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I+,&>7TH@"<T*&TCCH;7:+&;=&,:;<;>". $RG&; (<-7%"; <C=&:*T$B7*&,:;<;>":$ & #>$&
%+IKS(CCHAY-,>7<-L&=H#T>,J; 0o+ BA<-7>,<%7%0;&; (&<- #$%7<-"< @ &BET #F , YHIR
=& T**&%NAC, $&T7<-ENPT, ¥, &7<-&>"#,RI<-&"$&-,$:#"),-&<-&C#,$,<% &<&T**&

> <WTHAL,:;<;>":$&%,R%);;FBRY%&=;:($,$&;<&%+,& RYo#7 &; FBIARP)*, W6&;>&
7<%+ H&(<"UBYC(NE&T<-& A Fo+&,:;<;>" &K CH;)* >SLES(HH:(<-"<@#;- (%" <&
7<-&:;<3(>C%";<C=&%+"EBPE&,="<,$ B7*(,&7<-&#":, =&Y+, W&+" <k o# (@ +&00+&

HO*"#" (>&;=8%+,&Y&;5

GH<B"<"<@&TPE>TH@"<T*&,:;<; EIBI <-&"%PE&EH="-T%" ;<& & ;=% $&<; %S "% &
J,**&J"%+&@ , <, *ENOA&T & T EKERCEET %", S&&H#, 7" AT E&S&T*>;$%&7*ITASE&>,%&
J"%HED "$%7<8+,#,&"Y0&%, $YPEK; (HLE&BIGHRWoAS&H, 7S 8B & Y0; % 7T**A&H,Z,.%,-&) A&
=#;>&%+,8%; & T*K-BAO(H#7*&$:", <: 8- &0o+;$8< &I+ 7% 8B #>-&%+,&,R%#,>, & EE&%
J+,#,8%+,/8, &"BEES;>, &"<-&&(>T<&H#,T%",’<-&$;>,%+"<@&Y0;&),&:;<YoH#R™*,-
O7HF,%&*,7-80C" % 7*"EBESS (> ,-& I#, < ORI <-&; & T#F ,%$&7<-&>TH@"<7*"$>&>($% &), &
<@ &T7<&;& @B, #<>,<%$&; =& %0 +"$& Y0+ (<@ <%, #B,<,&"<& 7 &$AEEE 0, <R %0 +&
S#,&5<BH(<,$ B,CTHT%,&7<-&CTHTP&BE/IH@"<T*&#,B;* (8837 %o +,>7%": 7*&
@,;>,%#HA&I7$&-,B,*;C"<@ &WBFADE ART"-&%;&K),$%&-,$:#"), &#, BRIBERE7:%7*&

@,;>,%H#A&

I+"$&"<B,$%" @ 786 :$,<%,-& 7<-&%;$%+, %+ #&o+' ;) &;- #< &8D,;> %#&
>7%:+,3&*7$P" . 7T*&>TH@"<T7*&,:;<; D& &"IEE<"=A"<@&,:;<;>": &%+, #A& I &

#, 7" %AD& AC; %+,$"H& @8, 7*"YoBES&-,$:#"),-&) AK ¥ 7$$" . T*LE>TH@ "< 7*&,:; <D’ $&
"$&7<&7$C,:%E&;=&K%+,&M@,;>, Yo # ARLER, RIN&AF L@ * &> TH@ "< T*&K>THF ,%L&"$&7<&
7:%(7T8, 7880 ;> , Y% # Ab ALY+, &=H# BT >". &%+, HA& "$&H#, T*& T <-&BERT<-&%o+#;( @ +&
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7**&=;(<-&"<&T&@,<H#T7*&,:;<;>":$&%, REBKFE'< @ X&-">"<"$+"<@ &(%"*"NA&I" Y% +&T<&
[RC<,<%"7*&=(<:%";<E&%0; % 7*&(%"*"NAE&CH;-(:%";<E&7<-&C#;-(:%";<&:;$YE& H("*")#"(:

= (<-7%",<7*&:;<:,C%PE&; =&, *7$%& "% AS&

LAL :2#*%6#6-

T %T*S&TH,&:#"),- &$8&,> H@,<%&;)Z80+7%8&-,B,* CE&T<-8&@#;I8J" Yo+ & "FRBY %";<

#, 7" %A&, R7>C* $&TH#,&=:(<-&"<&Yo+, &R+ T CHE 7 <-&0#, $5& & HEBH ST &CH: C HUA&
=&: 7% 2<BTH#'7<: RB=&B" J,-&=#;>&7&="R,-&C;$ R @E TH& ##,@ (*T#"%AGMST> &)(%&
== <R Y& THES: T SEBHEEES" THA&-, > <SUHT%,-&)A&Yo+ & @"<T*8IT<- §H: % &P,
0B <-&>;#,8$">C*A&) ALY+ &V +&P<; I MTRGEHDE & G & 7<-&68&H#,$C, INBB TV T*$&

C;"<%&%; &7 &-(T*"YoALH &R (¥ & T<-&%+,&(<CH,-": % Db E& #- #& TV & 7;$5&

A B

Figure 1. (Classical) Fractals. (A) The boundary of the Mandelbrot set; (B) The Koch Snowflake fractal from

iteration 0 to 3. Reference: (A) [2]; (B) [3].
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14,8 T$$" T*&=HT:% T*&IBIGES, >, <$%o#7%,-&"<&Y%+ &V +&P<; BEFF @, $87$& 7 &
#,5(%8&;=8%+,&"% HT%";<&;=&T &S$">C*, &H(* X &Y/ Sk C THR = @IB-"< @ &YoH" T<@*, $&

%+,&:7%$,&;=&%+,&V;:+&P<;J&7F,5&

:8"<B,$%" @7%,8%+,&>TH@"<T*&CH#;C #%" BUAETTRMTRET YoV & &P<;J=*TF &
JT$&:+:$,<&=HE& B, 7*"$Y0G(YN&(S,=(*&H(7<%"VELHBHYAL: =&, @ (*THEH, @ (*TH" VA&
M$7>,&)(%&SR&TYIELS: 7* SRRBYoH" T< @&+ &V +&$< J=" T, A$$(>,- &o+,&
$7>,E8%$,8J,& 758> T%+$&I"%+&%+,"HEBHTHES "< 7" <"<@8&Yo+, &=HT % T*&,> #@,<%&
C#:C,#%" $BERT<&(*%">7%,& R7>C* &:=&K:, % #" S&BXH " HEP&WB=*T FE, $%&7)*, &

%08 (7<%"AE&I Yo8KSEH, @ (* THIREH T YIE&)AL"$;* 7% " <@ &;(%&%0+,$,&K:+7;%": L&'38, @ (* 7#'

1.1.1 Vertical and Horizontal Fractal Perspectives
|+,&=#7:%7*&>7A&),&B",J,-&=#;>&%J;&C #$B,BXH#"S; <% BEH;>& 7T&="R,-&;)$,#B7%",<&
C;"<%&,"%+ #&J"%+"<&;=&;(%$"-, & VI &EHFBH#Y" B &C #$C,.%"B,&*;;, F&&
KS;;>"<@8<%;&%+,&=#7:%7*&NZH&6,>;<P%H#7%,-&) A&T&=H#T7:% B&S,&MN;#"S;<%7*&
HE&B #%" T&SC,:%"B,$& 7 &S ®0o+,&-,="<"%",<&;=&%0+,&S#F, 8 (IE&-"==#,<%&T Y& 7**&
$:7* $584"S; <% 7*&&hp+,& TISCY";&b:;C,&7<-&H#T7%";<E&Y+RBE>"<7%", &<-& = #$&
%;8&%+,&-"==#,<%&MB7#", %AN&;=&;)$,#B,-&;)Z, %$&M%#"7<@*,&)" Yo SN &BB&%+,&="R,
)3 #B7%";,<&C;"<%&M;#&$: TENSTRYER:* 75" &' >"<"$+"< @ & (%0 "&/A:, ; #ABEKE

B, #%". 7*&=#7:%7*& O BES&%0; & K=t2BRYT&"<%; &%+, & FIBBEF &7>,&C7% %0 W&
#(*,N&JI"**&) )& #B,-& 7%&7**&$. BAER"<@ &<%;&%+,&RIG<;>":&:;<:,C%$&;=&

i <$(>C%";<E&CH;-(:%";<E&>C,% "%",<&>TP&#,7$;<,-&;#&;)$,#B,-&%0;&, R"$%&7%&7**&
$:7* B&; =& T <& HATKES,>8: 7%, $& 28+, &, TR +#,( O, &%, &, &, =&Y &) 7*&, . *; @A&

HE&,<;>AB&&



LAM (#27,$#6'8$#6<- -

| +,&:<:,CO&;=&>TH@"<T*&H ~RUSEYT<@ & =BT H"T)* & "W =% H&T & +T<@,&"<&T<;%o+ #&
B7#'7)*E&T<-&'$8") -&"<&T**&* > <Y THAL,:;<;>":$8%,RV\SBTH@"<T*"$>&+THEE
H#@"<&J "B, &P;*(%";<&Yo+, &PY5&' %, #$) (H@ & THT - R&; =85 +RH:BoD(* HET<-&

B7<" *&B,#<; (™" &= #,-&$: (" <

1.2.1 Marginal Utility

I+,&=(<-7>,<N7T&TH@"<T7T*&>;- *&"$&Y0+,&:;<$(>C%"; <&ITH@"<7*&a % "&HILES'<&
="@(#,&.8),IX&JI+ #,&%+,&I1;%7*&a%" " " WASNRPD+,&$ (> &; =& 7** &%+, &8, RAGHEEID* * $5&
b+,< &%%,:€&7&@# Bb+,&<,@7%"B,&$*;C"<@&>TH@"<7*&(%"*"%A&M9aN&: (#B,&-">"<
%+,&la&:(HER<:#,7%5,3&7%&T7 &-,:#,7$"< @ EWEYE&E, $C,. %8 % LH(BAS(>,- H&+ <&

%+ JA&-,:#,7$,$ E&"%&=;"8d$&9a&@;,$&<,@7W"B&HE&@7%"B,&(%"*"%A&I"**&),&%,$%,-&

J"%+&%+,&C;%,<%"7*&;=&),"<@&#,"<%,#C#,%,-5&

° * Total Utility
W Marginal Utility

UTILITY

quantity of GOOD or of SERVICE &

Figure 2. Marginal and Total Utility Model. Total Utility rises (to a limit) at a decreasing rate as the

Marginal Utility diminishes (converges). The marginal utility goes negative where the total is decreasing [4].

b+"* &%+ &PY5&! % HINHHDER S&S; (%" <BTSRI0: &Y &' @& HE>TH@"<T*&(%" VA&
%o+, HAER" 908" B8 Y TRGCEUFIN > CHTHITH, ¥, >& o+ &6T$,*8#;)* H8T%%,>CIBAL.

6, H#<; (" LIT<-&="<T**A&S;*B,-&) A&+"$&:** 7 @ (BEDETHO&"$8; =8 " <Y - B HB "<&
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"<B,$%"@7%&EF,&@,;>,%#" &S H#" $&CH,P,<%,-&"<&%+,&6 7S, *&BHEE">" VP& T<-&
<B#@,<:, &<-&"%$&SP;*(%";<&J"VoFBEEH, Yo&P">"*TH" "W ESET Y0 7*&,> #@F&B;,$&
%+,&=H#H7: %7 HE=<3"@+%&"<%;&%+,&67$,*&CH#,;)*, >&7<-&%+,&;:: (##,<:,&;=& " &&&$% 7 %"$

<H>T*&-"$YH") (%" B (7% <SR ER&E&

1.2.2 Marginal Analysis, and the (Koch Snowflake) Fractal

Q<&%+"$&"<B,$%" Q@D <&>&7<7*A$"$&;=&%+,& @#;J%+&;=&%+,&-,B,*;C>,<%&;=&%+,&
P<;J=*TF,&H#7:%7*&7 %Yo T B8&,#%0 7F,{&%006,$5%& I+, Y4 . &=#7:%7*&-,>;<$%#7%,$&
STH@"<T*&(%"*"UAM;#&),<,="%N&Yo+,& 7#(@;& 8PS BOSFOT%(%0,- &= HBEBL A

%+, &<T*AS$,-&$8o+&#,7& T<@; & &0+ &HT % T7*&@#,J&M7<-&-,B,*:&,-N5

1.2.3 Supply and Denand Curves

| +, &;$"%"B,&$*;CE@@"<7*&: ;MW AN&: (HBD&O+,&, RY#7 &:;$%&=#;>&7<;%+ #&(<"%&
C#;-(:,- &&#'B,$&7<-&$(CC*A&:(#B,&7<-&%+,&9a&:(#B,&-,#"'B,$&%+,&-;J<I7#-&$*;C"'<@
-, >7<-&:(#B,5&% ;@ ,%+, &+ #,&);%+&:(#B,$&"<% #IBBL $+; )< &"<&=" @ (B&A&

-, ="<,&%+H&IHF 98, TH" < @CH":,5&

Price

Supply (@S, =c +dP, )

Demand (QDx = a-bPy)

Q Quantity

Figure 3. Classical Economics Supply and Demand Model. Price and Quantity of good x. The

market equilibrium price is assumed to be where supply is equal to demand.
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1+"$&"<%6, #$,:06&"$& B $BH $&Y6+,& H(""#" (>&CH":, 5&GY%&Yo+, &, H("™*")#
CH": E&:;<$(> #&T<-&CH:-(: H&S(HCH(S&M%o+,&:;>>(<"%AKS(HCHSN& &

>7TR">"$,-5&

M ()%+13- "
| ;&:#,7%,8 7&K THB,&-7%78&S BB Yo+, &=H# IPOH T - Bo# & *TSS*EV ;. +&FI=*TF, &
=H#HT7:%87 $&($,-5&BEHT-$+, ,%&>;-*87$&-,B,*;C,- &0;&%#7:,&7#,7& RC7<$";<&J"%+&

"0, #7% "G 5&

05 d;<$(>C%";<&%"*"WBA-&e)$ #B7%" &
5 C#;-(:%";<&M:;$% N Sk -
W5T;#,<S&-"$%#")(%";<E&7<-

35 , *7$%""8-&-,>7<-Nb

MAL 8--"&9%,1$-'#%$3'?$,%-'10'()#-"2) '

2.1.1 Units
Q%&$+;(*-&),&<;%,-&"< &M% E&B7H#"7<%&>;-, *&%o+,#,&"$&<;%&$%7<-T#-& #&="R,-&$:7*,&
> 7$(#,>,<%5&;&7--#,$$&%+,&$:7*,&"<BT#"7<:,&;=&%+,&=#T: Y T*E&T#,7&7<-&* <@ %+$&

> TH(#,-&"<&,<%>,%#, $BH#" %%, <JTS&

2.1.2 lteration Time and Quantities
Q% #7%",<&"$&-"#,:.%*A&# ,*7%,-& Y& EPHE[&BE>,-&%0;&" "%, #7%";<&%">,5&I+,&H(7<%"%A&

%H#"T<@*,&M)"%IN&I7$&-"#,.%*A&#,*7%,-&%0; BADET %" ;<&%">,

2.1.3 Price
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GSECH" &"$&TSS(>,-8%,&),8%+ &BT*(,&7$$" B=TH8EH €TEIB&; =& (Vo BLBUAT $$": 7*&
L <SMEX B<&YH'$E> - & CH B>, &, H(T* &Y+ & TH, 78, =BIPTH@ "< ROE'T<@*,&

)" % BRE:

MAMA41*+'F$1506#N)'C1$-"&9%,1$ ' q#27,$#6 P8S#6<-,-'J#B6)"'
I+,&=;**;1"<@&>,%+;-&#,= #$8%;8%+,8>;-, *&-,B,*;C,-&"<&%+,&$CH#,7-$+,,%8&>;-,*&
M#,=#,<:,&%7)&0&>TH@"<7*&=#T:%7*N5& G ATPEA 7SROM7 %, I <-&@#7C+$&
CH#:;-(:,-&=#;>8&%+,&#,$(*%$b&I=;**)"< @ &T#,&%+,8> F&B,~&%0;&:7*:(*7%,&,7:+&
*(><5 &

2.2.1 Column 1, Iteration Number

I+,&>;-,*&JI7TH&" %, #7%,-&%0; & YVHERON 7%0" G HNB

2.2.2 Column 2, Triangle Base Length
I+,&$"-,&* <@ BIE=&,7:+&3(::,$$"B,&$>7**&%o#" 7< @ VEEPELPH+;$,& "< &%+,&CH#,B"; ($&

"%, #7%'5&I+,&"<"VEIT&E&S$,%&%;&05\04_10.c1_ 'Q01®/

2.2.3 Column 3, Quantity of Triangles
| +, &d(7<%" %" 7< @ NB&WCE,B";($&" %, #7Y08EE>(*%"C*"',-&) BBBE&, 7:+&" % #T%" ;<&

%”>5{,

2.2.4 Column 4, Total Quantity of Triangles

|+, &H(7<Y90A&;=&Yo#"T<@* $&M:; *(><&WN&JI7$&Y0; % 7** ,-E& B0&, 7:+&" %, #7%";<5

2.2.5 Column 5, Individual Triangle Area

G#,78BA N&T7S&: 7*:(*7%,-&=#;>&%+,&=;**;J"<@&=;#>&7&MON

& 12\/3 MO8

& & & & & & EEBBELER

o/ &



| +,&7#,7&;=8&%+,&="#$% AVANELRE L2 R "> 7% ,-80; B< & T#)"Yo# T# AR #&0//& 2 5&

2.2.6 Column 6, Individual Triangle Total Area

G%&,7:+&" % # 1B &Y #,7&;=&"<-"B"-(7T*&PAB* $&M:;*(><&\N&I7$&Y0; B0 7** -

2.2.7 Column 7, Marginal Area
|+"$&"$&YAH+; 80", <T*&;#& RYHT&T#,7&MOTH@ " &F-& &%, BV &0; % 7* & T#,7 &, BRUA&,
$<; I=*TF,&7T%&, 7:+&" "% #7%";,<5&Q%&"$&%o+,&H (7<% "%A&;=&%#" T<@*,$&7%&, 7:+&"%,1

