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Motivation

* Success of MC modeling biological systems
 Translation to unexplored field: Economic Modeling

 Replication of Paun’s Producer - Retailer Problem results:
. Selection of the proper type of P System

. Economic processes modeling
. Implementation in P-Lingua & MeCoSim
. Simulate & discuss results
 Extension of the original model with new economic
processes.
. Identification and modeling of processes
. Implementation & simulation

 Further developments



Why not extend to other fields?

» Computational economics:

o Computational modeling of economic systems (ODEs, ABM, ...)

» Up-to-date efforts:
* Polish authors: Korczynski (2005)

* Paun’s efforts:

* Membrane computing as a framework for modeling economic
processes. In Proc. SYNASC 05, Timisoara, Romania, |IEEE Press, 2005,
11-18 Paun Gh. and Paun R. (2005)

* Paun Gh. and Paun R. Membrane Computing and Economics. In Paun
Gh., Rozenberg G., Salomaa, eds. (2010) A. Handbook of Membrane
Computing. Oxford University Press, 2010, 632-644



Paun’s proposals
» Encourage researchers of other areas to use P

Systems.
» Suggests modeling of some processes:

* Production of goods

Order of goods

Purchase transactions:
* Preferences between pairs (producer, retailer)
* Geographical barriers

* No distinction between counterparts

Monetary unit exchange

Capacity increase



Producer — Retailer Problem
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Model Entities

» Actors:
* Producers:
 (b;, u;) -> (capacity, money)
* Retailers
* (¢, v;) -> (capacity, money)

» Generic sources:
- Of raw material (ug, generation rate)
« Of demand or Generic consumer
(uc-, demand rate)




Model interactions

» Good’s and order’s flows:

* Producers generate good d from raw |
material. —

* Retailers receive order d from generic Q :
consumer. |

« d and d are matched
 Purchase P; ; = P(producer i,retailer j)

» Monetary flows: ——
- Monetary unit exchange (us, uc, u;, ¥;) \
o /\71\

» A set of prices.

» External monetary injection:

- Key role for system evolving.



Summarized actors & Interactions
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Paun’'s proposed system dynamic

» Presents a system behavior simulation:




Proposal - drawbacks

» Paun sketches the model:

* No indications about:
* Type of P System to be used.
* The sequence of steps of the cyclic behavior.

* The competing set of rules to be used.

* Probabilities associated to rules in a strange way.

[ dlélwlﬂﬁ:ra]z E [ h_lclulpﬁce]z .

—- . pl2 .
["filezﬂ'H1-’-’1’;'1rm3:|2 — | bzﬁuzpﬂm]z = Non-as-usual

[ lig &1 l?lp'r'i-ﬂ'ﬂ]z p_la} [ bﬁ- Cilisz Frfﬂa]g ]

* Randomness introduced in a naive way.




Reproducing Paun’s system evolution

» Define a so-called: Initial Model

» Steps:

o Select a type of P System -> PDP System.
* Probabilities associated to rules.
* Success in ecosystem modeling.

o Define the steps of the cycle:
* Associated to the transactions.

o Formalize the model. Cin

o Stablish the set of rules:
* Following Paun’s guidelines.

 Avoid problems associated to “strange” probabilities.




Defining steps of cycle

INITIALIZATION

* Aggregate demand creation
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Raw material source Producers Retailers Generic consumer

* Raw material disposability

CLEANING @

Cleaning and technical rules @ @

TRANSACTION
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Purchase transactions

PRODUCTION

* Orders generation

* Production of goods

AUTHORIZATION

Purchase authorizations
generation




Model Formalization (1)

M= (GI,LT Rg 1 Ry, {fy € Ry}, My, M) PDP System of degree (2,1)

Where:

e G=W,E)withV ={e;}andE = {(eq,e1)}

e  Working alphabet: T = {bi, d;, u;, cj, cfj,vj, e,fiji1<i<k,1<j< kZ} U{R{, R}V {C, S.d,a, uc,us}

Where:
C: aggregate generic consumer. d;: unit of good demanded by retailer j. 1 < j < k.
S: raw material supplier. vj: monetary unit owned by retailer j.1 < j < k.
d: unit of aggregate demand from C. gj: unit of good demanded by retailer and authorized for

. . _' < . <
a: unit of supplied raw material provided by S. transaction unitof d;. 1 < j < k.

fij: authorization for a_lj to be exchange with d; .1 <i <

Uc: monetary unit owned by C.
ki,1<j<k,.

