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Abstract

A framework for economic analysis based on linear equations. In this edition, the mathematical model
introduced in earlier works has been extended.
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Introduction

Section 1:. Observation
Let structure be defined as a set of elements and its organization.
L et transformation be defined as the alteration of a structure.

Let observation be defined as the identification of a structure.
Let qualification be defined as the identification of a structure’s attributes.
Let data be defined as observations and qualifications.

Section 2: Analysis
Let composition be defined as the derivation of a structure’ s attributes based on a given set of data.
Let decomposition be defined as the derivation of an element’ s attributes based on a given set of data.

Let a principle be defined as a concept that defines the state of a structure.
Let aprotocol be defined as an implementation of a principlein a particular context.

Let induction be defined as the derivation of a principle based on a given set of data.
Let deduction be defined as the derivation of a protocol based on a given set of data.



Process-Level Structure

Section 1: Composition
For a given transformation,
let areactant be defined as an element that is added, removed, or reorganized;
let an accelerant be defined as an element that accelerates the transformation or allows it to occur but isnot a
reactant;
let a decelerant be defined as an element that decel erates the transformation or prevents it from occurring but
is not areactant;
let aregulator be defined as an element that acts as an accelerant or decel erant;
let an input be defined as an element that acts as a reactant or regulator;

let a product be defined as a structure formed by a transformation for a given purpose;
let a by-product be defined as a structure formed by a transformation for no given purpose;
let an output be defined as a structure that is a product or by-product;

let aresource be defined as an object that is an input or output.

Section 2: Organization

Let atrack be defined as a set of o chronologically sequential transformations related by a common set of
inputs. From this definition, a given track can converge with other tracks as well as diverge.

Let aprocess be defined as a set of B tracks related by a common set of outputs. Where B > 1, tracks can
occur simultaneously or sequentially.

For analytical purposes, a process can be divided into subsets of transformations according to some set of
criteria. Let these subsets be called stages.

Let a process descriptor be of the form

(/101
where [I] isan n x n matrix of inputs, [O] isan N x N matrix of outputs, and t is the time required to execute the
process.

Let each element in [1] and [O] be of the form
T
(Ya)s
where vy isthe identifies of the resource, q is the number of units of the resource involved in one execution of the
process, Q isthe number of units of the resource involved in ten executions of the process, T isthe set of chronological

congtraints the resource must satisfy, and Sisthe set of spatial constraints the resource must satisfy.
Identifiers can be technical or common names.

Section 3. Properties
L et process efficiency, 0, be defined as

0= qproduct / qmput (3-1)

Let processyield, 1, be defined as
1= qproduct / qby—product (3.2)

L et process scalahility, «, be defined as
K= qproduct / qregulator (3.3)



Agent-Level Structure

Section 1: Composition
Let an economic network be defined as a set of agents and the exchanges of goods it executes. Given this
definition, production and consumption are the fundamental processesin an economy.

Let A, be the set of agents encompassed by an economic network at timet, such that

A=A Al (1.

Within A, let B; be the set of agents that can act as producers at time t, such that

B = [B;...Bi] (1.2
wherei <m.

Within A, let C; be the set of agents that can act as consumers at time t, such that

C=[C..C (1.3
wherer <m. From these definitions, it is possible for a given agent to belong to subsets B; and C,; at the same point in
time.

Let N; be the set of types of goods that can be produced by the agentsin By, such that
Nt = [N1N|] (14)

Let n, be the set of types of goods that can be consumed by the agentsin C,, such that
N = [Ng...NRJ (1.5)

Let by be the set of goods produced by the agentsin B, such that
be = [BJ[Ng (1.6)

where Byisa 1 x i matrix and Ngisani x | matrix. From these definitions, the number of units of goods produced is

given by
i
DN, (L7)
g=1 h=1
and the number of units of goods of the E™ type produced is given by
i
2 Nge (L8)
g=1