%+,&7#,7&;=&%+,&#,$C,:%"B,&"<-"B"-(7*&&0#"7<@*,5&

2.2.8 Column 8, Total Area
|+"$&"$&%0+,&: (> (*7%"B,&%; % 7*&T#,7 &;=&%+,&$<;J=*TF,&7$&" % &" %, #7%,$5& Q%&"$&: 7

SC>"<@EMBSTH@"<T*&T#,7$&"<&:;*(><&1&T%&, 7:+EBBGHEY" ;<

2.2.9 Column 9, Individual Marginal Cost
|+,&>7TH@"<7*&:; THBE 7B (>,-&%0;&),&Ye#, &CH#,;. 7* &0, &% +,8BB><&  5&I+"$&="*-&"$&

T (*T%,-&)A&="<-"< Q@SB ECE, T*&&: *(>< R

2.2.10 Column 10, Marginal Cost

|+, &>TH@RT7*&:;$%&: (#B,&: 18, SEGA&Yo+ &i#, 73, H (7<% "N ABH F<@ELH;-(:,- P&

%+, &=H#T7.%7*&" Y8 S ;$%8&%; &CH#;-(:,&%+, & BB, BH &, < #H QA& T<-&%">, E&B& %

O AET--"%"<T*&" %, #7%0,= Bl Yo+ #8&%+7<&-,B,*;C&T&CH;-(:%";<&,H(7%",<E&J+":+&"$&
C;$9)* E&Ye#¥,."CH#,. 7*&;=&%+,&97#@"<T’BIHEP,-&) A& T$$(>"<+ #,&"P&T7 &-"#,:%&
#,*T%";,<$+"C&),%J,,<&%+,&7#,7&CH B <-&"<B #$,*"B0o+,&:;$3%8&%;&CH#;-(:,&%+,&7#,75&

0%+ HE&=T:%;#&S(+8& T8, +<;* @A&;=8&>, T<$&;=&CH;-(: %", <&TH# &T$$(> -&g&/5&

2.2.11 Column 11, MABMC
|+"$&"$&Y0; & 7*:(*7%,&%+,&T#,7&;=&%+,&$<;J=*TF E&%+,&K:;<$(> #&(#C*($5&";$"%"B, &

J,#,8%(>>,-5& &

00&



2.2.12 Column 12, Total Cost

1+,&%;%7*&:;$%E&MIAN&"$&: 7*: (* (%> &)R&So+,&>TH@ "< 7*&:;$%& 7% &, 7+ &' %, #7%";<5

2.2.13 Column 13, TC-TA

Id AG&"$&:7*:(*7%,-&P&6H 7%"<&B; % 7* & ;$%S&=#,>& ¥ T’ * & 7

MAQ D213"06,1$'

18-, >:<$YHT%, &@H#;I%+&T<-&CH;-(:%";<&Y%o+,&=HT % T*&>($%&),&"<B #%,-X&%+,&<,I&Y
)"%$8J #,87$S(>,-8%6;&H,>T"<&:;<$% T<%5&9,%+;- =L WL $BC #$C,:%"B, &;=8&%+,&
=HT.%T*&+FBs&C()*"$+,-&"<8%J;&CH, BS&CTC #B<-&# S(*%$&+TB,&">C*": 7%";<$&; <&
(H&(<- HSWT<-"<@&; =&Y+ &7 * HT%"< @& RCT<$";<&;=8%+,&:;$>$E&"<:;> &MT;#,<SN¢

Y)Y <&T<-&C* B

MAR @6#-%,*,%<'
A 7SS 748, 1< >" &, ¥ TS "D &S %" B'SLATEBTH T BT &:+T<@,&"<&T<:%+ #H&BTH'T)* &
7$8:T*:(*7%, -8;<8Y0+ &=HT: Y T*&)A&($, &;=&$% 7 <-FB&Ee A -8 T$&AT<@,&"<&

T#,78%0;,&7&:+7<@,&"<&" %0 # 1@ H&IA( 7<% "V A&;, =&Y B- <@*,$N

2.4.1 Standard Equation

- dQ/Q M N
‘@ = qP/Pg

&

b+ #,&'&#,C#,$,<%$&%+,&GH#,7&7<-&N&%+,&H(7<%"%A&;=&%#" 1< @* &7 W BT +&#,$C,: %

%II>’%

2.4.2 Arc Method
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2.4.3 Mid Price.

P an
- Qq dPg

Q =@F?HJF
f,$(*%$&; =& ItIWIRE #"'> <V&#,&)#;F,<&"<%;&WE&S,. Y& <X &
05 d;<$(>C%";<&7<-&e)$ #B7%E&

5 C#;-(:%";<&M:; SHIN-&

W5, *7$%":"%A

1+, &#, $(*%$BLL), &=(<-&:<8&Yo+,&SCH,7-$+,%5& Q" B' @ (#,$58%06.88+;I&@HTC+"T*A&

Yot &I:%7*&GH, TERITH@"<T*&GH#,7&7<-&d;$%&7<-BOH("*"#"(>5

QAL C1%$-"&9%,1$'07%,6,%<P'#$3'KB-)2>#%,1$
3.1.1 Total Area (TA) and Marginal Area (MA)
I+,&V;:+&$<;J=*TF,&#H 7. % TE&(#B,&), @ (< &"%+&<&#, 78 7*(,&=&0// & 2 & %&" % #7%";<&

1&7<-&+ #,7=%#&,79$,-&D8<B . #@,-8D&0;&T&"%=8& | & 2 &

&
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Figure 4. Composite Fractal Equilibrium: TA, MA and MC. As the (Koch Snowflake) fractal iterates: the total

area increased from an arbitrary value of 100 to a limit approximating 160; and the Omarginal® area decreased

(was convergent) from an arbitrary value of 100 towards P but never reaching B 0. The cost of product increased
by the reciprocal of the Area. The shape equilibrium of the fractal was reached where the MC was equal to the

MA b at around iteration-time (i) 5. cm = centimetres.

1+,&9G &#B, 87%$&-;I<I7#-&$*;C"<@&T7<-&:;<B #@FOE<<"@&I"%+&7<-&T#,7&B7*(,&;=&
O/ & YE&T%E7%" %8> RE&-, #,7$"<@&,RC;<,<%"7** BLBHR">7T%"<@E&)(%&<,B,#&

#,7:+"'<Q5&

I"@ (#, & &+ I$8Y&/ ;- +8&$<:J=*TF &=H#T % 7*&9G&: (#B,&=(<:%";<[&"%&"$&- $:#"),-&) A&Yo+,

=% J"< @&, H(7%" &X
A&g&035cOtOR NN

J+,#,&A&"$&Y0+,&GH#,7&T7<-&I&%+,&" % #T1%";<&%"> &M#,*7%"<@ &-"#,:%*AN&Y0; &%+, &H(

UH'T<@*,&) Y$5&&

03&
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Figure 5 Fractal Equilibrium — close-up. As the (Koch Snowflake) fractal iterates shape equilibrium (the
intersect) is reached where the MC is equal to the MA, at approximately iteration 5 and area of 1. i = iteration

time; cm = centimetres.

G&; @ @&-"TH>&=8%+ & T% T IBELH:-(:,-&M$,,&7CC,<-"R&!" @ @, BI&T<-&:#"),-&

T8
A&Qg&c050 &R MN
&

3.1.2 Marginal Cost (MC)
1+,&9d &#B,&"<&="@ (BB 7<&=#;>&T&BT*(,&<, TH#&%; 8¢&H 78, & RC;<,<%"7**A5&

#:>8="@ (#,8\&IBH T : % T ERAHB, &= (<:%"; <8 &~ $:#"),-&) A%

A&Q&/5/_1\5c0/4R Mg
&+ &$7>,&=(<:%"; <RI $&IH" %%, <GEF, @$,, & TCC,<-"R@ (#,&NE&

A&g&/5/0. VFROC NN

3.1.3 MA and MC Equilibrium

o0&



'@ #,&&+;J $&+,&9G&7<-&%+,&9d&:(#B,$&%;@,%+,#X&%+,A&"<% #3,:%";<&7%&7CCH
\ &%, #7%";<&%"> SE&I+A&H BRIH(7T*&YB&' “EI%, #7%",<&"$&-"$:#,%,X&%+ #,&"$&<;&
"%, #7%",<&\5&W5&G<& RC*7<7%";<&%;&J+A& H("*")#"(>&"$&<;%&,R7:%*A&T7%&" % #7%

= (<-&"<&%+,&<(>) #IXE&T%&" Y, H#T%";<&\E&Y0+,& ; $U&TH#,T&T<-&T#, B "$&<;%&,R7:%*Aé

3.1.4 Total Area (TA) and Total Cost (TC)
I"@(#,&3&),*;J&$+; I B0+ &' TICE&SE&>TR">"$,-&7%&T7&B7*(,&;E&BER0&" "%, #7%";<&%">,&

\S&

—B—=</6",-/'T=,8"
—h—=:</6"9:;<"7=98"
——="1=9"

&

Figure 6 Total Cost and Total Area. The difference between the rising TA and its inverse, the TC, is maximised

at 5 iterations. i = iteration time; cm = metres.

QAM @6#-%,*,%<

f,$(%$&=HEKCH" &, T$%" " YA&; =&, >TSRBTHIER

3.2.1 Standad Elasticity E quation
I+,&-,<;>"<7%;#&J7$&:;<P% 7 €BHE&T**&" " %, #7%" ;< &IVBB.\ E&7<-&%+,&<(> #7% #&

5 <$% 7 <TBRVE&JI"%+&7&#,$(*%"< @ K= TBB5RLA

3.2.2 Arc Method and Mid Price
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'O 8&B7*(,$&:7*:(*7%,-&) A&Y%o+ BFEA& - & CH &>, %+;-$&J #,8D5W.& 7<A83&
#,$C,.%"B,*Ab&

& &
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R E/FC?FF/KIF'

b+"*, &b+"$&T<T*AS"$&;=&%+ &MV;:+&P <, I=* TR NBHTTEHES"#,:%,-& TS T8,

<>"$ E&-(,&%; &8 B #S 7" YA&;=&Y0+, &EHRATAL" Yo & 7* SE8H, TBZ>C*": 7%";,<$&

< &C"$%,>*@" . TMF<;J*-@,&7<-&"<=#>7%"8N&", $<-&C;$3$") "*"%A&;(#&

(<- #$%T<-"<@&;=&%+ &CHAS" TRIM™(-"<@&H(7<%(>&>,+788Y,,C'<@&JI"%+8%+,&
>ST"<&T">&;=8&%+"$&"<B,$%" @TH. T EL$E&%,&>TH@ "<T*&,;<;>". $ 8BSV &, &

51 ($$,-E&=;*,0,-&) ABRHE;=%,<8&"<Y,#%6)"'<,- &L EEHo+ H&"<$" @ §EHRA"'F,8%6+,&
=HT:%T*&"%S$,*=E&Yo+,&"<$" @+%$&-,B,*;C,-&+ #,&TH#,&<;%8.T%&T**&K*"<, THL&)(%&:;>C*

HE&=*J&;=&"<$" @ +%P&(PRE=FAL<; Y&RE'<,E&)(%0&%+,A&J"**&),&: B #,-5&

|+"$&"<B,$%"@7%";<&:;>C*,> <%$&CH#,B"; ($&$%(-", DAKRH & B(Y0+;#&;<&; %+, #&THC,: % $&

=&WEE Y REX

05 %,&=H#T7:%7*&IT$&"<B,#%,-8%;&>,75(#,8;)$#B7%";<$&=#;>&="R,-&C;$"%";<&J"%+
—HT:% T [8%+"$&H B, T*BB&H, - & RC;<, <% " T*ALT<-&"<$" @+%$8&J #,&C:"<%, -8
@#:;3%+87<-&)$ #BT%"<$&;=8&%+,&0;$> SE&C*7<%&M%#, N&@#;J%+&7<-8&%;&
Vot &"<:#,7$,8"<&BT*(,&;=&T7&@;;-&J"%+&#,$C, PB6: U RS

5 7<-&H#,T&"SYoH") (%" <& =8%+ &=HT:%T*&;==#"<@&T&C;$$")* & RC*7<7%";<&%;&

~"SY6H") (%" TR 5&

|+"$&"<B,$%"@7%";<&*, 7-$&EEERT7>T7%",<&;=&%+,&"$;*7%,-& BT AR " Y0 &+ 7$&

), <&K$<L&Y;&+7B,&$">"*7#"%",$&%;&%+,&ITAKH(7T<%(>&>,:+7<": 7*&$A$%, > &7 #,&-,$::

GSRIA RTS8+ " $&>TAKS BB $&QEIH YBAT+TI&T>&T I T#,8 Q&< @&

$;>,%+"<@;#E&>A&H, T- HBoKi<$ (>, L[&JI+,<&"%,#7%,-&%0+,A&JI"** Lo SRES& 7 & -B&: % 7*

0c&



RAL C)%)2,-'D#2,B"-T:2#*%#6'/-16#%,1$

d,% #'$& TH") (88o+,&+*-"< @& =& T**&; Yo+ H&Yo+"< QBB ST FAHT*& T$(>C "<&

) "<&, <> 8> ¥ SR T <-&T<T*AS"SELT &<, -& DEH@ (7)*AR**&S$:" <:,5ERIB&

- B, -8 >V E8Yo+ - &H & T -&:, Y% #'S&CTH") (SSTHE" $&T<&T$S(>C%";<&Y%+7%&
7:3$8%:", <%"$%$&%;8$%(-A&Yo+,& C 7B Tn; e <BIAGHUX &%+ (% & "W E&Yo+,&K: 7($,k&%

o+, &K, ==, :%0KEJ; (*-&<;%&),&-"$: HRBHEE: (*-&),&:;<=($,-&"<8&Yo+ &K: + TEBR=T % BS

I+, &=HT 08L& S TH" <&, >; <SYHT %, $&Yo+ BBAYE) ($8S& 7 &CH;C HU AL, =&, PEVIARE" =&
TH#,8<;&: %+ HE&=T:Y0: #SEMHE&; Yo+ HE&=HT Y% 7*$EEI" 98I & THER &N +&

P<J=*TF &HT:% TR+ S 7%" <&* 7-$8%;8 7 &CH;)*,>8&; =& BB&FT%; J<&C;$"%";<X&

"08, 7B, $&Y+,&:)$, #B H& ERIHE<; %08 T &% B<&H, T+ Yo AE&Yo+"$&: %, # " $&CTH")($&:7<8&),
=1(<-&"<&*; TN <& HES Vo(T%"<$&I+ H#,&Yo+ H#,&TH &<;&H = #,<:,&C;"<U$X&<; &-"$: #<")*
$:7* E&T<-8J+#,&:<,&=, *$&*" Vo HT D& BB &, R7>CELE, ;<;>":$ &TA), &bo+&

<0, CY%&;=&VoHT- & T<-& Ri+T&BD K&THEB HST*E&)$ #B,-&T%&Yo+ &>"#;: *(*THE&,B,<&
Vot &>, (*THE&YD &T*HER* B, *$&;=&*"B 5&I+,&::<:, CY&"$&%0+ &$T>, &) (%6&"$&-"&= #,<%X8&

<*A&J+,<&%&: 7*,&"$&# B, T*E& Y& F=#,<.,&"$&H#,B, 7* &

Q&J"™*&#,%(#<&%,;8%+"$& 7 W& S (B #E& %0+ B<, J*,-@,&$,: %", <& K, I5&&

RAM (#27,$#6'@*1$1&,*- '

b"%+;(YRo+,&(3,&; =& BN YH TBK>) #S &SECH,$,<%,-&*E<WTHAL,:;<;>":$&
%,R%);:F&68:- *&>TH@"<T*&%0+, #AGM: Yo+ #E&Yo+ T <& B R THYWRH THASH, = #,<: GRH, T&
7<-8%&<"%&;=&> T$(&S,- 'N> 2 NB,%&- %08~ * NYo+"$&T7 %P &*&-,><$%t7%,$&

ST<A&* TSP 7T*&,:;<;>"$&=(<-7>,<%7*$5&

4.2.1 Total Utility and Diminishing Utility Demonstration

04&



[+, &=HT:%T*&"$&Yo+ &C H=,: %8> <SU BT 88 = @ &HD "< 7*&(%BEBD<E&!" @ (#,8.8J,&
7<&$, E&KEH-T<:,81"V%+&>TH@"<T*&Y%o+BHA8Y0: Y T*& TH#, T SNHEYBPE: J=*TF N&

=HT Y8 H, 7S, SO Y&T &, #,73"< @ EELBH 198, HT%" FE™* 8%+ &>TH@"<T*&TH,78&;=8%+,&
=HT:YF>"<"$+ $50;<B #$ *AEL %88 TA L, &" Vo HCH, Yoo+ - ¥ &'>"<"$+"<@&
STH@"<T*&(%""%A&"$&TEC H=, %8, > <$YHT %" <&: =8 Yo+ &N <"B YT 08T *
YAL=HT N T*8&@, ;> BDRKS C* $&TH#, &Y (*A&(<"B #ST*&;=&Yo+"$&C+' W& T AWE> H#, &

"<, #,$%"<@&"-, <%"=A"<@&JI+ #,&" % &-; SEFCBEEIRIRRBE, BEMS Y& =& T<A%+'< @&

J"**&>>T<- &0+, &+"@+,$%&BEH¢&,*$,&),"<@&,H(7*[&%0+,#,&7=%,#&%+,&B7*(,&'>"<"$+,

OR7>C* $&;=&+"@+&BT*(,&C*T:,-&;<&Yo+,&="#$%&>TA),&%+,8="H$%8%;8 I T*F & <&%+,8
#, FRSWTHS[8. T3S & T BB TIH&T<A%+ "< @[&%+,&$C, " T*&C;$"%";<$&;=8.C"*;%$8.,%:58
R7>C* $&I&T*ITASE+;*-&BT*(,&;B,#8Yo+, " #&= ;] #S5&EQ<&T 1 #-7<:, E&T$&Yo+ &H(T<
"<i#,78,SE&Y+ &BTH(,&=&T*&Y%+,&7);B,&-">"OBIBAEGES&Y0;- TAEL T Y68+, 8%">,&; =&
N <@E&"<:#,7$,-8%0+ BT, =& <=#>T %", <E&T<-&:;<$,H(,<%*A&Yo+ H# &"$&T&CH; *"=
=& TW BB = > T", <Y+ TYBI B =8 @, TV 8 BHEHBIIR) 11>, &#T Yo+ HE