Ug: monetary unit owned by S.

R4, R,: for technical reasons.
b;: unit of production capacity of produceri.1 <i < k;.
d;: unit of good supplied by produceri. 1 <i < k;.

u;: monetary unit owned by produceri.1 <i < k;.

¢j: unit of capacity of retailer j.1 < j < k.



Model Formalization (I1)

e X =20.
[ J RE = @
o II={I, u My, My, Ry} where:

o Membrane structure: u =[], ]1-

o My ={C,SRi,R}IUDM u:1<i<k}uic)1<j<ky)

Initial multisets contain basically:
kil k

* b ", u, “2. producers’ initial parameters.
kj3 . ) e er .
* ¢ : retailers’ initial capacities.
Where:

k; 1: initial production capacity of produceri.1 < i < k;.
k; ,: initial monetary units of produceri. 1 < i < k;.

k; 3: initial capacity of retailer j. 1 < j < k.



Model Parameters
» Goal: maximize model parametrization

e  ky:total number of producers.

e k,:total number of retailers.

e  ks:units of raw material inserted into the system by S.

o  ky: allowed deviation from k.

e ks units of aggregate demand inserted into the system by C.

e kg:allowed deviation from ks.

e  k: price fixed by S for each unit of a.

e kg: price fixed by C as an estimation of each order of good.

e  k;,:initial production capacity of produceri. 1 < i < k;.

e k;,:initial monetary units of produceri. 1 < i < k;.

e k;j3:initial capacity of retailer j. 1 < j < k.

e kp,4: discrete prob. distribution of units of raw material inserted into the systemby 5.1 <m < 3.
e k5 discrete prob. distribution of units of aggregate demand inserted into the systemby C. 1 <m < 3.
*  k;¢: price fixed by producer i for each unitofd;. 1 < i < k;.

e kj: price fixed by retailers j for each order of good. 1 < j < k.



Set of rules — Initialization —o o=

@ ®
» Step 1.a: raw material disposability
1 =R, [ ] qfstka S[ R ]-ZI- k3: units of raw material inserted into the system by S.
ko4 k,4: allowed deviation from k.
» = Ry s[ ], — a*s s[Ry]3
km 4: discrete prob. distr. of units of raw material inserted.
3 = Ry s[ ]2 _> ak3 ka s[R ]; ks: units of aggregate demand inserted by C.
1-k14—kz4—k34 _ ) -
y = R [ ]2 5 ak3 2xky S[ Rl]; k¢: allowed deviation from ks.

k. 5: discrete prob. distr. of units of aggr. demand inserted.

» Step 1.b: generic demand creation

k15

7s = Ry c[ 1 = d¥sthe y sthe)kac R, 13

e = Rycl ]z =3 d*s ucks*kec[ R,]3

7 =Rycl], — =3 — dks™He y . (ks—ke)*ks [ R, 13

Ty = Ry el Jp o @2k (ks 2 ko) Rac Ry




Set of rules — Production

» Step 2.a: producer operation

ro=ab w13 - us[d]) 1<i<k

» Step 2.b: retailer operation

ro =dcuc7[13 - |djv*i7 ](2) 1<j<k,

k: total number of producers.
k,: total number of retailers.
k-: price fixed by S for each unit of a.

k; 7: price fixed by retailers j for each order of good.
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Set of rules — Auth. & Trans. —F <=
| |

» Step 3: Purchase auth. generation | — L=

T4 = _Jl:z - [ e_lfl,l]z N _ k: total number of producers.

