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Figura 1 Rappresentazione di un business process. Le freccie indicano le attivita dei singoli agenti

duranti le fasi della produzione
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Capitolo 4
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4 Swarm & un protocollo di programmazione per lautzione ad agenti, promosso ed ideato nel 1994
da Chris Langton & Swarm development team of Skaténstitute (per approfondimenti vedere capitolo

“Swarm”).
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311 nome ‘bug’ & la traduzione inglese di insetto. Solitamereklimguaggio informatico tale nome &
associato alla presenza di un virus all'internositeema. Nel nostro caso esso € un nome puramiente

fantasia senza alcun significato specifico.
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#=ztart 1 plainProgrammingBug.py
import random
def SimpleBugl() :
# the environment
worldXSize = 80
world¥S5ize = 80
# the bug
®xPo= = 40
vPos = 40
# the action
for i in range(10):
xPos 4= randomMowve ()
vPos 4= randomMowve ()
xPos = [(xPos 4+ worldXSize) % worldXSize
vPos = (yPos + world¥Size) % world¥Size
print "I moved to X = ", xPos, " ¥ = ", yPos
# return=s -1, 0, 1 with egqual probability
def randomMove () :
return random.randint (-1, 1)
SinpleBug ()
TN
vou can eliminate the randomMowve () function substituting
xPos += randomMowve ()
Fos += ve ()
xPos += random.randint (-1, 1
Pos += random.randint (-1, 1
but the use of function allows us to use a self-explanatory name
TN

Figura'l PlainProgramming Bug, tratto datuterial 'l Slapp
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'8 'identazione & I'inserimento di una certa quantt spazio vuoto all'inizio di una riga di tesfessa
viene utilizzata nella scrittura del codice sorgeaito scopo di aumentare la leggibilita, soprédtael
contesto dei linguaggi strutturati: ogni riga viedentata di un certo numero di spazi che dipendtaiia
sua posizione all'interno della struttura logica plgramma.

7 per approfondimenti riguardanti la programmaziorientata agli oggetti vedere capitolo
“Programmazione orientata agli oggétti
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18 per istanza non si intende una richiesta, una ddeaun appello o una sollecitazione, bensi siisife
a caso,esempio o variabile di istanza. Questordifte significato, che dovremo forzatamente atirgou
alla parola istanza, & dovuto ad un’errata tracheziall’inglese del termindristancé.

19 per approfondimenti sul linguaggio di programmaeidare riferimento all'appendice di questa tesi.
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# start 2 basiclObhjectProgrammingBug.pyv
import random

# the environment
zelf.nunmber = number
self.worldX5ize = worldXS5ize

gelf.world¥S5ize = world¥5ize

# the bug

zelf.xFo=z = xPos=

zelf.yPos = yPos

print "Bug number ", self.number,

" has been created at ", self.xPos,

¥ the action
def randomWalk(=self):

lef  init__ (self, number, xPos, yPos, worldiSize =

80, world¥S5ize

Ll Ll

, 2elf.vPos

zelf.xPos += randomMowve ()
self.yPos += randomMowve ()
zelf.xPos = (self.xPos + self.worldXS3ize) % self.worldXSize
zelf.yPos = (self.vPos + self.world¥S5ize) % self.world¥Size
# report
def reportPosition(self):
print "Bug number ", self.number, "™ moved to X = ",
zelf.xPos, " ¥ = ", =self.vyPos
# returns -1, 0, 1 with equal probability
def randomMowve () :
return random.randint (-1, 1)
aBug = Bug(2, 60, 40)
bBug = Bug(6, 30, 30)
for i in range (100):
abBugy.randonWalk()
aBugy.reportPosition ()
bBug.randomWalk()
bBug.reportPosition ()
Figura-2-basicObjectProgrammingBug, tratto-datutorial-2-Slapp 1
0 A 9 % $ A
! I AS !
G 9 $ I !

1.2 0! !

* |
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& . %

nBugs = input ("How many bugs? ")
bugLi=st = [0] * nBugs

worldXSize= input ("X
world¥Size= input ("Y 5i
length = input ("Leng

for 1 in range (nBugs):
aBug = Bug(i, random.randint(0,worldXSize-1),
random, randint (0, world¥5ize-1),
worldXSize, world¥Size)
bugList[i] = aBug

or t in range{length):
for aBug in bugList:
aBuyg.randomWalk ()
aBug.reportPosition ()

Figura 3

#+ *1 D !
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nBug=s = input ("How many bugs? ")
bugList=[]

for 1 in range (nBugs):
aBug=Bug (i, random.randint {0,world¥Size-1), \
random,.randint (0, world¥S5ize-1),
worldiSize, world¥Size)
bugList.append (aBug)

Figura 4 Modalita di inserimento dati in una lista
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¥ startc 4 basicCbhbjectProgrammingManyBugs bugExternal + shuffle
import Bug
import random
nBugs = input ("How many bugs? ™)
bugList = []

worldXSize= input ("X 5i

world¥Size= input ("Y 5i
length = input ("Leng

or i in range (nBugs):
aBug = Bug.Bug(i, random.randint (0,worldXSize-1), \
random.randint (0, world¥3ize-1), %
world¥Size, worldY¥YS5ize)
bugList.append (aBug)

for € in range (length):
random. shuffle (buglList)
for aBug in bugList:

abBug.randomWalk()
aBug.reportPosition ()

Figura 5 basicObjectProgrammingManyBugs_bugExternal +_shuffle da tutorial 4 Slapp
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fhctionGroup.py
from Tools import *
zlazz ActionGroup:
def  dinit  (=3elf, groupName = " "): # the name is optional
=zelf.grouplame = groupMName

% reporting name
def reportGroupName (self):
return self.groupName

# by the agents, in the form

# exec("instruction 1; instruction 2; ...")

% place into the instances of thisz class parts of code generated

Figura 6 ActionGroup tratto da objectSwarmModelBugs. tutorial 5 Slapp
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# methods for Tk graphic applications
getXFos (self) :
zelf.xPos

get¥Fos (self) :
zelf.vPos

setGraphicltem(self, grI):
zelf.graphicltem=grl

getGraphicltem(=self) :
self.graphiclitem

Figura 7 Bug tratto da ghjectSwarmModelBugs, tutorial 5 Slapp
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Swarm = a library of functions and a

protocol (
modelSwarm
Blug
4 aBug
t bject
create objects budList
create actions
\
run modelSwarm randomwalk,

— .
aBu
/ o M g \
f aBug Y
| aBug |
' aBug B
% /
\ ( \(,}I P

schedule

Figura 8§ Schema di organizzazione ModelSwarm tratto da http:feco83. econ unito.it terna slapp/
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from Tools
om Bug import #
rom ActionGroup import *

ModelSwarm:

ef init_ (gelf, nBugs, nCycles, worldXSize = 80, world¥Size = 80):
# the environment
self.nBugs = nbBugs
self.bugli=st = []

Lo

self.nCycles = nCycles

self.world¥iSize= worldXSize

gelf.world¥5ize= worldYSize

self.conclude=False

zelf.t=-1 # time will =tart with a 0 walue in the first step

# okhiects
def buildCbjects (=self):
for i in range (self.nBugs):
abBug = Bug(i, random.randint(0,self.worldXS5ize-1),
random. randint (0, self.world¥Size-1), self.worldXSize,
self.worldiSize)
self.buglist.append (aBug)

print

Figura @ Parte prima file ModelSwarm tratto da ohjectSwarmModelBugs, tuterial 5 Slapp
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0 Una variabile booleana, nell’ambito dei linguadgprogrammazione, & un tipo di variabile che puo
assumere rispettivamente due soli valori o Veraialrue/False, 0/1.
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# actions
def buildfctions (self):

self.actionGroupl = ActionGroup ("move™)
def dol (address, nCycles, actionListc):

% keep safe the original li=st

address.buglistCopy=address.buglList[:]

% never in the same order (please comment if you want to keep

# always the =ame =Zeguence

random. shuffle {addre=s=s.buglistCopy)

# move with a jump, to have to transfer a parameter

% the format is: collection, method, parameters by name

% ask each agent, without parameters

askEachigentIn (address.buglListCopy,Bug. randomiWalk,
jump=random.uniform {0, 5} )

gelf.t+=1 #the clock running
if self.t+l==nCycles:
ingerchASubStepElementInllextStep firscPosition(actionlistc, "end")

zelf.actionGroupl.do = dol # do i=2 a variable linking a method

self.actionGroupZa = ActionGroup ("talk all"™)
def doZa(address):

# ask each agent, without parameters

print "Time = ", self.t, "ask all agents to report position”
askEachigentIn ({address.buglist, Bug.reportPosition)

self.actionGroupZ2a.do = do2a # do iz a variable linking a method

self.actionGroup2b = ActionGroup ("talk one")
def dolkb(address):
% ask 2 single agent, without parameters
print "Time = ",self.t,"ask first agent to report posicion™

askigent (address.bugli=t[0],Bug. reportPosition)

gelf.actionGroup2b.do = do2b # do is a wvariable linking a method

self.actionGroup3 = ActionGroup ("end"™)

def do3(address):
self.conclude=True
gelf.actionGroup3.do = do3 # do i=s a variable linking a method

# schedule

gelf.actionlist = [["move™], ["talk =11"1,
["mowve™], ["talk one"], \
["mowe™], ["talk one™]]

Figura 10 Parte seconda file ModelSwarm tratto da objectSwarm ModelBugs, rutorial 5 Slapg]
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fet run(se1f):

self.conclude:
step=extractiStepindRotate (self.actionlist)

len(step) >0:
subStep=extractASubStep (step)
subStep = "move™:
# =elf here iz the model env.
# not added automatically

# being do a wvariable

subStep = "talk all":
self.actionGroupla.do(=self)

subStep == "talk one":
self.actionGroup2b.do(self)

subStep == "end":
self.actionGroup3.do(self)

self.actionGroupl.do(self, =self.nCycles, =zelf.actionlist)

Figura 11 Parte terza file ModelSwarm tratto da objectSwarmModelBugs, tutorial 5 Slapp
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fztart 5 objectiSwarmModelBugs.pv
from Tools import *
from ModelSwarm import #

nBugs = input ("How ma

worldXSize= input ("X Size o 1d? ™)
world¥Size= input ("Y S5ize o iz ")
nCycles = input ("How many cycl 7 (0 exitc) ")

modelSwarm = ModelSwarm(nBugs, nCycles, worldXSize, world¥YSize)

# create objects
modelSwarm. buildChjects ()

# create actions
modelSwarm.buildActions ()

model Swarm. rumn ()

"Simulation stopped after ", nCycles, " cycles”

61



import random

# applving a method to a collection of instances
def askEachigentIn(collection,method, **k) :
nnrn cpllection, method, dict. of the parameters (may be empty)™""

for a in collection:
method (a, **k)

def askigent (agent,method, **k) :
nmen agent, method, diet. of the parameters (may be empty) ™"
method (agent, **k)

# extracting a step and rotating a list
def extractAStephAndRotate (alist):
if len(aListc)==0:
print "Error: action list is empty"
exit (Q)

aSubList=aliszst.pop(0)

if type (aSubList) !'=list:
print "Error: the elements of the action list need to be a
exit (Q)

alist.append(aSubList)

return aSubList[:] # with [:] we return the elements
# of aSublist, not the address

# extracting a subStep
def extractiSubStep (aSubList):

if len(aSubList)>»0: return aSubList.pop(0)

# insert an element in next sub-step (first position)
d insertiASubStepElementInlexcStep firscPosicion(alisc,what):
alist[0] .inserc (0, whart)

# insert an element in nest sub-step (last position)
d insertASubStepElementInNextStep lastPosition(alist,what):
aList[0] . append (what)

listc™

Figura 13 Tools tratto da objectSwarmModelBugs, tuterial 5 Slapp
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la=z=z ObserverSwarm:

eation =step
ef  init  (self, projectl):
glokal project
project=projectl
self.v=[]
if project=='school':
zelf.p=Pen(0,0)
self.p.white (-200,150)
ze: zelf.p=0

L1 =M
H

# create obiects
def buildChbjects (self):

glo cycle

cycle=1

mySeed = input ("random number seed (1 to get it from the clock)
if mySeed ==

random. seed ()

random. seed (mySeed)
self.nAgents = input ("How many 'bland

self.worldXSize= input ("X 51
self.world¥Size= input("Y S5i
self.nCycle=s = input ("How many

self.conclude=False

self.modelSwarm = ModelSwarm(self.nlAgents,
zelf.worldXS5ize, self.world¥S5ize, project)
self.modelSwarm.buildChjects ()

Figura 14 Parte prima ObserverAgent tratto da objectSwarmObserverAgents, turerial 6 Slapp
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# actions
def buildhctions (self):

global projectc
print "$#### Project", project,"starting.”
print

observerhActions=open("./"+project+"/observerBctions.txt")
self.actionlist=cbserverActions.read() .splic()
observerhctions.close ()

gelf . modelSwarm.buildActions ()

