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Overview

CIAQ stands for Collective Intelligence Algorithm for Optimisation, and is a tool
designed to find approximate solutions to optimisation problems whose decision
variables take numeric values in the real domain, inspired in the mechanisms of the
collective intelligence genome. The software is designed for an academic audience
interested in the field of metaheuristics, as an user-friendly visual tool to conduct
simulation experiments with a set of benchmark optimisation problems.

The approach of solving an optimisation problem with a collective of arti-
ficial agents undergoing an adaptation process is known as a population-based
metaheuristics. Instead of using mathematical analysis of aggregated variables
describing the phenomena, this approach resorts to modelling the interaction of a
group of agents in a simulated environment and trace the evolution of such variables
as they interact during the simulation process. In this way, CIAO enables the visual
inspection of the emerging patterns of agents’ self-organisation, in response to
changes in the simulation parameters, which can provide useful insights regarding
the adaptability of the algorithm to the hidden properties of the problem.

CIAO v1.25 has been released under GNU General Public License (GPLv3); it is

available online at:
2i1iTbh,ffKQ/2HBM;+QKKQMbXQ ;f# Qrb2fQM2nKQ/2Hfdje
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Chapter 1

Description of the tool

1.1 What is CIAQ?

The CIAQ (Collective Intelligence Algorithm for Optimisation) metaheuristic simu-
lates a collective intelligence approach to solving unconstrained continuous optimi-
sation problems. It involves agents known as solvers (wolves) and users (dogs),
navigating a solution space to find the optimal coordinates that minimise a cost
function associated with an optimisation problem. This tool implements the
algorithm as an agent-based model using the Netlogo language.



1.2 How it works

Solver agents maintain knowledge about promising sub-regions in the search space,
represented as Gaussian distributions, involving their core expertise and their
expertise dispersion. Users seek solutions from solvers, and the model incorporates
learning and reputation mechanisms to refine the solver’s expertise and reward
effective solutions.

1.3 How to use it

Firstly, configure the simulation parameters in the simulation user interface:

« LANDSCAPE: Chooses the optimisation problem, visually represented
in the view or world area. Selection influences the XY-BOUNDS. Refer
to the APPENDIX: LIST OF BENCHMARK PROBLEMS section for a
description of available benchmark functions.

« XY-BOUNDS: Sets the lower and upper bounds of the search space
depending on the chosen landscape.

o« N-SOLVERS: Defines the number of solver agents.
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K-SOLUTIONS: Defines the number of solutions a chosen solver attempts
to generate.

N-USERS: Defines the number of user agents.
ALPHA: Sets the learning rate for solver adaptation.

ELITISM? Activates the elitism mechanism, which ensures that the best
solution found in the current generation is passed on as the center of expertise
for one of the solvers in the next generation of the algorithm.

REPUTATION?: Enables or disables choosing solvers based on their
scores using roulette wheel selection.

LHS?: Enables or disables Latin Hypercube Sampling of the initial solver
population.

RESTARTS?: Enables or disables random resets to prevent stagnation
due to premature convergence to local minima.

SPOTLIGHT?: Enables or disables highlighting the global minima in the
view or world area.

MAX-TICKS: Sets the maximum number of iterations of the algorithm
main search routine.

GRID-SIZE: Adjusts the resolution of the view area. Choose “web (200x200)”
if running on the model online in the modelling commons website, as server
memory constraints limit the amount of cells in the search space. Choose
“local (1000x1000)” for a higher resolution of 1000x1000 cells if running on a
desktop machine, allowing for better discretisation of the search space.



CELL-SIZE: Specifies the size of each grid cell in the view area. Can be
adjusted from 0.1 to 2 with a step increment of 0.1. This control enables
closer or further inspection of the cells in the view area.

AGENT-SIZE: Controls the size of agent representations in the view area.
Adjusts from 10 to 50 with a step increment of 10.

A typical configuration of values for these parameters would be:

N-SOLVERS: 10
K-SOLUTIONS: 4
N-USERS: 5
ALPHA: 0.5
ELITISM?: On
REPUTATION?: On
LHS?: On
RESTARTS?: On
MAX-TICKS: 1000

Next click the SETUP button to initialise the model with chosen parameters.
And then click the GO button to start the simulation. Observe the movement
and interaction of solvers and users in the view area of the simulator. You can
control the execution of the simulation using the control panel buttons:

SETUP: Computes and visualises the landscape and initialises agents and
global variables of the simulation, according to the given parameters.

RESET: Only initialises agents and global variables of the simulation,
according to the given parameters. Also clears plots from previous runs.

GO: Executes the main search routine until stopping conditions are met.

STEP: Executes one iteration of the main search routine.

The model also features two buttons for test experimentation:

TEST SOLO: Executes an experiment with the specified number of rep-
etitions (i.e. RUNS), using the current configuration of model parameters
for the selected LANDSCAPE. Results of each run are recorded as either a
hit or a miss depending on whether the algorithm finds the optimum or not.
The BEST-TICK, which indicates the time step at which the solution was
found in each run, along with the overall success rate within the specified
MAX-TICKS, is displayed in the COMMAND-CENTER panel.

TEST ALL: Performs the same experiment but tests the specified number
of RUNS on all benchmarks available in the LANDSCAPE list. Aggregated
results showing the success rate for each experiment are displayed in the
COMMAND-CENTER panel.



1.4 Other distinctive features

o Observe how solvers adapt their expertise to the search space, guiding users
towards promising regions.

« Observe how regions with low (black) and high (yellow) values in the land-
scape are visualised in the view area based on the selected problem (LAND-
SCAPE).

o Watch the TRUE-OPTIMUM value and notice how the BEST-EVER ap-

proaches to it.

e Monitor the BEST-EVER patch, BEST-TICK, and BEST-TIME to under-
stand when and where the best solution is discovered.

e Observe how the EXPERTISE CORE and EXPERTISE DISPERSION

parameters of solvers evolve over time in the corresponding plots.

o Analyse the SOLVERS SCORE plot to see how solvers’ reputation change
during the optimisation process.