Ti5 = _cI1:2 3) [ e_lfl'z]2 — Geo-barriers k;: total number of retailers.

g = :&2-2 S [ e—2f2’1]2 — k; ¢: price fixed by producer i for each unit of d;.

4 05, — Non-preferences
r7 = [ dz], — | ezfz,z]z _
- -, 015 _ .
rg = | ds], — [ 93f3,1]2
0.85 . _ — Preferences
re = | d3], — [ e3f3,2]24

Solution: f; ; follows the probability distribution of the desired transactions
probabilities.

» Step 4: Purchase transactions

0 —
120 = | digf; v, ki,e]2 - |bicju ki,e]2 1<i<k,1<j<k,




Set of rules — Cleaning

» Step 5: cleaning rules

Eliminate non-exhausted authorizations:

re = fijl, = [ 13 1<i<k,1<j<k,

Unauthorize non-exhausted éj:

rr=lgl, - 4l 13 1<j<k

Signaling a new cycle:
T30 = [Tli TZ]E = T, 1 [ ](2)

.............

nnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnn

k: total number of producers.

k,: total number of retailers.

mmmmmmm




P - Lingua
» Set of rules has been implemented in P — Lingua.

» An example for each set of rules:

Initialization:
[*¥12%/5,R1[1'2 = s,axk{3} + [R1]'2 :kyy;

[e]

(¢]

Production:
/¥1r9%/ b{i},a,u{i} *k{7}+[1'2 — us=k{7}[d{i}]'2 =1:1<i<k{1}

(o]

Authorization:
/*r18x/ [dn{3}]'2 —— [en{3},f{3,1}]'2 :0.15

[e]

Transaction:

/*120 x/ [d{i},en{j}, f{j, i}, v{j} = k{i,6}]1'2 — —[b{i},c{j},u{i} *k{i,6}]'2 =11<i<
k{1},1 <j < k{2}




Simplified trace

0 0
STEP 1:
0 ui * Generic demand generation + ui
*  Supply creation
C; b C: b
]l g g
RlRZ
2 2
C SRy R, CS
da Uc
1 1
STEP 2:
* Production of goods
* Order generation
0
4 ]
b v d.: . b
STEP 5: v] dl Gj bl
*  Cleaning Rl R2
* Technical rules 2
cS
da Ug U
1
STEP 3:
Generation of purchase
transaction authorizations
0 0
0
” U; e fii Uu;
(,‘]- i STEP 4: v: d; Cj i
Purchase transactions R f?’ L
Ry Ry i 18 |
cS cS
da Us Uc da Ug Uc
1




Simulation parameters

» Simulation tool: MeCoSim
» Parameters: same as Paun’s paper

Parameter Value/s Description
kq 2 Total number of producers
k, 3 Total number of retailers
ks 60 Units of raw material inserted into the system by S
k, 1 Deviation from k3
ks 60 Units of aggregate demand inserted into the system by C
ke 1 Deviation from ks
k- 11 Price fixed by S for each unit of a
kg 14 Price fixed by C as an estimation of each order of good
ki, (65,35) Initial production capacity of produceri.1 <i < k;
ki, {750,400) Initial monetary units of producer i. 1 < i < k,
kj_3 (50,30,20) Initial capacity of retailerj. 1 < j < k,
kma (0.01,0.95,0.03) | Values of discrete probability distribution of units of raw material
inserted into the system by S
kms (0.03,0.90,0.04) | Values of discrete probability distribution of units of aggregate
demand inserted into the system by C
ki (12,13) Price fixed by producer i for each unit of d;
kj (13,14,15) Price fixed by retailer j for each order of good j. 1 <j <k,