Let C; be the set of goods consumed by the agentsin C;, such that
¢ = [C[nc (1.9)

where Ciisalxr matrix and Ncyisar x Rmatrix. From these definitions, the number of units of goods consumed is

given by
r R
DN, (1.10)
j=1 k=1
and the number of units of goods of the E" type consumed is given by
r
2N (1.11)
j=1

Section 2: Organization
Given the structure of an economic network, a set of ratios can be constructed:




i/ m (r-2.1)

re/ my (r-22)
it/ re (r-2.3)
I/ R (r-2.4)
i |
D DN /i (r-2.5)
g=1 h=1
DN /i (r-2.6)
g=1
r R
Do lr (r-2.7)
j=1 k=1
Nelr (r-2.8)
j=1
i i |
Ng /D D N, (r-29)
g=1 g=1 h=1
r r R
dne /Y dn, (r - 2.10)
j=1 j=1 k=1
Ng /D N, (r-2.11)
g=1 j=1
i | r R
Nghlzznjk (r-2.12)
g=1 h=1 j=L k=1

Section 3: Properties

Let zbe a given matrix of any given agent metrics. Let Z be agiven matrix of any given exchange metrics.
From these definitions, zand Z can be applied to equations 1.1 -1.11 and ratios r - 2.1 - r - 2.12 to construct metrics to
describe the attributes of an exchange network.




First-Order Dynamics

Section 1: Accounting
A: Processes

A process value descriptor can be constructed by isolation the number of units of each resource involved in a
process and the per unit value of each resource, where value is expressed in terms of a given resource.

Accordingly, let
C=(8g)s(eg)s (1.2)

where C isthe cost of executing a process, disa 1x n matrix of inputs, and isan n x 1 matrix of per unit input prices.

Let
R=((3)sMd)s (12)

where R isthe revenue generated by a process, {isa 1l x N matrix of outputs, and 77 isan N x 1 matrix of per unit
output prices.

Isolating the g or Q terms from 1.1 gives

C= Q5P (1-3)
where g denotes quantity and p denotes price.

Isolating the g or Q terms from 1.2 gives

R=0:p, (1.4)
where g denotes quantity and p denotes price.

B: Economic Processes
For consumption, revenue is given by

I:\>c = chpcn (1.5)

and
Cc = QC(S pce (1-6)

For production, revenueis given by

Ro = Q¢ Ppy (17)

Cp = OpsPpe (1.8)

and

C: Agents
For agiven set of agents, revenue is given by
R= Rc + Rp
= ez Pen + Yo Ppn
= (p1)(q)
= [b][Zx] (1.9

where Zy;isal x 1 matrix.

Cost isgiven by

C= CC + Cp
= QcsPee + UpsPpe
= (p2)(%2)

= [c[Z2] (1.10)
where Zy isaR x 1 matrix.



For a given economic network,

m=R-C
= [bd[Zy] - [c][Z2] (1.12)
Accordingly,
T
Ty = z U (1.12)
=1

fort=1...T periods.

Section 2: Money Supply

Let the domestic currency of a given economic network be good Np in N;, and good np in n,. Where interest
exists, the interest rate charged on loans influences the value of Np, and the interest rate paid on investments influences
the value of Np.

Where financial institutions can loan deposits, the multiplier effect on the supply of currency is given by

([ N [Zio]) 7 (2 1p]1Z25]) 1)

where Z;p isthe value of loans and Z,p isthe value of deposits, measured in units of the domestic currency.
Where financial institutions must retain a given percentage of the deposits they hold,

0< (X NIIZoD/ (X pliZeo]) <1/ 11 @2)

where rr isthe reserve ratio.
Where the value of goods measured in units of the domestic currency changes, the price level is given by

i i |
;NngzzNgh (2.3)

g=1 h=1
(2.3) isaformof (r - 2.9).
Accordingly, the inflation rate is given by

[(Z NgD,t / Zz Ngh,t)_ (Z NgD,t—l /

g=1 h=1 g=1 g=1 h=1

I
Nognea)]/ (2 Ngoes / 202 Ngiia)
g=1 g=1 h=1
2.4

Where loans exist, the value of any loans are stated in Zy;, and the costs of loans are stated in Zy;. The
revenues generated by investments are stated in Zy;, and the costs of investments are stated in Zy,.