» Notice the periodic changes in the SOLVERS SCORE plot when RESTARTS?
is enabled.

grid-resolution

—— | —
local (1000x1000) 7 cell-size 0.2 agent-size 50

expertise core x expertise core y
10 10
-4.9. -4.8
0 10 0 10
expertise dispersion x expertise dispersion y
53.1 54.3
0 10 0 10
solvers score plot
Co
B
H2
K
Ha4
Ms
I3
0 58.8




1.5 Try it yourself

o Experiment with different numbers of SOLVERS and USERS to observe how
the collective intelligence adapts to problem complexity.

» Observe how adjusting the learning rate (ALPHA) affects the adaptation
of solver expertise. Higher values (closer to 1) make solvers more resistant
to exploring new solutions and cling to their currently known best solution.
Lower values make them more susceptible to learning from new information
and exploring alternative solutions.

« Evaluate the impact of greedy (utilising the single best new solution) and
non-greedy (leveraging the average performance of multiple new solutions)
learning strategies on solver adaptation using the GREEDY? switch.

o Explore the effects on solvers scores and on user decisions, of enabling or
disabling reputation-based solver selection (REPUTATION?).

o Test the impact of Latin Hypercube Sampling of initial solver locations

(LHS?).
 Observe the behaviour when random restarts are enabled or disabled (RESTARTS?).

» Toggle the spotlight (SPOTLIGHT?) to visually track the global minimum
in the landscape, and how user agents approach to it.

As a side note, we remark that the resolution level can induce quantisation
errors during the cost function sampling, therefore the optimum patch coordinates
of a given LANDSCAPE can differ depending on the GRID-SIZE. For example,
the optimum of ROSENBROCK'’S problem is different for 1000x1000 and 200x200

resolutions.

1.6 Extending the tool

Some possible paths for tool extensions are:
o Extend the list of landscape functions of optimisation problems.

e Implement additional user or solver behaviours to enhance the complex-
ity of the collective intelligence dynamics. Techniques such as temporal
memory, tabu lists, collaboration mechanisms, or more advanced expertise
representation models like a mixture of Gaussians.

o Extend the model to incorporate alternative solver selection strategies to
compare their impact on the optimisation process.

o Generalise the model to handle continuous optimisation problems in more
than two dimensions (d > 2).

» Investigate the adaptation of the model for binary domain problems, exploring
how the dynamics change in this context.

6



RXd GBbi Q7 #2M+?K “F T Q#H2Kb

h?ZIAOIQQH Qz2'b ~ M;2 Q7 #2M+?K "F QTiBKBDb iBQM T Q#|
2tTHQ 2 i?2 #2? pBQm Q7 i?2 *QHH2+iBp2 AMi2HHB;2M+2 2|
qB/2HV FMQrM BM QTiBKBb iBQM HBi2  im 2-i?2b2 T Q#H2Kb T°
Ib2 b + Mb2H2+i 7°QK Mv Q7 i?2 jj #2M+?K "F 7mM+iBQMb BMH-

>2°26b #'B27 Qp2 pB2rQ7i?2jj#2M+?K "FG R#AH2KD p BH #I
+QMi'QH- HBbi2/ BM HT? #2iB+ HQ /2",

RX+FH2vpKQQi? M/ r2HH@FMQrM QTiBKBb iBQM T Q#H2K +?
H “;2-/22T- M/ M2 "Hv ~ i ;HQ# H KBMBKmKX

KX'2 H2,KmHIiBKQ/ H T Q#H2K rBi? '2H iBp2Hv ~ i 2:BQM "Q
KBMBKmMK X

i X"Q? +?22bpbFv MXKRM @ +QMp2t T Q#H2K rBi? KmHIBTH2 HQ+ |
bBM;H2 ;HQ# H KBMBKmMK X

9XQQi?,bBKTH2- v2i +? HH2M;BM; QTiBKBb iBQM T Q#H2K rB
KBMBKmK X

8X Qbb@BM@A Q@#H2K rBi? 7Qm > bvKK2i'B+ ;HQ# H KBMB
BMi'B+ i2 H M/b+ T2X

eX Kp M/B, +QKTH2t KmHIBKQ/ HT Q#H2K rBi? p vVBM; b+ H2
dXBtQM@S BMOM@+QMp2t T'Q#H2K rBi? KmHIiBTH2 HQ+ H K

3X QTr p2, T'Q#H2K rBi? H “:2-~1i "2 "QmM/i?2 ;HQ# H K
/IBM: /IB{+mHiviQ QTiBKBb iBQMX

NX bQK, T Q#H2K rBi? ;HQ# HKBMBKmMK "2b2K#HBM; i?2 b?
7mM+iBQMX

RyX;;?QH/2 #? HH2M;BM; T Q#H2K rBi? KmHIBTH2 ;HQ# H K
i2’Bb2/ #v +QKTH2tH M/b+ T2X

RRXQH/bi2BM@STB@®ZH2K rBi? /22T-M “"Qr + MVQM H2 /BM;
'HQ# H KBMBKmMK X

RkXBKK2H#H MmHIBKQ/ HT Q#H2K rBi? b2p2°" HHQ+ HKBMB

Rj®»QH/2 @h #K@HIBKQ/ H T Q#H2K rBi? ~ i 2;BQM “QmM/ i
KBMBKmMK X

ROXQb FBpBKTH2 T ' Q#H2K rBi? bBM;H2 ;HQ# H KBMBKmK
H M/b+ T2X

R8%2pv, T Q#H2K rBi? bBM;H2 ;HQ# H KBMBKmK M/ +QK°
H M/b+ T2X

ReXiv b, +QMp2t T Q#H2K rBi? bBM;H2 ;HQ# H KBMBKmMKX

d



RdXB+? H2rBHMQM@ +QMp2t T Q#H2K rBi? KmHIBTH2 HQ+ H K

R3XBb?  MX|T Q#H2K rBi? KmHIiBTH2 HQ+ H KBMBK M/ Dbl
KBMBKmMmKX

RNXBb?' MXBIQM@+QMp2t T'Q#H2K rBi? KmHIBTH2 HQ+ H KB\
;HQ# H KBMBKmMKX

kyXXBb? MXeT Q#H2K rBi? b2p2  H HQ+ H KBMBK M/ bBl
T QMQmMM+2/ ;HQ# HKBMBKmMKX

KRE bQTOQMH@KTH2t KmMHIBKQ/ HT Q#H2K rBi? p "VBM; b+ HZ

kkX M/QKh?2 +Qbi 7mM+iBQM Bb ~ M/QKHvV :2M2" i2/- bBKm
BQbr?2°2 QTiBKBb iBQM H M/b+ T2b H +F /2i2 ' KBMBbiB+
K i?2K iB+ HT QT2 iB2bX