MeCoSim definition

Parameter Value Description
<@r,1>
key Captures number of producers based on the number of rows in table Producer_input
Index1=1
<@r,8>
k; Captures number of retailers based on the number of rows in table Retailer_input
Index 2 =2
ks Units of raw material inserted into the system by S
ky Deviation from ks
ks <9,$1%-2,2> Units of aggregate demand inserted into the system by C
ke Index 1 = Deviation from ks
[3..<@r,9>+2]
k; Price fixed by S for each unit of a
kg Price fixed by C as an estimation of each order of good
ki <1,$15,525+3> Initial production capacity of produceri. 1 < i < k;
Index 1 = [1..k{1}] , ;
ki Initial monetary units of produceri. 1 <i < k;
Index 2 =[1..2]
<8,51$,4>
kj;3 Index 1 =[1..k{2}] Initial capacity of retailer j. 1 < j < k,
Index2 =3
<10,515,525-3> . - . . - .
kima 215,525 Values of discrete probability distribution of units of raw material inserted into the system by S
Index 1 =[1..<@r,10>]
km,s Index 2 = [4.5] Values of discrete probability distribution of units of aggregate demand inserted into the system by C
<1,51$,6>
kie Index 1 =[1..k{1}] Price fixed by producer i for each unit of d;
Index2=6
<8,51$,5>
k; 7 Index 1 = [1..k{2}] Price fixed by retailer j for each order of good j. 1 <j <k,
Index 2 =7




Simulation results — monetary units

— u{1l} — u{2}
6k
4k ///: Vi .
/ Producers” monetary units
2k /
Ok
0 24 51 75 99
Cycle
— v{1} — vi2} — v{3}
Sk
4k
3k . ) .
Retailers’” monetary units
2k
1k
Ok
1 25 49 76 100
Cycle



Simulation results - capacities

— bfl} — bf2}
75
o7 o \4 =
50 Producers’ capacities
25 \W’M\WWW
0
0 24 51 75 99
Cycle
— c{l1} — {2} — cf{3}

Retailers’ capacities




Simulation results
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Enhanced Model

» Summarized behavior of Initial Model:

o A steady increase of monetary units owned by producers, retailers and generic
consumer.

o Nearly stable producer’s and retailer’s capacities.

> Monetary units obtained by raw source of material get out of circulation.

> Why?
Producers’ & retailers’ capacities are fixed and no changes are allowed.

o Raw material and aggregate demand are initially settled and remain unchanged
during the system evolution.

o Artificial exogenous injection of monetary units into consumer C at the
beginning of each cycle. This flow is necessary to maintain system evolving.



Enhanced Model

» Getting closer to real situations:

> Allowing variations of producers’ and retailers’ capacities:

 Capital stock depreciation.
* Investment or capital increase decision.

°c Remove external injection of monetary units:
« Payment of rents to the owners of the production factors.
* Raw material source is owned by the aggregate consumer.
« Aggregate consumer is stakeholder of producers and retailers, thus

implying dividends payments.
° Inclusion of randomness in a PDP-way:

* Raw material generation.
* Aggregate demand generation.
* Mechanism of capacity increase decision.



Producer — Retailler Enhanced Model

| stakeholder (dividens) + Production factors property (r




Model Entities

A t ° Production Purchase Or ferssendng
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Model interactions
» Good’s and order’s flows: e e

* Producers generate good d from raw material. Q S
order d from generic .H ' )

* Retailers receive

- \ K
consumer. - I

¢ d and CI are matched i’“"";‘““é“‘“‘—"—————-————L————A——

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

* Purchase P; ; = P(producer i, retailer j) R U A R

» External monetary injection:

* Removed. Y
R

fmaAmm e e Y

__________________________________




Additional interactions

» Monetary flows:

* |Initial Model monetary exchange due to prices.
* Rents payments to owners: Generic Consumetr.

* Dividends payments to stakeholders: Generic
Consumer.

 Raw material source owners: Generic
Consumer.

» Capacity variations:

* Producers’ capacity depreciation.

* Producers’ capacity increase decision: non-
satisfied demand from retailers.