%#"'B"BS5&

8(,&%;8&%+,8::<%"<(;($&KB #%": TL&< 7% (#,&;=&%+ &=HT: Y T*&M=HT:%T*&S;>"<@X&<;%
'3 A& <BBRETC HNE&T**&, B, <%$&MSB(:+8&7$8Y0+,&>;;<&*T<-"<@&=#& R7>C* N&+7B,
- B, *:C,-87<-& B:*B,-&=#:>&, T#*" #8&),@"<<"<@$[&%+ A&TH# &< %8S T<-T*;<,&,B,<%$&;
NZ,:%SE&Y+ A&+TB,&:;>C* R"HAB&I+ A&TH,&T&:<%"<(T%" ;<& =& T&"<="<"%,&MCH#;-(:%"
CH;: $$5@<-&)A&Yo+"SELIbH&)&E># &K, R:"%"< @ L&, B, <% $&DGRLESE<, &*"F ,&%+,&

="#$%5&

I+"$&>;-,*&$+,I$&CH":, $&M%+,&B7*(,&7$$" @<,-&%;&%+,&>TH@"<T*&T#,7&B7*(,N&#7<@'
T<&TH#)"%HTHAKBT*(,&;=&B/ER< @ &b; I 7#-$&/ X &BEESA>C%; %" 5& IGKAEB, &$+;I$& 7 &

$(C #C;$" %", <8&B*&T#, TR BB T#,7&M :#HET BB "V A&: (H#B+;)'< QIS (>"< @E&Z($%&

1 &



7$&J3"%+8&*7$$":7*&,:;<;>" BE&K %o+ #&BT#"7)* $&7==,.% 'V CBEBa L #,&+,*-&:;<$% 7<% &

M:, %, #"$&CT7#") (PMNE&RL, 7 &#,CH#,$,<%$&80#,:,B;%J"%+$% 7<-"<@&%+,&C;$$") "*"%A&;=&
m,) *,<&@;;-$E&N"==,<&@;;-$&7<-&%+,&*"'F,&JI+ #,&%+,&*7I&;=&-,>7<-&"$&:;<%#7-":%,-E
=HT7:%T7*&- #"B,-&-;J<IT#-&$*;C"<@&IG&: (#B,&$+;I$&%0+,&*7I&;=&-,>7<-&"$&"<,R%#": 7)*.
*'<F,-&%;&7T&>THF,%&$Y0#(: %0 (#,&7<-&"$&T<&TSC,:%0&;=&T&=H#T: % 7*&@,;> Yo# ABELQ=&)"

%+,&$7>,&$"S E&Y%+,&=#7:%7*&J;(*-&<;%&&> #@ ,5&&&&&

4.2.2 Consumption and the Demand Curve

1+,&<,@7%"B,&$*;C"<@&IG&: (#B,&-,>;<$%#7%,$8%+,&:*7$$": 7885 7<:&'#B,&
7<-&%+,&#,*7%";<$+"C&),%J,,<&C#":,&7<-&H(7<%"%A&-,>7<-,-5&I+,&-,>7<-&:(#B,&>7A&
<;J&),& RC*7%,-&)A&%+,&=#T . % T*E&7<-&"<%,#C#,%,-&7$&;<,&7$C,:%&;=&7&=#T7:%7*&C
Q<&7:#-7<,&3"%+&>TH@"<T*&%+,; #A&Y%+"S&K-, > TS EBRQ;'<, <%" 7*&=(<:%";<5&
b+,<&:;<B,#%,-&%;&7&, T#&* B @ &=(<:%", $&&MH (7%",<EN&Y%+,&=(<:%";<&:7<&),&

- SH"),-& "<&Yo&PHT-"%";<EEH> IR

e U#SBD MNs

J +#,&8 eg$&%+,&H(7<%"%A&-,>7<-,-&;=& BEIERIEER"$&"<% #:, BB & &$*;C,&;=&
%+,&:(#B,[&7D&0+,&CH#":,&;=& @ ; F8R5&%0+ BG&(#B,& "B $A>C%; %" E&"%&-;,$&<;%&: (% &

%+,&RR"P&P,,&7CC,<-"R&="@ (#3ED/N

[+, &K< QTH": &% #>"<T<%$&;=&-,> 7 BBE; > E&Yo+ Bit": $8=&()$%" %o (VIS -&

5 >C* > <%$&T7<-&3;&; MW #,& T**&Yo#;C"$>$&%0; & Bo# BYBYoH# (: Yo (HH &

4.2.3 OMarginalO History and the Basel Problem
I+,&:;<B,#@,<%&9G&: (HR <-&%+,&IG&:(#B,&"<:#,7$"<@&%; & 78+ B&) &&,%7&
=(<:%"; MC;J #&;#&0"C=LSLFINS:#"),-5&B&Y0+=B& % 7*&-,>;<$%# 7 B&X0+"$&"$&<; &

N < B&IH,  GHTI TR T %Yo T W, BT K&K Y T<8E S8 +($E:H#") "< @ &(%" " %ALIE, HA

0&



I+,&>7%+,>7%":8=8&%+,&(%"*"%A&"$&$7"-8&%; &+ 7B, {VEIRH @BELL* &6  #<; & L$
$:%(%" <8&%:;&%+,&P%5&',% #3) (#@ BEFHRIAL), &$;E&)(%&Q&S$(@ CEEH&* VRIS Yo+,
K73,*&CH#,;)*,>|&0+7%8&),$%&-,$:#", > WHAL,=&>TH@"<7* LFRRROARS(>SE&

@,;>, %" &$,H(,<:, D" %+8&B #@ ,<%&T<-&*" & , *WH&(<- #$NT<-"<QEE=&
K>7#@"<&4-&B07*&(%"*"%AS&I+,&67F,* & CEV> NBHED; * (%", < <-&:;<B,#@,<%&
C#,C #%", $&T# L&t >THFT)* &#,3,>)*7<:, &0;&Y&'>"B05 &%-&;<B#@,<%&

C#,C #%", $&86+,&MYES<;J=*TF N&=#7:%7*& 7T %GR T #& 6 #<1¢&t" @"<7*BA+;(@+%&

Yo+ BI'$,*&;(%"<86,&) B5_&)A&Yo+ & H(79%8";<X&

0 1B ND/ N8

8By <+ TH-8O(* #8:; (<Y, -8b+"$&o+8 I+ TY%&"SEST"-8%; &), & & &Sk > THF T)* &

$;*(%";<$&"<&>T%+,>7%": 7*&+ 8%, #A

I MON

&"% & &*">" Y7 *&%;&05_3&MR$S=N5

4.2.4 Pi(n)
b+"* &O(* #LSES* (%" TDB, 7%, H&IYBTFE>" YR *(, &=EMBN :: +&=HT 98N % &"$ & EE, N

Vot H#.B&T<&"<% H#,$%"< @&"<$" @HEoEHE <, 8=8Yo-=BT YT*E&Yo+T%E&>TACHELE™"
I+ TYBS&Yo+7%85TWo+,&O(* #&S$;* (VB RI& THFT)*, X&Yo+,&O(* #L$&S; BTBRE" Yo +<&
"OOE & Bb+ &=HT BT <SYoHT% B GEE-, $:H#"),$ 8A™ $&T<EENTY"<@EHESC HT*'<@&
C#,C7T@TY%X&IB=HT:% 78788, &$+;I<&%;&$C #T*&T$& "% &CH T @ TH(HHE ;=&

%"$&"<$"B&"TRD"-, &%&;;C,&;=& %+, $%TE";<E&)(%&"%&>($%&),&>,<80";<,-5&

| +,&MV;:+&$<;J=*7TF N& . YHE& 7$&$+;J<&"<&7CC,<-"R&="BEHR AT <&Xd4"&

CH,CT@7%,$&7$& 7 BB Y0 7%,P& 7 $&"%0&-' &< B, #@ , 5&;>& %+"6&;C #NA&;=&

. &



%+, &=#7 BMBTAL Y8, &&:;"<:"-<:, &+,&=7%+ #LI&;=&(0h,HBS #"),-&%+,&6B,*&

<B #@,<,&"<-"<@ &8"%+"<&' QR E&=#T . YIR&E>;<$%# 7%,-&+,# BRIE&S+;I<&%; &

CH:CT7 @7 Y% +&#; % TIHESC #TE @&-,$:#"),-&<*A&) A &Y% +"$&J; (*-8.$(@ @ S84

<, &7<-&%+,&$76B&=(**&$+7C,&,> #@,<:,&M,H("*")#"(>N&)"%$&+7B,&#;%7%,-Y SC"#7**,-
Vo+#:(@+REHEW [EI=8J,&*;;F&TY&T<&T*% H<T%"B,&=HT % T*&$YoH(:% (#, E&Y+ &Yo#, [&°
-"S%H") (%" <&;=&)HT<:+&3$"S,&EMTIS(>"<@&<; & "##, @ (*T#"WA&,=&)#7<:+,$&T$& 7SS (>,-&J'
%#"T<@*,$&;<&%+,&V;:+&$<;J=*7TF N&;=&7&=(**A&-,B,*; EEEE Yo+ B (<F &%0;&%0+,&
$>7* $%&;)$,#B7) TR & $%tt") (%", <8&Y%+T%&<;%&; <*A&#,$,>)* $&%+,&9GY9aY-,>7<-&
|(#B,E&)(%&"$&7*$; 8#, ¥ RlSSRE+ 8, IR<),F<;I<&%;&%+,>$,*B, $<&%+,"#8UER,

- $H#") ' <@8&Y+,&=H#T&OT*5

4.2.5 EulerOs ldentityFractal Conjunction

|+,&=#7:%7*&>TA&@"B,& #,-,<:,&%; &0 (* #L$&Q-,<%"%A

el 11 1g MO.¥

DB7"-8%:;8),&%+,&>;$%&K), 7(%"=(*L&,H(7%":<&"<&J 0 GETIB";BE, Yo (#,&O (* H#L$&

"=, <%"%A&, R"BHEBEL . %08&; =& 7 &(<"B #P7*&=#T7:%7*& @8;>,Yo#A5&E&&

P+7C,& H("™")#" (>8& &%+ &=HT UGB +,-&+ #,& Yo+ &IGE&"$&, H(7*&s: 8D+ #,&%+,&
9GO0 M7<-8&%+,&>TH@"<T*&:;>>(<"UAKSGEEENE7:+" B, &%+"$E&, H("*"}B(>
UWH'T<@*,&)" Yo SEHBATHE-, > <SYoH 7 U8B, F"'< Q& <- &b+ &C;$$")*, &($,&;=€* R&

<) #$ TE>T@"<THALS(>) HEPD(* HLS&<(>) HBKE $&- #'B,-&($'<@&:;<B #@,<%&$ #" $&
$">" 7180, &%+ TY08&($,-& Yo+, GRUTEUR Y& Yo +"<F &Y+ &: 1Rt & 6-T> <% T*&

<$% T<UENOE=HT HT*QH" (>&"S&:"<"- <:, E&T<-&$+;(*-&),8=(HY%+ H&"<B, $WHRBEY, -

%oH(E&"%&J"**&+7B,&$"@<"="17<:,$&;<&%+,&(<"B #S7*" % ALEE&>T%+,>7%":$

4.2.6 Normal Distributio n Equation

W&



|(HY%+ H#EY0; &BIBH * 7% B *$; &+, I$&(C&"<BSYT%"$%": T* SH&KITAS LB, #>T*&
'SYH") (%" <&, H(7% HEL D& & TAZ*$;&),&, RC*7"< -&) RE>"<"< @ &Yo+,&H:% T %" <T*&

- B,*:C>,<%8%+ &=HT BREEYo+,&=(**A&-,B,*:C,-&=HT % T*&"$&T$$(>BRIECEE, & T%
HOEYH' (> O+ &KS$<;I=*TF, L&+7$&=ERAETH#, (<-&\&:#E&Y% #T%",<S&M7$&

- >1<$%HT%, -N[&" Vo &:BTREb; &%+ BE "' (> SAGH:%T%"  YBC "HEH,CT@T%"R5&J,&
7$$(>,878=(*&C:C(*T%":<8;=&)" % $&+T$&), <&C#:-(:,-&"<&%+,$,&\&:H& &"%% HT%":<$&Y%-
CTHW":(*TH ALY+ "HEH" <Y T%%";<&+TB,&SC"H#T** -8%:;8), &%+ #, & G@M K BE&LTH " $$5& &
=HT:%8, ;> Yot Be TAL 1 (<%&=HE $S&CH,$, <" %o +<&B #AY+"I@&C:C(*7%" 5&"$&

TS TAGS;%&), & < *($" BI&E YoRESE> - &<&Yo+"$&>- * S T<@*, & H& <%" TE&
)68+ TYB-BRISE< &, T+ BA-8J" Yo+ &K<TY(HT*LE&YoH, &=HT:% T BERHANKESSE

<Ot <$" THAK-"==FEHIR<, & Yo+ AR VS >C* RA<THGH, Qo+, &-"$%oH") (%", <RI+
TH@ (7)* A= HRTFES+TC, &(HB,EM =8> T$(#"'< @ &J"%o+&7&-,C,<-, DS EEBI'S &= #&

,R7>C* NS&&

4.2.7 Fourier Transform and the Demand Curve
Q=&%+,&H(7<%"%A&;=&)"%S&C #&"% #7%";<&%"> &"$&(<- #$%:;;-&%0;&),&%+,&=#,H(,<:A
%+,&7#,78&;=&)"%$&%+,&7>C*"%(-, E&"%&>TA&),&"<=##,-& %+ 7HBRE" (#8,&"$&T7 &!
1#7<$=#>&MIIIN&EO+,&V;: +&$<; J=*THE&; >CH#,$$,-&$(>>THA&; =& 7T**&%+,&7:%"B"%A&"<¢
%+,&M=#7:%7*N&SASY,>5&Q=&$;E&%+"$&-"$:; B #A&>TA&;== #&"<$" @ +%$&%; &% +,&!!I
TCCH7%" 488 *(-"<@&'%+&0;>".&C+AS'88S,,&),*; INSQFE, &> C*" $&,B #A&=#7.%7*&
T%%#H 7 - Bl #&0#,, $&%0;,8&J7B,$&7<-&*; 0 BB &-,$:#"),-&TS&T&!;(#" #&IH#T<$=#>E&
7<-&7*$;&,B #A&>TH#HF , YoE& 7% & K80&$,;&*,>C*,%,&=#T7.%7*&7%%#7:%;#&"$&%+ #,=;#,& 78
[R7>C* &;=&T7&!;(#" #&IHT<$=EERHT<@,&;=&)"%&=#,H(,<:",$&C #&"% #7%",<&%"> E&T**
<, &K$(CHC;$" %", MI=&7T**&CH": $&"<&T&>THF ,%&7<-&T**&H(7<%" %", $&J #,&T<T*AS$,-&)A

5 <B,#@,<%87%%,#<&J;(*-&#,C,&05&

3&



4.2.8 Insights into Quantum Mechanics

|;&=;#>& Ka&MIGN&:(#B,&=#;>&7<&,> #@,<%&=#T7:%7*&">C*$E&Y P &BERI 0 &

"%, #7Y88$,,&35053BINE&+E>C*" $& &I 7B X &[&, #C;$"%";<&$%N7<-HB&; &

-'== #,<%&=#,H(,<"&N0&-"==#,<%&7>C*"%(-, $&M;#&J 7 B NBH@IPHB<-&: (#B,&"$& 7 &
C;$P")"™*"%",$&: (#B,&;=&7T**&CH#":,$&T<-&H(7<%"%",$[&) (% &" % & H(7T**A&-,$:#"),$&C;$"%";<
$'<($;"-7*&7B, L&#,(@+&M" %, #7%";< *R.9%0,8&),&I#" %%, <&)A&Y+,&$T7>,&,8(7%";<$
7$&($,-8%0;&-,$:#"),&H(7T<%(>&>,:+7<&B 7>, *A&o+,&O(* #&!#>(*T&M), *; B4 & Yo+"$&
#,7$;,<E&IBO(*, #& H(7% & ZH DL &)A&*, 7-"<@E&H(7<%(>&S$:",<%"$%N&f"+ 7#-& | &e3&7 <

), &R0+, &> SHETHFT)* &= #>(*T&<&>T%+,>7 %1 HR
DU oy MOWE

|+#;(@+&%+,&=#TROFI&:;<:,CY%&;=&>THQ@"<TH&RE, Y8"<-;J&"<%;&
%01, >T@<,%"$>& 78 (7<% (>&I;#*- B+ #, §'UNSEMCT#%":* SN&T<-&I7B,$&;=&-"==,#,<%é

=# H(,<:A&H#,8<8(<;)$,#B,-N&(C #C; $"%"; E&I"%o+&2;: T%"<&(<%"*&K;)$, #B&L5&

4.2.9 Demand Curve as the de Broglie Wave Function
6A&%+,&-,&6#;@*",&J7B,&=(QITS<EH(7<%(>&>,:+7<": 8 &% +"<@S&7#,&$7"-&%;&
MKJ,"#-*ALtNMEB,&7&J7B,&=(<:%08 &-,$:#"),-&7$8);%+8&&A7 B,&7<-&7&CT#%B&*#,&"<&
%+"$&"<B,$%" @OINEHE=#T7 % P &WN(7 <% (>BH#*-& 7<-&K,:;<;>":L&#, T*"YA&T &EIL $
7<-8&%+,&$73B&&Y0+"$&Q&E&:*7">&%0+,&7<$J #&%; &% +"$&K I, "#-L&H(7<YES& YL HbE>

%, A&T#,&),Y88$C, B8 & Yo+, &=H# BELT>, %ot A&k

I+,&-,&6#;@*",&J7B,&=(<:%";<&;=&H(7<%(>&>,:+7<":$&"P&EA Vs 8Fr& <, %0 &) A&

-, ="<"%";,<E&%+7%& S8 [&8a&: (#B,5&Q%& " "$&-,$:#"),-&) A&Yo+,&H(7%";<

|
!!;—8 MOV

\ &



I+ #,8) E$8Y%+,&ITB,* <@WSEET < E$&:;<$%7<WE&T<-&C&Yo+ &> =&KVBES; %:<&
CTH#%"* &M7&)"%N5&8H#7I<&; <& BEZ Q@ HIFEYo+,&- I TH-&$*,C"< @&K-,>7<-&:(#B,L&
W & (#B,&"$8&H, B, 7*|-6&8,$,>) T<: &"$&@"B, <& H#,- <, &J+, &b+l &$&:;>CTH,-&%:;&