# clock, do not remove or move from here; the position in
# list can be also different
self.actionGroupl = ActionGroup (self.actionlList[2])
def dol (addres=s=s, nCycles=s, actionli=st):
glokal cycle
cycle+=1 #the clock running
print "Time =3%2d4d" % cycle

if cyclernCyvcles:
insertElementNextPosition (actionlis=st, "end™)
self.actionGroupl.do = dol # do iz a variable linking a method

gelf.actionGroupZa = ActionGroup (self.actionlist[1])
self.actionGroupZa.do = do2a # do is a wvariasble linking & method

self.actionGroupZk = ActionGroup (self.actionlList[4])
self.actionGroup2b.do = do2b # do is a wvariable linking a method

# previous steps, if empty, are defined in the specific
# oAction.py file
# repeat for new or different steps

# do not remove or move from here and dot not rename
self.actionGroup3d = ActionGroup ("end™)
def do3(address):
self.conclude=True
gelf.actionGroup3.do = do3 # do is a variable linking a method

Figura 15 Parte seconda ObserverAgent tratto da objectSwarmOhbserverAgents, tuterial § Slapp
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2L per paradigma si intende uno stile di programnmegi@ssia un insieme di strumenti forniti da un
linguaggio di programmazione per la stesura di mgni. Esistono diversi approcci alla
programmazione, chiamati appunto paradigmi. Alcesémpi riguardano il paradigma imperativo, il
paradiga funzionale e il paradigma logico.
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22 C++ & un linguaggio di programmazione orientatti aggetti, con tipizzazione statica, ovvero di
assegnazione di tipi alle variabili. Rappresentastansione del linguaggio C, di cui conserva itpdn
forza quali la potenza, flessibilita di gestiondl'oeerfaccia hardware e software, la possibilita
programmare a basso livello e l'efficienza di C.nfeudi forza del linguaggio C++ & appunto la
dinamicita data dalla programmazione ad ogget®, @nde tale linguaggio, una piattaforma ideale per
I'astrazione dei problemi di alto livello.

3 Debugging (o0 semplicemente debug) & una procathgaonsiste nell'individuazione della porzione di
software affetta da errori (bug).
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Figura 1 Sistema complesso deseritto da un insieme di oggetti interagent.
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Persona
nome
indirizzo
gatNome
getIndirizzo
vigualizza
OMON1mo
Studente Professore
matricola ruolo
pianoDiStudio stipendio .
corslAffidata
getPds setStipendio
modificaPds aumentaStipendio
visualizza aggiunglCorso
vigsualizza

Figura 2 Rappresentazione della proprieta di ereditarieta nella programmazione ad oggetti.
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24 Java & un linguaggio di programmazione orientajh aggetti, creato da James Gosling e altri
ingegneri di Sun Microsystems.

72



%% &
g
F ool A
! . A
% A + %%
$
!
AS$
A Lol
D A I
+ !
A
/ &A
A
8 %
9 &
L A %
; &A
8
A %
%
>0 ! A% %

%7 A

$A 9 A
% A

73



(14

n s + A A
% % % - $

DGGETTO
METODI

DATI

Figura 3 Struttura di un oggetto in Python
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% | termini incapsulamento e information hindingti@ealmente “occultamento delle informazioni”)
vengono spesso utilizzati come sinonimi, anche aetigore, esiste una differenza concettuale:
I'information hinding € il principio teorico su cui basa la tecnica di incapsulamento. Una parte de
programma pud nascondere informazioni incapsutatenimodulo, o in un costrutto di altro tipo, dotat
di interfaccia.
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",84<FZ1F48 #- 41//4 FOSELF

<nome classe> [(<classe madre>,...)]:
<elenco dati membro da inizializzare>

<elenco metodis»

Figura 4 Dicitura di una "classe” in Python
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"R & un linguaggio di programmazioogen sourcedatto per elaborazioni statistiche e grafiche



0 $ %

1! + 11 A % |
A O %
+ 11
B I
9 ? %7
<! "$ . % 0
clas=s persona
nome = 'francesco’
cognome = 'lovera'
indirizzo = 'wia langhe'
telefono = "313°
stato ciwvile = 'celibe'
print nome, cognome,indirizzo,telefono

[+ 8
m
Hh

cambia indirizzo(self,s):
gelf.indirizzo = =
cambbia telefono(2elf, =):

£,
m
Hh

self.telefono = s
def cambia stato_civile (self, s):
self.stato civile = s

=8
1]
Fh

stampa (self) :
print self.nome,zelf.cognome,self.indirizzo,3elf.2tato_civile

Figura 5 Codice di programmazione di una “classe™ in Python

mAS$ %%

% %
$ ?7 @

pl = personal) # le parentesi sono obbligatorie
Pl.nome = 'stefano' § assegnazione diretta ai dati membri
pl.cognome = '"riccico'
Fl.cambia indirizzo('wviz html n. 10') # richiamo un metodo
pl.=ztanpa () # risultato : stefano riccio via html n. 10

Figura 6§ Codice per creare un "oggetto™ e richiamare i relativi metodi in Python

% per convenzione, il primo argomento di ogni metaiaina classe viene chiamato “self’. Questo
argomento ricopre il ruolo della parola riservatiais” in C++ o Java, ma self non & una parola viser
in Python & semplicemente una convenzione sui nomi.
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Capitolo 6

'%-%4 -0 0
# ! $ &
A 9 I 1 |
0 A & $A
9 A 9 ! A. H
9 A % ! % !
% A ! &
A A$ 9 A
I %
! ? @ A9 A !
+ A $ A
% A &A .. %%
] |
I % 0 A
% A ! % A I %
% I ! A . H & !

79



%%

A

%

%%

AS$

%

A9

? %

. A9
4 A 9A

% 9

%

%

80



Manuale Utente Parte 1
54) % >9& 6 >9' >9) >

5 % >
9 % $ ! I
#+ 1 & 9 . +
! % ? ( 5% A 9
) -9 $ )"A +!
G : %
+ ! 9
A $ AsS
+ ! A % A
A 9
L r$ +
! ? 0 @A %% %%

% . A" A



9

%%

%%

%

%

82



__dinit__ (=elf,number,priceli=zt, aBook):
self. nunber=number

zelf.a=s=sets 0
#self.asset=3 =
zelf. aBook=aBook
gelf.pricelist=pricelis=st

#fprint "Agent number", =elf.number,

o

[w8
11
Fh

randomTransaction(self):

zelf. randomValue=random. random()
self.price=self.pricelist[-1]
gelf.5ellPrice=0
gelf.BuyPrice=0

gelf.randomWValue > 0.5:
self.S5ellPrice=self.price*random.uniform(0.5,1.5)

print "agent=",self.number,"S5ellPrice","%.2f" % =self.SellPrice
zelf.aBook.setSelllDecision([self.5ellPrice,self])
gelf.randomValue < 0.5:
self.BuyPrice=self.price*random.uniform(0.5,1.5)

print "agent=",self.mumber, "Buy [ L"ELZET % self.BuyPrice
self.aBook.setBuyDecision | [self.BuyPrice,self])

[w8
11
Fh

setExecutedBuyOrder (self) :
gelf.assets+=1
print "Agent",self.number, "Lssets",self.assets

£,
m
Fh

setExecutedSelllrder (self) :
zelf.assetzs—=1
print "Agent",self.number, "ARssets",self.assets

Figura 1 Linguaggio di programmazione del file agent
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import agent

__init_ (self,pricelist):
self.pricelist=pricelist
self.buyList=[]
self.=selllist=[]
self.buyPrintList=[]
self.=sellPrintList=[]

f setBuyDecision(self,information):

price = information[0]
identity = information[l] .number

if len(self.selllist)==0:
self.buyList.append (information)
self.buyList.reverse|()
self.buyPrintList.append (information[0])
self.buyPrintList.reverse ()
# print "informazione Buy",information[0]
elif price < self.selllist[0] [O]:
self.buyList.append (information)
self.buyList.reverse|()
self.buyPrintlList.append (information[0])
self.buyPrintList.reverse ()
£ print "prezzo<sellist”

firactInformationInLisc=self.zelllist.pop (D)
firacInformationInLiscPrint=3elf.sellPrintlist.pop(0)
self.pricelistc.append (firstInformationInlLisc[0])

print "TRADING PRICE","%.2f" % firatInformationInListPrint
information[l] .setExecutedBuyCrder ()
firactInformationInLisc[l].setExecutedSellCrder ()

" Jodn(("%.2E" % price for price in self.buyPrintlist))
" jodn ((M%.2E" % price for price in self.sellPrintlist))

Figura 2 Parte prima del codice di programm azione Book di negoziazione
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def setSellDecision(self,information):

price = information[0]
identity = information[l].number

if len(self.buylList)==0:
gelf.=zelllist.append (information)
self.selllist.sort()
gelf.=zellPrintlist.append(information[0])
gelf.zellPrintlist.sort()
# print "informazione Sell™,information[0]
glif price » self.buyList[0][0]:
self.=selllist.append (information)
gelf.=zelllist.=sort()
gelf.=zellPrintlist,.append(information[0])
gelf.=zellPrintlist.=sort ()
# print "prezzoxgelllist"

firatInformationInList=self.buyList.pop(0)
gelf.pricelist.append (firstInformationInlist[0])
firatInformationInListPrint=self.buyPrintlList.pop(0)
ffirstInformationInlistPrint=firstInformationInlist[0]
print "TRADING PRICE","%.2f" % firstInformationInListPrint
firatInformationInList[1l].setExecutedBuyOrder ()

information[l].setExecutedSelllOrder ()

print "S5ell List",",".join{("%.2f" % price for price in self.sellPrintList))
print "Buy List",",".join{("%.2f" % price for price in self.buyPrintList)

[=X

f cleanLists(self):

izl self.buylist[:]
gelf.=zelllist[:]
self.pricelist[1:]
gelf.buyPrintList[:]
gelf.zellPrintlisc|[:]

[T s T T s

(=N

f getStartingPrice (self):
print "price List™, ','.join{(("%.2f" % price for price in self.pricelist)
freturn self.pricelist

Figura 3 Parte seconda del codice di programm azione Book di negoziazione
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import agent
import book
import random

zlasz ModelSwarm:
def  init_ (self, nagents,numCicle):
gelf.numCicle=numCicle
self.nlhgents = nbhgents
self.hgentlist = [1]
self.price= 1
zelf.pricelist=[self.price]

(=N
m
Fh

buildChkijects (self) :
zelf.aBook=book.Book(self.pricelist)

for i in range (self.nfgents):
anfdgent = agent.hAgent(i,=self.pricelist,self.aBook)

zelf.hgentlist.append(anfgent)

(=R
m
H

buildiictions (self): fnon viene richiamato da start!
#zelf.aBook.cleanlists ()
for anhgent in self.RAgentList:
anfgent . randomTransaction ()
zelf.aBook.getStartingPrice ()

(=R
m
H

buildRandomfictions (self) :

random,. shuffle (self.Agentlist)

m=0

Wwhile ml!=gelf.numCicle:

or anfgent in self.hgentList:
anfgent . randomTransaction ()

self.aBook.getStartingPrice ()

gelf.aBook.cleanlists ()

Figura 4 Codice di programmazione file model
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import model
import book
import agent

numCicle=input {"How 1
nagents=input ("How many

HModel5= model .ModelSwarm (nbhgents, nunCicle)
HModelS.buildChject=s ()
fModelS.buildhctions ()
ModelS.buildRandomfctions ()

Figura 5 Codice di programmazione file start
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FActionGroup.py

~laz=z ActionGroup:
def _ ipit_ (self, groupName = " "}: § the name is optional
self.grouplame = groupName

# reporting name
def reportGrouplame (self):
return self.groupName

Figura 1 Codice di programmazione riferito a ActionGroup. py
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if self.randomValue > 0.5:
gelf.5ell1Price= random.gauss (self.price,0.03)
print "agent=",self.number, "52l1l1Price","%.2f" % self.S5ellPrice
self.aBook.setB5elllecision([self.5211Price,self])

if self.randomValue < 0.5:
self.BuvyPrice= random.gauss (self.price,0.03)
print "agent=",self.number, "Buy price","%.2f" % self.BuyPrice
zelf.aBook.setBuyDeci=sion([self.BuyPrice, self])

Figura 2 Modalita di formazione dei prezzi di offerta, tratto da Agent.py
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Tools
Rgents