Production Purchases Or derssendng

dl dz

CYCLIC PROCESS

Production Purchases Ordassendng

! dl#d:lal# ’
i i
: ,% 5 v

™,
I A [
e . N
! \ 'S
! by w0
| Ad
S: cp vy : — )
- AN : by
i N,
i
i
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Defining steps of cycle o
@
®

INITIALIZATION

* Dividend payments
¢ Capacity increase decision

* Capacity depreciation

Purchase transactions

» Capacity cost payments
* Aggregate demand creation

* Raw material disposability

®

EvoLUTIoON ()

* Orders generation
@ * Production of goods

PRO
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Purchase authorizations

generation
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a

DUCTION
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Model Formalization (1)

M= (GI,X T, Rg, W, R, {fr € R}, M1, M,) PDP System of degree (2,1)
Where:

o G=W,E)withV ={e;}and E = {(e;,e1)}.

e Working alphabet: lennancea= linitiat/ {tts, R2Y U {gi, ¥i,, My, zi, it 1 < i <k} U{p, q}

Where:
] fij: authorization for Jj to be exchange with d; .1<i <
C: aggregate generic consumer. ’ .
ki,1<j<k,.
S: raw material supplier. .
PP R;: for technical reasons.

d: unit of ted df C. I T T T T T T T T T T T T T T T T T T TTS
uhit ot aggregate demand from p: randomness generator for a provision by S.

: unit of lied terial ided by S. -
a: tnit of stipplied raw material provided by q: randomness generator for d generation by C.

Uc: monetary unit owned by C.
¢ Y Y h; : unit of production capacity of producer i befor

b;: unit of production capacity of produceri.1 <i < k;. depreciation.1 <i < k;.

d;: unit of good supplied by produceri.1 <i < k;.

u;: monetary unit owned by produceri.1 <i < k;.

) ) o ) m;: randomness generator for y;. 1 < i < k;.
¢j: unit of capacity of retailer j.1 < j < k.

z; : activated unit of aborted purchase transaction

d;: unit of good demanded by retailer j. 1 < j < k. considered for capacity increase. 1 < i < k;..1 < i < k;.

vj: monetary unit owned by retailer j.1 < j < k.

1
1
1
1
1
1
1
1
e
1
1
1
1
yi: unit (in idle state) of aborted purchase transactions
1
1
1
1
1
1
1
1
S
1
1
1
1
gi: for technical reasons. 1 < i < k; |

1

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
| considered for capacity increase. 1 < i < k;.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

gj: unit of good demanded by retailer and authorized L ___________________________ I

for transaction unit of Ji-. 1<j<k,.



Model Formalization (I1)

o X=0.
e Rp=20.
o II={I, u My, My, Ry} where:
o Membrane structure: u =1[1[1], ]1-

ki1*k10%7 kjz*k10%7
i :

o My ={C,SR}u{giu
o My={c/ 1<) <k }Ub™ 1<i<ky)

Initial multisets contain basically:
ki1 _ Ki1*Kq10%7

o D.

;U : producers’ initial parameters.

kjz kjz*kio*7
* 5 Y

They need same initial amount of monetary units to pay initial
capacity costs. Where:

: retailers’ initial parameters.

k; 1: initial production capacity of produceri.1 <i < k;.

k; 5 initial capacity of retailer j. 1 < j < k.



Model Parameters
» Goal: maximize model parametrization

e ky:total number of producers.

e k,:total number of retailers.

e ks: raw material inserted into the system by S — minimum value of range

e k,:raw material inserted into the system by S — maximum value of range.

° ks: aggregate demand inserted into the system by C — minimum value of range.

° k¢: aggregate demand inserted into the system by C — maximum value of range.

e ks price fixed by S for each unit of a.

e kg: number of failed purchases considered for the analysis of increasing capital stock — minimum value.
° kq: number of failed purchases considered for the analysis of increasing capital stock — maximum value.
° k1o: cost of capital stock per cycle.

e ky,: depreciation rate of capital stock.

° k,,: step of capacity increase.

e  ky3:dividend percentage.

e  k;q:initial production capacity of produceri. 1 < i < k;.

e k;,: price fixed by producer i for each unitof d;. 1 < i < k.