Vot &CH": &:H&(%"*" Y AE& BAEH<IB(>NEYo+,&B, *; Yo A& #&=H#, H(,<: A&H, 7%, -&%6;&%+,&
H(7<%"%A&-,>7<--5&Q%&"$&T7&$Yo#, %o +E&) (%8%6+#: U@ LI &IA&BHT YETT€- 8%+ &

#,*¥T%",<$+"C&%+,&:#(R&;=&%0+"$&" < BX®IOEHT(* & 7% &*, 7$%&; C,<&=(#%+,#&'58 ,$%" @

4.2.10 Negative Marginal Utility Misattributed

L#&Yo+,&6,#<;(*+"&O(* #&6 7S, *&CH;)* >&>;- *&%;&), &%+, &=(<-7>, <% T*&>;- *&;=&a%"*" %A
Yo+, HAE > THDEL%" "% A&>($%&),&:;<B #@,<WE&7<-&<;%&@;&<,@7%"B,&7$&-,$:#"),-&
>;- *$5&I+"$&CH;)*, >&"$&T--#,$$,-&) A&Yo+,&=HT Yo T*&)A&"<&"<: #HC#HT%"<@&CH;-(:%";<&:.
G$&Y%+ &=HT:% T*&$EIBE(B6";<&T<-&<B(>CU":< & "<@&$">(*%7<,;($&M%+"$&JI"**&),&
-,B,*;C,-&* 7% #8&"<&%+,&-"$:($$";<SNE&Yo+,&" < HLT$%s @RITF Y ("*"#" (>&M@H#,,<&
"<&!"@5&IEN, &0;&7::;(<Y&=#&%+ & B, @T%"B,&>TH@"<7*&(BSRYFHKS&%" ;<&

HE Yo, HT%" <&"<:#, THIESIR=& CH;-(:%",<&"<:#,7$,SE&Y0;& 7 &:; SUBB 790, #& Yo+ 1& &Y+
STH@"<T*&(%"*"%AS&ITH@"<T*&(%"*"%A&-; $&<;%&<,,-&%;& @ ;&<,@7%"B,E&7$&Y0+ #,

H<$(>C%";<&J"%+;(%&CH;-(:%",&5&

4.2.11 MA and TA and the ODiamond Water® Paradox
G%&, T#*A&" %, #7%",<&%">,$&%+,&9G&"$&+" @ +&JI+"*,&%+,&IG&"$&*;I[& 7 $&Y%0+,&=#T7:%
IG&"<:#7$,$&7<-&"$&>TR">"S$,-&J+ #,&%+,&9G&"$&<, 7#& "% &P PR 5RI%; %0 7*&

7:#-71<,&3"%+E&STH@"<T*&%+,; #A& T<-&$(CC#%$&Y0+,&-"7>;<-&I 7%, BXCT#7-;R5&

4.2.12 The Long Tail; Pareto80-20 Rule
I+,&-;J<J7#-&3$*,C"<@&IG&: (#B,&"$&C;%,<%" 7T** A&<&"' S B8, B<-&"$& $B & 7 <VOK&E"
J"**&<;%&:+7<@,&"%$&S+7C,&7%&T<AL"% #7%";<&%">,5&K]:0, &8GR E(B B, SHEF &

-,>,<$%#7%,$&'7#,%; P& & #(* X&C/P&;=&%+,&$+7C,&"$&, RC #",<:,-&J"%+&;<&;<*A&.Ip&



=80+ &" Yo, HT %" LR RGAC'R"> BE HERo+ &S +T R TSE:+T<@F<-&=#> - & $%&
<:06":, 7)*A&Y6: 8%+, &) HBIH#, & T=BRVHT &" Yo HTHE & YEH T<@ , &Y+ &S+EB Yo+ &
> H@,-&NB<J=*TF N&;)Z, B+ &: (#B, &3+, &0+, &"<="<"06,&C;$"%"; <$&; =8IH"T<@* $[&"%

$(C#C;$"%";<&:(#B,Q&B&"$&%0+,&C #=,.%&-,>;<P%H 7 %", <CGb LY E &T<@:(#B H&

RAQ D213"*%,1$C1-%#$3'F"996<'

b+, &%+,&$<;I=*TF,&"$&:;<$(> " BRTIBL Yo +,&$7> KUY T <, ;($* A #;-(:,-5&

|+, &=#7:%E&;<&"%$&;I<E&I"%+;(%&;) S, EBTHBRET %, $&CH;-(1 %", 4RV, +&

$<;I=*TF &=HT: %0 78S, > 1@, <WZ,:%&H - (:,-&) A&Yo+,&"% HT%";<&; *EBH< @ &
Yo#"T<@*,&)"%,$&%;&%+,&, 7TH#*" #& Vo BBEA F &) V8P <&Yo+,&>, %0 +5S&B "%, #7%" ;<&

%">, &3&H&\&T &V +&$<;J=*TF, & LIS C* %, &0;8%+,&;)$S HBAMT$&- $:#"),-&)A&
H<B(>CU"<&"<&%+,&3,:%"; <& 7B, Bo+"$&" %, #7%", <804 &, & CH;-(:%";<M%+,&
9d&"<&="@ (#,&M&I $,87<-&%+ &:(#B'%, Bt &9d&: (#B,&>, 7$(#,$&%+,&:;$%&

CH#;-(1%",< &&&7<&,RY0#7&"% 78 #>$& &> 2 &L H#&" %, #T1%";,<&%"> &M #&<(>) #&;=&
%o#" T<@EBA: 733" 7*&,:;<;>": &% +"S& WM& (:,-&%0; &% +,&; CC;#% (<" % AL EFES Y0 &
'=8<,R%&),$%6& 7%, #ERBBE Y& 7<& H(T*ALTH@(,-8%:&),&#,* B7<%&Y%;&=HB&H T*&CH
|+,&9d&"<:#,7$,$&,RC;<,<%"778A+'8H&:;<$"$%,<%&J"%+&- #'B7T%",<&;=&%+,&:*7$$". 7*&
<> S HUEHABNCHAL: (#B [&-&J+,<&C*;%%,-&;<&7&*"'<, PHD &X' T QH#F>& Yo +,&

=(<:%";<&M,H(7%tN&: 7<&<;J&),&I#"%%,<&"<&%+,&%&7-"%";<T*&

hs g&&I& & D3N

I+ H#,&! E$&%+ &H(T<%"%A&S(CCH" -&;=898SBIB-TR'$&"<% #:, CEH&Yo+,&$*;C,[&

7<-'D&0+,&C#".,&;,=&@; MR K 7C&"RE&E="@ (#,&B8/N

4.3.1 Technology and Other Production Factors

1&



1+, &CH#;-(:%";<&; (% C(T8&Yott" T<@*, &Y U$$8;<&%+,8%, :+<;*; @A&(S,-&M7<-&;%+,#&

=7:% H#HS&B(+&TS&,-(:T%" <& =&Y+, &CH;-(: #N[&=#;>&T&Y%+" F&C, < QUSETRIEE <&C <
=H>&=H, +T<-&Y0;&T<&,*, Yott:=CR HE&D+,<&Y%, +< *; D A&"$&($,-E& I 181 %' 82 <&

),&7+" B -[&%+,&;)$,#B #&J"*&),&7)* 8%:&*;;F&"<%; &%+, & EBAGHT TEBEE=HT Y T*&
S;:>588t,$,&:%+ HEK<ZTH": &-,% #>"<T<%$&;=&B(CCAL&TH,&T**&%#;C"$>$8%: &Y+ &,

$%H( % (HBE&

G<A;<,&7%%,>CO¥s 8#7I&%0+,&$<;J=*TF ,&=#7:%7*S8FJKER T &M%, +<;*; @AN&-; &
$;&, 7S *A&Y0; & T#;(<-& V&R 3 7% R0"> E&Y0+,#,7=%,#&%+,&7.%"B"%A&), ;> PR EE" (*Y0&

-, %7"*&J"**&<;%&), 8 < & %0 +,8YE&>, 7H(#,-& %8>, &% 7HE' @ 1B &

I+,&CH#;-(1%";<&;=K:+<;*;@ A&"$&T7&=HTCHNI &<, <& #&;)Z, %&;&IRI<[&"%&I"**&+TB,&
-,B,*;C,-&%+#;(@+&%">, & T $%,<:&,,-) 7' F$&; <&%0+& @"<7*&=# TBYT6&*; ) #$&Yo+,&

5 3%&;=&CH#;-(( %", <E&>TF'<@&"%&, 7$" #& Y& CH#;-(:,5&

4.3.2 Production and the Market Structure Market Structure ®Monopoly to Competition
I+,&,>#@,<:,&;=&%+,&=#7:%7*&-,>;<$%#7%,$&%+,&>T#F ,%&$%#(:% (#,&M7$&$+;I<&),*;
=" @ (Ho&J"%+8&>;<;C;*AKCH"."<@&7<-&C;J #&T% &, T#* B&"$HE T :& 7 &:;>C,%"%"B,&

C#",&7<-&C;J #&7%&$+7C,& H("*")#&(>5&

RAR :2#*%#6'OF+#9)P'@V",6,B2 TF,&"6%#%$)1"-'D213"*%,1$'#$3'C1$-"&9%,1$ "
P;:&=7T#&Q&+7B,&$+;I<&CH#;-(:%";<&7<-&:;<$(>CU";<&;=&%+,&=H#T % T*&T#,&"<,R%#": 7)*/
%;&;<,&7<;%+ #58Z8">(*%7<,;($&-">"<"$+"< Q@ 5B *;< @ &I "%+&7--"%",<T*&CH#;-(:%";<&
L PYORIJ Yo +&" %, # T N&I " * &) T+ B #&), &, H(7T & K <-& T#;(<- L’&" % ,#7%"; <X &% +"$&
"<%,#$,:%",<&>TA),&#,= ##,-&%0, & TS&=H#HT Y T*&;#&;)Z,: % & H("™*"#"(>&7<-&$+;I<&* TH*A&'
I"@#,&W&7);B,5&&G%&%+"$&C;"<%&%+,&,> #@,<%&P<;J=*TF,&$%#(: % (#,&+7D&=;#>,-I

)$,#B #&"$&:;>C*,%,5&G<A&> B, ET%";<$&;=&%+,&=(<:%";<&J"**&<;%0& 7--&>#,&-,%7"*&Y

c&



$+7C,[&:;<B #$5,*A&* $$&" % H BVH*&-">"<"$+&%0+, &SBMS #,8;<8%+"$&I+,<&-"$: ($$"< @&
F<J*-@,&T<-&%+ &=H#T FEAIMES+7C,&T%&T<&" % # 7%, $8EBT<8Y%o+,& H("™")#" (>&

"0 HT%":<8%">,&J"* GH&Yp+T<&Y%0+ & H("*"#" (> & DEPGERO+"$EC;"<% &> #,&:7<&), &@T"<, -
J"%+&>#,&"% #7%";<$5&d; <B #$, *AE&T%&" %, #T%": <8Y%"> $&@H, 7% #&Yo+T<&"% H#T%";
<:J&>#,&$+7C, &, %07 & T<8&),&-,="<,-&)A&T<&;)$ #B HE&T<-&>#,&" % #T%":<&:;> &T%&T:

RC;<,<%"7T**A&"<HR'<@E&E&M;CC;#%(<"%AN&: ;$%&M"<&% §>$&;=&%">, N5&&

HT7:%7*& H("™"#"(>&"$&%NTF, <&=#;>&7&$%7%":&;)$,#B7%",<&C;"<YE&; (TEHE &%+ ,&=#T

=#;>8&J3"%+"<&%+,&=H#HT7:%7*&*;;F"'< QE& K #H& 7 &+;#"'S; <B&*&B",J

4.4.1 Fractal Zoom

1+, & H(™*")#" (>&"$&T&H,*7%" B, &, H("*"\ K &=(#%+ #H&CH [ RHAK;,>"< QBRI *&(<:;B #&

> #,&-,%7"[&3$;&%+,&;)$,#B7%",<&"$&-A<7>":&#7%+ #&Y%0+7<&$% 7%":5&Q>C;#%7<%*AE
S;;>"<@E&%+,&$7>,&M)(%&-"==#,<%N&$+7C,&I"**&DE>) B @R D& 7&B ,#%": 7*&

C#$C, %"B&&

|+ S&=HT V0 T*&, H("*")#" (IB4$&: ;> C* %, &$A>> Wo#A[&Yo+,&$(C #C;$"%"; <&;=& T &H#(*,E&T<-&
NS HB,8Y6+"$E<&THE:)Z, Yo B&" <& (HEH, T+ YAEL);%+&% T<@")*A&T<-&"<%T<@")*A&A& 1

>THE, %$&7$&, R7>C&,$5

4.4.2 Sevent 2

#,>&7&="R,-&B" 3;"<%X&7**&=#7:% T*$&MK7 S &0 4 HERNE C &M T# 8BV &=#T

H* Y (GN&POKT<-&T#;(&&. &%, #7%";S&RAE&>;#,&% #T%",&5+7<&%+"$& I &"@#&
7&:;P%E- &;&, RWH#T&),<, SI@M\&" "%, #7%" &R &-,B,*;Ro+,&=#7:%7*&V;:+&$<;J=*TF,&"<&
="@#,&\&M7);B,N[&%+ & #8080+,&9G & 7<-&: BOI& "<% #$, &8, $C;<- $&

J' %8+ #,8&%+,&$+7C,&;=&%+,&$<;J=*7TF,&"$&=(**A&&B,*;C,-5

1+"$SED&),*" B, E&"$&T &, > THUHK & =8B &>T @": T+&<(>), #&$,B, <E&CH($&H#&>"<($&

4&



%J;X&$;>,&*">"%N$&; <&;(#&: TCT:"%A&=#&CH#;:,$$"< @ & &= HEMEC $"%,-&) A& "** #&"<&

04\c&]00"5&

[+'$8<(>) #&:T<&T*$:)$ #B, -8+ (@+ (Y& (H&H, T*"VAX&=H;>& T CALIIERY o+ #,&)"&

), &TH#;(<-&3E\E_E1EH#&C&*,B,*$8;=&CH %#($";<5&!;#8& R7>C* E&=#>&J+ #,8&Q&T>&IH"'%"
$,,&:(%&>A&I"<-; &I+ #,&Yok &"$&TECTHF&T<-&$:> &) ("* B @R[ *-"< @ &"$&Yo+,&="HS%&
CH:%H#($", <EQLBMo+ B"$&T&:+">< A& <&Yo+ &) ("*-"< @E&Yo+,<&T&)H" F & < FoBY & &<, A
Yo+ #, & TRE&: T<&Z (SYIMB- &' ™*, MN"%&"$8I"<% #NX&3E&*,B MR "<&Y6;% T*

P> THAAEL; <& 7 RN, (8= Bo+ &)HT<:+ K Yo&=H;>& Yo+, &YoH(<F &;=8&%+ &%, E&(<Y%"*&
="HRAHFSE Yo+ 4 Q-Yo+TUE)HT<:+&(<B'METRT @ 7"<E&T<-8%+,<&@;&;<&#,C,7%"<@E&
=% "< @&Yo+, &K="H#SYOK&)HT <1+8&;<&Yo+ &)HT<:+E&(<Y " &A; (& T<<;%&S$, & T<A&># &)HT~

J**&="<-&A;(&: 7T<&;<*AKEER %>, ¥

Q% #7%";&8&%+,&;C%">7*&#&C #=,.%&B",J"'<@ & LI HILL T*N&V;: +&P<;JB&/F,&
=#,>&%+,&B" JIB&C #$C,:%"88),*",B,&"%N&"$&7*$;8&%+,&<(>) #&;=&" %, #T%",<SE&#&=,,-)

%;&@7"<&>T#F,%&,H("*"B¢"(>5

P+7C,& H("™*")#"(>&>7A&T*$;&+7B,&$" @<"=":7<:,&]) O BK ., £&S,CT#TUY;%0J,,< &
F<J'<@&,B,#A);-A&" <€) #*-58) &+ 7B, &+, T#-& VoI TRV RERE T#;(<-&3&9#,&%+,&

*<F&,<-$&7<-&=7-,$& 7K A5

4.4.3 Fractal Paradigm and Field

| +,&"%,#7%";<&MEYRE=HT:%7*& H("*" ) HAFAE Yo" %&> , R &E&DRY0 H#T%" ;<& %" ">TP&
), &<$"-#,-& TE&HT Y T*&CTHT-"CBIKEFE>ETE&"R,-&C;$"%";<&I+&;&>#,&

<= HSTN <&T7<&),&;)$,#B,-&),A;<-&%+"$EHILGE & (H#,<% &%, +<*TBR @;&),A;<-&
T&=H#T.%T*&CO>&; <& ($%E&S;;>&"<%; &% +5&B;86>C*": 7% §=& Yo +" ¥’ 7 %" ;<&

"<=#>T%" I THT-" Q8BRY0+,&$:7*,&;=&%+,&=",*-&), %I (#EDBYBE 7 <-&$>7**,$%58&b "% +&

Wi&



#,$C,:%8&%;&7<&;)$,#B7%"; <& 7%&%+,&$>7* {AIEIYMESRELD 0+, &* TH@ , $% &) "%&S"S, &"$&
RY%#,> *A&*TH@ X &% +,&$68) 00 & 338 B &A4p&;=8%+,8&* TH@ ,$%&)"%&S"S,[&7<-&;<B #$,
%;Bo+,&* TH@ ,$YE&Yo+,&$>7**, $%&"$&, RB# ' SEARBBIE - 18" S, &$: 781 <&),&
T*:(¥7%,-&\B&%S -, &%+,8%:;C,&;=&%0+"$8&$% (SAMEZ<-#& '<$" @+ E&T*<@&J"%+8%+,&
7);B,&H(7<%(>&"<$" @ ®HfSF-8O#<, $HBo+ 1= #-L $&,>CUA& T TEPE: +&'S&P:#") ,-&
%:&),&A45444444444p8,>CyMI, <8&Y%+ &% HE&,: Yott; SL<-8%+'&b #&* (3 5R"%+&
#,$C,:%8&%; & FoH GHA (7<% (>&"<$" @ +%$&"<= ##,-&=#,>& Yo+ &=EVBLT ELURXIIR=&