Book
random
RBectionGroup

_init_ (self, niAgents,numlycles):
self.mumCycles=numCycles
self.nAgents = nAgents
self.hgentlist = []

self.price= 1
self.pricelist=[=elf.price]

f buildChjects (self):
=zelf.aBook=Book.Book (=elf.pricelist)

for 1 in range(self.nlgents):
anfgent = Agents.hgent (i,=self.pricelist,self.aBook)

self.Agentlist.append (anfigent)

o

f buildRctions (self):

self.actionGroupl = ActionGroup.ActionGroup ("bid ask")
def dol {address, numCycles):

address.AgentListCopy = address.RgentList[:]
random. shuffle (address.AgentListCopy)

Tools.askEachRgentIn (address.RgentListCopy, Agents.Agent . randomTransaction)
zelf.actionGroupl.do = dol

zelf.actionGroup?2 = ActionGroup.ActionGroup ("chack™)
def do2 (address):

Tools.askBookCheckIn (address.aBook.get5tartingPFrice() )
self.actionGroup?.do = do2

zelf.actionGroup3 = ActionGroup.hActionGroup ("cl=an™)
def do3 (address):

Tools.asklistsCleaned (address.aBook.cleanlists () )
zelf.actionGroup3.do = do3

fzachedule
self.actionGrouplist = ["bid ask", "check","clean"]

Figura 3 Parte prima file Model.py
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def run(self):

or n in range (self.numCycles):

if s== "bid ask":
1f.actionGroupl

"check":

I
Hh
1]
I|
Im

1f.actionGroup2

if = "clean™:

w
I m

gelf.actionGroup3

print "\n"

for 8 in self.actionGrouplist:

.do(=self,n)

.do(=elf)

.do(=self)

Figura 4 Parte seconda file Model.py

%

import random

[w]
m
Fh

or a in collection:
method (a)

askBookCheckIn (method) :
return method

askListsCleaned (method) :
return method

askEachhgentIn(collection,method) :

Figura 5 Tools.py
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%% %% P 4
%% 9 A $ % %

cla=z=z Book:
def  init (self,pricelist):
zelf.pricelist=pricelist
self.buyList=[]
self.selllist=[]
self.finalPriceForStep=[]

[#3
m
H

setBuvDecision(self,information) :
price = information[0]
identity = information[1]

if len(self.=selllist)==0:
self.buylist.append(information)
zelf.buylist.=sort (reverse = True)

=2lif price < self.sellList[0] [0]:
self.buylist.append (information)
self.buylist.sort (reverse=lrue)

2lif identity == s=self.s=selllLis=tc[0][1]:
for i in range(0,len(self.selllist)):
if identity != zgelf.selllisc[i]l[1]:

if price »>= sgelf.s=selllis=tc[i] [0]:
firstInformationInList=self.=selllist.pop({i)
self.pricelist.append (firstInformationInLisc[0])
print "TRADING FRICE","%.2f" % firstInformationInList[0]
information[l] .=etExecutedBuylrder ()
firstInformationInlist[l] .setExecutedSellCrder ()

1t "transazione avvenuta con il successivo™,1
- "Sn sempre io",i
if i==(len(self.=sellli=st)-1):

self.buylist.append (information)
self.buylist.sort (reverse=Irue)

n Farciao ofFfaerta™

firstInformationInList=self.selllist.pop(0)
self.pricelist.append (firstInformationInList [0])

print "TRADING PRICE","%.2f" % firstInformationInList[0]
information[l] .setExecutedBuylrder ()

firstInformationInlist[l].setExecutedSellfrder ()

Figura 1 Programma del modulo “setBuyDecision” tratto da Book di borsa
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? , 1, @$ ? 1 %
setFinalPriceForStep(self):

self.finalPriceForStep.append(self.pricelist[-1])

fprint "end Of StepPrice™, ', '.join("%.2f" % price for price in self.finalPriceForS3tep)

getFinalPriceFaorStep (self) :
self.finalPriceForStep

Figura 2 Programma del modulo “setFinalPriceForStep” tratto da Book di borsa
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buildfcrions (self) :

self.actionGroupl = ActionGroup.ActionGroup ("active _ilnactive”)
f dol{adress):

adress.agentlistCopy = adress.agentlisc([:]

random.shuffle (adress.agentListCopy)

while len{adress.agentListCopy) '=0:

for i in adress.agentListCopyd
action = random.randomi()
ask will =single agent = adress.agentliscCopy.pop(0)

if action >0.5:
zelf.agentActionlist.append (ask will =ingle agent)

#print "ask will single_agent",ask will single_agent
inactive = ask will single agent
#print "inactive",ask will =single agent

self.actionGroupl.do=dol

self.actionGroup? = ActionGroup.ActionGroup ("bid ask")
def do2ladress):
adress.agentActionlListCopy = self.agentfctionlLisc[:]
Tools.askEachlhigentIn(adress.agentfictionlistCopy, Agents.Agent.randomTransaction)
self.actionGroup2.do = do2

self.actionGroup3 = ActionGroup.hctionGroup ("cleanfctionList™)
def do3(adress):

iel self.agenthctionLisctCopv([:]

self.agenthActionList([:]

self.accionGroup3.do = do3

#=chedule
self.actionGrouplist = ["actiwve inactiwve","bid ask"™,"cleanfctionList™]

Figura 3 Programma del modulo “buildActions” tratto dal Model
<! 3 ! ? @A 9 &
% ?1. @ # | 9 % $
! 2 @-! ! $ 1 1
! . &] &G9 A 9
& % +%% 0 A o A

step (self) :

for 3 in self.actionGrouplist:

if s=="active inactive™:
self.actionGroupl.do(self)

g=—"bid ask":

self.actionGroup2 .do(self)

s=—"cleanhctionList™:

self.actionGroup3.do(self)

Figura 4 Programma del modulo “step” tratto dal Model
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~la=z= Cbhserverhgent:
def  init (=zelf):
zelf.Agentlist = []

self.price= 1
self.pricelist=[=elf.price]

fcreate okhjects
def buildChjects(self):

zelf.numnCycles=input {"How J
zelf . .nAgents=input {"How many
self.steps = input ("How many

self.modelSwarm = Model . ModelSwarm{self.nfgents)

self.modelSwarm.buildChjects ()

Figura 5 Programma del modu lo “buildOhbje cts” tratto dal ObserverfAgent
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factions
def buildhctions (zelf):

gelf.modelSwarm.buildhActions ()

self.actionGroupd=ActionGroup.ActionGroup ("step™)

def do4d (adress):

for 1 in range (self.steps):
adrezss.modelSwarm. step ()
adres=s.modelSwarm. aBook.zetFinalPriceForStep ()

self.actionGroupd.do = do4

self.actionGroups = ActionGroup.ActionGroup ("get prices")
def dob(adress):

adress.modelSwarm. aBook.getStartingPrice ()
self.actionGroups.do = dos

gelf.actionGroupé = RotionGroup.ActionGroup ("print txT™)
def dob(adress):

rith open("prices.txt","w") az f:
f.write(=str (adres=s.modelSwarm. aBook.getFinalPriceForStep()))
f.close ()

print "print file txt"

zelf.actionGroupb.do = doé

sgelf.actionGroupn7 = ActionGroup.ActionGroup ("clean™)
def do7(adress):
adress.modelSwarm. aBook.cleanlLists ()

sgelf.actionGroup7.do = do7

#achedule
gelf.actionGrouplist = ["scep", "get_prices", "print txT", "clean”

Figura 6 Programma del modulo “buildActions” tratto dal ObserverAgent
! % ?1. 7 @ $
! . <l ?7 @ . 9 A

in range (self.numCycles):
for s in self.actionGroupList:
f s== "step":
self.actionGroup4.do (self)
if g=— "get prices":

SElf.ECEiDHGIDJp5.dD[SElf]

if s== "print tHRL":
zelf.actionGroupé.do (self)
if g== "clean™:

zelf.actionGroup7.do (=self)

Figura 7 Programma del modulo “run” tratto dal ObserverAgent
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54) & 6 >90 %

&1 % >9' >

# ! 9
A Il ;
% %
+ %% 9
! . % %%
+! % %%
&
A
/1

>9

A
9 Al 9
* A &
@ F A
? @ A *

%%

L O MG

% Con questa espressione mi riferisco alle offercduisto, nel caso in cui al Book pervenga urfitf
di vendita. Viceversa, nel caso in cui al book pega un’offerta di acquisto.
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setBuylDecision(self, information) :
price = information[0]
identity = information[1l]

self.getVolBuy ()

if len({=elf.=elllistc)>0:

gelf.selllist2 = []
for i in self.selllList:
if identity '= i[1]:

self.=sellli=sc2.append (i)
gelf.zselllist = self.selllist2[:]

if len(self.sellli=t)==
zelf.buylis=stc. append (information)
self.buylist.sort (reverse = True)
1if len(self.selllist)>0:
if price < self.selllisc[0] [0]:
self . buylList.append (information)
self.buylList.sort (reverse=Lrue)

firstInformationInlList=self.=selllist.pop(0)
self.pricelist.append (firstInformationInListc[0])

print "TEADING PRICE","%.2f" % firstInformationInListc[0]
information[l] .setExecutedBuylrder ()
firstInformationInList[1l] .setExecutedS5el110rder ()

Figura 1 Modulo “setBuyDe cision” tratto dal file Book.py
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getMaxPriceSelllist (self) :

zelf.max5ellPrice = gelf.priceli=sc[-1]

if len({=self.=ellli=t)>0:
zelf.maxPriceS5elllist = =self.=selllist[0] [0]
return self.maxPriceSelllist

turn self.maxSellPrice

getMaxPriceBuyList (self) :

zelf.maxBuyprice = self.pricelist[-1]

if len(=self.buyLis=st)>0:
self.maxPriceBuyliszt = =self.buyList[0][0]
return self.maxPriceBuyList

return =self.maxBuyprice

gsetFinalPriceForStep (self):
self.finalPriceForStep.append(self.pricelist[-1])

#print "end Of StepPrice"™, ','.join("%.2f" % price for price

getFinalPriceForStep (self):
return self.finalPriceForStep

getVolBuy (2elf) :
self.volBuy+=1
$print "BUY Volums",=elf.wvolBuy

getVolSell (self) :
zelf.vol5ell—=1
#print "SELL Volums",self.vol3ell

in =elf.fin

Figura 2 Moduli interni al file Book.py
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trendTransaction(self):
gelf.randomProbability = random.random()
gelf.price = self.pricelist[-1]
zelf.coefficient = random.uniform(l,1.2)
gelf.=ellPrice = 0

zelf.buyPrice = 0

zelf.averagePrice = 0

gelf.sumPrice = 0

entrance = 10

if len({self.pricelist) » entrance:
param = random.randint(4,10)
i=2
while i'= param+?:

self.sumPrice = self.pricelist[-1] + self.sumPrice
i=i+l
zelf.averagePrice = self.sumPrice / param
print "Sum prices",self.sumPrice, "Everage prices", =self.averagePrice

if self.averagePrice < self.price:

if self.randomProbability > 0.2:
gelf.buyPrice = gself.price * self.coefficient

zelf.aBook.setBuyDecision([self.buyPrice, self])
if self.averagePrice > self.price:
if self.randomProbability > 0.2:
gelf.sellPrice = self.price / self.coefficient

self.aBook.setSellDecision([self.sellPrice,s3elf])

print "agent.Trend=",self.number, "Buy price”,"%.2f" % self.buyPrice

print "agent.Trend=",self.number, "SellPrice","%.2f" % =self.sellPrice

Figura 3 Modulo “trendTransaction™ tratto dal file TrendAgents.py
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Volumelgent:
def  init  (=elf,number,pricelist,aBook) :
zelf.number = number
zelf.assecs = 0
zelf.type = "Volu
zelf.aBook = aBook
zelf.pricelist = pricelist

o
m
Fh

volTransaction(=self) :
gelf.randomProbability = random.random()

zelf.price = gself.pricelist[-1]
zelf.zsellPrice = 0

zelf.coefficient = random.uniform(1.0,1.2)
gelf.buyPrice = 0

gapVol = random.randint(2,6)

if (self.aBook.vol3ell + =elf.aBook.volBuy) > gapVol:
if gelf.randomProbability > 0.4:
zelf.buyPrice = gelf.price * self.coefficient
print "agent.Vol=",self.number, "Buy price", "% .2f" % =self.buyPrice
zelf.aBook.setBuyDecizion([self.buyPrice, self])

if gelf.randomProbability > 0.4:
gelf.=zellPrice = gelf.price / self.coefficient

print "agent.Vol=",self.number, "5211Price" , "%.2f" % self.=ellPrice
zelf.aBook.setSelllecizion([self.=ellPrice,sel1f])

Figura 4 Classe “VolumeAgent” tratta dall omonimo file
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BestOfferthgent (Volumefgents . Volumehgent) :
_ init__ (self,number,pricelist,aBook):