kiX bi'B;BMr? HH2M;BM; QTiBKBb iBQM T ' Q#H2K rBi? ?B;?
H M/b+ T2X

k9X bi'B;BM "BTQ#BT,QH ~p2 bBQM Q7 i?2 _bi'B;BM T Q#H2k

k8X bi'B:BM Pzb@i)B Mi Q7 i?2 _bi'B;BM T Q#H2K rBi? M Qzb
"HQ# H KBMBKmKX

keXQb2M# Q+MH bbB+ QTiBKBb iBQM T Q#H2K rBi? p HH2v |
"HQ# H KBMBKmMKX

kd¥+? z2° MXBEBKTH2- v2i +? HH2M:BM; QTiBKBb iBQM T Q#H
M/ M "Qr ;HQ# H KBMBKmKX

k3d+? z2° MX9,Q#H2K rBi? H ;2 M/~ i;HQ# HKBMBKmMKX
KNXT?2 2+QMp2t T Q#H2K rBi? bBM;H2 ;HQ# H KBMBKmKX

jyXaT?2 2@Pzb2i,B Mi Q7 i?2 aT?2 2 T'Q#H2K rBi? M Qzb2i BM
KBMBKmMK X

jRM?2°22@>mKT * KMQM@ +QMp2t T'Q#H2K rBi? KmHIBTH2 HQ

jkX0oBM+2MiT Q#H2K rBi? b2p2° H HQ+ H KBMBK M/ bBM;H
MQmMM+2/ ;HQ# H KBMBKmKX

jiXw F? "Qp,T Q#H2K rBi? H ;2 M/~ i ;HQ# HKBMBKmMKX

g2 2M+Qm’ :2vQOm iQ 2tTHQ 2 p 'BQmb #2M+?2K "F 7TmM+iBC
i?ZIAOKQ/2H / TibiQ /Bp2 b2 QTiBKBb iBQM +? HH2M;2b- b?Q
Q7 *QHH2+iBp2 AMi2HHB;2M+2 BM bQHpBM: 2M:BM22 BM; T Q



*2 Ti2" kK
AMbi HH iBQM M/ 2t2+miBQM

kXR PMHBM2 Ur2#V p2 bBQM

h?2 2 bB2bir v Q7 2tT2 BKH2AMIBMKMY nBiBM; Bib QMHBM2 p2 bBC
bQ7ir "2Bb p BHIWHMH2HHBM;* QXK#&LBVX aQ- vQm Dmbi M22/iQ 7C
1?72b2 bi2Th,

RPT2M vQm 7 pQm Bi2 AMi2 M2i #° Qrb2° M/ TQBMi BiiQ i??
2iiT,ffKQ/2HBM:+QKKQMbXQ :f# Qrb2fQM2nKQ/2Hfdje3

kX122 7QHHQIBM: r2# T :2 b?QmH/ TT2 °,




jX6"QK i?2 iQQH# - +?2QQb2i?26_mMBML2iHQ:Q q2#6 i #,

9X :"2v "2 BM i?2 KB//H2 Q7 i?2 b+ 22M Bb b?QrMX .Q 6*HB+I

8?2 KQ/2HK BM b+'22M rBHH b?Qr mT,

eX1? i6b Bi5 a2H2+ii?2 "mMMMBM: T > K2i2'bBMi?2 +QMi'QH T
M/i?2M QM :P5uQmG6HH Q#b2 p2i?222K2 :2M+2 Q7 +QHH2+il
QTiBKBb iBQM T ' Q#H2Kb BM i?2 bBKmH iBQM pB2r "2 X S2°
i?ZIAO H;Q Bi?K rBHH #2 /BbTH v2/BMi?2 KQMBiQ b M/ THQ
vQm + M "mM i?2 bBKmH iBQM KmHiBTH2 iBK2b mbBM: i?2 :
M/ ILa bHB/2 X

Ry



kXk .2bFiQT p2 bBQM

h?2 /2bFiQT p2 ' bBQM Bb "2+QKK2M/2/ B7 vQmr MiiQi'v?2 p\
bm+? b T K2i2 " imMBM;- p2 ;2 #2? pBQm Q7 KmHIBTH2 mM
H ;2 "2bQHmMIBQM 7Q i?2 pB2r QAR 6@QM b2B@02T m? T QdiZGQ ; Q

/2bFiQT bBKmH iBQM TH i7Q KX AM i?Bb + b2-vQm M22/iQ ;C

bi2Th,
RXQrMHQ / M/ BMbi HH i?2 L2iGQ;Q /2bFiQT bQ7ir "2X 6Q" i?|

20T, ff++HXMQ i?2r2bi2 M X2/ mHER+R @ {6 . QXN IgIDQ/
M/ 7QHHQr i?2 BMbi HH iBQM BMbi m+iBQMb,

KXQrMHQ /AIRQKQ/2H }H2 7 QK i?2 KQ/2H r2#T ;2- mbBM; i?2
#mMiiQM,

JH2 M KRQ/2HN+QMi2 i@ XMEM X2 vQm bT2+B7vV rBHH #2
HQ /2/iQ vQm  HQ+ H /'Bp2X

RR



iX_ MM L2iGQ;Q QM vQm +QKTmi2 X *?@8H2RT2M2Mm QTiBQ

GQ+ i2i?2 JH2KMD/RHN+QMi2 M@ XME M &2 vQm bT2+B}2/V i?
vQm /QrMHQ /2/ T 2pBQmbHv M/ QT2M BiX

IX?ZIAO/2bFIiQT b+ 22M rBHH b?2Qr mT,

h? i6b Bi5 *?2QQDb2 i?2 "'mMMBM; T ° K2i2 b BM i?2 +QMi (
alhlS- M/ i?2M QM :P5 uQmoHH Q#b2 p2i?2 2K2 ;2M+2 Q7
'2M+2 bQHpPBM:; QTiBKBb iBQM T Q#H2Kb BM i?2 bBKmH iBQ]I
BM/B+ iQ ICQT P Bi?K rBHH #2 /BbTH v2/ BM i?2 KQMBiQ"
Hi2 M iBp2Hv- vQm + M "mM i?2 bBKmH iBQM KmHiBTH2 iB
hlah #miiQM M/ ILa bHB/2 X