%+, &=#7:81%0:+,$&%+,&7%;>" . &CH#, E& T <-& N BE<-SL &= (#%+ #&H#,$, B&K &

|+"$&CH#;C #YAE;=&%+,&=#T7:%7*&"$&"<, RVBZLER T &R Yo+ #&CH#;C #%",$&; =& YIR&=#T7:%7
<7>*A&:+T7<@,&%+#; (@ +8P8B @0, <5&I+,&,7:+&<,J&CT#7-"@>E&%+,&$7>,&J"**&),&

,RC #" <:,-E&)(%&%+,#,&7"**&),&"==#& ,5&&

RAWD2,*)'E)%)2&,$#%,1$
Q<&*7$$":7*&,:;<;>" SE&Yo+, &> PAHH< @&CH":,&"$&-, = KSR, < D& ,#,&KS$(CC*A&"$&
H(7*8%:;&-,>T<-LX&BHTIVR - * & >:<$%tt 7%, B <-&- "B, $0%0+"$& H("*")#"(>&

CH#'": 5&I+,&=H#HT:%T*&T*#,7-A&-,$:#"),$&%+,&),+7B"; (#&;=&CH#":, $ &% BEI@HR %>, &

>STHE, %&CH": $&T#,&IL*&$%:;;-8%; &), &=H#T: QTR+ 8" <% #CH#, %7 %" ;<&CH#;C;$,-&"<&%+"
C7C #8$5(@@,$%$8% &8 W H<&;=&CH":,&"%$,*=&"$& 7* K &EIN Y6 TH#, %L $&="<-"< @ $&

7<-8%+,$,&7#,8"< RYoH" T8RS

RAX /$06#%,1$
13;&"<$" @+%P&>TAL), &% TF <&=#;>&%+,&=# R W TCEEEUCH ", &" <=8 &f 7 F&;=&
#,C,%"%", <& &&<:,C%E&;=&K"<=*T%";<L&"< &< P&E8B<P&;=& T &=#T7 % 7*&K:; 7$%*"<,L&

#.$2)%,& "< TN <&, ="<"% E<$5&

W



O;<;>" &#'<"Cr S8, &+7#,-&J"%+&%+,&<T%(#7*&3$:", <!, &)&5EAR7T>C*ER, E&
CH#;-(:%";,<E&:;;<$(>C%";<E&S$,*, %" ; <&BHIR."$&"<% #,$%"< @ &Y+ 7% &Y+ #,&"$&<;&:;<:,CY¥
NCH": N&<=*7 %" & &<T7 % (BR<=*7%TRB&7CC, BE8&),&K,B #AJ+#,&7<-& T*JTASL&
((*UHT7*&CH+,<;>,<;<&T*;<,5&Q<&T7&: (*Y(#7*&:;<%,R% &%+ #,&7#,&>T<A&,R7>C* $&;=&"<:
7**&C;"<%"<@&%;&7&- B7*("<@&;=8&%+,& CHUH IR B\ Z% B 7 --"< @ &$% 7#$&Y0;&+;%,*&
HT%"< @RI R <@E&Y0+,&P%7<-T#-&\&$% 7#& Rt &I BK&SH THHE< &>F & I +,<&T&
M:;$>,%"N&+7<@,&"$&>7-,&%; & TRIBH+&<;&<,J&"<<;B7%";<&7-BE&-&%+($&H#,$(*%0&

"<&%+,& B7*("<@&;=&%+,&M$7> N&C# B&($&@;;-5&&

G&F,A&CH;C, #8430+, &=# IYB]80 & ;#8& 7% Yot BB&B6F="<"%,&)H-T#AF& &:*7">&"$&

>7-,& D873,-&;<&%+"$&CH#,C  BA&;)Z,:%$&+7B,&7&K=#T7.%7*&-"> <$";<L&7<-&%+"$&"$&
FT7$S" . TAGH B, 7*,-&1"%+&%+,&>, T (#,>, o0&, 7396, &, =& 7T<&"$*7T < BEAHT7: % 7*&
TH@(>,<%&$7APE&Y0+,&* , <BIB%EEC ,<-$&; <&W <@ %+&%+,&>, 7$(#'<@&"<PY& (>,<%X
%+, &3+ #HIBBHEE" <% H (>, WAR* <@ ,#&Y0+,& (T&YB&0+"$& CH#; C 886/, "$*7<-&
TCC*".7%"&&I+7%&CH": ,&"<=*T%";<&"$&T*$; X &I+ #,8&%+,&>, 7S (#"'<@ &"<$%#(>,<%&"$&
(#H#, <A B<-&%+,&:;7%% &0 +,872,. % &8 &o0+,&@;;-& HEB":, &<&H(,$%";<5&G$&%0+,&

(7, < AL"B,)7$,-&MH, SN "< @&"<&T&S+:#% #&> TH(H'< @ &"<$%o# (>, <%N&Yo+, &K CH": L&

%+,8&@;;-&"<&H(,$%";<&"$&K " "BEBREE&Y0+,&@;;-&"<&H(,$%";<&+7$&<;%0& +7 &R ,-&7%&

RAY F#<G-'H#5

I+, &=HT:% P&, %*A&-, >, <$%# 7%, & RTIRRC #;-(:%",<&;> $& ), =i#,&:;<$(>C%";<5&

1+, &=HT % T*& FEHSU&CH;- (R <-&%+ B&, J,-&:#&::<$(>,-5&&I+"$&" $EMRE=& Y+ ,&

=HT %R, & <B #$,8:7<<;%&), &YoH(,X&;<,& T<<;%&B" J&Yo+ & +T<@,$8J" Yo+ (% &Y%+, & +
="H$%&),"<@&CH;-(:,-5&&I+"$E&:)$ HB T M 1<&HE % 7*&"$&(<"B #$7*8%; &I & J7B$

), &t Yo(#<,-&Y0;&" <&, = #,<:, 8% &F <, JE@RYo+ &-"$%"<:%"<&),%J, <&%+,&S$:" <:,&T<-&

%+, & THYSBLK%", <& B

w&



RAZ J2#3)#$3' @[*+#$7) '

G$8%+ &K$<:J=*TF,L&"$&CH:- (- ECRARETLR " CRR&VHT- -& #& R+ T< @) +&T&
<$(> #& DK <$(>#L& RY%, #<T*&%:8%+,&>:- *&"<&H(,$%";<5&D"%+;(%68%0+"$&IHT<$
Vot #,8J"* &), &;<*AKCH;-(%";<&;<&"%$8&;J<58Q=8%o+"$RUHT<$T:%"; <& TF,$&C*7:,E&Y%
CH:-(:-&M"% #7%,-N&Yo+ &> 1#, &Y+ &::<$(> #&),<, =" %$&T$8Yb+, &= BHVBT Yo &7 %" ;<
#XT%"B, *A&+" @+8&:;>CTH#,-8%;&%+;$,&%+ #, 7=% #5&I+"$&H *T%";<$+"C&"$&CH">T*& T <~
7<-8>A&@"B,&"<$" @+%8&"<%; &Y%+ &, <;>A&=8*"= & %S, *=X&CH">#-"T*&*"= &>TA&+TB,

%+,$,&CH"<:"CLE3;-(:%",<&=;**;],-&)A&:;<$(>C%";<B&

RA\ ;215%+.E)>)619&)$%. @>16"%,1$. #$3'F"-%64,$4B,6,%<"
P">(*007<,;($&J %o+ &CH;-(:%"; < X&T$&Yo+ &H(7T<%"YoALYH T<@*,8) U$&"<:#,7$,&J " %o+&'¢
%">, E&$;&%0+ &$<;J=*TF ,&- B, *;C$5&N#;I%+8&7<-&,B,*,C> <%&T# &"<,RY6#"T)*A&*"<F -&

T#,&7<&7$C,:%E&;=&=#T7 % 7*&CH#&(:%";<5&

4.9.1 Growth

|+"$ &<;I=*7TF,&$%H#(: % (#,&7%& H("*"#"(>&-;,$&<; % &-,>;<$%0# 7 Yo KIBE;I9AE&

$YH (Yo (#, X&PASY,>$&-;&<;%&+T7B, & T80+ B THINEEBHE 7 %", FP0&S$"S, &="HIVWE&"<&=7:%&"
%+,&:;>C*,%,&;CC;$"%,E&%+, A& @#;J&=#;>&%0+,&<,J* ABEIE ; &) s Yo# 7%,&7<-&

- $#"),&@#;J%+8&%+,&=;:($&"P&C* T ,-&;<&%0+,&<,J*A&T --,-&) "V PE& 7<-&%0;&$+;I&%+"$&:
>($%&),&"<B,#%,-5&&G$&7 &) "%&"$&T--,-&M;#&%0+,&$C,:"=": &H(7<%"%A&;=&) " Yo $&=#&7
%'"> N&%+,&C#,B";($&)"%&$"S,&>($%&,RC7 <-&;#SFBHI B EERH#; I %0+ & T<-&"%&"$&
RC;<,<%"B&Q&+7B,&%, # $&=#T7:%$CT7<BEZE&E>A&CH,B";($&C7 H#BRLC;$"%,-&

-THF&, < H@A&T<-&%+,&@#;1%+8&;=&C* 7<% S &MY ) &)ABAEH"$&=HCT<$"; &

G<&">CHUNT<%&"<$ BFHHEIS#;>&$+7C, & H("")#"(>&"$&Y0o+,#,&T#,&*">" %S &8b; & @#;I%+

%;%7*&T#,7&;,=&%+,&SEFHK D, T L* & @#,I&T Y& T &-, #,7$"< @&HT%,5

4.9.2 Development

W\



8,B,*;C>,<%&"$&%#,*7%,-&%;&%+,&:;>C* R"%A&;=&%+,&=# 7Tkl S Yot T @ &=#T7:%7*&
-, > <$%H7%,$&%+,&HUAL; =& @#;I%+&7<-&-,B,*;C>,<%[ &8s 7 H# 7 )*ASE < B #&

[R7>C* E&7S&T&=H#T:%7*&Yo#,, & @#;JPE&LS; &"%&-,B,*;C$5&

4.9.3 Evolution
G&=#T:%7*&-,>,<$%#7%,$&:+7<@,&; B #&%"> E&7<-&3;&-,>;<$%# 7 VRSB, B *B6 @ &
#&-,B,*;C>,<%&;=&7<&;)Z,:%&;B #L BB BL",<&"$&-,>;<$%#7%,-&"<&Yo+, SN T*&
S:>"<@&MY;&%"> N&T<-&))$ #BLL@x #, <YL &M #&." 11 SBLTHHIRT> L&M; #&#, @& THN
$+7C,&M;#&;)Z,: 0B5E%"; <&"$& 7 &(<"B @BR 0+, &=#T7: % T*E&T<-&"<-,,-E&%7TF,<&=#;>&J+7¢
J,&:7<&;)$,#B,&%+,&(<"B,#$,&" % C-RHKZ%;&),&,B;*B @SS * &, #-&"$& T &H#,: #-&
;=&K*"'B"<@L&Y+"<@$& Y0 HEBI(BNLE, 7<-&-,B,*;C>,<%&7#,8&%+,&$7>,&CH#"'<:"C* E&7<-§
>7TA&J **&),&"<-"$%"<@("$+7)*,&=#;>&,7:+&; %+ #&J" Yo +; (VBT NS~ 5&I+,&

%#,,E&), ;> $&%0+,&%0#,,&; = QY& TBEK<,$%,-k&-,B,*; IERRY& <& ,B;*(%" &5

|+,&=;$$"*&#,: #-&Yo#T: SE& #E&H 55, 8:+7<@,$8%+#;( @+ RS &e; $S " &#, #-&"$& "<&

=T %&#HT:%7*&#,. BE&T Y% T*;@ ("< @K&Yo+, &&ENWHAB./ KN&:;>)"<7%";<&5
QUE&R),, <&>C*"' -QA&>T<R,7-"< @A&*; @"PYKPE&7<-&>7%+,>7WY5ATB0&,B;* (%", <&
+73E&M;=%,<N&=;(<-&=#T7 . Y& WRLEL(F,-&=#7:%7*&IBABE '$&%; % 7**A&>"$*,7-"<@5&
OB;*(%";<&"$RFL  #Y% & Yo+, &=# ERTX-&CT#%E&;=8&%+,& BEOBIHM0" ;<& "$&7T*ITASE&L 7<-&
B#AI+ # E&=HT YIBEY",<&:7<8&),&;)$ #B,-&"<&Y%+,&=HT Y T&RL H# &'$>C;<,<%&
=&%+,&>, +7<":$&;=&%+,&=#7:. % T*E&T$&T7 &(<"B,#$7*&#,C,7%"<@&C7%%, #<&H&T*@ #

CH#H"'<"C* E&T$&Y0+,&=#T:%7*&"$&"<="<"%,&$;&0;&"$&,B;*(%";<5

8,B,%:C> <%&>7A&),&S$, <&T$&TE&KS+:#HYo&H (<K EBGHERRYSHIB T %" <[&=:#& R7>C* &%+ ,&
- B, *;C> <%&H&,> H@,<:, &=& <&, ;<;>A&HET&C HRE>:<$YoHT%,-&=H;>8)A&Yo+,&
—HT YT &=H;>&" % HT%" ;< @AR=ET Yo T*&, H("*"EIAGH T V"<& 5&

OB;*(%";<&>TA&),&$, <&T$&T&* < @&H(<&;)$ HBT%"; <E&YHT:"< @&K-, B E)Z3H6BkE; =8%6+,

w&



%+&o#, Bo+#;(@+&M@# YW HEET<-&"$&),$%&-,>;<$%o#7%,-&) A&Y%o+,&=H#T:%7*&

S;;>5 &B;*(%"; &+;J$&%+,&K:+7 &8¢+, &, >C* R"VWA& #E&U¥(,<:,$&;<&%+,&8k-,B,*;C,-k&
)Z,:%5&

G#,&%+ #,&*">"%$&%;&,B;*(%";<&"<&%+,&$7>,&I7TA&Y+ #,& T#,&*" & $olE & Vs, SR /E3 Q<&
%+,&$7>, &I BSE&Yo+ #,&T#,&*">"%$&Y0; AM=H#T . K18, B H K« N E&Y%+,&;)Z,:%&I"**&
,B;*B,&%,;&78&=;#>,-&$+7C,[&)(%&<;E&)STH{Ht, &I **&T*ITA$&), &+ T B E="<"WA&;=&

+7<@,PE&T7<-&<,B,#&;<,&;)Z,:%&%+&$7>,5

|+,&V;:+&$<;J=*TF,&=#T7:%7*&& P0&$+;I&,B;*(%";<&7$&%+,&%o#" 7T<@*,&) " Yo S & T#,& T**&T<
"<="<"%, A&, <% TH[&+;J,BHE& =& T &+ 7<@,&I 7 $&> D& &I RP BB ,-E&TH&
-, > <$%HT7%,-&"<&%+,&7CC,<-"R&="DEELOK, #7%,-&,B;*(%";<&"$&-,>;<$%#7%,-E&7<-&

"$&7&I7B,&C+ <> < (S < @ENU@H Y ">HEE.

4.9.4 Sustainability

P($%7"<7)"™*"%&B, GH T & ="<,-&7THK0!./0\.1.1#/2% #.3!-4.($./#4-#/2$#$'4.4(5#
14+05#6!/12471# 4(*-4(18!.1#,7/7-$#1$.$-0/14.8B&I+&H 7% 787 A&, >;<$%#7%,&
B($%7"<7)"*"PBBOSH(T** A& ;& <B #3$, *AE&0&-;, $&<; %0 &&B, 7T* A& "$&">C; $$HK,

<%+H'<@&:7<&),&>7"<%T7"<,-&"<="&"%(>5

;&#,B,7*&+;J&H&=HT:%7*&;==#$&"¥B@WTO&T) " %,RKE I’ Y0:83%"<@ ("§:06J, < &
%+&K$7>, L& 7 &o+&K-"== #,<Bs\®0o+ BHT Y& ="<"%"; <&

|+,&k$7> k&;#& %k, @ (*THK&CT#Y & ;=& % &, &= UNTIES(@ QOZEHTO//S-.8" #7:$8 . +#

. 46:$+1$ 778, ,C,7THE&T%&T**8&$:7* [ 88 (SUTTHIY* & #8&:;<$YIBEBE=,7%(#,&;=&
=#T:% B$&, RC*7"<,-&P¥-0.1$#//-0'/4-8 #:;(<- &<&%o+ &$%0(-A&;=&:+7;$&7<-&EBUB TS
%+,&#,C,7%"< @ &;=EHA&H TR

| +,&k$7> k&:;>C;<,<%&"$&#,B,7*,-8&J" %+ &AL, =&)"*; Lo+, &=18&

kB;*(%";<7#A&:;<B#@,<k&;&& <7*;@;($&Yo# (. % (#| K <-&%+,&),$%&,R7>C* &>7A&),&

W\&



J'<@-&="" Q&%+ #,&"BS&H,C,7%R0+#;(@+&YKE Y- &= #,<BICH#,$,<%&0+,&>7T<A&

= #>$&=&=*" @ +%X&Y%o+,&>T>>T*DRHERHE, " <SWfe, #,&7CC, 7T#$8&%; 8HRIT & ;=&
=HT:%"18bAH, &*'@+P&)0o+ &J"HIEROH Y& 7T**&$ 868, (@+8&YBE&);-TAE&, &:7T<&&-
%+8(>7<&-,B,*;C,-&7"#:#7=%&J"&@8%+"$& @#;(CE&7 <-& JIRFERBHAZBRAC, $&;=&
+(>7<&I"<@BB<; %+ #&,R7>C* &;=&$($%7"<7)*,&C7%% #<$&: 7<&),&=;(<-&J"%+&%+,&C*7
J;;-A&$%, 7> ,-&C* 7T <RI +7 %&J, &% #>8& 7 8D8H+ NI B, &#,C,7%,-&"<&7T**&%+,&

Bi*(%";<THAKC+A*6&

1+, &-"==# <%k&:HE&K" #H, @ (* BHGICTHRA ="<"OT (- $8%6:8:+T< @ HD+<, S <- &
(<B($%7"<T7)*58&QUET**(- $8&%: &, BEQHEH T<@,&: B #EDREE8H8T>, I5&1+"$&