Volumelhgents.VolumeAgent. init (self, number,pricelist, aBook)

self.number = number
zelf.assets = 0
self.type = "Bestlffert
self.aBook = aBook
self.pricelist = pricelist

uniformTransaction(self):
self.sellPrice = 0
self.buyPrice = 0

gapVol = random.randint (4, 8)

if (self.aBook.vol5ell + self.aBook.volBuy) > gapVol:
if self.aBook.buyList > O:
self.=ellPrice = =self.aBook.getMaxPriceBuylList() + 0.1
print "ag BestOffert=",zelf.number, "SellPrice","%.2f" % self.sellPrice
self.aBook.set5elllecision([self.=sellPrice,self])

if (self.aBook.vol5ell + self.aBook.volBuy) < -—-gapVol:
1f self.aBook.selllList > 0:
self.buyPrice = =elf.aBook.getMaxPriceSellldistc() + 0.1
print "agent.BestOffert=",self.number,"5ellPrice","%.2f" % self.buyPrice
self.aBook.setBuyDecision([self.buyPrice,self])

Figura 5 Classe “BestOffertAgent” tratta dallomonimo file
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self.actionGroup? = ActionGroup.ActionGroup ("bid ask")
ief doZ (adress):

adres=ss.agentActionli=s=tCopy = self.agentActionlist[:]
for i in adress.agentictionListCopy:
if i.type = "Randombgent™:
i.randomTransaction()
elif i.type — "Volumelgent™:
i.volTran=saction ()
1if i.type == "BestOfferthgent™:
i.bestTransaction()

i.trendTransaction()
#Toolzs.askEachhigentInadress.agentictionliztCopy, Agents. Agent . random
gelf.actionGroupl.do = do2

Figura & Modulo per il riconoscimento dei diversi agenti e per il richiamo dei rispettivi comandi, tratto
da "Model.py"

108




Manuale Utente Parte 5

54) 4 * % >9
3 * % >9&) >9
00 >
# ! 9 A
A ! X
A & I
9 A % % *
+ < - ) 9 A+l 1 &
Il A %
I <
A & I
! A A
A &

%0 per informazioni riguardo ai dati, che compongbimdlice e la metodologia di calcolo dello stesso,
fare riferimento alla sezione teorica di questa tes
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zelf.valuez=[]
open ("FISE TTALIA ALL SHARE.txt"™) f:
line f:
dato=(line.=split(":")[3])
Fprint dato
zelf.values.append(float (dato) )

Figura 1 Funzione che permette la lettura di dati da file esterno txt
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lewvelRealPriceTransaction (self):
nstep = self.nSteps
self.passo = 500 / mnstep
# print "self.pas=o", =elf.pas=o
self.randomValue=random.random()
self.price=self.pricelist[-1]
self.sellPrice=0
self.buyPrice=0
# self.finalPriceForSteplist = self.aBook.getFinalPriceForStep()
=0

if len(self.pricelist)>0:

b =0
j = self.step*self.passo
#zimulatorPricelevel= =elf.finalPriceForSteplist[-1]

realDatalevel = self.values[j]
rint "realD wel" realD el MIM 4 Mzl " ]
3 rin real 1%, real 1, rJe 1t. (Self.
# r t ealDataleve ealDataLewve J gelf.step”,self.step

if realDataLewvel > self.price:
self.buyPrice = realDatalLewvel
1t "realDataLevel™, realDataLevel
print "agent.LevelPriceRealData=",self.number, "Buy price","%.2f" % =zelf.bu
self.aBook.setBuyDecision([self.buyPrice, self, self.type])

if realDataLevel < self.price:
self.zellPrice = realDatalevel
"realDatalevel™, realDataLevel
1t "agent.LewelPriceRealData=",self.number,"SellPrice™,"%.2f" % self.sellPrice
self.aBook.set5elllecision([self.sellPrice,self,self.cype])

e e

Figura 2 Codice relativo alla funzione levelRealPriceTransaction
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variationRealPriceTransaction (self):
gelf.nstep = self.nSteps

self.passo = 500 / self.nstep
self.sellPrice=0

self.buyPrice=0

b=0

j=0

self.finalPriceForSteplist = self.aBook.getFinalPriceForStep()

if len{szelf.finalPriceForStepLi=st) > 1:
self.price=self.priceliszt[-1]
j = self.step*self.passo
b = (self.step - 1)*self.passo
realDataVariation = ((self.values[j]-self.values[b])/ self.values[b])
zimulatorPriceVariation= ((self.price - self.finalPriceForSteplist([-1])/self.finalPriceForSteplist[-1])
# print "REAL DATA VARIATION ",realDataVariation,"SIMULATOR Price Variation",simulatorPriceVariation

T realDataVariation < simulatorPriceVariation:
if realDataVariation < O:
if simulatorPriceVariation > 0:
self.sellPrice = self.pricelist[-1]#%(1 +(realDataVariation+ simulatorPriceVariation)
# print "agent.VariationPriceRealData=",self.number,"S3ellPrice™,"$.2f" % self.sellPrice
self.aBook.set3ellDecision([self.sellPrice,self,self.type])

if realDataVariation < simulatorPriceVariation:
if realDataVariation < O:
if simmlatorPriceVariation < 0O:
gelf.sellPrice = gelf.pricelist[-1]%(1 +(realDataVariation-simulatorPriceVariation)
# print "agent.VariationPriceRealData=",self.number,"SellPrice™,"%.2f" % self.zellPrice
gelf.aBook.set8elllecizion([self.=ellPrice, gelf, self.typel)

if realDataVariation > simulatorPriceVariation:
if realDataVariation > 0:
if simumlatorPriceVariation < 0O:
self.buyPrice = self.pricelist[-1]*(1 + (realDataVariation+simulatorPriceVariation)
¥ print "agent.VariationPriceRealData=",self.number, "Buy price","%.2f" % self.buyPrice
self.aBook.setBuyDecision([self.buyPrice, self,self.type])

if realDataVariation > simjlatorPriceVariation:
if simulatorPriceVariation > 0:
if realDataVariation > 0O:
zelf.buyPrice = zelf.pricelisc[-1]%(1 +(realDataVariation-simulatorPriceVariation))
# print "agent.VariationPriceRealData=",self.number,"3ellPrice”, "%.2f" % self.szellPrice
self.aBook.setBuyDecision | [self.buyPrice,self,self.type])

if realDataVariation > simulatorPriceVariation:
if simulatorPriceVariation « 0O:
f realDataVariation < 0:
self.buyPrice = self.pricelist[-1]%(1 +(realDataVariation-simulatorPriceVariation))
# print "agent.VariationPriceRealData=",szelf.number,"5ellPrice”,"%.2f" % self.sellPrice
self.aBook.setBuyDecision([self.buyPrice, self, self.type])

f realDataVariation < simulatorPriceVariation:
if realDataVariation > 0:
if simulatorPriceVariation > 0:
self.sellPrice = self.pricelist[-1]%(1 +(realDataVariation-zimulatorPriceVariation)
# print "agent.VariationPriceRealData=",self.number, "SellPrice™,"%.2f" % s3elf.zellPrice
zelf.aBook.setSellDecision([self.=sellPrice,self, zelf. type])

Figura 1 Codice relative alla funzione variationRealPriceTransaction
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def coveredTransaction(self):
self. randomValue=random.random/()
self.price=self.pricelisc[-1]
#self.=zell ice=0
self.buyPrice=0
self.BsCall = 0
self.BsPut = 0
self.averagePrice = 0
self.sumPrice = 0
entrance = 10
self.will = random.random()

if len(self.pricelist) > entrance:
param = random.randint (4,len(self.pricelist)-2)

i=2

while i'!= param + 2:
gelf.sumPrice = self.pricelist[-i] + self.sumPrice
i=i+l

self.averagePrice = self.sumPrice / paranm

# "self.numberAgent”, self.numberAgent
if self.flag 0:
if self.will < 0.4:
if self.averagePrice < self.price:
E print "EVERAGE-PRICE",self.averagePrice, "SELF.PRICE",self.price
self.sigma numpy.std([self.pricelist])
self.50 = self.pricelist[-1]
self.K = self.50 + random.randint(0,+10
zelf.r = 0.03
#self.T = 0.5
$zelf.sigma = 0.1
=zelf.T = szelf.numCyclez /[ 365
zelf,flag = "( "
self.choozeCall=1
self.BaCall = BsCalculation.BlackScholesEuropeanCallPrice (self.50,3elf.K,self.r,self.3igma,3elf.T)
¥ print "CALL","self.S50",self.50,"self.K",zelf.K,"self.r",self.r, "self.3igma", self.3igma, "self.T", 3elf.T
self.buyPrice= self.price + random.random()
self.buyPriceCall = self.buyPrice
self.KCall = self.K
"agent .Covered=", self.number, rice”,"%.2f" % self.buyl
#  print "self.BsCall", self.BsCall, "self K", self.X
self,aBook. setBuyDecision ([self.buyPrice, self, self.type])

if self.averagePrice > self.price:
% print "EVERAGE-PRICE",szelf.averagePrice,"SELF.PRICE",self.price
self.sigma nunpy.std([self.pricelist])
self.50 = self.pricelist[-1]
gelf.K = self.50 + random.randint (0,+10
self.r = 0.03
#self.T = 0.5
$zelf.zigma = 0.1
zelf.T = self.numCycles / 36835
self,flag = "PUT"
self.BaPut = BsCalculation.BlackScholesEuropeanPutPrice (3elf.50,3elf K, self.r, self.s3igma, self.T)
¥ pr "PUT","=elf.30",3elf.50, "self K", 2elf K, "self.r", 3elf.r, "self.zigma", self. sigma, "self.T", 3elE.T
self.buyPrice= self.price 4+ random.random()
self.buyPricePut = self.buyPrice
self.KPut = self.K
# print "agent.Covered=",self.number, "B price","%,2f" % self.buy
# print "self.BsPut",self.BsPut,"self.K", self.K
self.aBook.setBuyDecision([self.buyPrice, self, self.cype])

Figura 4 Codice relative alla funzione coveredT ransaction
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numberStep (self) :
if self.buyPriceCall > 0:
self.buyCffertListCall.append (self.buyPriceCall)

izt.append(=self.KCall)
f self.buyPricePut > 0:
self.buyCffertListPut.append(self.buyPricePut)

self.buyCffertListPut.append(self.pricelist[0])
#self.KPutList.append (self.KPut)
self.returnStrategy=0
self.active +=1
walueStrategy = 0
self.numberSteps+=1
gelf.numberhgent +=1
if self.numberSteps == self.nSteps:
self.numberCycles +=1
gelf.numberAgent = 0
if self.numberCycles == self.numCycles:
£ self.numberSteps self.nSteps:
if self.flag = "
if self.pricelist[-1] > =self.KCall:
f self.buyPriceCall > =self.KCall:
wvalueStrategy = (self.cash + self.BsCall - self.buyPriceCall + (self.buyPriceCall - =elf.KCall))
self.returnStrategy = (valueStrategy - self.cash)/self.cash
D 1t "ret Strategy"”, "agent.Covered=", zelf.number, "EsercitaCall”, =elf.return3trategy,"self.KCall"
self.flag = 0

valueStrategy = (self.cash + =elf.B=Call - self.buyPriceCall - (self.KCall - self.buyPriceCall))
self.return3trategy = (value3trategy - self.cash)/self.cash
F @ "retl Strategy”, "agent.Covered=", self.number, "EzercitaCall"”, self.returnStrategy,"self.ECall"

self.flag [v]
if self.pricelist[-1] < self.KCall:

wvalueStrategy = (self.cash + self.BsCall - self.buyPriceCall + self.pricelist[-1])
self,.returnStrategy = (valueStrategy — self.cash)/self.cash
F ') ", "agent.Covered=",3elf.number, "NonEsercitaCall"”, self.returnStrategy,”"self.RCall"
zelf.flag
if self.flag = "P

if self.pricelist[-1] > self.KPut:
valueStrategy= (self.cash + self.BsPut - self.buyPricePut + self.pricelList[-1])
self,.returnStrategy= (valueStrategy - =elf.cash)/self.cash
F print "return ("agent .Covered=",self.number, "NonEsercitaPut", self.retu
self.flag = 0
self.pricelist[-1] < self.KPut:
self.buyPricePut > self.KPut:

15trategy, "self.KPut"

valueStrategy= self.cash + self.BsPut - self.buyPricePut - (self.buyPricePut - self.KPut)
self.returnStrategy=( (valueStrategy - self.cash)/self.cash)

F print "ret trategy”,"agent.Covered=",self.number, "EsercitaPut™, self.return3trategy,"self.KPut"
self.flag = 0
valueStrategy= self.cash + self.BsPut - self.buyPricePut + (self.KPut - self.buyPricePut)
zelf.returnStrategy=|( (valueStrategy - self.cash)/self.cash)