Rk



*?2 Ti2 |
aQm +2 +Q/2

COPOOOQRARAARPRPRPRPROOAAAQAARAARRPRPPRAAARALAARLA@@@ @ @ !
c*A P *QHH2+iBYNIi2HHB;2M+Q Bi?KQ PTiBKBx iBQM
CO@PPOOQARRARAARPRPPRPROOAAQARAARAAARPRPARRAALALALAARLAA@@@ @ @ !
c h?BHL2iGQ;XQQ/2BKTH2K2MAbDP- MQp2kR2i ?2m BbiB+

c H;Q Bi?KR i H2p2 ;22 +QHH2+iBMI2HHB ;2% 2

c bQHpZ M/mb2° bQ2tTHQ M/QTiBKBX22 bQHMIiBQM

cbT +XQ7 ;Bp2MTiBKBx iBIQ@I#H2KX

c

c Mi?Q.ba2 ;BQQD b@: H2G®BM/baHp “2x3 i? : "xYM

c pRXkBQTvV B; MV kyk9h?2 mi?Q" b

c GB+2Mb2l :2M2° Bm#HBB+2MUBS G pY

C a22AM70R# 7Q 7TmMHHQTV B;?M/HB+2Mb2X

cO0PPOORPOORPRORPRORPRPOOLRPRAOQRPROLRRPLOORPEORPROLAORLORPEOROE@ @

C:HQ# H "B #H2I®Q biQ 2BM7Q K iBAMMi?2 #2bibQHmiBQMM M/
‘HQ# H(b
IM2@#2bi@TciFA+2+Q "2bTQMABNM?22 " QmM/@i @TABKmK
#2bi@2p2° €S i+?2+Q "2bTQM/ABM?22#2bibQHmiBQNMN MQT7 °
#2bi@iB+F c hB+F?2M2bi@2p2b 7QmM/

#2bi@iBK2 ¢ hBK2?2M2bi@2p2b 7QmM/

)

CS i+? ii'B#mi2bQ 2T 2b2Mi M/b+ TBRI/+Qbi7mM+iBQM?2 QTiBKBx iBQM

T Q#H2K
T i+22b@QrM
t CS i+2t@+QQ /BM bbQ+B i2Bi? TQBMIMi?2bQHmiBQM+2
rBi?BWM22/27BM2/QmM/b
v cCS i+?2v@+QQ /BM hDQ+B i2Bi? TQBMiIM?2bQHmiBHM+?2

rBi?BM?2/27BM2/QmM/b
p HmM2 S i+?p HM2Q "2bTQM/BN?22+Qbi7mM+iBDMHmM i2i BibU- vV
+QQ /BM i2b

C 2Mi# 22/B7Q /B772 2MiT2bQ7 ;2MibBMi?2bBKmH iBQM
#°22/(bQHpP2'b bQHp2")

#°22/(mb2 b mb2")

#°22/(bQHMIBQMb bQHMIBQM)

c aQHp2;2Mid ii"B#mi2b
bQHp2'b@QrM (

#t #v C EMQrH2/QZi?2 #2bibQHmiB®+ iBGRMMWQ7 °
Kt Kv ¢ *Q 2K +QKTQMQ@NMEQHpP2tT2 iBb2

bt bv ¢ "2 /i?UB;KV +QKTQMQMiQHpP2tT2 iBb2
b+Q 2 c aQHp® * iBM;;Bp2Mvmb2 b

)

Rj



clb2® ;2Mibd ii'B#mi2b

mb2'b@QrM (

QrM@#2blib2™b #2bibQHMIBRMmMZQmM/Q7
)

c 1t2+mi2 bBM;HRI2® iBQM7i?2K BMIQQTX
iQ;Q
c _2b2i?2iBK2QM?2 7B biiB+F
B7iB+Fb 4y ( "2b2i@iBK2" )

c TTH®2 "+QT2 iQ b
b2 "+?@bQHMIBQMb
mT/ i2@#2bi

iB+F

¢ _2bi i ;2Mibi ‘2;mH BMi2'p W 2bi “ib ‘2 2M #H2/
B7U 2bi “ib\ M/ iB+Fb KQ/ 8y 4 yV ( “2bi i)

c aiQTTBMOM/BiBQKMHEBKMMKMK#D7IB+FbH2 +220Q i m2@#2bi@ T7 QM
B7UiB+Fb = K t@iB+FbV Q° U Mv\ i'm2@#2bi@T i+? rBi? (p Hm2 {
#2bi@2p2 )V ( biQT )

2M/

ca2 "+7Q'bQHMIB@AMIRZ/QMMb2BMi2' +iBQMb
iQb2 "+?@bQHMIBQMbD
bFmb2 b (

cC*?QQb2bQHpP2M/bT rM2r+ M/B/ iDQHMiIiBQMbQ /BMQ Bib
2tT2 iBbRQ/2H
H2iIKv@bQHp2' +?2QQb2@bQHp2"
? i+?@bQHMIBQMb F@bQHMIiBQMb (
b2it+Q"" M/IQK@MQ(KtHQ7 Kv@bQHp2  (bt) Q7 Kv@bQHp2"
b2iv+Q> M/QK@MQ(KVH Q7 KVv@bQHp2' (bv) Q7 Kv@bQHp2"
)

cap2mb2%m > 2MiQ+ iBOQM/KQpBi iQi?2#2bi KQMi;?2M2rbQHmMiBQM
H2iQH/@T iFri+2@722 2
KQp2@i@M@QMB@KMiBQMb (p Hm2)

C *?2+MB7i?22#2bi KQMi?2M2rbQHmMiB@M#2ii2°i? Mi?2mb2b QrMs¢2bi
B72HbR2 Hm2 | QrM@#2bi (

c A7bQ-mT/ i2?22mb2b QrM#E2bi M/ 2r "/i?2+?2Qb2d0MQHp2MbBM?2
M2rHQ+ iBQM

b2iQrM@#2bi p Hm2

"2r T/@bQHp2® Kv@bQHp@?2 2

) (

C Pi?2 rBbZ-2b2 pi22T 2pBQ@AbME2DIHQ+ iBQM
KQp2@Q®/@T i+?