1 >C<, <%&CTHIER Yo+ &=HT: %0 T*&- =" BES0BE-, >, <$YHT%,&B($%7"<7DRIHARL"$&

1 <$% 7 <M, @ (*TH RANE D8+ 7B, 8B:*(%";<E&Yo+ #, &> (SRR <: %", <E&Yo+ #,8>($%&
),8:+7<@ BB+ %o+ #&KJ,L&*"F,&" Y& #&<;Y05&I+"$&K* T IL & #&=(<:%",<&J,&: 7**&,B;*(%";<&

<,B,#&), 1> & R%"<HKY"*&*"'= &), >, & R%"<:%6[&7<-&$:E&"<&%6+"$&H,$C, % &' SES($%7"<

RAL] C1$-"§)2.'D213")2. #$3'C18&"$,%<'F"296"-

d;<$(> HES(HCH($8:7<&), &> <$YoHT%,-&) A&Yo+ BAUET VehIBBE 7 & (<- H#&Yo Q& &:(HB,&
7<-8&,$#"),-8)ALO(* H&BTS,*8$;* (%" <&=#>(IFRIB, 5& &#;-(: HEP(HC*($ &$8%+&
7H#,787);B,8%+ 8908 (#B, E&F&&(<"%ALKHCH($8$E&, H(7T*&IMBCCH; R">T%, PANE
67$,*8$;*(%" B0 /& 2 &"<($8&Y%+,&IIE&TEBT*(,& &QB& "$8$+,I$8$+7G,

HE=Y# (> 8$&T:+"B,-&),=1#, 8% MBE& =8I > Y& >(<"%ALSHC $&>TR">"$,-&
T%&$+7C, &, H(*" " (>&H&I+ H#,&TH, & =8Y0+ &< J=*TF &) Z,: %&"$&T%& " %$E&>TR">(>&=

C#$C, %"B,&;=&7<&;)$,#B.#5&

4.10.1 Intervention
J(3%&T7$&I"Y+&:* 7SS . 7T*&,:;<;>": &%+, #AXE&T<A&"<% #B,<%";<&M7&CH#":,&>"<">(>&;#&

STR">(>N&I ™ &X">" V08 o+ &CH;-(: 00" <&#&:;<$(>CW"; <& =&Y+ &=HT W T*&:H, T "< @&

W&



BHCH(S,$&T<-&$+H%7@,$5&d;<$,H(,<:,$&;=&S$(:+&"<% #B,<%"; <& TH,&,B"- <b&"<&>THF,°

>7A),&7*$;&"<&F<;J*,-@,&"$$(,$& 7*&;5&&

4.10.2 Golden Ratio?
[+, &H#7%": & =& #"' @"<7T*&T#, TRIMNBtHR 0+ &V +&P<;J=*8k;&="<T7*&,> #@ ,<%&7#,7&"$&

05_XO05&I+"$&H#7%";&"$&:*;$,&%;E&)(%&<;%&,R7:%*AE&%+,&@;*-,<&H#7%";5&

4.10.3 TA-TC

Q%&"$&7*$; &% & H("")#"(BE&IBI& "$&>TR">"S, I $&$+;I<&"<&="@ (& & 5&

RALL2#*%#60 6#-%,*, %<
[+, &=HT YT *&-,><$YoHT Y%, B8, * T R st HS&T <& H W B+ $8>, TS-&Yo+, &=HT % T*&
#,B, 758" %8&%:;8&), &7 &CH#;C #%A&; ~BAB GLISHD &Y= & <%, =="" <% &B7*(,$&b+,&

Vi +8$< I=XTF &=HT 08" (*7%, -&"<8%+"$8&, R7>"< Pt > QOB ERH, Wil *:(T%%" <&

> %0+ -SE& "SRR+, &S C/#HEYo; CB=8 Y0+ BEGH &+, B HE&Yo+ & T*:(*7%,-&:;,=="" <% $&

#,B,7*&7&:;<$%7€P88%" " V6N&) (I <-&Yo+"$&LHED Y0, <&'%0+&$% 7<-T#-& %0 &HAD

4.11.1 DemandCurve Elasticity
G$&%+,&9G&:(#B,&M%+,&-,>7<-&:(#B,N&"$&7<&,RC;<,<%"7*&:(#B,E&"%&+7$& 7 &:;<$%7
FT78%":"%A&;=&-,>TOBM58e<&7&@R'T @H#TH’,S$"<@&Y%+,&$7>,& RC;<,<%"7*&-7%TE&Y+
:(#B,&),:;>,$&7&*"<, T#&: (#B,X&%+,&'08&7*;< @ &"%$&* , <@%+&B7#" P @EANE&" Y A&
"%$&(CCHBYSE<-E&Y; &/I&T%& " YoBEBYEH-5& & &I+ BB @, & "<&, * TSV R=BOA+, &=HT % T*&
T%%#7 B8 , SY0B&TB, #$7*&CT7%% #<E&<;%08&=#& ' <*A&>;- *$&) (% &=;#&T**&

F<,J%,-@, 5&I+#,&"$&K$,<$"%"B"WALGM T RMTHENE 7T<@,&7%&, TH AL % #T%",<&
%"> $E&T7<-&"<$,<$"VAVBRYLARL"N&T7%&* 7%, #&" % #7186, S&BIS <&SE&+ &, *7$%""NA&"$&
*THQ,SHERF;I& "%, H#T%",<$&>TA&),804,&%0'& +, 58> $%0&; (Y0$% 7 & FHBIE < 7*&GH#, 1&:;#
(%"*" DAL, & " Y #T%",<&3EHBEN&, TH* AL "% H#T%";<$&%0+,&:+7<@,&"$&<;%":,7)* E&%+,&>7

(%"*"%A&"PEPELERA" A& T<;%0+,#&" %, #T%" <&+ T S& KD EAHE " Y A[&:;<B , #hHEAEED

w



"%, #7%",<$&%0+,& RYo#7 &(%"*" WAL $&IHIE& I ITEVNBK: + 7<@,&J" Y0 +&%">,&"$&H,*T%0,-

"<, R%#":7)*A&*"'<F,-&%;&%+,&=#7:%7&& @#;J%+5&

4.11.2 Price Elasticity of Supply

G$&J"%+& % ER; QBC&: (#B,E& 7 8&2,@&HB,&;=&%+,&9d&: (#B,&J"**&CH#;-(1,&T&*"<, T#&

. (#B, 5&+,&$+7C,&,* V8" "YoARREIH >S& ;=& Yo DRI 7SV’ Yo Ke*; I #E8DKT #* A& %0, # T VTR &
,<-&;=8%+,&:(HEER;<B #3$ *A&"<:#,75, Bo+#;(@+8%;&"<,*7T$%": & 7% &" % X RC, #H& ,<-
"%, #7%" €08 A&"<&Yo+,&=HT % 7*&-,B,* &, ST SA&Y0,& C8iA; (1 SV EWO+ELH; - (1, #&
"$&#,$C;<$"BY<- & <B,#3$,*AERLRL"<:#,7$"<@*A=":(*W&0o+,&CH#;-(:,#&, $$&#,$C;<$"B,

D&1"%+&%"E8&

4.11.3 The Product Life Cycle

I+,&CH#;-(:%&*"'=, & A:*,&=;**JB&=H#T.%7*&@,;>, Yo#AL&&G%&, 7T#*A&S% 7 @,$&%+,&CH#;-(:%
J'%+&+"@+&B7*(,&N\D) NB&" @ +&>TH@"<7*&(%"*"WA&KT<-&+"@+&,*7$%": "% AX &7 $&%0+,&:
> H@,$&%+,&)"%&S"S,&-,:#,75,SE&Y+,&>TH@"<T7*&(%"*"%A&-, #,7$,$&7<-&%+,&,*7$%""

- #,75,$5&&

4.11.4 Elasticity and the OProductO Life Cycle and Knowledge
Q<&:;<%,R%&%;&7&CH#;-(:%&M #&N& T & A:* E&, TH*A&" "%, #7%";<&%">,$&C #%7"<&%;&
$%7@,$&;=&CH#;-(:%";<&7<-&:;<$(>C%";<E&7<-& T L PBYHE % #T1%" <&+ 7I&+"@+&
STH@"<T*&(%"*" U A& HEMI =60, #&S% T @ ,$&:;<B #3,*A&T#,&"<,*7$%" . E&K);#"<@L&J"Y
M>TH#@"<7T*NE&BT7*(,[&7<;%0# 788" %& ) "**&<;%&:+7<@,&%+,&,RC #",<:,5&&I+"$&" <% #C#,%
"$&:;<WHTHALY0; &SN T <-T#-&#,= #,<:,$&1"%+&, TH#* A&S% T @ ,$&7#,&$7"-&%;&),&"<,*7$%" ¢

10/ 5&

RALNI2#3) #$3' @[*+#$7) '
G$8YE<;J=*TF, I8S&CH;-(,-E&"WRADR<ECH"<:"CER, &6#7- -&& Ri+7<@,B%+&
H<$H# DREK<S(> HLRY, #<T*&%: 8%+, &&EH(,$%" 5&D" Yo+ (% &Y+ "$RIHT<$T %" <&

we



Vot #,81"*&), &;<*AKCH:; (VB & "% $&; BR=8Yo+"$RUHT<$T %" <& TF §EE ZIECIBL"S
CH#:-(,-&M"% #P6,-N&IB>#, &%+ &::<$ (> #&), <, =" U EYo+, &="HFY&" %, #T%" <&"$&B7*(,-&
#¥T%"B *A&+" @+8&::>CTH#,-8&%:8%+;$, &YBEAH TSUBHT %" <$+"C&"S&CH">T*& T<-84<"B #$T*
7<-&>A&@"B,&"<$" @+%8&"<%; &%+ &, <;>A&=8*"=, &"%$, *=X&CH">#-"T*&*"= &>TA&+TB,

%+,$,&CH"<:"CTRBY;-(:%";<&=;**;J,-&)A&:;<$(>C%"; S&

RALEF+12%'="$'H1$7'="$

[+, &=HT Y BBAG-, > <$UHT IO+, &, <;>": 8+ HU&F(<&T<-8%+ & T;<BRI&

-B*C>  <U&T<-8@#,%+8;=8&Y%+ &HIFRITOHRI", <&O8Y6; &Y+, &, H("*" 1" (> 8806, HT%";<
>7A),8$,,<&7$&Yo+ &=HBIFY (<5 IB+HI&H(<&"$&Yo+,&,==,:%&;=8%+,&#(* E&Y%+,&
VT <+'< @&+ Be-"< @& =&Yott" T E@EH ;< @ &F(<&"$E&Yo+ & <-&$% 7%, E&Y%+ &

%; %3 (C ,#C;$"%" K& E*&YB<s="<"%4;$$")"*" %", $&;=&%+,&#(*,5&

RALR,*21 S#<21 'E,-%,$*%,1%

I#7:9%7*8$:7* &"<BTH# BE, B"-,<06&"<&%+ &BELER- >T<-&-"T @HT>$&-HTR.

1+"$&"$& 7 &CH;C HYA&;=&Yo+, & HEITRTINEE<: E&I Yo+ (%8&*;:F"< @ &T%&Yo+ BAFEBB&T<-&
Vo+, &>, *$8&;; F&Y%+ &$T> 5&8; <) TH#-&$*:C"<@&-,>T<-E&M7<GRY&E: +&%o+,&

#, 75, <SNE&7<-&(CIT#-&$*;C"'< @ &K CE" M 7<-&;(%C(%&  CBYVSE

|+,&CH#;C #%A&;=&<;%&),"<@&7)*,&%;&-"$: #<&$F# R R%H RDD &, <&BI'<@&7&
=HT:%8%&"87%", &8==#&-"#, B<P" @0 &%;&%+,&>7 :#,&7<-&%+ Q=&F R H=,:%&=#T:%7*&
%+ #,&%+;(*-&),&<;&"==#,<|D&#,S(*% 7 <@D&, 7 Yo HE Yo&* TH#* AL, "< V&0, &% +,&>7 &,E
7<-&%o+$&=2">"*THHT . % T C, B " Yo +<&0o+"$& @#, 7%, #EBREELR #,58R% & 7T**&$: 7*,$&

%0 &#(*,&%; & #,7%,&%+"P&I&V, K $78,5&

#,>& 7&-,= #,<%& #3$C,.%"B, B&UKS 7>, D&#;> &o+&HT7:%7*&-,="<"WH7> kKk%&

K-"==#,<%k& T8 * &&7A&C;"<&b; & Yo* B0o+,>7%": TH& &%+ 7% &"$&#, Q& %6&Y0+,&

w4



K-"==,#, <Y lBGET <A&-"== #,GRT>C* $8=&$+T A, 7%, -&#,>&Yo+"$&HLEB *C&

RC*7" &0+, &I #-&Y0H** &), &($,-&T$&T<& R7>C* X&T&Yot,,&"$&Yo+, & RSTS 18R (%&"%

Qo+ #,&T#,8> it BB T<AHAC, $87<-8$C, DBLE<="<"UBALYo#, BB, &KST>,L&

#(* $8<&,:1<;>"$ BB, T*%+EQUHT- E&S,*, %", <E&H, CHERZSC, " T+"$T%", 4 &K-,&

7<-& RiAT<@.8TEH,$,<Yo8&; <AL <& T$S" T*&, < BL*$,8<&: *CTHY ;@A

JOWI <-&,B,<&:+,>"SUHALYo+, BB SEYoH(,&" <8Yo+ & Yo+ HE<TU(HT*&S:" <! S&C+AS"SE

[R7>C* E&JI+#,&%+,&37> &HE(%7)*, E&S: 7*,&"<B7#"$LWBR="-&*7 Zb5

Q=8&>C*,%,&$+7C,&"$&%+,&>&H&>7-,&(C&;=&%+,P, &R0+ &' #,&7<-&%+,&

ST #,&7T#,&:,<<,:%,-&<,RY%#".7)* P& #;(@+& % & (*, PXLEIH(*,$&;=&%+,&>"#; &R B % &
C#,$,<%&"<&%+,&> &8 +"$& " $& < Ve&EBHEEC&K+#,7-&;=&=#T:% T*" Yo AL& "$E#FALE &
H(SN&TSE=T*$"="7T%",<5&GC$&T7 <&, R7XBEXE =&880,8:+7<@, & *" EF%Y0+,8&> T ER"%&
$+;(*-&%;;&:+7<@,&J, 7% REEY0+,&>" #; 58, &"$&<; &*" % H T R(&) +,%+ H8 &+7<@, &

J, 7%+ #&

4.14.1 Defining Science
| +,&CH#;:,$$&;=&-"$: #<"<@&U+73,&"<B7#"7 (YR HS7*B(*, S&M #E&* 7 ZHRF<;I<&7$&

$:\<:, [<-&"SEIH 'Y, <&"<&Yo+ &=i#>&;=8>Tolk,>T%"$

RALWW2#*Q#EE ) *#< '

Q=8&%+,&,>#@,<:,&"$&KC*7A -L&"<&#,B  #$ E&SN<PUEHTHTRE, | 7 XEH;>& T7&;>C* R&
Z,.%8%;&7&$">C* QT ' Yo+&#,$C,:%8&%; &BGCH&%">,&CT7$$,-&%0+,&-,%7"* &I "**&-">"<"$+&
7<-&*,7B,&%+,&;#" @"<7*8titt B Q" IBBE . Yo 7*&-,: 7T ABKYo#,8 #$,&;=&=H#HT:%T7*&

-,B, *;C> <%E&7<-&"$&7*$;&*; @ THOQ&EIGDR-"7T@H#7>&),*; J&M="@ (#,&1N&Y%+"$&-,: TA&"$

-"$C*7A,-5%
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Figure 7 Fractal Decay Demonstration. From iteration O to 5 the fractal develops and grows; conversely the
fractal decays from iteration 5 to 0. ElasticityOs and marginal costs and benefits reverse in reflection through a

line of symmetry (the point of decay).
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4.15.1 Observed Demand) Decay

GP&" % #HT%";<&OT SWe &0+, &=H#HT:%7*&J"**&-,:TA&" =&Y+ &HV % ([ R0, & @#;I& T<-&
-,B,*;C &3"<@&"%$&-,%7"*&D%&RHIY@B"<7*&), By M<-&9d&#HB,N&"$&7%"B,*A&

"< FT$%" & T % &Y HBEBHC, GH (" H" (>& " %, #T7%", <BTh&&-,: T AEKSMKB7*(,L&;#&$"S ,&;=&
%+,&>TH@"<7*&%#" T< @T/EYWEN.), <, N&'<:#,73$,$& 1" %+ & U EE, B #3$,&,=&%+,&

-S> $H <@ & (% TEPAR, & Yo +,&%; % T* ATHER, :#,7$,$5&G%&%+,&), @"<<"<@&;=&%+,&-,: 7 A
%+,&:+7<@,&"$&" "% BR " Yo +&#,$C,:%08&%;&%"> & T<-&T#, T EL$&Re, Y B0 H LD #,$$,85&|
)$.#B #IERO+"$E&H, S(YERI@D HE& T <-&* TH@ #E&BT7*(,&;=&%{DIGEEHHC &G REBIHE: &

5 (C*,-&J"%+&,*7$%": "V ALSE&LY0+,&$,<$"%"B"WA&; =& +7<@,&"<#& 7$,$&J"%+&%">,5&

4.15.2 Decay Cost

I#,>&78&CH#;-(:%";<&;$%&C #$C,.%"B,E&%+, &< @AH# @ "< 7* &Y &MCH": N&"$&* T#@ ,$%0& 7% &
),@"<<"<@&%">,&; ETAKM % ES+7E&*")# " (SN&T7<-&-,#,7$,$&J"%+&%"> 5&1+,&
FT$%""YA&; =&Y FEERIC C, & H("™")#"(C8R"<"%"T**A&"<, ISR "< :#,7$,$&%;&,*7$%": & T$&
%'">,&CHB, $5&1+"$&>7TA&), &"<YWHCHES &Y ICH "48=& %0 +,&:+ 7 HA&I+,&-,: TA&: ; $$B&

“THD, JRB&"<,*T$%N" &M"<$, <V Bt 7<@"NE*;$,$%8&%0,&%+,&), @"<< Z Q&N

FT73%"&MS, <$"BRKBS& "%, #7%";,<&%">,&&7$$,$5&

4.15.3 Half-life
I+,&-,: TA"<@&=H#HT7:%T7*&-,>;<SVBHTH;Bf(Yo+ #=#-LEN&;7:%"B,&7*2"=, X&%+,&-,: TA&
=&-,%7"*&"$&7<&,RC;<,<%"7*& 5K, ALS" > " T#& Y0, &f(Yo+,#=#-L$&T7%;>":&

