t
L TS0 ~10 124 12001 /0AE 5" U 1 /0 S, 1. 04t U0 @
20191 545" ) U s

§ 28, L UG-8 181/ /3- 58 (ISR, -1 (83~
S IG. LE*E RS Ut 1100 BEAL™ (LA E /e "+ -4 - U 1/ 818
58 -0%*"'$1¢ 1h (¥ 90150 1-6¢ 5 /%-%¢ /.) )1 &-*%51-# 541#
5L W LI <83 & *S., Lot 1I%SR5N 1/$702/¢ 1/%
OL)$'3.12¢ , &IS.&'F *$"'5l--th-# 1/&1¢ -O+-%S =%t 1/% , 6 EL#
1/ -4 "RIKSE = b8 S9H&L. 128 &% 10 CE *S. , 1.0k WLIG."-# 1/0%
0§, &1L & 10 CE RS HUSIBE St H /RS I/RIE 18",
SISU128 WL CA-f MM RS SIEHE A+3E L% L, )
oSSR # (/858 , " S

781+91+616§40"2:8""+ " (8/1 5 d<1-+%"-%

Elf.-40-08"" 388 I$H1 42, A8 , *"h-1" %S08 181, W' 341U (¢
90150 " 1-#1/8 18408 , *"h-#""9SO&" 181, - %'3¢ 1% (#-1$05108H-5¢
E14" 08> 1" 181/% | "-14-8" HLUHO& , *"%h-#"" 081 /He50HE). " 1¢
"OELhCE*S. , Ll LTt I L/ 2,58 0L L
10 -HL-""$3 5&*&+.".1.U-68 M/USHE *$h:.""0-"3¢ /%S¢ , &3¢
JIHEHRLEL"E L HEL—"0).-1.120.-/. 1285 " $-8"") "$-8¢ '8t
018 % HLI0&" 3¢ 1/%-%¢ -%p1-""$3¢ 5&*&S5.1 Y-k 2" 20 .14
£ BRM T UG2U-6E FS L # &F UhIE O S, 10 %183
Y.L 151" 1§ LUEER1E -1 5", +.18). " 1-"0F) 1. 150" 1 ¢
L/81E 581+, &)U 1781/ - *S. 1208 +O1% 1/%S &%
&' (&3-H3MIE /0GR -+ <1 151" 141 /G IEASHEL " 14" 141/t
oIEEUSNAS , < (HBRLLTIES" , +. 1. 1078 , &1 188" ¢
08" 01" 1=2. 1A=L -Uh-¢A-. 2/ 186/ %8S, 128~ " 8156841 ™"¢
)51 3E) 151" (. 111 - | 3H6"H51$.58" " , &21%1.549.%") ¢
LE"08 , )-1EAR-E £ &5/ Iz )4 +3EWUSISSIKL 109, -/4 &1 ) ¢
LW, 2881838 +.8) -8 Sh-*U5!. 1386 CUAL."LE "% 1/t
&b I3 -6/ - 60 ") -4/ 02/ 4+ """ 2. 56" h= "M 0L, " 18¢
" 8$1.0.5.8'% 5"1-1051."1¢ "9, %&-08.12¢ .1-150 , %1l-¢
AL 200" HIOAS-8EO.06") IS 21 /% -1 -""$-B8¢ 1 /0-£ &) ) 1% (¢
*§. Lz 0h-b 17 /0 <Ol VO *USEU* 108" ) -1 151" 1-¢1/81¢ 5418
I &)l

=-§'("." A<1HH"-44072:8"" +
781.9.5.&") %z .5%-# 1 /&1 58%& %% 1% C# *%$5%*10&"4*8. , L. 1 %-#
/&% +Wels +0."168 78 *U$-*.50"0-% @& , *'W .- &
%'%51$"5/% , .5&" Y- 5% I/&1 (&-# 5"1-18051%)# +3# 1/ %4
V§.1.-/4 53+%$1%!.5.81 >"§) " 1# 2&-4# . 1# 1/%# "&1%# XKYLO-#
AC&S.&1.8¢ XKKIZ# 2&-48% XKY[8 XKYK8 XK\L& XK\XBo# E!-#
*O$*" -t (&-#1"E-/" G/ G &, 85/ 10 50) 00z k14
" (1 Q"% &15%¢ 53.1%$. &6R# 5 /%# -1805!108%# 9% 1/%# /%&$! %
/% &1&™"2% )%z 5% .1-%"9% (&-# /" %'%--"3% .""=)%9.1%)6#
COss%1ls (& *&--)# 1/8"02/% &1# &$8&3% "% *'&1.10 ,4
WUSIS Y N-# ., L uS-%)F 1% &1F &SO%"O-#  9%$$TO-#

78 =41 (L8 *EMUSE +3¢ /U5 +.1 2.1 D" (8)¢
281 (&t WLLI%)E QD™ CE )"k &, UG0S, O &
, Y-~ G2UURET] % 6V "6 1 0% *"BIAX=\BEXK \ Kt