°  kj3:initial capacity of retailer j. 1 < j < k,.

®  k;¢: price fixed by retailers j for each order of good. 1 < j < k.




Set of rules — Initialization

» From Naive randomness:

s = Rycl ]y ik d*s*¥ec[ R,]3

Te = R C[]zkis’d 5 c[R,]3

r = Rycl ]y = d*s~6 c[ R,]3

s =R, c[], hsTlasTiag d¥s=2*ke c[ R,]

—  Generates d around k¢

» To a PDP-way: raw material disposability & generic demand

creation:

"n=Rys C[] - a¥s phaTis d¥s gleT*ss [ Ry]3

2
al 13

[]
dl 13

N |

lSi L& l° l°

pllz
pl]
ql]
ql]

N |

—_

Generates [d*s, d*s]

e

Generates [a*3, a’4]




Set of rules — Capacity costs

» Rents for capacity:

° Generic consumer is the owner of production factors.

o Agents have enough monetary units to pay for capacity:
ro =u0 [bi], » bjucfr[F1<i<k

ro = v;¥10 [cj]2 - ¢ ucke [ ]31<j <k,

o Agents are not able to pay for capacity:

1= [b;13 o ufo[ ,1<i<ky k: total number of producers.

+ .
— k : k-: total number of retailers.
T2 = [Cj]Z - Uc 10 [ ]21 S] < kz 2

kq: cost of capital stock per cycle.




Set of rules — Operations

» Main changes:
o Generic consumer is the owner of raw material source

} PrOd ucer Operation : k4 : total number of producers.

_ k + k 0 , k,: total number of retailers.
ra=abjw[]; o ucldid; 1<i<k ’

k-: price fixed by S for each unit of a.

k; ¢: price fixed by retailers j for each order of good.

» Retailer operation:

k; : price fixed by retailers j for each order of good.

g = d_C] uckj’6[]; - [ajvjkj'(’ ](2) 1 <] < kz

» Unused capacities:

ne=b; [ 1. = [bl, 1<i<k Retired from the operational membrane
r7 = ¢ [ ], - [cj ]2 1<j<k, waiting for their depreciation.



Set of rules — Auth. & Transactions

» Purchase authorization generation

J—

=

[e0]
Il
NP

=

| Pl [ e1f1,1]2
. 0 _

| Pl [ e1f1,2]2
. 05

1, [ 92f2,1]2
L 05,

| Az, 7 [ ezf2,2]2
S _ . 015 _ —
I, [ 93f3,1]2

-4 085, _ — Preferences
, [ esfs,z]zd

— Geo-barriers

=

O
Il
NP

=

oY

=)
1]
QU

N)

— Non-preferences

oY

=
1l
U

N

—

o

[\
1]
QU

w

oY

w
1
U

w

k: total number of producers.
k,: total number of retailers.

k; ,: price fixed by producer i for each unit of d;.

» Purchase transactions
o4 = [dle_]f]’lv] ki,z]g - U ki,2 [hl C]]; 1<i< kl, 1 S] < kz

b; are retired as h; from the operational membrane waiting for their depreciation.



Set of rules - Evolution

» Dividend payment:

rzsz[vj ];—>vj[]g 1<j<k,

_ _ ki3 0 )
ne=ullz > ull; 1<i<k

_1—k13
gy =ul ]l — u [ ]

NO
—_
A
N
&

[y

» Capacity depreciation:

. 1-kqq 0
r31= [ ]5—1[b]; 1<i<k
_ _k1q 0 )
2= [hi ]2 — [ 12 1<i<k

Both blocks of rules only applied to producers

k: total number of producers.
k,: total number of retailers.

k,4: depreciation rate of capital stock.

k,3: dividend percentage.