-"$:B#" SEQ0+ BHT: %0 FLI=*TF ,&"$&Yo# 7 <$>(@k:: 7TA,-& D&0;&B& @*, B&t"7<@"Yo&

RALX%)2#%, 196,&)
P> %+"<@&>($%E)8&7);(%8%0+ &F A&>, + BES6: &Y+ &=HT % T*&,> HEHFER, @ (*THE
K), 7968 % #T% Be8-"$:#,%, &K) BABL "< @ &T<&;)Z,: % & T<-&C#:CT@ T%"< QBISEELI 7B,

), 7%8®0+,&CH#;-(:%";<&;=&KC7T#MESHBL&*" @ +%&"$& RC*7"<,-&J+#,&C+;%;<$&T#,&

3. &



JRC*7"<,-&%;&CHO@7IRRSSE 7&ITEEA&*" @ +%&$C,,-58I1+"SREHABSEHE <$" @ +%&"'<%;&

%">5&8H%+ #&-"$:($$",<&"$&),A;<-&%+"$&"<B, SVEQPHE SN &), & 7--#, 5

G*$;&%+"$&CH,; C #%A&>T A&, == #&"€BADENSIH IR, =& @ ,<,&>(%7%";<$&"<&%+,&@,<;>
M%+,&@,<,%": & BFN;J"<@&($&Y0;&-7%,&) A& @ ,<,%": & EIRRET +$3),& RC*7"<,-&) A&

=H: Y% 7*&" %, #B8";<

4.16.1 Perception of Time
GP&Yo+,&=#T:%7*&" %, #7%,$&%0+#;(@+&%"> E&T7%E&, TH#*A&" % #7%",<$&:+7<@,$&%0; &%+
@#,7%,3%E&%+"$&>TA&,RC*7"<&+;J&%">,&"$&C #:,"B; B KA @ FE/HE& @#;(CH&Yo+7<

= #8&%+;$,&;*- B "B, <&;(%&C,#:,C%";<&;=&%">,&"$&"<=*(,<:,-&) A&+ 7<@,$5&&

RALY/$012&#%,1$D)20)*% #$38-<8&)%2,*/$0128#%,1$"™

"@(#,&8, % J8$+I$ &6+8&B,*C>< WB=&%+ &=HT:UT*&V;:+&P<.B*TE, X

HE=)# (&M #=,:%8&V<;J* - QNG Y%&)$* (%, &"<=:#>T%" 48 Y&, > <$Y# 7%, -E&T$&%+,&
=HT % T*&"$&K"BILST LS @ +%&T*,<,&@"B,$&J,"@+%8&%;&K%;&> #,&J,&-"$::B #E&Yo+,&
H(,$%";<$&7#,&;C, <, &B=,:%&V<.J* -@,E&HE&KC 1 9#>T%" BS&T:+" B -& <*A&
J"%+&=H#, E&;C,<E&: ;>CB/ESHE(<;)$YoH(:%,-&=, -) TERO+"$&"$E&:;<$"$%, <Y H0& &

W $%* A SEH AL HF&: €BH Yo THET$>E<8 %+ &014K $&

G<RQ)PY%#(:%";<&%;&K"% # THRKKE B"<@&%+"$&, H("*"BE(E&0; &I+ 7% E&>TA&

), &0,#>,-&7&F<;J*,-@,&>;<;C;*ARRI"**&C#;-(:,&7<&"<:;>C* Y&HT7 . % 7*&$+HFO $&$+;I<&
"<&%+,&(CC #&CT7<,*&;=&%+, & EROHTH#N,: %0 &F<;J*,- Gt $SA>>,%#": &

<= ST =, %8S+ TC,EEMC H#=, %&F<;J*,-@ N&'$&7:+" B -&J"%+&;C, CEHTH B, &

(<;)$%#(:%,-&:”_)7:F5&

&
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Figure 8. Koch Snowflake Fractal Imperfect Information, Knowledge Monopoly Demonstration. Shape
equilibrium is meet where marginal cost is equal to marginal benefit. Knowledge monopoly with where iteration

is restricted: this will result in Oknowledge profitsO.

RALZ?$,0128& %#24$,-& #$3'%+) - 2#*ott6

<2$H; SOHIAHI2SHMDO H=$tt AT -+ #2$H*-$8%/)
Q&+7B,&78$%#:<@&"<%,#,$%&"<&@,; @H#TC+A&T<-&@,*: @A&T<-&"%&ITS&+ H#,&1+ #,8
(%%;<L$&(<"=#>"WAELQES;; TR 16889 '< @ &-,B, *;C>,<%&, ;<;>" $8DR0+7%E&Yo+"$&
CH"<:"C* &>K),&(<"B HST*E&T<-&HB&*&"%$,*=&"<&,:;<;>BH5

1+,8*7J&;=&(<"=#>" W TH" T<"$>8#,B, T*$&"%$,*=&"<&%+,&=HT: Y T*5&1;&-, $:#"), &T&=HT:%T
J;(*-&,B,<%(7**A&:;B,#&%+,&CH#"'<:"C* EB!<$%,7-&;=&#,7-"< @ & T $RI):BEF A&Y%o+,&
CTP6&:7<&),&=;(<-&"<&Y%o+, & CBEBEM; (*-&#, T-X& ,&F A&Y; &Y%+ &CH#,$,<%&MS:7* N&:7<&),
=i(<-&"<&Y%+,&$> T+ &EHH R <B, #$,*A&Yo+ &*TH@ ,8$:7* E&TEBGHRCTH") ($&
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TCCH#, T +E&M+;*-"<@&7**&,*$,&:;<$%7<%8E&H&=#;S,<N5
Q<&%+,&%#,, &¥T.I6 R0 +,&<,J&MCH#,$,<%N&:#;$$&$,: %", B&I" L &F+7#,&%+,&$7> E&

M)(%&-"==,#, &a8I0% #<& T BEH+ Y ;*- # MCTSUN& #;$S& PR, &Z/5&P: 7*,&"$&Y0+,&;<*A&

== #,<, B %+&"<8%">, &MI @ &'S, B

Figure 9. Uniformitarianism and the Fractal (Tree). The key to the past is in the present; the key to the past

scale - cross section a-a - is in the present (new) scale b-b.

a<"=#>"WTH T<"BE&T <%+ #&"<SER-QEH;C HUBARYo+ &=HTDATHRST>)Q6&

== #, <9 Y& 7**&$: B, $5

1:#8, R7>C* GH&TCCH" T%";<&>T BF&A; (& J%8Y0; &F <; J&+; J&ANERT$&T &:+"*-E&T*&A;(&
<, 818 "$&, &b+ &+ H-H <&TH; (<-&E@+ BT> &>TAL) &$T"-&=#8 @) < DESLL A&
$:(<-&;)B";(SE&) (Y& IBBL), &;<*B)B";($&),: 7($, & ==8Yo+ BEYT*&<T Y% (#,&;=8Y%+,&

(<"B,#$, 58

4.18.1 Application in Economics
Q=8&A;(&JIV&%;&F<;J&+;]&"%&>TA&+7B,&),,<&%;&*"B,&"<&% 2, &CF SV RALS; " 7*

$C,7TF<@NR7A&Y+,&>"--* &7 CRBERIK,,- &&"$&, T#:+&T&:;(<YH#A&"<&%0+,&CH#,$,<%&%+7

A&



"$&-,B,*; C"<@ <-&%+7%&+7$&C,BHEPALSASH && (*-&<;% & 7B,&%;&="<-&7<;%+ #&
L (SYHARE: -, >;<$%H T %, &VEESY&S+;(*-&),&,B"-,<%&, B #AXRBHARI+,7*%+AN&SASY,>&

+7$&-"B #$"WRE+TF<-&C;#E&A;(<@&7<-&*-5

G&=#T7:%T*&Yo 1S € iHEB, &%+, & +"8R<E&Y0+,&="#$%& 7T CCERRR ¥%&,&-,B,*;C"'<@&

L (SYHARR<&Yo+,&S, ; <ERI$& %0+, &$7&,5

W /$-,7+ %-'%1'4$156)37)
Q=8&J,&7$$(>,&%+,&$<;J=*7TF,&;)Z,:%&$%7<-$&=#&F<;J*,- @ ,& F<E&H TR & Y0
-,><$%H7%,$898>, #@,<:,& ;=&F<;J%-@, &8+ #, &= #>7T%";&€&$&#,C#,$,<%,-&7$&%+,&
%' T<@* $&)"%$E&>TF'<@&(C&Yo+ BRURITF &=, >R, &F<;J* -@,&"$&

(<T7:+" B7)*, 8D $8b+, &=HT:%7*&" % BE% E&T<-&YS SR> T%" ;<& "$&"<=[&) P& "% &"$&

* THE&%+7%&7&$+7C,&;=&KF<;J*,-@,L&"$&S;; <&=;#> -B#&,> #@ ,-

5.1.1 PerspectivebPolarities
I+,&=;**J"<@&"$&;<,&;=&%+,&>; SUEH P& " <$" @ +%&=#;>& %o+, &=# 7 . BI*B &R &80, >
H(,$%"; <& +7%&:;> $&="#SWE&:;<$(>C%";<&;#&CH#;- (&0 "B E<; % & ;<* A& T<&,:; H&"
H(,$%";<[&)(YE&"<-"# BB, B0"; <& =&F<;J* -@,&7<-8&Yo# (Yo +5& |+ &=+ # T @ +%&; <&
#, 7" %AKT<-&; I HERC*T<7%";<&%;&%+,&#" @"<&;=&*"=,5& &I BHFERM*+*& 7T*JTAS&

5>,&"<&%+,&=#>&;=8&%J;&C #3C,:%"B,$E&"<&&;*7#"%",$5&

5.1.2 Consumption DObservation
I+,&K;<$(>C%";<&$"-,L&#,=, #$8&%;&%+,&;)$ #B"< @& 7 <- LR A SEL %0 +,&,> #@ , <% &
)Z,:%5&Q%&#,= #$&%;&%+,&),7(YoAE&Y+,&7,$%+,%": $&,; <BYH, B E DB HELBL;
"<%,#C#,%7%";<5&Q%&"$&B;"-&; =& T<A&Y">,&;#&+"$%;#AS&Q<&T 1 ;#-7<:,&3"%+&%0+,&(
%+,&9G&7<-&IG&:(#B,$E&="@ (#,&.&7);B,E&,B #A&"% #7%",<&7--$&%;&%+,&">7@,5& Q¥

<% <&;=&CH#;-(1%",<E&;)$,#B7IYERE& "%, #7%",<&;=& 7 &$" 3 H&F{Q ;#" % +>5&&G<&

3 &



[RC*7<7%";<&;=&%+,&;)Z,.%&J"**&),& R%, #<7*&%;&%+,&CH#;-(:%";<&#(*,[&"%&I"**&),&"@
%+, &#(*,&T<-&>TA&:;>,&"<&%+,&=#>&;=&T7<&">T @ ,E&;#& 7 &-,$:#"'C%";<5&&&QY&>TA),&
C#$C, %"B,&;=&%+,&C;*7#"%NA&"$&%+,&K"<-(:%"B,L&E"FBRN ¥, ¥ 83#,>& @ 7%+ #'<@ &

=7:%$E&, RYHT&=T:%$&%:&)("*-&(C&TE&@ & #T*&C":%(#,58&

5.1.3 Production Explanation- Understanding

H#i-((%",<&#,= #P&Y0;&%0+,&H#(*,&;=&CH#;-(: %", <&;=&%+,&,> #@,<%&;)Z,:%[&+;I&"$&" % &%+
C#;-(:,-U&&I+,&,RC*7<7%";<&;=&%+,&C#;-(:%"; LB &M, <&; =& 7&$">C* &#(*,5&I+"$&
$">C* &#(*,&>TA),&$,,<&7$&7&@,< #7*&#(* E&T<-&=(#%+ H#E&T=%,#&$%(-A"<@&7<-&C#
"%, #7%",<E&-,="<,-&IG&BRHAS 7*& T %0 & T<ASMTI &I "% +;(%&I+"+E&<;&,> #@,<%&;)Z,:%&
J"**&),&CH#,;-(:,-5&b"%+&7<-& RC*7<7%", <ECHKTTAEH " "Yo+>E&%+,&;)Z,:%&>TA&),&7)*,&%;¢

#,C#-(,-5&I+"$&"S&< N&C;$$")* &=#;>&T&:;<$(>C%";<&;)$ #BIY",<5&

GP&Y%+"$&P"-,&"$&%0+,&C; ¥ T#"YAE;=&:;<B(>C%";,<E&"%&=;**;J$&%+"P&CH;-(:%";<&$"-,&>

K-,-(:%"B,L&C#$C,:%"B,E&J+ #,&78&@,< #7*&#(* E&;#&Y6\&" $&%0; &, RC*7"<&%+,&87,:%5&

5.1.4 Equilibrium

P+7C,& H("™*")#"(>&"$&%+,&$">(*%7<,;($&>,,%"<@&;=&);%+&%+,&;<$(>CU%";<&7<-&
CH#;-(:%";<5&O0RC*7<7%";<&"$&,H(7*&%:;&;)$,#B7%", <54 (B X BELSVH{EBE @
#,9,7#:+"<@E&7<-& RC #" < B@E=#T7:%7*&#,7:+,$E&I+X8H& Y0, #>,-&$+7C,E&
F<;J*,-@,E&;#&=#T7:%7*& H("*" )& R "$&%+,&$+7C,&B",J,-&=#;>&7<&;)$,#B,#&;(%$"- E&
7<-&<;%&J"%+"<E&Y%o+, SHTTPREGTEORI(W" (>&" "$&H, 7 +,-& T % & #& T#; (&P & #&>"< ($&

&%, #7%" B§(%&8%+"$&"$&-,C,<-, <%&;<&7&<(>) #&;=&= T HBPEYo+,&-"$%7<:,&

),%J,,<&%+,&;)$ #B #&T<-&%0+, &= % 7*

G$&"=8)A&*TIE&Yo+;(@+&%0+,$,&-"== #,< Y SIBHE T i BEHEL - & <$(>C%"; 1.
7CC,7#8%:8),83">(*%7<,;(SE&T<-& H(T*&T%& H("*")#"(>E&%+ A&T#,&H("%,&$,CTH7%,&2
7<%+ #5&IH(%o+8"$8=;(<-&I+ &BOB & TH,&S">(*%T<,;($*A& <&, H("*")#"(>5&1;&#, "% #7%,E&
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Yo+, &=HT:%T*&:7<&),&;)$ BB <&(>,-[&I+",&T%&Y0+,&$T7>,&%">,&+TB,&"%N$&CH;-(%"<&
RC*7"<,-E&)(%8&;<*A&;<,&;=8&%+,$,&C #3$C, . %"B, $&"$&Yo#(,5&0+,<&7%%,>C%"< @&%;&, |

2, YE&;<*A&;<,&%#(,5&b+,<& RC<@&%+,&;)Z,:. %E&;<*A&;<,&C #3$C,:%"B&R"$&%0#(,5&

5.1.5 Duality

OB, #A&CH#;C #%A&;=&%+,&=#T7:%7*&"$&:;(C*,-&J"%+&7&-(7*&;CC;$" %, E&;#&SA>> % # AL

| +"$&),@"<$&J"HABLE- 7> <V T*&-,="<"%"; <X&ST>,&)(%&-"==,#,<%&T%E& P LBRF:BEE&KP
#,@ (*THN&::>C;<,<%&"$& I ERIEE; J<& 7 $8& 7 & £ &%+ ($8Yo+" $EIBE B, =&O("-"7 <&
>7%+,>7%": S[8BoK-"==,#, <L &M #& ##, @ (*THN&:;>C; <, <%0 &" Tl 88 "BIEBRIO AL =8Yo+,&
H#(* 588 I %o+ 8 T<-&-,B,*:C> <WE&CH;-(:%";<&7<-& <$(>C%";<E&S$(CC*A&T<-&-,>T<-E&T<-

$;&;<5%

|+"$&-(7*" YA @ +%&*, 7-$&%;&7&=(<-7>,<% 7*&CH#;C #YA&;=&%0+,&=#7:%7*&%+7%&"$&
$:;C,&;=&%+"$&K*7$$" . 7T*L&H, 7*"%A&) 7$,-&"<B,$%" QVHBRXE& QP& R %6, &"'F,&
),+7B";(#&;=&%+,&"$;*7%,-&=#T7:%7*5&I+,$,&>7<A&"<$" @ +%P&I"**&),&7--#,$$,-&"<&7<;%

C7C#8&

5.1.6 On Ceteris Paribus and Knowledge

Q%&"$&"<&"<%N7<@")*,&T#,7&;,=&KF<;J*,-@,&*7">$L &I+ #,&%+"$&CH;)*,>&;=&>;<;%;<":&
"<B7#"7<:,&;=&%+,&=#7:%7*&"$&>;$%&,B"- <% X&-"$: #<"<@&Yo# (%0 +&JI+,<&%0+,#,&"$&<;
<LE&;<*A&T7&C7%YYN BB8=#;>8%08,C,7%"<@EYC7 %% HELC,7%"<@&7%&7T**&S: 7*,B[¢
7&*; F'<@&%0+,&$ 7>, E&YPBEO+"$&Y0+,#,&I ™ *&T*ITA$&Y0+,&C; ¥ TH#"%A&),%J,,<&7,$%+,%

H<P(>C%";<&B",J&T7<-&%+,&*; @"E&S$:",<%"=":&CH#;-(:9B&&B",J

|+,&%7F,7J7A&=#;>&%+"$&"$&; <*A&%+,&CH#;-(:%"B,&$"-, & @ "ERBERD* R I& &

7::(#7%,&CH#,-":%",<&T7<-&%#,C#;-(:%";<&;=&%+,&;)$,#B7%", <& #&CT7%% #<[&7<-&"%&+T$&

3c&



(<-#$%:;;-E&T**&F<;J*,-@,&"$&=#T7 . % T*E&"%&JI"**&#,C,TYE&T7<-&"=&"%&-; $&<; YE&Yo+,?