cIT/ i2bQHp® 2tT2 iBbM/7Q ;2i+ M/B/ iPQHMIBQMDb
MmT/ i2@bQHp2 Kv@bQHp2"
bFbQHMIBQMb ( /B2 )

c TTHYHBIBWBK/brBi+?2QM
B72HBiBbK\ (

C*?2QQhbi22#2biT2 7Q KBMHp2M/+2Mi2Bi “QmMP2#2bi2p2°
HQ+ iBQM
bFKBM@QMB@HI2 b ( p Hm2 ) (
KQp2@4@bi@2p2"
b2iKt t+Qb2iKv v+Q"
)
)

4 (p Hm2) Q7

I b

R9



)
2Mm/

c _2r /i?2bQHPZQ Q#i BMBM#2ii2'bQHmMIiBQM
iQ 2r "/@bQHPp2 (i?2@bQHPp2 #2ii2°@T i+?)
bFi?2@bQHPpP2" (
b2ib+Q°2 b+Q 2 YCRAM+'2 22bQHp® "2Tmi iBQM
KQp2@#Qii2 @T i+@JQp2Q i?22#2ii2 bQHMIBRMQ+ iBQM
b2i#t t+0Q° cIT/ i2i?22bQHp® #2bibQHMIBRM®+QQ /BM i2
b2i#v v+Q" cIT/ i2i?2bQHp'® #2bibQHMIBHOWM@+QQ /BM i2
)
2M/

cIT/ i2i?2bQHP®W FMQrH2/®Ri?2vb2 "+7Q M2rbQHmMiBQMb
iQmT/ i2@bQHp2" (i?2@bQHp2")

bFi?2@bQHPpP2" (

H2iM2r@t H2iM2r@VvcyAMBIB HBXx2B #H2MQ M2r+QQ /BM i2b

b2iM2r@t (t+Q )KBM@QMB@HMiIiBQMb (p Hm2)
b2iM2r@v (v+Q KBNM@QMB@HMiBQMb (p Hm2)

cIT/ i2bQHpP® +Q 2tT2 iBb2 b2/QM?2H2 "MBM;2
b2iKt U HT? #tV Y UUR @ HT? V M2r@tVv
b2iKv U HT? #VV Y UUR @ HT? V. M2r@vV
b2itvKt Kvc JQp2?2bQHpdQi?2mT/ i2HQ+ iBQM

cL "Qr/QrM?2bQHp® 2tT2 iBb/BbT2 bBQM
b2ibt bt 2tT U@XyyR UiB+Fb KQ/ 8yVV
b2ibv bv 2tT U@XyyR UiB+Fb KQ/ 8yVV

)
2M/

C *?2+MB7 Mvmb2? bBKT Qp222 #2bibQHmiBQQM MW/Q7
iQmT/ i2@#2bi
H2i#2bi@MIQBEM@ QME®XD B (p Hm2)

B7(p Hm2) Q7 #2bi@MQr | (p Hm2) Q7 #2bi@2p2° (
C _2+Q'I?2HQ+ iBQNB+F-M/iBK2r?2M M2r2¥%2bi@ 2pR2QHmiBrQim
7QmM/X
bF#2bi@MQDb2(i #2bi@2pR i+?2@?2) 2
b2i#2bi@iB+F iB+Fb
b2i#2bi@iBK2 iBK2"
)
2M/

c S2°7QIR2BMBiBHR2IimTQ i?2bBKmH iBQM

iQb2imT
+H2 "@ HH c *H2 "i?22rQ "H/M/ HH ;2Mib
b2imT@b2 "+?@H M/b+t 32imTi?2H M/b+ TR/ +Qbi7TmM+iBQM
b2imT@bQHpP2'b c a2imTbQHp2;2Mib
b2imT@mb2 b ca2imTmb2 ;2Mib
b2imT@;HQ# Hb ca2imT;HQ# B "B #H2b

2M/

c _2b2i?2bBKmH iBZ@M M2rmMIBi?QmiQKTmiBEM2H M/b+ T2 BN
iQ 2b2i
+H2 "@ HH@THQib c *H2 "THQKQMBIiQ7bQK?2 T 2pBQimbM

b2imT@bQHp2'b c _2BMBiB HIBQRp2i2Mib
b2imT@mb2 b c _2BMBiB HBkR2 ;2Mib
b2imT@;HQ# Hb c _2BMBiB HBXQ# H "B #H2b
2M/

c a2imTbQHp2;2Mib
iQb2imT@bQHpP2'b

R8




c *H2 ‘T 2pBQmM@HpP2:2Mib
bFbQHp2'b ( /B2 )

C*2 i2bQHpP2:2Mib
+°2 i2@bQHpP2'b M@bQHpP2 b (

c bbB;MBbm Hi"B#mi2b
b2ib? T2rQH]
b2i+QH®@ Y URYy rzQv
b2ibBx2;2Mi@bBx?2

c AMBIiB HBXZ2 iBbRQ/2HM/b+Q 2
b2iKt®™ M/QK@t+Q"

b2iKv: M/IQK@Vv+Q"

b2ibt " M/QK@ 7 H8Yy i

b2ibv: M/IQK@7H8Y i

b2i#t Kt

b2i#v Kv

b2ib+Q 2 R

c a2iBMBiB 'HM/QKQ+ iBQM
b2itvkKt Kv
)

c A72M #H2#K? M;HQ+ iBQMH?G iBMVT2 +m#aXTHBM{?Y
B7H?b\ ( H i BM@?vT2 +m#2@b KTHBM; )
2M/

ca2imTmb2 ;2Mib
iQb2imT@mb2 b

c *H2 'T'2pBQmb2 ;2Mib
bFmb2'b ( /B2 )

c *2i2M2rmb2°b

+'2 i2@mb2°'b M@mb2 b (
c bbB;MBbm Hi"B#mi2b
b2ib? T2/0Q]
b2ibBx2;2Mi@bBx2

c bbB;BMBiB GIrM2bibQHmMiBQM
KQp2@Q@®M2@M7+?2hb
b2iQrM@#2bi p Hm2

)
2M/

c bbB;MMBiBmHHM2bQ ;HQ# H "B #H2b
iQb2imT@:HQ# Hb

b2i#2bi@iB+F vy

b2i#2bi@iBK2 y

b2i#2bi@2p2° K t@QMR:@Qfp Hm2)
“2b2i@iB+Fb

2M/

¢ _2bi i ;2MibiQ T 2p2Mii ;M iBQM
iQ 2bi i

b2imT@mb2 b

b2imT@bQHpP2 b

2M/

c *?QQb2bQHpP2BiI?2 M/QKHN ;mB/2#v 2Tmi iBQM
iQ@ 2TQ*?QQb2@bQHpP2"
B72Hb2 2Tmi iBQM\V (
c*?QQb2bQHpP2 b2/QM?2B 2Tmi iBQWBM; QmH2ii222H