Set of rules — capacity increase

3 When Strictly necessary Only k,: total number of producers.
k,: total number of retailers.
» Trigger: non-exhausted f;; kg: number of failed purchases
. considered for the analysis of
* Case a: Enough prOducer capaC|ty: increasing capital stock — min
- 1- value.
re = [fadi], = [di]3 1<i<k,1<j<k, |
_ ke ko: number of failed purchases
T = f]l hi-z _— [bi]g 1<i<k,1<j<k, considered for the analysis of
] ok increasing capital stock — max
rs0 = |fiihi|, = [ 12 1<i<k,1<j<k, \vale

. k{,: depreciation rate of capital
* Case b: Not enough producer capacity: !

stock.
re= gi[ 13- [gykem®omk]” 1<i<k,
05 o ,
r=mlE->1 19 1<i<k; — Generates[y;"s,y;%]
0.5
rg = [mi]3 - [n]3 1<i<k |
r3 = [vilz = [z]13 1<isk
0 . .
T34 = [fj,izi]z_)biklz[]zr 1<i<k,1<j<k,



Set of rules — Cleaning

» Cleaning rules and technical rules

o Eliminate non-exhausted authorizations:

+ . ;
T3g = [fj'i]z - [ ](2) 1<i<ky,1<j<k, k,: total number of producers.

T3g = [Zi]-zl- BN [ ](2) 1<i< kl k,: total number of retailers.
° Unauthorize non-exhausted é;:
0 .
rz=v[ 13 —>[vj]2 1<j<k,
_1+ =10 .
r37 = [ej]2 - [dl]z 1 S] < kz
o Signaling a new cycle:

rig=[nly =l 13

rso=[gilz » 9 [ 13 1<j<k,



P - Lingua
» Set of rules has been implemented in P — Lingua.

» An example for each set of rules:

[e]

Initialization:
/xr1x/ s,c,r1[ 12 - s,c,ax*k{3},p* (k{4} — k{3}),dn = k{5}, q * (k{6} — k{5})
+[r1]'2::1

(@]

Production:
/¥19 %/  u{i} «k{10} [b{i}]'2 —> b{i},ucxk{10}+[]'2:1:1<=1i<=k{l1};

(o]

Transaction:

/x1r24 «/ [d{i}, en{j}, f{, i}, v{j} xk{i,2}]'2 —> uli} = k{i,2} — [ h{i},c{j},1'2 =1:1<
i < k{1},1 <j < k{2}

(o]

Capacity increase:
Jxr34x) [f{,i},2{i}]'2 — b{i}*k{12}+[ ]2 =1 :1<i<k{1},1<j<k{2}



Simplified trace

0 STEP 1: + i U
V: U; « Generic demand generation j Ui
Cj bi J ! * Supplycreation J
* Capacity costpayment Cj bi
Rygim;
2 9i 2
C SRy CS
dapgq Uc
1 1
STEP 1:
* Generic demand generation STEP 2:
* Supplycreation * Production of goods
e Capacity costpayment * Order generation
0 0
0 3 3 0
b; Uj Ui d. U;
, , , ] . h.
¢ d; Cj v; d; ¢ b;
Zi | gi R1 i yi
2
C SR, CS
da uc| dapq Uc |
STEP 5:
- STEP 3:
EIVIde_nd payme.nt . Generation of purchase
* Capacitydepreciation transaction authorizations
e Capacityincreasedecision
0 0
- U: — 0 U
hi t S e]' fj,i hi i
C; Vi C; TEP 4: .. C:
R, J J Purchasetransactions v] dl J
19iYi |, Ry gi yi ,
cCS cS
dapq Uc dapgq Uc
1




