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General ideas and procedures

Every thing has a cost that are the sum of several
demmands so lets simbolize a final cost by;

g= Uqg+Up+...4+Uy,

and each u,, demand;

u1 — Clta11C2ta12C3ta13... Cmtaim

The exponents a;,;; R and cte.
The coeficient c;> o and the parameter t > o.
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The class of functions that are polynomial positive are
called posynomials.

The problem of Geometric Programmation is to
minimizing a posynomial g, under constraints g,

min gO(xl)XZJ---)xn)zz:j:l C()]t 01]1t 02]2 L On]n

i (X1, X2, ooy Xp) Z  Cpjt™erit2i, . t%ni, <1
And it is called primal program.

It will happen if there is a maximization of function
v named dual function subjec to linear constraints
and this is the dual program.



/\/

Dual funcion is based on inequality of aritmetic mean and
geometric mean.

Si
‘Zi 5i
* Butunder );;§; = 1 normalization

* aritmetic mean ), U;

o []_[l- U;% geometric meanJ
{ZlﬁiUi > [1; U;° inequalit}a “g";‘ii

i
® WI‘itil’lg SiUi as U; = 5iUi ”

i

i

N\Oi
'[Ziui > 11; (&) basic equation]
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g(xq, x5, ...,xn)=271=1 (it g w
Like g(xq, X9, .., Xp) = uq + Uy, + -+ + uy
Withw, — Gt U 21 (0
Defining Predual function
\ Oi c:\ i
V(é,t) =11, (ﬁ) =[1; (—‘) £
Oj Oj
under ortogonality D; = Yi-, 0;a;;=0
Ui 6i %
we have v(d) = []; (E) dual function
l
It is a maximun under min g,(xq, X5, ..., X5,)
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~ Exam P I € without restrictions

400
X1X2X3

€ —400C —400C - J00€ - 100 - &
Dual function

400\%1 £400\%2 £2000\%3 /100)%4
y & o )
Ortogonality
D, = —8;+ +63+48,=0

ming = + 400x,x3 + 200x1x3 + 100x, x5

2

1 1 1
D2=_51+52+ +64=0 E 62:5 53:; 54:5]

D3 =51+52+53 =24
Y.; 0; = 1 normalization

L (;_32)2/5 (%)1/5 (210_/050)1/5 (%)1/5 .




The equality z §:U; = | | Ui is valid if %
l i l

If g1, X2, o) X)) = Up + Uz + -0 + Uy

E S

Ui T
g = k = 6—l minimun Ofg
i

2

u, = 8,9" = 21000 = 200

1
Uz = 639* :51000 — 200

1

= CTE =

_—

k
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Finaly solving to get the x 's
d19" it 400
u s Ry s
1 19 X1 XX

uZ o 519* oo 4OOX2x3 revee 200
U3 e 61g* — 200x1X3 — 200
u, = 0,9 = 100x,x, = 200

Using log. to solve the system of equations

[x*1=2 x*2=1 x*3=1/2]
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Geometric Programming and Lagrange Multipliers

min Z, = log(g,(X)) were 1 — Z 180j=0and Z 1Dojagij =0

Ay; is equivalent to §; but to problems with restrictions

We can demonstrate that A; is equivalent to Lagrange Multiplier

M My
L=ZO_MO 1_2A0] _2‘“] ln<C )‘l‘ZO EWQOU
j=1 =1 4

My

oL

aWiz_Z“faO”:O a—zo-l‘Z“f—O
]=

were [, Uy, - Uy, are Lagrange multipliers



Geometric Programming and Allometry

* Allometry is the study of the relationship of body size
to shape, anatomy, physiology and finally behaviour, first outlined
by Otto Snell in 1892, by D'Arcy Thompson in 1917 in On Growth and
Form and by Julian Huxley in 1932. S —

* The general formula is:

.  Y=YM*

° were Y 1s organism property, Y  1s a taxonomic group
specific constant, M is a body parameter and x, by
empirical studies, ranging between 2/3 and %4.


https://en.wikipedia.org/wiki/Shape
https://en.wikipedia.org/wiki/Anatomy
https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/w/index.php?title=Otto_Snell&action=edit&redlink=1
https://en.wikipedia.org/wiki/D'Arcy_Thompson
https://en.wikipedia.org/wiki/On_Growth_and_Form
https://en.wikipedia.org/wiki/On_Growth_and_Form
https://en.wikipedia.org/wiki/Julian_Huxley

Allometry in distinct parts of body afair.




metabolic rate (kcal/h; log scale)

Log — Log x Linear — Linear afair

log (3’2)—109(3’1)
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Functions self-similar and power laws

* A ellipse as example:

: (wgzs))ZJr (%)Zzl > L(S)\/l = (szs))z

* The ellipse can be expressed as a form:

*y=flxs)=als)f (B(s)x, 1)

* Vg(x,st) = a(s)f(B(s)x,t) is

* self-similar to that ellipse is a particular
self-similar function with t=1and g = f.
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We can write a self-similar function as:

g(x,st) = a(s)f (B(s)x,t) = a(s)a(t)g(B(s)B(t)x,1)

By definition, is valid that: o DR N
g(x,st) = a(st)(B(st)x, 1) > 9

Assembling the functional equations:

a(st) = a(s)a(t) and B(st) = B(s)B(t)
under conditions:a(1) =1, (1) =1


https://en.wikipedia.org/wiki/File:Fractal_fern_explained.png

» When t = 1, we can write a(s) = a(1)a(s)

Solving the functional equation a(st) = a(s)a(t) :

s g (Dals) > [Z2=a@) [£

S a(s)

* log(a(s)) = klog(s) ——>[ a(s) = Sk]

And similary: {,B (s) = SK]




Lagrange Multipliers and Power Law functions and Geometric Programming

* Lets take an ellipse F(x,y) = (§)2 o (%)2

and a rectangle area f (x,y) = 2x2y to adjust.



The function gradient are perpendicular at tangency point

f(x,y) =2x2y =k or y=k/4x

X

F(x,y) = (5)2 + (%)Zunder condition g(x, y)=1

< VN
v-lk

Vf(x0,¥0) = AVF ((x0,¥0)

A are Lagrange multipliers.
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Geometric Programming and allometry

From allometric equation Y = Y, ,M*

Forrestal mass was funtion of several allometric
parameters that was function of mass too.

M'=C,Ma® + C,Mb* + C;McP + C,Md"
were M = mass and we have posinomial structure
min go(xq, X5, ...,xn)=2§\./1=°1 ot tie, oy

Aswellas1 = § + a + f + Yy normalization condition



Geometric Programming as reversal engeneering
based on finit-element griding.

9 Y — YOMX
o ¥.8;U; =1, U;% inequality
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