H2ib+Q 2@HBbi K T ( (i?72@bQHp2') @= (b+Q°2) Q7 i?2@bQHp2|

H2iB/@HBbi KT ( (i?72@bQHp2') @= (r?Q) Q7 i?2@bQHp2"

Re

) bQ

) bQ'i bQHp2
bQHP2'b



c *QKTm#2nKmH iBBRBIi B#miBQRK?2?BbiQ;  ®7b+Q 2b
H2i?Bbi 7Tmi UHBbi U7B bi b+Q 2@HBbiVV U#mi@7B bi b+Q 2@
H2i ;;b "2/m+2 ( (+mKmH M2ti) @= b2Mi2M+2 +mKmH UUH bi +m

clb2 "QOMH2ir222HQ +?QQb2bQHpP2++Q /BNMQ i?2+mKmH iBp2
/Bbi"B#miBQM

H2iTQ+F2ib KT (T @= T f H bi ;;bo)*QTmi222H Q+F 2 v
MQ K HBxBMKmH iBp2K

H2i# HH M/QK@7HR i
IIBMMZTQ+F2i

H2irBMM2" 7B bi 7BHi2° ( (BM/2t) @= # HH 14 Bi2K BM/2t TQ+F
H2M;i? TQ+F2ib

"2TQ bQHp2® Bi2K rBMM2® B/@HBbDI

C_QHH2# HHi?2Mr?22+F?2

c Pi?2 rBb2?QQbRIVbQHP2i ~ M/QKIMB7Q KHvV
2TQ QM2@8QHP2 b

2M/

c S2°7Q® iIBMVT2 +ma#XTHBWO BMBiBBHQHp2HQ+ iBQMb
iQH IBM@?vT2 +m#2@b KTHBM;

c *QKTmi22rB/i?Q7HQ+ iBQMQib

H2irB/i? k K t@Tt+OM@bQHpP2'b

c aTHB2 +?/BK2MbBEMW QM QM@ Qp2 H HHGMLRT2 ' bQHpP2 M/ b KTH2
M/QKQ+ iBQME?BM
702 +?2 ° M;2 k ( BM/2t @=
H2i+QQ /BM i2b b?m77H2 M@p Hm2b M@bQHp2'b ( bHQi @= rB
S M/QK@7HRV i)

c bbB;MQQ /BMHBD+ iBQMbI'2 +? ;2MIBMMQ /2 " HK MM22-Mbm ' BM;
#QmMM/QMbi® BMib
U7Q°2 +? bQ i bQHp2'b +QQ /BM i2b (
(i72@bQHpP2° +QQ ' /BM i2) @=
bFi?2@bQHp2" (
B72HbBRM/2t 4 y (
ct@+QQ ' /BM i2
b2iKt UR t@Tt+¥ +QQ ' /BM i2V
b2i#t Kt
b2it+Q" Kt
) (
cv@+QQ ' /BM i2
b2iKv U® t@Tv+®Q +QQ /BM i2V
b2i#v Kv
b2iv+Q " Kv
)

¢ _2TQ i2Q/BbTH WQHP® b+Q 2
Q@ 2TQ2Qr@b+Q 2b (i?2@ :2Mi)
“2TQ UrQ /b r?2Ql4] b+Q 2 %]V

2M/

¢ _2TQ'i2Q/BbTH v2M4b HQ+ iBQM
iQ@ 2TQHOQ+ iIBQMb (i?2@ ;2Mi)

“2TQ UrQ /[mh r?Q], U T'2+BbBQM]|t RT ' 2+BbBQM] VIR
2M/

c .27BM@B2r"2 b2iiBM:b?2MHQ /BM?2KQ/2H
iQbi “imT
b2i;"B/@ 2bQHmiBQM kytky W

cai IimMTBi?+2HWBXRIQT 2p2MiB2r 2 /BbiQ iBQWERM2bBxBM;
UL2iGQ;#mV

b2i+2HH@bBx2 R

b2i ;2Mi@bBx2 Ry

HBDb

KmHV Y M2tiV

2ib )

1?

Rd

iV

M; 2

UbHQi

Y



2M/

c _QmMiBMQ [MB+F2biBMQ7bm++2bhi2 Q7 MmK#BD7 2T2iBiBQMb
iQ[mMB+F@i2bi (p2 '#Qb2)
T BMjO@@@Q@Q@QQQAQAQQQQ000@ee0R@@@@@@@@
ivi2 UrQ'/ H M/b# T2h2biBM; " mMb mMbB72Hb2@p p2m#2Qb2 (
Ubm++2bb7mMIK "F2/b ~5554V$M) (],])V
b2imT
b2iK t@iB+Fb "QmB/Z/2HN2@p ;HBVZ® "2bQHmMIiB QM WUkytkyw| ( 3yyy )
( kyyyy )V f UM@mb2 b F@bQHmMIiBQMbVV

H2iM yH2iB R
"2T2 i "mMb (

B72Hb2 M/b+ T2 4M/QK( b2imT ) ( "2b2i )

H2ibm++2GbHb2

r?BH2 ( iB+Fb | K t@iB+MRibkMA+2bb) (

; Q

b2ibm++2bb U Mv\ i'm2@#2bi@T i+? rBi? (p Hm2 4 (p Hm2) Q
)
B72Hbp2 " #Qb2 (

T'BMi UrQ /mMJ B] ==#2bi@iB+F#2bi@iBBF2Hb2@p bHm22bb (

1555U?BWV] ) (] UKBbW )V

) (

ivT 2] X
)
b2iM M B72Hb2@pbHm22bb (R ) (vy )
b2iB B Y R
)
T BMi UrQ¥ H M/b+ T2==am++2bhbi2 UBI?BW K t@iB+FbK tXiB+W¥hb
] MJf] "'mMbV
2M/