Once interest rates, price levels, and inflation are determined, their effects on the value of loans and
investments can be calculated using conventional equations. The results can be incorporated into chronological
constraints, T, aswell as Zy; and Zx.

Section 3: Balance of Payments
Let E be the set of goods exported by the agents in an economy, and let e be the set of goods imported. Using
these definitions, the current account balance is given by

[ NeellZel - 12 niel(Ze] (31

where Z;¢ isan index of the prices of the goodsin E and Z, is an index of the prices of the goodsin e, measured in
units of the domestic currency.




Let F be the set of domestically owned foreign assets and let f be the set of foreign owned domestic assets.
Using these definitions, the capital account balance is given by

(Y Nge (21~ 3, 12, @2

where Z;r is anindex of the market values of the assetsin F and Zy is an index of the market values of the assetsin f,
measured in units of the domestic currency.
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Second-Order Dynamics

Section 1: Elasticity
Let elasticity be defined as the relationship between the price of a good and quantity produced or consumed,

0Q,
_— 11
apt t (1.1)
Let consumer determined elasticity (CDE) be defined as an elasticity where X; < -1. Let neutrally determined
elagticity (NDE) be defined as an elasticity where X, = -1. Let producer determined elasticity (PDE) be defined as an
elagticity where X, > -1.

or

Section 2: Returnsto Scale
Let returnsto scale (RS) be defined as the relationship between the quantity of a good produced or consumed
and its price, or
R _
aQ
Let increasing returns to scale (IRS) be defined as an RS where X, < 0. Let constant returns to scale (CRS)
be defined as an RSwhere X, = 0. Let decreasing returnsto scale (DRS) be defined as an RS where X, > 0.

X, 2.1)

Section 3: Externality
Let externality be defined as the relationship between the returns to different economic activities, or

om,,

=X 31
om,, 31
Let increasing externality (IE) be defined as an externality where )A(t > 0. Let neutral externality (NE) be

defined as an externality where )A(t =0. Let decreasing externality (DE) be defined as an externality where )?t <0.

Section 4. Production Constraints
Let the elaticity constraint be expressed as

b = XorZat (4.1)

Let the RS constraint be expressed as
th = )_(bt bt (42)

L et the externality constraint be expressed as
Tt = )A(bt Toot (4.3)

Section 5. Consumption Constraints
L et the elasticity constraint be expressed as

Ct = XetZat (5.1)

Let the RS constraint be expressed as
Ly =Xy & (5.2)

L et the externality constraint be expressed as

11



e = Xy 7ot

Section 6: Economic Network Constraints

(5.3)

Given the production and consumption constraints, an economic network’ s income equation can be expressed

as
75 = [bZas - Aa(br - XotZae) - Aa(Zas - Xy ) - As(7m1s - Ry 720)] -
[CiZat - Aa(Ci - XaZar) - As(Zat - Xy ©1) - Ae(7as - Ry 7730)]
= [beZae - Aa(br - Xotar) - Ao(Zae - Xt ) - As(0iZyi - CZ - )A(bt (bxZo1t - Calo))] -
[CiZot - Aa(Ct - XaZ2r) - As(Zot - Xy ©) = Ae(DrZai - CZa - )A(ct ( baiZaii - CaZan))]
Accordingly,

on =
£ =2y - 7‘1 + ?\’ZXt - ?\’Sth + 7\’621t

on
azn = h _7\'1)(1 +7"2 _7\‘3bt +}\‘6h

on _
% = kszzt - Zzt + 7“4 - ?\’5Xt - 7\’622t
1

on
2z, =AsC —C — A X + Ay —AC

A: Production-Specific Constraints

on

axbt - 7“121t
on
oX, A2
on

a)A(bt = 7\‘3(b2t Zth — Cx ZZZt)

on
dby,

= 7\‘3th Ly,

(6.)