F print "ret Strategy","agent.Covered=",self . number,6 "EsercitaPut", self.return3trategy,"self.EPut"”

self.flag = 0

Figura 5 codice tive al calcole dei rendimenti delle posizioni assunte dall’agente i-esimo
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import math

ef erfeo(x):

z = abs(x)

t=1. f (1. + D.5*%z)

r =t * math.exp(-z*z-1.26551223+c* (1.00002368+c*(.37409196+
c*(.09678418+c~(—-.18628806+c*(.27886807+
c*(-1.13520398+c* (1.48851587+c* (-.822152235+
C* ITOBT2TT)110) 000

if (® »=0.):
return r
__-_:e::_* 2. - r
def nedf (x)

-n 1. - O.5*%erfoc(x/(2%%0.5))

=8
m
H

dil(s0, K, r, =sicma, T):

TO = float (T}

501 = float (50)

K1 = float (K)

return (math.log(501/K1) + (r + sigma**2 / 2) = T) / (=igma * math.sgrt(T})

=8
m
H

d2 (50, K, r, =icma, T):

TO = float (T}

501 = float (50)

K1 = float (K)

rn (math.log(501/H1) + (r — =sigma**2 / 2) * T) / (=sigma * math.sqgrt(T))

=f BlackScholesEuropeanCallPrice (50, ¥, r, =sigma, T):
T0 = float(T)
501 = float (50)
Kl = float (K)
return 50 #* ncdf{dl1(50, K, r, sigma, T)) - K * math.exp(-r * T} * ncdf(d2(50, X, r, =sigma, T))

=f BlackScholesEuropeanPutPrice (50, K, r, sigma, T):
T0 = float(T)
501 = float (50)
Kl = float (K)

rn K #* math.exp(-r * T) * necdf(-d2(50, ¥, r, sigma, T)) - 50 * ncdf(-d1(50, E, r, sigma, T))

Figura 6 Funzioni necessarie per il calcolo del prezzo di opzioni call e put secondo Black and
Scholes
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Figura 1 Serie di prezzi distribuiti come una "random walk" in un mercato popolate di soli agenti
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Figura 2 Andamento dell'indice Ftse All Share (dati forniti da Borsa faliana 5 p.a)
& A % A
A
<! $ + A A
F ! )
n F I < ;
( F )

126



Serie di prezzi simulati (100 agenti random 1 level)
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Figura 3 Serie di prezd ottenuti da simulazione in un mondo popolato di 100 agenti random e 1

agente Level Fise
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Figura 4 Particolare della distribuzione Ftse All Share relativa a 2 giorni di contrattazione
<l "A AS %
) A <!
Serie prezzi simulati (100 agenti random 1 level)

21600
21500 A

@ 21300 o il

= 21200 M JM/ a

> U
21100
21000
20900

1 &4

127 190 253 316 379 442 505 568 631 694 757 820 383 946

Step

Figura 5 Particolare della serie di prezzi nel mercato simulato relativi a 2 giorni di contrattazione
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Figura 6 Numero di agenti level che, per step, hanno concluse una transazione ad un prezzo da loro
stahilito
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Figura 7 Numero di agenti random che, per step, hanne concluso una transazione ad un prezzo da

loro stabilito
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Figura 8 Spread, per step, calcolato tra il migliore e il peggiore prezzo di acquisto, present in lista
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Figura 9 Spread, per step, calcolato tra il migliore e il peggiore prezzo di vendita, presenti in lista
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Figura 10 Lunghezza (numero di offerte non ancora eseguite) presenti nella Buy List
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Figura 11 Lunghezza (numero di offerte non ancora eseguite) presenti nella Sell List
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Figura 12 Serie di prezzi simulati con variazioni alla funzione di prezzo programmata nell'agente
random
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def variationRealPriceTransaction(self):
zelf.nstep = self.nSteps
gelf.passo = 500 / self.nstep
self.sellPrice=0
zelf.buyPrice=0
b=0
=0

zelf.finalPriceForSteplist = zelf.aBook.getFinalPriceForStep()

if len(self.finalPriceForSteplist) > 1:
zelf.price=self.pricelizt[-1]
j = self.step*self.passo
b = (zelf.step - 1)*self.passo
realDataVariation = ((self.values[j]-self.values[b])/ self.values[b])
zimulatorPriceVariation= {(self.price - zelf.finalPriceForSteplist[-1])/=elf.finalPriceForsteplisc([-1]
# print "REAL DATA VARIATION ",realDataVariation,"SIMULATOR Price Variation",simulatorPriceVariation

if realDataVariation > simulatorPriceVariation:
if realDataVariation > O:
zelf.buyPrice = zelf.finalPriceForSteplist[-1]*%(1 4 realDataVariation)
¥ print "agent.VariationPriceRealData=",self.number, "Buy price","%.2f" % self.buyPrice
zelf,aBook.setBuyDecizion ([self.buyPrice, self, zelf.type])

if realDataVariation < simulatorPriceVariation:
if realDataVariation < 0:
zelf.sellPrice = self.finalPriceForSteplist[-1]*(1 + realDataVariation)
H print "agent.VariationPriceRealData=",self.number,"5ellPrice","%.2f" % self.szellPrice
zelf.aBook.setSellDecision([self.sellPrice, self, self.type])

Figura 13 Codice di programmazione relativa classe variation (Caso 1)
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Figura 14 Serie di prezzi ottenuti da simulazione in un mondo popelate di 50 agenti random e 20
agent variation
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Confronto andamento prezzi simulati e valori Ftse: Caso 1|——Prezzo simulato
Ftse All share
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Confronto prezzi simulati e Ftse all Share

—— Serie di prezzi simulati
——Ftse all Share
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Serie prezzi simulati in cui i Trend Agent sono attivi da subito
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—— Serie prezzi simulati

Confronto serie di prezzi simulati Ftse
——Ftse All Share
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Capitolo 8
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#ActionGroup.py

class ActionGroup:
def __init__(self, groupName =""): # the name
self.groupName = groupName

# reporting name

def reportGroupName(self):
return self.groupName

<#4;* 1%% -!

%%

%

is optional
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#BestOffertAgent.py

import VolumeAgents
import random

class BestOffertAgent(VolumeAgents.VolumeAgent):
def __init__ (self,number,pricelList,aBook):

VolumeAgents.VolumeAgent.__init__ (self,numb er,priceList,aBook)

self.number = number
self.assets = 0

self.type = "BestOffertAgent"
self.aBook = aBook
self.priceList = priceList

def bestTransaction(self):
self.sellPrice = 0
self.buyPrice = 0
self.minimunPrice = self.priceList[-1]
self.transactionList = self.aBook.getTransa ctionList()
self.buyList = self.aBook.getBuyList()
self.sellList = self.aBook.getSellList()

self.sellPriceMin = self.aBook.getMaxPriceB uyList()
self.buyPriceMax = self.aBook.getMaxPriceSe lIList()
if len(self.transactionList)>2:
if self.transactionList[-1] < self.tran sactionList[-2]:
if len(self.buyList) > 0:
self.sellPrice = self.sellPrice Min - 20

#print "self.sellPriceMin",
self.sellPriceMin,self.sellPrice

#print
"agent.BestOffert=",self.number,"SellPrice","%.2f" % self.sellPrice
self.aBook.setSellDecision([self.sellPrice,self,sel f.type])

if self.transactionList[-1] > self.tran sactionList[- 2]
if len(self.sellList) > O:

self.buyPrice = self.buyPriceMa X+ 20

#print
"self.buyPriceMax",self.buyPriceMax,self.buyPrice

#print
"agent.BestOffert=",self.number,"BuyPrice","%.2f" % self.buyPrice
self.aBook.setBuyDecision([self.buyPrice,self,self. type])

def setExecutedBuyOrder(self):
self.assets+=1
# print "Agent ",self.type,self.number,"Asse ts",self.assets

def setExecutedSellOrder(self):

self.assets-=1
# print "Agent ",self.type,self.number,"Asse ts",self.assets
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< #4;*

#Book
import math

class Book:

def __init_ (self,priceList):
self.priceList=priceList
self.buyList=[]
self.sellList=[]
self.finalPriceForStep=[]
self.transactionList = []
self.volTransaction=0
self.lenSellList=[]
self.lenBuyList=[]
self.spreadBuy = 0
self.spreadBuyList =[]
self.spreadSell =0
self.spreadSellList =[]
self.randomAgentOffert=0
self.randomAgentOffertList=[]
self.levelAgentOffert=0
self.levelAgentOffertList=[]
self.bestAgentOffert=0
self.bestAgentOffertList=[]
self.coveredAgentOffert=0
self.coveredAgentOffertList=[]
self.trendAgentOffert=0
self.trendAgentOffertList=[]
self.variationAgentOffert=0
self.variationAgentOffertList=[]
self.volumeAgentOffert=0
self.volumeAgentOffertList=[]

def setBuyDecision(self,information):
price = information[0]
identity = information[1]
categoryAgent = information[2]

if len(self.sellList)>0:
self.sellList2 =[]
for i in self.sellList:
if identity !=i[1]:
self.sellList2.append(i)
self.sellList = self.sellList2[:]

if len(self.buyList)>0:
self.buyList3 =[]
for i in self.buyList:
if identity = i[1]:
self.buyList3.append(i)
self.buyList = self.buyList3[:]

if len(self.sellList)==0:
self.buyList.append(information)
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#self.setLenBuyList()
self.buyList.sort(reverse = True)
elif len(self.sellList)>0:
if price < self.sellList[0][O]:
self.buyList.append(information
#self.setLenBuyList()
self.buyList.sort(reverse=True)
else:
self.getVolTransaction()
firstinformationinList=self.sel
self.priceList.append(firstinfo
#print "TRADING PRICE","%.2f"
firstinformationinList[0]
information[1].setExecutedBuyOr
firstinformationInList[1].setEx
if firstinformationInList[2] ==
self.randomAgentOffert+=1
# print
firstinformationinList[2],"self.randomAgentOffert",
self.randomAgentOffert
if firstinformationInList[2] ==
"LevelPriceRealDataAgent":
self.levelAgentOffert+=1
# print firstinformationinLi
"self.levelAgentOffert", self.levelAgentOffert
if firstinformationInList[2] ==
self.bestAgentOffert+=1
# print firstinformationinLi
"self.bestAgentOffert", self.bestAgentOffert
if firstinformationInList[2] ==
self.coveredAgentOffert+=1
# print firstinformationinLi
"self.coveredAgentOffert”, self.coveredAgentOffert
if firstinformationInList[2] ==
self.trendAgentOffert+=1
# print firstinformationinLi
"self.levelAgentOffert", self.trendAgentOffert
if firstinformationInList[2] ==
"VariationPriceRealDataAgent":
self.variationAgentOffert+=
# print firstinformationinLi
"self.levelAgentOffert", self.variationAgentOffert
if firstinformationInList[2] ==
self.volumeAgentOffert+=1
# print firstinformationinLis
"self.levelAgentOffert", self.volumeAgentOffert

# print "Buy List", ",".join("%.2f" % price[
self.buyList)

# print "Sell List", ",".join("%.2f" % price
self.sellList)

def setSellDecision(self,information):
price = information[0]
identity = information[1]

categoryAgent = information[2]

if len(self.buyList)>0:

IList.pop(0)
rmationinList[0])

der()
ecutedSellOrder()
"RandomAgent":

st[2],
"BestOffertAgent":
st[2],
"CoveredAgent";
st[2],

"trendAgent":

st(2],

1
st(2],

"VolumeAgent":

t[2],

0] for price in

[0] for price in
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self.buyList2=[]
for i in self.buyList:
if identity !=i[1]:
self.buyList2.append(i)
self.buyList = self.buyList2[:]

if len(self.sellList)>0:
self.sellList3 =[]
for i in self.sellList:
if identity !=i[1]:
self.sellList3.append(i)
self.sellList = self.sellList3[:]

if len(self.buyList)==0:
self.sellList.append(information)
self.sellList.sort()
#self.setLenSellList()
elif len(self.buyList)>0:
if price > self.buyList[0][0]:
self.sellList.append(information)
#self.setLenSellList()
self.sellList.sort()
else:
self.getVolTransaction()
firstinformationinList=self.buyList
self.priceList.append(firstinformat
# print "TRADING PRICE","%.2f" %
firstinformationinList[0]
firstinformationinList[1].setExecut
information[1].setExecutedSellOrder
#  print firstinformationinList[2]
if firstinformationinList[2] == "Ra
self.randomAgentOffert+=1
# print firstinformationinList[2
"self.randomAgentOffert",self.randomAgentOffert
if firstinformationInList[2] ==
"LevelPriceRealDataAgent":
self.levelAgentOffert+=1
# print firstinformationinList[2
"self.levelAgentOffert", self.levelAgentOffert
if firstinformationInList[2] == "Be
self.bestAgentOffert+=1
# print firstinformationinList[2
"self.levelAgentOffert", self.levelAgentOffert
if firstinformationinList[2] == "Co
self.coveredAgentOffert+=1
# print firstinformationinList[2
"self.levelAgentOffert", self.levelAgentOffert
if firstinformationInList[2] == "tr
self.trendAgentOffert+=1
# print firstinformationinList[2
"self.levelAgentOffert", self.trendAgentOffert
if firstinformationInList[2] ==
"VariationPriceRealDataAgent":
self.variationAgentOffert+=1
# print firstinformationinList[2
"self.levelAgentOffert", sel f.variationAgentOffert
if firstinformationinList[2] == "Vo
self.volumeAgentOffert+=1