Simulation parameters

» Parameters: similar to Paun’s paper

Parameter Value Description
k4 2 Total number of producers
k, 3 Total number of retailers
k3 59 Units of raw material inserted into the system by S— minimum value of range
ky 62 Units of raw material inserted into the system by S—maximum value of range
ks 59 Units of aggregate demand inserted into the system by C — minimum value of range
ke 62 Units of aggregate demand inserted into the system by C — maximum value of range
k7 11 Price fixed by S for each unit of a
kg 3 # failed purchases considered for the analysis of increasing capital stock — minimum value.
kg 5 # failed purchases considered for the analysis of increasing capital stock — maximum value.
k1o 2 cost of capital stock per cycle
ki1 0.1 depreciation rate of capital stock
kiz 1 step of capacity increase
ki3 0.01 Dividend percentage
ki1 (65,35) Initial production capacity of produceri.1 <i < k4
ki {13,13) Price fixed by producer i for each unitofd;. 1 <i < k;
ki3 (50,30,20) Initial capacity of retailer j. 1 < j < k,
kie (15,15,15) Price fixed by retailer j for each order of good j. 1 <j <k,




MeCoSim definition

Parameter Value Description

<@r,1>

ky Captures number of producers based on the number of rows in table Producer_input
Index1=1
<@r,8>

k Captures number of retailers based on the number of rows in table Retailer_input
Index 2 =2

k3 Units of raw material inserted into the system by S—minimum value of range

ks Units of raw material inserted into the system by S—maximum value of range

ks Units of aggregate demand inserted into the system by C — minimum value of range

ke Units of aggregate demand inserted into the system by C — maximum value of range

k7 <9,$15-2,2> Price fixed by S for each unit of a

kg Index 1 =[3..<@r,9>+2] # failed purchases considered for the analysis of increasing capital stock — minimum value.

kg # failed purchases considered for the analysis of increasing capital stock — maximum value.

k1o Cost of capital stock per cycle

ki1 Depreciation rate of capital stock

kiz Step of capacity increase

ki3 Dividend percentage

kiy <1,$15,525+1> Initial production capacity of produceri. 1 < i < k;
Index 1 =[1..k{1}]

kio Price fixed by producer i for each unitof d;. 1 < i < k;
Index 2 =[1..2]
<8,51$,2>

ki3 Index 1 =[1..k{2}] Initial capacity of retailer j. 1 < j < k,
Index2=3
<8,51$,3>

kie Index 1 = [1..k{2}] Price fixed by retailer j for each order of good j. 1 < j < k,
Index2=6




Simulation results — capacities

— {1} — bi2} .y -
Producers’ capacities with:
Depreciation rate = 0.1
% * Deactivated capacity
N Increase mechanism.,
Cycle ;
— K1} — b2}
75
Producers’ capacities with:
50
» Depreciation rate = 0.1
25 i .
V\WAW\WMM\WAM/\ e Activated CapaCIty
0 Increase mechanism.
0 50 100 150 200




Simulation results — dividends

1000

Generic consumer monetary
units:

500

Deactivated dividend
payment.

1 51 101 151 191

Cyde

= uc
1000

?5-:] Generic consumer monetary
. ‘V\WWM\/\)W unItS

250  Restored dividend
payment.

0
1 51 101 151 191

Cyde



— b2}

= b{1}

Simulation results — producer

* [|nitial distribution of

capacities: 65 + 35

* Raw material generation

rate [59,62]

* Raw material generation
rate [40,43]
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CONCLUSIONS

» Initial model:

> We have been able to reproduce Paun’s results using:
* PDP systems.
* P—Lingua & MeCoSim framework.
* Inference engine DNDPA4.

» Enhanced model:

° |nitial model has been extended including several real world
economic Processes.
* Cost of production factors, dividend payment.
 Capacity depreciation, capacity increase mechanismes.
- Removing external injection of monetary units.

> Model evolves autonomously around an equilibrium point
different from the initial conditions.



FURTHER DEVELOPMENTS

» Complete the enhanced model:

o Macroeconomics interest: behavior of system under
perturbation around equilibrium.

° Introduce mechanisms to adjust prices to some stimulus.

° Investigate if different patterns of randomness could be
generated easily.

» Future Case of Study:

> SDGE (Stochastic Dynamic General Equilibrium).
> Previous techniques can be utilized in this problem.
o Challenge: generate an emergent optimization behavior.
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