(6.2),

(6.3).

(6.4), and

(6.5).

(6.6)

(6.7)

(6.9)

(6.9)
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on
— = A.X
azzn 3 bt bZt

on N
aCZt = _}\’SthZZZt

on

= —A.X,C

aZZZt 3 bt M2t

on
8_7\«1 = _h + X Ly

on _
8_7\.2 = _th + thb[

on .
Y _hzlt +C Ly + th(bZtZZIt - CZtZZZt)
o,

B: Consumption-Specific Constraints

on

ox :_7\’422'[
ct

on

ax, - MG

ct

on
R = _?\’6(b31231t - CStZSZt)

ct

on
oby,

= _ke)A(th:m

(6.10)

(6.12)

(6.12)

(6.13)

(6.14)

(6.15)

(6.16)

(6.17)

(6.18)

(6.19)
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= AR
aZ31t 67t b:it

on
87\« - Ct XCt ZZt
4
on _
W = er — X4 G
5
on

= btzlt —CZy — )A(ct(Qtzalt - CStZSZt)
N,

(6.20)

(6.21)

(6.22)

(6.23)

(6.24)

(6.25)
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Third-Order Dynamics

Let an agent reaction be defined as an agent’ s response to a given set of information. Let an environmental
response be defined as a set of changesin the set of information available to agents. Given these definitions, there are
four types of responses:

a) agent responses to other agent responses (1),

b) agent responses to environmental responses (2),

¢) environmental responses to agent responses (3), and

d) environmental responses to other environmental responses (4).

Responses of either type can be initiated by

a) past agent responses (AP),

b) expected future agent responses (AF),

¢) past environmental responses (EP), and

d) expected future environmental responses (EF).

Accordingly, there are eight possible causality types in economic networks:
a) 1-AP,

b) 1-AF,

c) 2-EP,

d) 2-EF,

€) 3-AP,

f) 3-AF,

0) 4-EP, and

h) 4-EF.

Since no combinations are inherently exclusive, any set of causality types can exist in a given process.

These changes in economic networks can be recorded in atwo dimensional chart. Let there be two row types,
one for environmental components and one for agents or agent types. Let columns represent time frames.

The time frame each column represents can be selected to correspond to the initiation and termination of
process stages. Where parallel tracks converge and diverge at different pointsin time, columns can be constructed
according to a common denominator.

Celsinthe first column of this chart show theinitia state of an economic network, and all subsequent cell
show the changes. Agents can enter and exit an economic network during various time frames, so the set of agents
present in a given time frame is not necessarily identical to the set of agentsin any other time frame.

Section 1: Type 1 Statistics

Let v be velocity.
| R
(2 by)+ (X c)
th — u=1 t w=1 (11)
hZ +cZ,
Vyt = f‘ 1.2
where Z; isal x 1 matrix and Z; isaR x 1 matrix.
Let M be mass.
| R
M, = (2 bu) + () (13)
u=1 w=1
M, =hZ +cZ, (1.4)

15



Section 2: Type 2 Statistics
Let a be acceleration.

a = @ 2.1)
V, -V
a, =—t—"— t = (2.2)
Let g be growth.
O = % 2.3)
M, - M,
9, = V‘fwl 2.4)
Section 3. Type 3 Statistics
Let P be momentum.
P = (Mx) (Vo)
| R
(b)) + ()
— u=1 t w=1 (31)
Py = (My) (Vi)
2
_(b4 “‘tctzz) (3.2)
Let F beforce.
Fu = (Gx)(a)
1 < R [ R ,
= t_a[(z_;, blut + Z—‘I Clwt) - (Z_;, blut—l + z_l Clwt—l)] (3.3)
Fye = (9y)(ay)
1
= t_3[(blzit +G ZZt ) - (b[—lzit—l + Ct—lzZt—l)]z (34)