-pop(0)
ioninList[0])

edBuyOrder()
0

ndomAgent":

1,

1,

stOffertAgent":

1,

veredAgent":

1,

endAgent":

1,

1,

lumeAgent":
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# print firstinformationinList[2

"self.levelAgentOffert", self.v olumeAgentOffert

# print "Sell List", ",".join("%.2f" % price
self.sellList)

# print "Buy List", ",".join("%.2f" % price[
self.buyList)

def cleanLists(self):
del self.buyList[:]
del self.sellList[:]
del self.priceList[:-1]
#del self.finalPriceForStep[:]
del self.transactionList[:]

def cleanStep(self):
self.volTransaction = 0
self.randomAgentOffert = 0
self.levelAgentOffert = 0
self.bestAgentOffert = 0
self.coveredAgentOffert = 0
self.trendAgentOffert = 0
self.variationAgentOffert = 0
self.volumeAgentOffert = 0

def setVolumeAgentOffert(self):
self.volumeAgentOffertList.append(self.volu

def getVolumeAgentOffert(self):
return self.volumeAgentOffertList

def setVariationAgentOffert(self):
self.variationAgentOffertList.append(self.variation

def getVariationAgentOffert(self):
return self.variationAgentOffertList

def setTrendAgentOffert(self):
self.trendAgentOffertList.append(self.trend

def getTrendAgentOffert(self):
return self.trendAgentOffertList

def setCoveredAgentOffert(self):
self.coveredAgentOffertList.append(self.cov

def getCoveredAgentOffert(self):
return self.coveredAgentOffertList

def setBestAgentOffert(self):
self.bestAgentOffertList.append(self.bestAg

def getBestAgentOffert(self):
return self.bestAgentOffertList

def setLevelAgentOffert(self):
self.levelAgentOffertList.append(self.level

[0] for price in

0] for price in

meAgentOffert)

AgentOffert)

AgentOffert)

eredAgentOffert)

entOffert)

AgentOffert)
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def getLevelAgentOffert(self):
return self.levelAgentOffertList

def setRandomAgentOffert(self):

self.randomAgentOffertList.append(self.rand

def getRandomAgentOffert(self):
return self.randomAgentOffertList

def setSpreadBuyOffert(self):
self.spreadBuyl = float(self.spreadBuy)
if len(self.buyList)>0:
self.spreadBuyl = self.buyList[0][0] -
self.spreadBuyList.append(self.spreadBu
else:
self.spreadBuyList.append(0)

def getSpreadBuyOffert(self):
return self.spreadBuyList

def setSpreadSellOffert(self):
self.spreadSelll = float(self.spreadSell)
if len(self.sellList)>0:
self.spreadSelll = self.sellList[0][0]
1][0]
self.spreadSellList.append(self.spreadS
else:
self.spreadSellList.append(0)

def getSpreadSellOffert(self):
return self.spreadSellList

def setLenBuyList(self):
self.lenBuyList.append(len(self.buyList))

def setLenSellList(self):
self.lenSellList.append(len(self.sellList))

def getLenBuyList(self):
return self.lenBuyList

def getLenSellList(self):
return self.lenSellList

def getStartingPrice(self):
print "price List", ',".join("%.2f" % price
self.priceList)

def getBuyList(self):
return self.buyList

def getSellList(self):
return self.sellList

def getMaxPriceSellList(self):
self.maxSellPrice = self.priceList[-1]
if len(self.sellList)>0:
self.maxPriceSellList = self.sellList[0
return self.maxPriceSellList

omAgentOffert)

self.buyList[-1][0]

yl)

- self.sellList[-
elll)

for price in

1[0]
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else:
return self.maxSellPrice - 20

def getMaxPriceBuyList(self):
self.maxBuyprice = self.priceList[-1]
if len(self.buyList)>0:
self.maxPriceBuyList = self.buyList[O][
return self.maxPriceBuyList
else:
return self.maxBuyprice + 20

def setFinalPriceForStep(self):
self.finalPriceForStep.append(self.priceLis
#print "end_Of_StepPrice", ',".join("%.2f"
in self.finalPriceForStep)

def getFinalPriceForStep(self):
return self.finalPriceForStep

def getVolTransaction(self):
self.volTransaction+=1

def setTransactionList(self):
self.transactionList.append(self.volTransac
# print self.transactionList

def getTransactionList(self):
return self.transactionList

< #4;*

#BsCalculation.py

import math
import numpy

def erfcc(x):

z = abs(x)

t=1./(1. +0.5*2)

r =t * math.exp(-z*z-1.26551223+t*(1.00002368+
t*(.09678418+t*(-.18628806+t*(.27886807+
t*(-1.13520398+t*(1.48851587+t*(-.82215223+
t*.17087277)))))))

if (x>=0.):
return r

else:
return 2. -r

def ncdf(x):
return 1. - 0.5*erfcc(x/(2**0.5))

def d1(S0, K, r, sigma, T):
TO = float(T)
S01 = float(S0)
K1 = float(K)

0]

t-1])

% price for price

tion)

t*(.37409196+
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return (math.log(S01/K1) + (r + sigma**2 / 2) *
math.sqrt(T))

def d2(S0, K, r, sigma, T):

TO = float(T)

S01 = float(S0)

K1 = float(K)

return (math.log(S01/K1) + (r - sigma**2 / 2) *
math.sqrt(T))

def BlackScholesEuropeanCallPrice(S0, K, r, sigma,

TO = float(T)

S01 = float(S0)

K1 = float(K)

return SO * ncdf(d1(S0, K, r, sigma, T)) - K*
ncdf(d2(S0, K, r, sigma, T))

def BlackScholesEuropeanPutPrice(S0, K, r, sigma, T

TO = float(T)

S01 = float(S0)

K1 = float(K)

return K * math.exp(-r * T) * ncdf(-d2(S0, K, r
ncdf(-d1(S0, K, r, sigma, T))

< H#4: -1

#CoveredAgent.py

import BsCalculation
import random
import math

import numpy

class CoveredAgent:
def __init__ (self,number,priceList,aBook,nSteps

self.number=number
self.numCycles = numCycles
self.nSteps = nSteps
self.assets = 0
self.type = "CoveredAgent"
self.aBook=aBook
self.priceList=priceList
self.cash = 100000
self.active =0
self.numberSteps = 0
self.numberCycles = 0
self.flag =0
self.K =0
self.buyPriceCall = 0
self.buyPricePut = 0
self.KCall =0
self. KPut =0
self.buyOffertListCall =[]
self.buyOffertListPut = []

T) / (sigma *

T) / (sigma *

T):

math.exp(-r *T) *

, sigma, T)) - SO *

,numCycles):
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self.KCallList=[]
self. KPutList=[]
self.numberAgent = 0

def numberStep(self):
if self.buyPriceCall > 0:
self.buyOffertListCall.append(self.buyP
else:
self.buyOffertListCall.append(self.pric
#self.KCallList.append(self.KCall)
if self.buyPricePut > O:
self.buyOffertListPut.append(self.buyPr
else:
self.buyOffertListPut.append(self.price
#self. KPutList.append(self.KPut)
self.returnStrategy=0
self.active +=1
valueStrategy = 0
self.numberSteps+=1
self.numberAgent +=1
if self.numberSteps == self.nSteps:
self.numberCycles +=1
self.numberAgent = 0
if self.numberCycles == self.numCycles:
if self.numberSteps == self.nSteps:
if self.flag == "CALL":
if self.priceList[-1] > sel
if self.buyPriceCall >
valueStrategy = (se
self.BsCall - self.buyPriceCall + (self.buyPriceCal
self.returnStrategy
self.cash)/self.cash
# print
"returnStrategy"”,"agent.Covered=",self.number,"Eser
self.returnStrategy,"self.KCall",self.KCall
self.flag =0
else:
valueStrategy = (se
self.BsCall - self.buyPriceCall - (self.KCall - sel
self.returnStrategy
self.cash)/self.cash
# print
"returnStrategy"”,"agent.Covered=",self.number,"Eser
self.returnStrategy,"self.KCall",self.KCall
self.flag = 0
if self.priceList[-1] < sel
valueStrategy = (self.c
self.buyPriceCall + self.priceList[-1])
self.returnStrategy = (
self.cash)/self.cash
# print
"returnStrategy"”,"agent.Covered=",self.number,"NonE
self.returnStrategy,"self.KCall",self.KCall
self.flag =0
if self.flag == "PUT":
if self.priceList[-1] > se
valueStrategy=(self.cas
self.buyPricePut + self.priceList[-1])

riceCall)

eList[0])

icePut)

List[0])

f.KCall:

self.KCall:

If.cash +

| - self.KCall))

= (valueStrategy -

citaCall",

If.cash +
f.buyPriceCall))
= (valueStrategy -

citaCall",
f.KCall:
ash + self.BsCall -

valueStrategy -

sercitaCall",

If.KPut:
h + self.BsPut -
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self.returnStrategy=(va

self.cash)/self.cash

# print
"returnStrategy"”,"agent.Covered=",self.number,"NonE
self.returnStrategy,"self.KPut",self. KPut

self.flag =0

if self.priceList[-1] < sel
if self.buyPricePut > s
valueStrategy= self
- self.buyPricePut - (self.buyPricePut - self.KPut)
self.returnStrategy
self.cash)/self.cash)

# print
"returnStrategy"”,"agent.Covered=",self.number,"Eser
self.returnStrategy,"self.KPut",self. KPut

self.flag =0
else:
valueStrategy= self
- self.buyPricePut + (self.KPut - self.buyPricePut)
self.returnStrategy
self.cash)/self.cash)

# print
"returnStrategy"”,"agent.Covered=",self.number,"Eser
self.returnStrategy,"self.KPut",self. KPut

self.flag = 0

def coveredTransaction(self):
self.randomValue=random.random()
self.price=self.priceList[-1]
#self.sellPrice=0
self.buyPrice=0
self.BsCall =0
self.BsPut =0
self.averagePrice = 0
self.sumPrice =0
entrance = 10
self.will = random.random()

if len(self.priceList) > entrance:
param = random.randint(4,len(self.price
i=2
while i'= param + 2:
self.sumPrice = self.priceList[-i]
i=i+1
self.averagePrice = self.sumPrice / par

if self.numberAgent<=20:
# print "self.numberAgent”,self.numb
if self.flag == O:
if self.will < 0.4:
if self.averagePrice < self
# print "EVERAGE-
PRICE",self.averagePrice,"SELF.PRICE",self.price
self.sigma = numpy.std(
self.S0 = self.priceLis
self.K = self.SO + rand
self.r =0.03
#self.T=0.5
#self.sigma = 0.1

lueStrategy -

sercitaPut”,

f.KPut:

elf KPut:

.cash + self.BsPut
=((valueStrategy -
citaPut",

.cash + self.BsPut

=((valueStrategy -

citaPut",

List)-2)

+ self.sumPrice

am

erAgent

.price:

[self.priceList])
t-1]
om.randint(0,+10)
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self.T = self.numCycles

self.flag = "CALL"

self.chooseCall=1

self.BsCall =
BsCalculation.BlackScholesEuropeanCallPrice(self.SO
.sigma,self.T)

# print
"CALL","self.S0",self.S0,"self.K",self.K,"self.r",s
self.sigma,"self.T",self.T

self.buyPrice= self.pri
random.random()

self.buyPriceCall = sel

self.KCall = self.K

# print "agent.Covered="
price","%.2f" % self.buyPrice

# print "self.BsCall", s
"self.K", self.K

self.aBook.setBuyDecision([self.buyPrice,self,self.

if self.averagePrice > self

# print "EVERAGE-
PRICE",self.averagePrice,"SELF.PRICE",self.price

self.sigma = numpy.std(
self.S0 = self.priceLis
self.K = self.SO + rand
self.r =0.03
#self.T=0.5
#self.sigma = 0.1
self.T = self.numCycles
self.flag = "PUT"
self.BsPut =
BsCalculation.BlackScholesEuropeanPutPrice(self.S0,
sigma,self.T)

# print
"PUT","self.S0",self.S0,"self.K",self.K,"self.r",se
elf.sigma,"self. T",self.T

self.buyPrice= self.pri
random.random()

self.buyPricePut = self

self.KPut = self.K

# print "agent.Covered="
price","%.2f" % self.buyPrice

# print "self.BsPut",sel
self.K

self.aBook.setBuyDecision([self.buyPrice,self,self.

def getPlotStrategyCall(self):
return self.buyOffertListCall

def getPlotStrategyPut(self):
return self.buyOffertListPut

def setExecutedBuyOrder(self):

self.assets+=1
# print "Agent ",self.type,self.number,"Asse

/ 365

,self.K,self.r,self

elf.r,"self.sigma”",
ce +

f.buyPrice
,self.number, "Buy

elf.BsCall,

type])

.price:

[self.priceList])
t[-1]
om.randint(0,+10)

/ 365

self.K,self.r,self.