$;>,%+"<@&IH;<@&JI"%+&%+,&*7">5&

WAM/$-,7+%'%1'F*,)$*)
Q=&F<;J*-@,&=""$BT&=HT: Y T*&SYoH(:% (#,E&:<,& 7<& RC,:%&):%+8&T&CH;-(:%";<&$"-,E&
H<B(>CU"<&$"- &=&'BE7">T<% & F<;J*,-@ ,&8"**&%7TF,&;<,&;=&%+,$, 8B &HH+,&7">&;=&

% (%+E&)(Y&>TAL),&(<TITH#,8I+"+8&S$"- &Y+, AR STBEER/S L =($,8%:&%J; &
C#$C,:%"B, 358G <%"=":&7TCCH#,;7:+&"$&>;3%&: #% 7"<* A&7 &&¥#,-QRC T <7%"&<-&

Vot &>T<- &(H#, T*"$>58<* $$&Yo+, "#&:*T">&,C, T EHSUTY T & 7$8Y%0;8),<&
(<"B,#$7**A&T Y& 7** &INET%:BR)* & %; &), &I " Vo8 o+, > T%" T**A&T$& T <&, H(@YBYET$&
%+,&CH#;-006";<8&5&%+,&V;: +&$<; J=*TF BRI >T A, &>"$% TF,<&=#8&7<&;)$,#B7%";<&
<$(>C%";<&C,#$C,:%"B,5&0B,<&% 7*F'<@&7);(%&%+,&=#7:%7*&"%3$,*=&$%7<-$&7$&7
$:>,895, &%+ &=HT: % T*&+TB"<@8&>, 7<"<@&%; &PAY & (S EBHE">"* T#8&Y0; &H (7<% (>&

> +7<" X &+, &%+ #PX*ES,,&;<*A&%+,&@, ;> WHAE&T<-&%TF,&<;&>, 7<"<@&=#;>&" %~
K$ #B7%";4& #3C,:%"B,&"$&;C,<&%:;&"<%,#C#,%7%"; <& 7 < I3V &3I, Y780 &$() Z,.%6'B,
7<-&>TA&* 7-&;<,& &o+,&%# 7"*&;=§8O#(%0&%0+,&$:",<%"=":&C#;-(:%";<&C #3$C,:%"B,&
)Z,:%"B,&:*, 7<&;=&'€';<&T7<-&:;>C*A&J" %o +&# Tt ,&$" @<"=".7<:,&;=&%0+"$&"=PAB +%0 &
7--#,9$ &0+ RHF&;=&'#;=,$$,#&C*7<&I($ QBB NE< &S (##, 7*"$>&F  #,&MT7$& " %&TCC, 7T#$&
=#,>&T&=HT: Y T*&T<TFEARIENR, &>TA&),&>;<;C:*"$,-&)A&Y%o+,&;)$ #BT%";<&$"- & B <
[RC*7'<"<@@|+,$,&@#;(CH&I"**&:*T">&KT7T**&%+,&$:",<:,&"$&@;;-&=#&"$&$7B"<@ &% +,&
C+,<;>,<;<L[&%0+,"#&:*T">$&I"** &), &CTHT$"%": &;<&%0+,&KCH;-(:%";<L&;#&$:",<%"=":L&7C

7<-8&J"**&;== #&<;& RC*7<7%";<&;<&"$&;I<5&I+,"#&* BB &RF,& RUH# T #-"&#A5

|+,&:*7$$":&,R7>C*,&;=&%+"$&$:",<%"=":&C;*T#"NA&"$&%+,&d;C #<": 7<& 7<-&G#"$%;%,*
7CCH#,7:+,$&%;&%+,&+,*";: . <%#".&T7<-&@,;:,<Y%o#":&"<% #C#,%7 %", <$&; SER ¥ & B0, >

<*A&;<,& RC*7<7%";<&%+7%&="%$&7&CH#;-(: %", <&C %3, $&'B&Io+,&d;C #<": 7<&
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LR <O [&TF*&; %+ #&C #3C,:%"B,SE&T=%,#&%+,&7"-&;=&%,*,$:;C,&%, :+<;*; @AE&J #,&
@(,$3,$E&T<-&IH;<@5&&9;- #<&C*T#"%" $&TH#,&H(T<%(>&>, +7<":$&T<-8};, & $&*"F &
P,:# %88+ #,&H(7<%(>&>,+7<":$&"$&" <%, #CH#,%,-8%0; &+ 7B &P SHL[&

<B"#;<> <%7*"$>&7<-&>7<>7-,&:*">7%,&:+7<@,&B$5&<7%(#H7*&:*">7%,&:+7<@,[&87#J"<
H#H,7%",<"$>[&7<-&;=&:;(#$,&V,A<,$"7<&B$5&A*7$$". 7*&0:;<;>":$5&b" %+ & 7**&%0+,$,&"$B( ¢
$,,8D%%&*, 7TB%6&;&C #3$C,:%"B,SE&);%+&7%&;--$&J "% +&, 7:+&; %0+ #5 &F-& R8st (%6 €& ]
"<&T&=HT % T*&CH;-(:%";<&C #$C,: % B> 581 &%;8&%+"$&"$&%+,& @ X s UHo# " &

- )7%,&J+ #,&+,*";: <%#":&J;<&;B #&T7$&T7&(<"B #$7*&%#(%+5&&b+"*,&%+,&P(<&7CC, 7#3$

>B,E&"%&"$&"<&=T % &YEGBRDTHIIA &Yo+ T%&"$8&;B"< @5&

X C1$*6"-,1%-'

I#; >&0+'&<7T*A$"$&;=&%+,&#, BN AP <;J=*7F N&7:%7*&"%&+73$&),, <&B¥ IE&% &
7<&<:J&),&"<= it BR<UHT<@")*,&,:;<;>":&),+TB"; (1 <;J<&TS&>TH@"<T*&,::<;>"&H&
7<&7$C, %&=&=H#T:%T*&@,;> YoHA&T<-& 7<&),&),$%&-, $:#"),-&7<-&(<- #$%;;-&) A&SYo(-A"
7<-&T<TA$"'<@ &Y+, &=FHININEEHT Y0 7*&-,>;<S%H#T7%,P&>T<A&;=&%+,&>7"<&CH"<:"C*,$&;=
FT$S"7*&,: <> < H("<@E&STH@"<T*E&T<-&%; % 7*&(%"*" Y AE&> T#@"< 7*&:; $YE&, H(
C#".,&-,%,#>"<7%";<E&,*7$U & @A J%0+& 7<-&-,B,*; C>&EP7ALS&E*7I&J-E&B", J &

#&:; <$(>, & DE&=HT: IR Y0&>($%&EHBHK), 5&I+BHT: TR Y%&"S&CH:-(;,-&)A&Y+,&
"%,#7%";<&;=&7&KS$">C* L RHE, 5888 7 <-&% \ VDHI >F#7C+" &6, &=#7:% 7*& 7% M08 7 :%;#
@#;J%+8&7<-&-,B,*;C>,<Bo+#;(@+8&%P% 7%:+&%,R%);;F&-"7 OF =R.$+;I&%+,&

(<"B,#$7*"%A&; =&Y+, &HBEIBISKE & %0+, &=#T7:%T7*&#,B, 7*$&-"#,:%&"<$" @+%P&; <&F<;J*,

7<-&F<;J"<@E&;==#"<@&7&%+,#A&;=&B&;J*,-@,

G*&=#T7.%7*$&,R+")"%&JI7B,&C#;C #%",$& 1" VA& #@0'5 5B ITB, &#;C #%" &#,&

Yo#7-"%",<T*BE"),-&)A&,*, Yo#;>7 @<, %" $& 7T <% (>&>, +7<":$&7%+,>7%" R&

V&



=#;>8%+"SE&Yo+ &=HT % T*&"$&T & T<-"-7%,8%;&H#,B, T*&T<&T<$I #E&Y;&$;> & =E/o+,&K)"
C+AS" BY&ITBEEYo+ &=HTGT*&: T<&T*$:&),&, $:#"),-&) AR Yo+, >T%" - F <-&%+ &

=HT U T*&>TA&RC T"SBAM8,  &=&&<&SYTY"$%" T*&>T VYo AT T Y T*&T*$:&

- ><$%H7%,$87&CH;C HNAL* < @ &S H%&T=% #&)ALS:", <%%"$USXE " %0&S">(*% 7<,($*A&C
[RC;<,<%"7*&),+7B";(H&M:)$ #B,-&"<&%+ &*; @ TH"Yo+>" & >T<-&: (#B,N&J"%+&SC"#T**"< €
J7B,&),+7B":(#8& $:#"),-&)A&ITB &>, +7<":$HI%&IT$&:* 7 BB T &Yo+ &=HBAHTE.

TS TH&- >T<-&:(HB, & "BE<B H@, <WB$% 7 <-"<CIR, &=(<:%"; & <;J<&"<&H(7<%(>&

Vot , HALT$8Yo+ & &6H: @*",8&ITB,&=(<:%";<5&I+#:(@ + EUSYH THPE < @& T"> -&

)AGH(7<%(>&$:" <%"BEE$ & &+7B,&I7B, &M (<: 9%, < N&CH#;C #%RBS$5

b+"*,&%,8&$%(-&$,-&%+,&V;:+&$<;IJ=*TF,&%;&>;- *&%+,&=H#T- W T*E&T<&"<$" @+%&=#,>& Y%
#,B,7* -89+ TUB8GRH"F &Y+ &$YoH (B &I (H VR &S - W& I=*TF $Z#,&7"-&%,&) &
- #'B,-&=#;> &+ & &3$"-,-U80;>":&$%H (Y% (#,&;=&Ye&&*,: (*, E&#, T*" VS & $&%0;&
#,B,7*8"%$&; I<8SYoH(: Yo (#, 8" <& Yo ERIARIGE, & =17 Fol TR SVt (-6 (#,&"$&4, B, 96:8438&.

"<&I+T& & T ESTH@"LTT PP 7T*&,:;<;>":$5&

Q=&,::<;>"$&"$&T&SV(-A&: =&H#, T+ Yo ART<-&=HT % T*&@,;> YoHA&> T%:+ $&SVT<-TH#-&, <.
F<;J* -@,E&;(#E&H, 7" %A&>TAL),$%&), &(<- #$%;;-8&)A&(<- HSWT<-"<@E&Yo+,&@ >, YoH A&

=HT:%7*5&e(#&#, TREHARDC,:%&;=&7&(<"B #$7*&@,;> Yo A&: T** -&=H#HT. % T&@,;>,%#A5

& &

\0 &
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Figure 10. Log. —log. (Linear) Koch Snowflake Fractal Equilibrium.
Table 1. Arc and Point Price Elasticity.
d*C< & & & & & 0\ & 0 &
Q% #7%'| h(7<%"%A& 97#@"<7*§ GH#H:.&p&u& | G#:&p&U& | G#:& "<&
<&l; & l#'7<@*,$& G#,7& h(7<%"9%8A | G#,7& O*7$%":"| '#":,&
MhBI A& O*7$%":"
A&
/& 0& o/l & % % % %
0& W& W\ D5 & 053& D50 A&
& 0. & 0\ & D51 & 05W& DSV 253&
W& 3c& 1& D51 & 05W& DSV 253&
3& 04. & W& D51 & 05W& DSV 253&
\ & 1 c& 0& D51 & 05W& DSV 253&
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Figure 11 Fractal Spiral with Emergence. A shows the transverse wave propagation of a Ored dotéh a fractal
Koch Snowflake to iteration (i) 6, and to superposition infinity (=) . B shows the rotational aspect of the triangle
bits and the respective bit size; rotating clockwise through 360°. C shows the Sin wave produced at each

iteration-time B assuming bit size remains constant: the real is a logarithmic sinusoidal.
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Z 8*N$156)37&)$%- '

I"HSYO R (-8 F, &Y Yo+ T<F &&= &T<-&:+"*-#,<&=1#&Yo+, "HECT%" <:,&T<-& BT FREH5E:
A;(8.96;&>886(-, <%LS&T<-&:;**, 7 QS8BE+,&Q<% #<T%";<T*&67::T*7(#,7%,8CH. @& >>,$
PY%;:F+*>8J,-,< SRBTE&P;- #HWBZT <& (<@&6($'<,$$&0#, 7% EREHEI+, "#E+,*CRT<-&
$(CC;#%B8&0+(%&%+,&@ ("-"< @ & BHGC; #%6&-&$(C #B"$" <& & A;(<&I7),$+<"7 B
%+"$&IHFIALS, B #E&;=8&:;>,&%;8)," S EEB&+,"H8¢,. % &*" =& T7<-&>#T*&$(CC #%&Q&J;(*-&
7%$:8*"F,&%; &Y S THFR 7 #<&T<-&8HR<@, @ #-&F;$) BRI TYo+,>7 %" S8 *=&e) #@E

"%, #&9;H#H B <-&;$(<&O#N 7 <&+, *F<-&@("-,-&,&<;&,<-5&

& &

\3&



\ 20289
05& 97<-*)#;%&665&I+,&!#7:%7*&N,;> Y#A&;=&IT%(#,5& ,<#A& ;*%&7<-&d;>C7<€A[&04CcW

S5& '#;F;=",B5&6;(<-T#A&;=&%+,&97<-,*)#;%&$,%5&]Q<%,#<,%"5&.//15&GCB7"*7)* X&
+%%CXYY:;>>;<$5J"F">,-"75#@YJ"F"Y!"* X6;(<-THAW>T7<- *)#,;%wW$,B5C<@

WEBRV;:+&$<;J=*7F,&]Q<%,#<,%"5&b"F"C,-"7TE&%+,&=#,,&,<:A:*;C,-"75&./035&GB7"*7)* X &
+%%CXYY,<5J"F"C,-"75;#@YJIY"<-IRGCAEQV;: +WP<;J=*7F Xx;*-"-g_.3WW_c&W

35& 97#@"<T*&(%""%A&]Q<%,#<,%"5&b"F"C,-"75&./0_5&GB7"*7)* X&
+%%C$XYY,<5J"F'C,-"75#@YJIY"<-,R5C+CU%"%*,g97#@"<7*wW(%"*"%AX;&"-g131/c(

\S5& 97:-;<7*-&65&97#@"<T*&H#7:%7*&]Q<%,#<,%"5&./0_5&GB7"*7)* X&
+%%CIXYY="@SNHB" * SYITH@"<7T*WIH7:%7*YWO&11\.

_5& 97:-;<7*-&65&!H#7:%7*&n,;> %#A&T & ;$$")*,&ORC*7<7%";<&%;&%+,&G::,* #7%"<@&
ORC7<%$"<&;=&%+,&a<"B,#BUF<H#E&P%7<-FH868&9;-, *&G<;>7*" $&]Q<%,#<,%"5&
J03&]:"%,-&.c&P,C&./03"5&GB7"*7)* X&
+%%CSXYYJIII57:7-,>"75,-(Yc30\00. Y #7:%7*wn,;> Y%#AWTW";$3$")* WORC*7<7%";<w¥
W%+ WG * #7%"<@WORCT7<3$";,<w;=w%+,wa<"B,#$,w7<-we%+,#WP%7<-7#-wpdOp4
6W9;- *WG<;>7*"$ &

15& 97 :-;<7*-&65&!#7:%7*&n,;> %#A&T&" ;$$")*,&ORC*7<7%";<&%;&%+,&G::,* #7%"<@&N
f7%,&;=&I#,,$&]Q<%,#<,%"5&./035&GB7"*7)* X&
+%%CSXYYJIII57:7-,>"75,-(YC\CW./_YH7:%7*wn,;> %#AWTW';$$")* WORC*7<7%";<w¥
W%+ WG::,* #7%"<@wn#;J%+wWf7%,w;vI#,,$

C5& 97:-;<7*-&65&8,>; <$UH#7%"<@&T;#,<S&b,7*%+&8"$%#")(%";<&7<-&Q<:#,7$"<@&N"<
5, =="",<%&J"%+&%+,&Q%, #7%"<@&MV;:+&P<;J=*7TF N&#7:% 7*&G%%#7:%;#5&]Q
GB7™7)* X&
+%%C$XYYJIII57:7-,>"75,-(Y0.3..c43Y8,>;<$%#7%"<@WT;#,<Swb, 7*%+w8"$%#") (%"
<W7<-WQ<:#,7$"<@wn"<"wd; ,<86WJ"%+W%+,WwQ%,#7%"<@wWV;:+WP<;J=*7F W!#7:%7
Qo# 7Yl

45& 97:-;<7*-&65&=#7:%7*<;>":$X&HT:%T7*&V;:+&P<;J=*7F ,&PC"#7*&]Q<%,#<,%"5&./0.&]
03&GC#&./0_"5&GB7"*7)* X&+%Y%CXYYJIIIS=#T7:%7*<;>":$5:;>Y./0.YIBY =7 % 7*
$<;J=*TF, BC"#7*5+98>*

0/5&887:,A&j5&CHASI:#*-5:;>8] Q<% #<,%"5&03897A&./03&]:"%,-&01897#&./01 5&GB7"*7)
+96%CXYY)*; @5C+AS":$I;#*-5::>Y JO3YNYOIY B TH$ Z7<2H(7%":<d,7(%"=(*¥&.

0058"** #&NG5&I+,&>7@": 7*&<(>) #&$,B,<EQCH($&#&>"<($86I;X&S$;>,8*">"%$&;<&; (#&
TCT7:"%A&=#&CH#;:,$$"<@&"<S LA +;*&f,B58&04\ [ WXREG&
-;"X0/50/W1Y+//3WO0\c&

0.5&#",&,*7$%""NA&T<-&%+,&CH#;-(:%&*"'=,& A:*,&]Q<%,#<,%"5&]:"%,-&\&GC#&./0_"5&C
+%%CXYYJII5S$7<7<-#,$5,$:5,-(57#Y$,;;<-THAYITHF,%"<@YC7@,&0_15+%>

OWB& #>,"Z&N]5&I7%(#,X&G<&O:;<;>" & "BR#A:,%;<&a<"B,#$"%A&'#,$S[&&I/45&

\ &



0358)($@HT7B,&G5&+"™:$:C+A&:=&P:" <: &T<-&P(##,7*"$>8] Q<% #<,%"5&./0/5&GB7"*7)* )
+969CXYYIIISHT-"<S5::5<SY<TW" <T*YC# @HT>>,$Y:(#:+7<@"<@I:#*-YT(-";Y.33_
\WAYC+"%:$:C+R=25:" <:, Z7<- Z(#, T"$>&