COCQQPPOQEPPE@OOE@LNDEBQE@I_EShAJAW hAPR"GBI L.a* Sla

? ) ?Qb2#MQ bi7TmM+iB QM

pBbm HBBIK

caQm +Z KBH}X- u M;-sXaXUkyRXV HBi2" im®2m p2Q7#2M+?K " F
TmM+iBQ@Q@b;HQ# H

c QTIiBKBx iBIQ@#H2KAMiIi2 "M iBQ®QHh MQHJ i?2K iB+JH)/2HHBM/
LmK2 B+PHIBKBb iBQMX

chQ // M2rT " Q#H2KIWBKTHWDb2'i?2 K i?2K iB+2HT 2bbBQR?2B +Qbi
TmM+iB@MW 2r+ b2bX

iQb2imT@b2 "+?@H M/b+ T2
+H2 "@ HH

ca2imTQ H/M/T i+?bBx2

b2i@T i+?@bBx2 +2HH@bBx2

B72HDb2B/ @ 2bQHmMIiB QM Uk ytrkyw (
UB72HDb2

H M/b+ T2]//4K p M]BQ"
H M/b+ T2/ 40b FBEQ"
H M/b+ T2/HMB+? H2rB@QX
H M/b+ T2|@BM+4Mi( "2bBx2@rQ H/ y kyy y kyy )
H M/b+ T2/4F? Qp( "2bBx2@rQ H/ @8y R8y @8y R8y )
¢ HHQiI?2QTiBKBb iBQ@#H2KR /27BMXQp2i?227Qm[m /> MilQ7
i?2bQHmMIiBM+2
( "2bBx2@rQ " H/ @Ryy Ryy @Ryy Ryy )
\%
) (
UB72Hb2
H M/b+ T2]/4K p M|BQ"
H M/b+ T2 40b FEQ"
H M/b+ T2/®4B+? H2rB@QX
H M/b+ T2|@BM+24Mi( "2bBx2@rQ H/ y Ryyy y Ryyy )
H M/b+ T2]/4F? Qp( "2bBx2@rQ H/ @k8y d8y @k8y d8y )
¢ HHQI?2QTiBKBb iBQ@#H2KR /27BMXQp2i?227Qm[m /> MilQ7

i720bQHMIBIQM+ 2
"2bBx2@rQ H/ @8yy 8yy @8yy 8yy )

—

R3

POP@@Q@@@A@

7 #2bi@2p2° )V




o

\%
)

caz2imT M;2Q7p "B #H2QQ /BM i2®@'2 +?T Q#H2K
b2itv@#QmMBB2BHHb2@p Hm2

M/b+ T2 4FH2v( jk )

M/b+ T2]#42 H2Q"

M/b+ T2|4B+? H2rB@x

M/b+ T2/4 bOQTOQMHO® )

M/b+ T2/#4Q7? +?22bpMBEIR( Ryy )

M/b+ T2#400Q]7Q"

M/b+ T2/ 4 Qbb@BM@Q" v

M/b+ T2]/BtOQM@ T] BQ-"2

M/b+ T2A40H/2 @i ]#Q?2

M/b+ T2 40b FEQ"

M/b+ T2/ H42pvQ"

M/b+ T2 iv b Q°

M/b+ T2/4Bb? MX]] Q"

M/b+ T2]4Bb? MX8Q"

M/b+ T2¥4Bb? MXeQ"

M/b+ T2]@4BM+2MY°

M/b+ T2|4F? Qp( Ry )

M/b+ T2]/4K p M]B( R9 )

M/b+ T2]4;,;?20QH/]12( 8Rk )

M/b+ T2 4H/bi2BM@T (Bk 9

6QI?27QHHQrBEMQ#H2KR-mb2?22" M;2(@jk-jk) BMbi2 Q7i?2
Q B;BM(®RyyRyy) iQ 2/ m+2Bb+ 2iBx iBYMQ b
M/b+ T2/ 4 bQIKQ"

M/b+ T2|&+72 772V X9Q"

M/b+ T2]@+72 772Xk ( jk )

6Q° MVQi?2T Q#H2Kb2 (@88) /27 mHiI M;2

8 )

O I I I IIIIIIIIIIIIIIIII

—~OoOIIIT

<

clp Hm iiZ22+QbirTmM+iBQM2 +2?2T i+?BMi?2H M/b+ T2
bFT i+221f

b2it Tt+Q  Utv@#QmMKbt® Tt+§"

b2iv Tv+Q Utv@#QmMKbt® Tv+Q "

cLQi2h ' B;QMQK27BM+iBOMBNB BMTnBiM/ 2; 22bMQi /B Mbi?mb-
+QMp2 bBQMQ UR3Y TB/r b mb2/
b2ip Hm2
UB72Hb2@p HmM?2
H M/b+ T2] 4FH2y
@ky 2tTU@YKXKiIUyX8 Ut Kk Y v KkVVV @ 2tTHQUKBR 3WTHR/
Uk T8 tV Y+ QUUR 3y TfB/ Uk TB vVVV Y ky Y 2
)
H M/b+ T2]#42 H]2(
UURX8 @ t Y Ut vVV kV'Y UUkKkXk8 @ t Y Ut Uv kVVVv
tY Ut Uv jvVvvVv kV

)

H M/b+ T2/4Q72 +22bpMER(

Ut kV Y k Uv kV @ UwQUURS3yYTI®Y j TB tVVV @ UyX9
+QbBUUR3YT®Y 9 TB vVV Y yXd

)
H M/b+ T2]#400]7%(
Ut Y Uk vV @ dV k Y UUk tV Y v @ 8V k

)
H M/b+ T2|4 OQbb@BM@( v
@yXyyyR HYHWHB MU R 3y TfB/ tV bBMURZ3yTB/ vV 2tTHWU Ry y
@ WY ivut kV Y Uv kVVIB/VVV Y RV yXRV

)
H M/b+ T2]/4K p MI]B(

B72Hb2@pWHM2k VQ  Uv 4k V( Ryy)

B72Hb2@p WHm&2k V M/Uv 4k V (y)

B72Hb2@pWHrAIt @ kV | yXyyyR VW@ kV | yXyyyR V ( R
B72Hb2@pWHmAIt @ kV | yXyyyR VvV MUW @ kV | yXyyyR V ( vy