If.r,"self.sigma”,s
ce +

.buyPrice
,self.number, "Buy

f.BsPut,"self.K",

type])

ts",self.assets
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def setExecutedSellOrder(self):
self.assets-=1
# print "Agent ",self.type,self.number,"Asse

(<#4; < 8

#FunctionDictionaries.py

import ActionGroup
import rpy2.robjects as robjects
import math

class FunctionDictionary:

def __init_ (self,priceForStep,buyList,sellList
self.buyList = buyList
self.sellList = sellList
self.priceForStep = priceForStep
self.steps = steps
self.numCycles = numCycles
self.AgentList =[]
self.x=[]
self.numMinuts = 500.00 * self.numCycles

def grafic(self):

self.actionGroupll = ActionGroup.ActionGrou

def doll(adress):

time=(adress.numMinuts / adress.steps)

timel = round(time,0)

foriin range(1,adress.steps+1):
minutes = timel * |
adress.x.append(minutes)
self.actionGroupll.do = dol1l

self.actionGroupl12 = ActionGroup.ActionGrou

def dol2(adress):
del adress.x[]
self.actionGroupl12.do = do12

self.actionGroupl3 = ActionGroup.ActionGrou

def dol3(adress):
print "X", len(adress.x), "Price",
len(adress.priceForStep)
r = robjects.r
r.plot(adress.x,adress.priceForStep,xla
"prices")

r.grid()

r.title("Price dynamics")

r.lines(adress.x,adress.priceForStep,co

#r.lines(adress.x,adress.buyOffertPut,c

#r.lines(adress.x,adress.buyOffertCall,
self.actionGroup13.do = do13

# self.actionGroupl14 = ActionGroup.ActionGro

ts",self.assets

,steps,numCycles):

p("plotPrice™)

p("cleanMinuts")

p("plotl”)

b ="time", ylab =

I="blue")
ol="red")
color="yellow")

up("plot2™)
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# def dol4(adress):

# p=robjects.p

# p.plot(adress.x,adress.buyList,xlab="
"numberoffert")

#  p.grid()

#  p.title("number offert")

# p.lines(adress.x,adress.buyList,col="r
# self.actionGroupl4.do = dol4

self.actionGroupList = ["plotPrice","plot1"

def run(self):
for n in range(self.numCycles):
for s in self.actionGroupList:
if s== "plotPrice":
self.actionGroupll.do(self)
if s== "plot1":
self.actionGroup13.do(self)
if s== "cleanMinuts":
self.actionGroup12.do(self)

<#4;# 0 > 8 -I

#L evelPriceRealDataAgents.py

from math import *
import random

class LevelPriceRealDataAgent:

def __init__ (self,number,priceList,aBook,nSteps

self.numCycles=numCycles
self.nSteps=nSteps
self.number=number

self.assets = 0

self.type = "LevelPriceRealDataAgent"
self.aBook=aBook
self.priceList=priceList

self.variazPerc = 0

self.step =0

self.passo =0

self.values=[]

with open("FTSE_ITALIA_ALL_SHARE.txt") as f

for line in f:
dato=(line.split(*;)[3])
#print dato
self.values.append(float(dato))

def numberStep(self):
self.step+=1

def levelRealPriceTransaction(self):

time", ylab =

ed")

,"cleanMinuts"]

,numCycles):
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nstep = self.nSteps
self.passo = 500 / nstep
# print "self.passo", self.passo

self.randomValue=random.random()

self.price=self.priceList[-1]

self.sellPrice=0

self.buyPrice=0

# self.finalPriceForStepList =
self.aBook.getFinalPriceForStep()

j=0

if len(self.priceList)>0:
b=0
j = self.step*self.passo
#simulatorPriceLevel= self.finalPriceFo
realDatal evel = self.values|j]
#  print
"realDatalLevel",realDatalLevel,"J",j,"self.step",sel

if realDatalLevel > self.price:
self.buyPrice = realDatal evel
# print "realDatal evel",realDatalLeve
# print "agent.LevelPriceRealData=",
price","%.2f" % self.buyPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.

if realDatalLevel < self.price:
self.sellPrice = realDatalLevel
# print "realDatalLevel",realDataLeve
# print
"agent.LevelPriceRealData=",self.number,"SellPrice"
self.sellPrice

self.aBook.setSellDecision([self.sellPrice,self,sel

def setExecutedBuyOrder(self):
self.assets+=1
# print "Agent ",self.type,self.number,"Asse

def setExecutedSellOrder(self):
self.assets-=1
# print "Agent ",self.type,self.number,"Asse

DL < #4:

#Model.py

import Tools

import RandomAgents
import Book

import random

import ActionGroup
import TrendAgents

rStepList[-1]

f.step

I
self.number, "Buy

type])

"%. 21" %

f.type])

ts",self.assets

ts",self.assets

187



import VolumeAgents

import BestOffertAgents

import LevelPriceRealDataAgents
import VariationPriceRealDataAgents
import CoveredAgents

class ModelSwarm:
def __init_ (self,

nRandomAgents,nTrendAgents,nVolumeAgents,nBestOffer
RealDataAgents,nVariationPriceRealDataAgents,nCover

Cycles):
self.numCycles = numCycles
self.steps = nSteps
self.nCoveredAgents = nCoveredAgents
self.nVariationPriceRealDataAgents =
nVariationPriceRealDataAgents
self.nLevelPriceRealDataAgents = nLevelPric
self.nBestOffertAgents = nBestOffertAgents
self.nVolumeAgents = nVolumeAgents
self.nRandomAgents = nRandomAgents
self.nTrendAgents = nTrendAgents
self.agentList =[]
self.price= 21276.78
self.priceList=[self.price]
self.agentActionList=[]

def buildObjects(self):
self.aBook=Book.Book(self.priceList)

for i in range(self.nRandomAgents):
anAgentR =
RandomAgents.RandomAgent(i,self.priceList,self.aBoo
self.agentList.append(anAgentR)

for i in range(self.nTrendAgents):
anAgentT =
TrendAgents.TrendAgent(i,self.priceList,self.aBook)
self.agentList.append(anAgentT)

for i in range(self.nVolumeAgents):
anAgentV =
VolumeAgents.VolumeAgent(i,self.priceList,self.aBoo
self.agentList.append(anAgentV)

for i in range(self.nBestOffertAgents):
anAgentB =
BestOffertAgents.BestOffertAgent(i,self.pricelList,s
self.agentList.append(anAgentB)

for i in range(self.nLevelPriceRealDataAgen
anAgentL =
LevelPriceRealDataAgents.LevelPriceRealDataAgent(i,
.aBook,self.steps,self.numCycles)
self.agentList.append(anAgentL)

for i in range(self.nVariationPriceRealData
anAgentVar =
VariationPriceRealDataAgents.VariationPriceRealData
ist,self.aBook,self.steps,self.numCycles)

tAgents,nLevelPrice
edAgents,nSteps,num

eRealDataAgents

k)

k)

elf.aBook)

ts):

self.priceList,self

Agents):

Agent(i,self.priceL
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self.agentList.append(anAgentVar)

for i in range(self.nCoveredAgents):
self.anAgentCov =
CoveredAgents.CoveredAgent(i,self.priceList,self.aB
.numCycles)
self.agentList.append(self.anAgentCov)

def buildActions(self):

self.actionGroupla = ActionGroup.ActionGrou
def dola(adress):
for i in adress.agentList:
if i.type == "LevelPriceRealDataAge
i.numberStep()
if i.type == "VariationPriceRealDat
i.numberStep()
if i.type == "CoveredAgent":
i.numberStep()
self.actionGroupla.do=dola

self.actionGroupl = ActionGroup.ActionGroup
("active_inactive")
def dol(adress):
adress.agentListCopy = adress.agentList
random.shuffle(adress.agentListCopy)

while len(adress.agentListCopy)!=0:
for i in adress.agentListCopy:
action = random.random()
ask_will_single_agent =
adress.agentListCopy.pop(0)
if action >0.5:

self.agentActionList.append(ask_will_single_agent)
#print
"ask_will_single_agent",ask_will_single_agent
else:
inactive = ask_will_single_
#print "inactive",ask_will_

self.actionGroupl.do=dol

self.actionGroup2 = ActionGroup.ActionGroup
def do2(adress):
adress.agentActionListCopy = self.agent
for i in adress.agentActionListCopy:
if i.type == "RandomAgent";
i.randomTransaction()
elif i.type == "VolumeAgent":
i.volTransaction()
elif i.type == "BestOffertAgent":
i.bestTransaction()
elif i.type == "LevelPriceRealDataA
i.levelRealPriceTransaction()
elif i.type == "VariationPriceRealD
i.variationRealPriceTransaction
elif i.type == "CoveredAgent":
i.coveredTransaction()

ook,self.steps,self

p("numberStep")

nt":

aAgent":

(]

agent
single_agent

("bid_ask")

ActionList[:]

gent":

ataAgent":
0
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else:
i.trendTransaction()

#Tools.askEachAgentin(adress.agentActionListCopy,Ag
ansaction, TrendAgents.TrendAgent.trendTransaction)
self.actionGroup2.do = do2

self.actionGroup3 = ActionGroup.ActionGroup
("cleanActionList")
def do3(adress):
del self.agentActionListCopy][:]
del self.agentActionList[:]
self.actionGroup3.do = do3

#schedule
self.actionGroupList =

["numberStep”,"active_inactive","bid_ask","cleanAct

def step(self):
for s in self.actionGroupList:
if s=="numberStep":
self.actionGroupla.do(self)
if s=="active_inactive":
self.actionGroupl.do(self)
if s=="bid_ask":
self.actionGroup2.do(self)
if s=="cleanActionList":
self.actionGroup3.do(self)
print

L <#4: 1.

#Observer.py

import Model

import ActionGroup

import Book

import RandomAgents

import TrendAgents

import Tools

import random

import VolumeAgents

import FunctionDictionaries
import LevelPriceRealDataAgents
import VariationPriceRealDataAgents
import CoveredAgents

class ObserverAgent:
def __init_ (self):
self.AgentList =[]
self.price= 1
self.priceList=[self.price]

ents.Agent.randomTr

ionList"]
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#create objects
def buildObjects(self):

self.numCycles=input("How many cycles?")
self.nRandomAgents=input("How many RandomAg
self.nTrendAgents = input ("How many TrendA
self.nVolumeAgents = input ("How many Volum
self.nBestOffertAgents = input ("How many B
self.nLevelPriceRealDataAgents = input("How

LevelPriceRealDataAgents?")
self.nVariationPriceRealDataAgents = input(

VariationPriceRealDataAgents?")
self.nCoveredAgents = input("How many Cover
self.steps = input("How many step?")

self.modelSwarm =
Model.ModelSwarm(self.nRandomAgents,self.nTrendAgen
ts,self.nBestOffertAgents,self.nLevelPriceRealDataA
onPriceRealDataAgents,self.nCoveredAgents,self.step

self.modelSwarm.buildObjects()

#actions
def buildActions(self):

self.modelSwarm.buildActions()

self.actionGroup4=ActionGroup.ActionGroup("
def do4(adress):
for i in range(self.steps):

adress.modelSwarm.step()
adress.modelSwarm.aBook.setFinalPri
adress.modelSwarm.aBook.setLenBuyLi
adress.modelSwarm.aBook.setLenSellL
adress.modelSwarm.aBook.setSpreadBu
adress.modelSwarm.aBook.setSpreadSe
adress.modelSwarm.aBook.setTransact
adress.modelSwarm.aBook.setRandomAg
adress.modelSwarm.aBook.setLevelAge
adress.modelSwarm.aBook.setBestAgen
adress.modelSwarm.aBook.setCoveredA
adress.modelSwarm.aBook.setTrendAge
adress.modelSwarm.aBook.setVariatio
adress.modelSwarm.aBook.setVolumeAg
adress.modelSwarm.aBook.cleanStep()

self.actionGroup4.do = do4

self.actionGroup5 = ActionGroup.ActionGroup

def do5(adress):
adress.modelSwarm.aBook.getStartingPric

self.actionGroup5.do = do5

self.actionGroup6 = ActionGroup.ActionGroup
def do6(adress):
with open("priceForStep.txt","w") as p:

p.write(str(adress.modelSwarm.aBook.getFinalPriceFo
p.close()
with open("lenBuyList.txt","w") as f:

ents?")