Section 4: Type 4 Statistics
A: Lower Thresholds for Type 1 Satistics

For agiven A;, assume aminimum set of reciprocators, Cymin), and a minimum set of goods they require,
Ne(rriny, where

Meminy = [Nagminy - Nogminy] (4.1)
From these definitions,
Ce(min) = [ Cimin] [Ne(miny)] (4.2)

At minimum velocity by isidentical to Cygin), SO
B(miry = Ci(min) (4.3)



and

I=R

i r
Ifi>r, then Z N < ZHJ-E , for al E goods.
g=1 j=1

i r
Ifi=r,then Z Nge = anE , for al E goods.

g=1 i=1

i r
Ifi<r,then Z N > ZHJ-E , for al E goods.

g=1 =1

Oh)+(e) 2a,
V __u=l w=1 — w=1

xt(min) — t t
V _ bt(min)zl + Ct(min)ZZ _ 2Ct(min)zz

M s miny = (Z by,)+ (;Clw) = 2;01\”

u=1
M yt(min) — h(min)zi + Ct(min)zz = ZCt(min)ZZ

B: Upper Thresholds for Type 1 Satistics
For agiven A;, assume a maximum set of initiators, Bymax), and a maximum set of goods they produce, Ni(me),

where

and

Ni(mex) = [Namax) - Neoma)]
From these definitions,

Brmex) = [Brimex) [ Negmex]

At maximum velocity C; isidentical to Dymax), SO
Bymes) = Cigmay

I=R

i r
Ifi >r, then ZNgE < anE , for al E goods.
g=1 j=1

i r
Ifi=r then > N ZanE,forallEgoods
g=1 j=1

i r
Ifi <r, then z N > anE , for al E goods.
g=1 j=1

)+ (e 22h,

V — u=1 w=1 —
xt (max) t t

Vv _ bt(max)Zl + Ct(max)ZZ _ 2bt(max)zl
yt(max) t - t

(4.4)

(4.5)

(4.6)

(4.7)

(4.8)

(4.9

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)
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xt(max) (z bl ) + (z Clw) 22 bl
M yt(max) — bt(max)zl + Ct(max) - 2b[(max)zl

Section 5: Type 5 Statistics
A: Lower Thresholds for Type 2 Statistics

_ th(min) _th—l
axt(min) - t
a _ Vyt(min) _Vyt—l

yt(min) t

_ Ilet(min) - Mxt—l
gxt(min) - t

_ Myt(min) B Myt—l
Byt(min = "

B: Upper Thresholds for Type 2 Satistics
V -V

U xt(max) xt-1
a'><t(max) - t
a _ Vyay ~ Vs

yt(mex) t

_ Mxt(max) - Mxt—l
gxt(max) - t

_ Myt(max) B Myt—l
gyt(max) - t

Section 6: Type 6 Statistics
A: Lower Thresholds for Type 3 Satistics

th(min) = (Mxt(m'n))(vxt(nin))
[22 Cul®

w=1

t

I:)yt(mi n = (Myl(mi n)) (Vyl(mi n))

(2 2)’

(min)

t

Fxt(m n) = (gxt(ml n)) (axt(ml n))

[<2Zcm) (Z By 1+Zcm DI

u=1

(4.15)

(4.16)

(5.)

(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

(5.7)

(5.8)

(6.1)

(6.2)

(6.3)
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Fytminy = (Qytmin) (@ytminy)
1
= t_3[(2Ct(min) Zy)- (b, 2, + Ct—lzZt—l)]2

B: Upper Thresholds for Type 3 Satistics
Pragran = (Msran) (Vxi(mex)
Q

[2> b,

u=1

t

Pytmax) = (Mytmax) (Vytmex)

CA)
t

Famey = (Game) (Ba(mex)

= 10~ (s + Y )T

u=1 w=1

Fytgmex = (19yt<max))(ayt<max))
= t_a[(th(max) th) - (Q—lzlt—l + Ct—lzZt—l)]2

(6.7)

(6.4)

(6.5)

(6.6)

(6.9)
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