gents?")

eAgents?")

estVolAgents?")
many

"How many

edAgents?")

ts,self.nVolumeAgen
gents,self.nVariati
s,self.numCycles)

step”)

ceForStep()

st()

ist()
yOffert()
lIOffert()
ionList()
entOffert()
ntOffert()
tOffert()
gentOffert()
ntOffert()
nAgentOffert()
entOffert()

("get_prices")

e()

("print_txt")

rStep()))
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f.write(str(adress.modelSwarm.aBook
f.close()

with open ("lenSellList.txt","w") as t:
t.write(str(adress.modelSwarm.aBook
t.close()

with open ("spreadBuyOffert.txt","w") a

m.write(str(adress.modelSwarm.aBook.getSpreadBuyOff
m.close()
with open ("spreadSellOffert.txt","w")

n.write(str(adress.modelSwarm.aBook.getSpreadSellOf
n.close()
with open ("randomAgentOffert.txt","w")

r.write(str(adress.modelSwarm.aBook.getRandomAgentO
r.close()
with open ("levelAgentOffert.txt","w")

g.write(str(adress.modelSwarm.aBook.getLevelAgentOf
g.close()
with open ("bestAgentOffert.txt","w") a

s.write(str(adress.modelSwarm.aBook.getBestAgentOff
s.close()
with open ("coveredAgentOffert.txt","w"

c.write(str(adress.modelSwarm.aBook.getCoveredAgent
c.close()
with open (“trendAgentOffert.txt","w")

x.write(str(adress.modelSwarm.aBook.getTrendAgentOf
x.close()
with open ("variationAgentOffert.txt","

v.write(str(adress.modelSwarm.aBook.getVariationAge
v.close()
with open ("volumeAgentOffert.txt","w")

z.write(str(adress.modelSwarm.aBook.getVolumeAgentO
z.close()

# self.FunctionDictionary =
FunctionDictionaries.FunctionDictionary(adress.mode
alPriceForStep(),adress.modelSwarm.aBook.getLenBuyL
warm.aBook.getLenSellList(),self.steps,self.numCycl

# self.FunctionDictionary.grafic()

# self.FunctionDictionary.run()

print "print_file_txt"
self.actionGroup6.do = do6

self.actionGroup7 = ActionGroup.ActionGroup

def do7(adress):
adress.modelSwarm.aBook.cleanLists()

self.actionGroup7.do = do7

#schedule
self.actionGroupList =

['step”,"get_prices","print_txt","clean"]

.getLenBuyList()))

.getLenSellList()))
sm:

ert()))

as n:

fert()))

asr:
ffert()))

as q:
fert()))

ss:

ert()))

) as c:
Offert()))
as x:
fert()))

w") as v:
ntOffert()))

as z:

ffert()))

ISwarm.aBook.getFin

ist(),adress.modelS
es)

("clean™)
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#run
def run(self):
for n in range(self.numCycles):
for s in self.actionGroupList:
if s== "step™:
self.actionGroup4.do(self)
if s== "get_prices":
self.actionGroup5.do(self)
if s== "print_txt":
self.actionGroup6.do(self)
if s== "clean":
self.actionGroup7.do(self)
print

L) <#4,> -]

#RandomAgent.py
import random

class RandomAgent:
def __init__ (self,number,pricelList,aBook):
self.number=number
self.assets = 0
self.type = "RandomAgent"
self.aBook=aBook
self.priceList=priceList

def randomTransaction(self):
self.randomValue=random.random()
self.price=self.priceList[-1]
self.sellPrice=0
self.buyPrice=0

if self.r-andomValue > 0.5:
self.sellPrice=self.price - 3*random.ra
# print "agent.Random=",self.number,"Sel
self.sellPrice

self.aBook.setSellDecision([self.sellPrice,self,sel
if self.randomValue < 0.5:
self.buyPrice= self.price + 3*random.ra
# print "agent.Random=",self.number, "Bu
self.buyPrice
self.aBook.setBuyDecision([self.buyPric

def setExecutedBuyOrder(self):
self.assets+=1
# print "Agent ",self.type,self.number,"Asse

def setExecutedSellOrder(self):
self.assets-=1
# print "Agent ",self.type,self.number,"Asse

ndom()
IPrice","%.2f" %

f.type])

ndom()
y price","%.2f" %

e,self,self.type])

ts",self.assets

ts",self.assets
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< #4,

#Start.py

import Observer

ObserverA = Observer.ObserverAgent()
ObserverA.buildObjects()
ObserverA.buildActions()
ObserverA.run()

< #4, -1

#TrendAgent.py
import random

class TrendAgent:
def __init__ (self,number,pricelList,aBook):
self.number = number
self.assets = 0
self.type = "trendAgent"
self.aBook = aBook
self.priceList = priceList

def trendTransaction(self):
self.randomProbability = random.random()
self.price = self.priceList[-1]
self.coefficient = random.gauss(1,0.05)
self.sellPrice = 0
self.buyPrice =0
self.averagePrice = 0
self.sumPrice = 0
entrance = 10

if len(self.priceList) > entrance:
param = random.randint(4,len(self.price
i=2
while i'= param:
self.sumPrice = self.priceList[-i]
i=i+1
self.averagePrice = self.sumPrice / par

print "Sum prices",self.sumPrice, "Ever
self.averagePrice

if self.averagePrice < self.price:
if self.randomProbability > 0.2:
self.buyPrice = self.price * se

List))

+ self.sumPrice
am

age prices",

If.coefficient
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print "agent. Trend=",self.numbe
price","%.2f" % self.buyPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.
else:
self.sellPrice = self.price / s
print
"agent.Trend=",self.number,"SellPrice","%.2f" % sel

self.aBook.setSellDecision([self.sellPrice,self,sel

if self.averagePrice > self.price:
if self.randomProbability > 0.2:
self.sellPrice = self.price / s
print
"agent.Trend=",self.number,"SellPrice","%.2f" % sel

self.aBook.setSellDecision([self.sellPrice,self,sel
else:
self.buyPrice = self.price * se
print "agent. Trend=",self.numbe
price","%.2f" % self.buyPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.

def setExecutedBuyOrder(self):
self.assets+=1
print "Agent ",self.type,self.number,"Asset

def setExecutedSellOrder(self):
self.assets-=1
print "Agent ",self.type,self.number,"Asset

<#4:= 0 > 8 -

#VariationPriceRealDataAgents.py

from math import *
import random

class VariationPriceRealDataAgent:
def __init__ (self,number,priceList,aBook,nSteps
self.numCycles=numCycles
self.nSteps=nSteps
self.number=number
self.assets =0
self.type = "VariationPriceRealDataAgent"
self.aBook=aBook
self.priceList=priceList
self.variazPerc = 0
self.step =0
self.passo =0
self.finalPriceForStepList = []

r,"Buy

type])
elf.coefficient

f.sellPrice

f.type])

elf.coefficient

f.sellPrice

f.type])

If.coefficient
r,"Buy

type])

s",self.assets

s",self.assets

,numCycles):
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self.values=[]
with open("FTSE_ITALIA_ALL_SHARE.txt") as f
for line in f:
dato=(line.split(";)[3])
#print dato
self.values.append(float(dato))

def numberStep(self):
self.step+=1

def variationRealPriceTransaction(self):
self.nstep = self.nSteps
self.passo = 500 / self.nstep
self.sellPrice=0
self.buyPrice=0
b=0
j=0

self.finalPriceForStepList = self.aBook.get

if len(self.finalPriceForStepList) > 1:

self.price=self.priceList[-1]

j = self.step*self.passo

b = (self.step - 1)*self.passo

realDataVariation = ((self.values|j]-se
self.values[b])

simulatorPriceVariation= ((self.price -
self.finalPriceForStepList[-1])/self.finalPriceForS

# print "REAL DATA VARIATION " realDataV

Price Variation",simulatorPriceVariation

if realDataVariation < simulatorPriceVa
if realDataVariation < O:
if simulatorPriceVariation > O:
self.sellPrice = self.final
1]*(1 +(realDataVariation+ simulatorPriceVariation)
# print

"agent.VariationPriceRealData=",self.number,"SellPr
self.sellPrice

self.aBook.setSellDecision([self.sellPrice,self,sel

if realDataVariation < simulatorPriceVa
if realDataVariation < O:
if simulatorPriceVariation < O:
self.sellPrice = self.final
1]*(1 +(realDataVariation-simulatorPriceVariation))
# print

"agent.VariationPriceRealData=",self.number,"SellPr
self.sellPrice

self.aBook.setSellDecision([self.sellPrice,self,sel

if realDataVariation > simulatorPriceVa
if realDataVariation > 0O:
if simulatorPriceVariation < 0O:
self.buyPrice = self.finalP
1]*(1 + (realDataVariation+simulatorPriceVariation)

FinalPriceForStep()

If. values[b])/

tepList[-1])
ariation,"SIMULATOR

riation:
PriceForStepList[-
)

ice","%.2f" %

f.type])

riation:

PriceForStepList[-

ice","%.2f" %

f.type])

riation:

riceForStepList[-
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# print
"agent.VariationPriceRealData=",self.number, "Buy p
self.buyPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.

if realDataVariation > simulatorPriceVa
if simulatorPriceVariation > 0:
if realDataVariation > O:
self.buyPrice = self.finalP
1]*(1 +(realDataVariation-simulatorPriceVariation))
# print

"agent.VariationPriceRealData=",self.number,"SellPr
self.sellPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.

if realDataVariation > simulatorPriceVa
if simulatorPriceVariation < 0:
if realDataVariation < O:
self.buyPrice = self.finalP
1]*(1 +(realDataVariation-simulatorPriceVariation))
# print

"agent.VariationPriceRealData=",self.number,"SellPr
self.sellPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.

if realDataVariation < simulatorPriceVa
if realDataVariation > O:
if simulatorPriceVariation > 0O:
self.sellPrice = self.final
1]*(1 +(realDataVariation-simulatorPriceVariation))
# print

"agent.VariationPriceRealData=",self.number,"SellPr
self.sellPrice

self.aBook.setSellDecision([self.sellPrice,self,sel
def setExecutedBuyOrder(self):
self.assets+=1
# print "Agent ",self.type,self.number,"Asse
def setExecutedSellOrder(self):

self.assets-=1
# print "Agent ",self.type,self.number,"Asse

<#4,= -l

#VolumeAgents.py
import random

class VolumeAgent:

rice","%.2f" %

type])

riation:

riceForStepList[-

ice","%.2f" %

type])

riation:

riceForStepList[-

ice","%.2f" %

type])

riation:

PriceForStepList[-

ice","%.2f" %

f.type])

ts",self.assets

ts",self.assets
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def __init__ (self,number,pricelList,aBook):
self.number = number
self.assets = 0
self.type = "VolumeAgent"
self.aBook = aBook
self.priceList = priceList
self.transactionList=[]

def volTransaction(self):
self.randomProbability = random.random()
self.price = self.priceList[-1]
self.sellPrice =0
self.coefficientBuy = random.uniform(1.0,8.
self.coefficientSell = random.uniform(1.0,8
self.buyPrice = 0
self.transactionList = self.aBook.getTransa
self.averagePrice = 0
self.sumPrice =0
entrance = 10

if len(self.priceList) > entrance:
param = random.randint(4,10)
i=2
while i'= param+2;
self.sumPrice = self.priceList[-i]
i=i+1
self.averagePrice = self.sumPrice / par

if len(self.transactionList)>2:
if (self.transactionList[-1]) > (self.t

2)):

if self.priceList[-1] > self.averag

# print "self.transactionList[-
1]",self.transactionList[-1],"self.transactionList[
2]",self.transactionList[-2]

#if self.randomProbability >
(1/((self.transactionList[-1]-self.transactionList[

self.buyPrice = self.price + se
# print "agent.Vol=",self.number

% self.buyPrice

self.aBook.setBuyDecision([self.buyPrice,self,self.

else:
self.sellPrice = self.price - s
# print "agent.Vol=",self.number
% self.sellPrice

self.aBook.setSellDecision([self.sellPrice,self,sel

def setExecutedBuyOrder(self):
self.assets+=1
# print "Agent ",self.type,self.number,"Asse

def setExecutedSellOrder(self):
self.assets-=1
# print "Agent ",self.type,self.number,"Asse

0)
0)

ctionList()

+ self.sumPrice

am

ransactionList[-

ePrice:

-2])*0.5)):
If.coefficientBuy
,"Buy price","%.2f"

type])

elf.coefficientSell
S"SellPrice","%.2f"

f.type])

ts",self.assets

ts",self.assets
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