(UR @ #WWURWBMUR3y T/ TB Ut @ kKVVVbBMURI3yYyTB/ TB Uv
@ kVVVV fTBUUkV ut @ kV Uv @ kVVVV 8 V Uuk
kV Y Uk Uv @ dV kVV)

RN

kV Y UUkXek8

yy )

Y Ut @ dV




)
H M/b+ T2]/4 (
Ut @ RV k Y k UUKk v kV @ tVv k
)
H M/b+ T2]/4 (
@R UUURQUUR3yT® Rk b[iUUt kV Y Uv kVV VVV f UlyX8
UUt KV Y Uv  kVV Y k VVV
)
H M/b+ T2 % (
@R +WOHUUR3YT®/ tV +QBUURS3YTI® vVV 2tT U@UWt @k
Y Uv @8 kVV
)

H M/b+ T2 % { ¢ MQi2? i /2;°22bMQi /B Mb-"2 M22/27Q"
bBM mMM+iBQM
U U@ tVbBMJ UR3YTY b[iU#bUt @ Uv Y 9dVVVVV @ UbBMOdV
U URSYTI® b['iU#bUUt f kV Y Uv Y 9dVVVV
)
H M/b+ T2 4 (
UR Y UUt Y v YRV kV URN®@ UR9 tV Y Uj Ut kv @ UR9 vV Y Ue
t vV Y Uj Uv kVVVVV
Ujy Y UUUK tV @ Uj VvV V kV UR3 @ Ujk tV Y URkK | Ut kV Y U93
VV @ Uje t vV Y Ukd Uv KkVVVVV
)
H M/b+ T2]%4 (
UUt kV Y v @ RRV k Y UtY Uv kV @ dV k
)
H M/b+ T2 % ¢
@R #HbHBMUR3YT® tV +QUUR3yT vV 2tTHBUR @b iUt
kK Yv KkVTBVVV
)

H M/b+ T2] % (
UR @ U3 tV Y Ud Ut kVV @ UUd fjVv t jV Y Uyxks Ut 9VV V
UUv kV 2tTUU@ vVVV
)
H M/b+ T2 (
UWBMUR3YT® TB UR Y Ut @ RV f 9VV  kV
Y UUUR Y Ut @ RV f 9V @ RV kV DbOBRIURRyT®U OB UR Y
Ut @ RV f 9VV Y RVV  kV
Y UUUR Y Uv @ RV f 9V @ RV HKBMURRBYYBU Uk TB UR Y
Uv @ RV f 9VVVV  KkV
)

H M/b+ T2] 14 (
UyXke UUt kV Y Uv KkVVV @ UyX93 Ut vVV
)
H M/b+ T2 14 ¢
@R bBMUR3yT/ tV WBMUR3yT®/ R Ut kV TBVV Uk
RyV V
@ WBMUR3yT®¥ vV HBBMUR3yT®/ k Uv kV TBVV Uk
RyV V
)

H M/b+ T2]14 (

b[iU#H+QUUR3YTR/ b[ iU#BUUt KV Y v VVVVV Y yXyR Ut|Y vV
)
H M/b+ T2]14 (

UU WBMUR3YTIY WQUUR3YT® tV Y+QUWURS3YyT®/ vVV Kk VV

k
Y UQUURS3YTIY WBMUR3YT®Y tV YWBMUR3YT®/ vVV k V\
kK Y tv  kV
Y UXyR tV Y UXR vV

)

H M/b+ T2 4 (
@R HMUBMWR3yT®/ UQUWUR3YTR/ tV YVYQUWUR3YTHB/ vVV
k VV &k

@ YQUUR3y TV bBWVMURS3y TR/ tV YoBMUR3y TR/ vVV k VV
k Y tVv kV
Y XR uut @ RV k' Y Uv @ RV kv
)
H M/b+ T2 4 (
+QUURS3Yy TR/ tv k YBNMUR3y T/ vV k

)

Ky



H M/b+ T2 4bi B:BM
ky Y UUt kV @ RQUUR3yT®/ Uk TB/ t VV Y UUv kV @ |Ry
+QUUR3YTY UKk TB vVV

)
H M/b+ T2/ 4bi B:BIQ77bPi(
ky Y UUUt @ RXRKjV KkV+@URR3yT®& Uk TR/ Ut @ RXRKjVVV
Y UUUv @ RXRKjV kV @QURR3yT/ Uk TB Uv @ RXRKjVVV

)
H M/b+ T2/ 4bi B:BMBTQH (
ky Y UUUt Y RV kV @OQRWR3yT® Uk TB Ut Y RVVV Y UPUvV
@ RV kV @ RQUUR3yT® Uk TR/ Uv @ RVVV

)
H M/b+ T2l b2M# 0¢F
Ryy Uv @ Ut kVV kY UR @ tV k

)

H M/b+ T2/ +2 772V Xk (
yX8 Y WBWUR3YTY Ut k @ v kVV kV @ yX8V f UR Y UyXyyR

k' Y v KkVVV kV

)

H M/b+ T2 @+2 772V X9 (
yX8 Y UWQWUR3YT/ bBMURS3YT®/ #Wt k @ v kVVVV k

yX8V f UR Y UyXyyR Ut Kk Y v kVVV kV

Q

)

H M/b+ T2/ ®T?22]2(
t k Y v k

)

H M/b+ T2]@4T22 2@Q 717021
Ut @ jV k Y Uv Y jVv Kk

H M/b+ T2li& 22@ ? mKHE2[H(

Uk Ut kVV @ URXy8 Ut 9VV Y UUt eV f eV Y Ut vVvl Y Uv
)
H M/b+ T2]@AB M+ 7 Mi

B72Hb2@ptHM@2Xk8 Q° v | yXk8 ( vy )

( @R bBMUR3YyTR Ry UHQUV RyV@bBMUR3fyTR Ry
UHQWV RyV)
( @R bBMUR3YyTI®¥ Ry HMUtVOWMMUR3YTB/ Ry HMUVVV )

)
H M/b+ T2 F? Qp

Ut k'Y v kV Y UUyX8 tV Y UyX8 k vVYV k' Y UUyX8 tV. Y UyX8

vVV 9

c Pi?2 rBbmb2 ° M/QK M/b+ T2
(7 M/QK@MQyKayly )
v
)

c aKQQiI@mi M/QK M/b+ T #2ii2 ' pBbm HBx iBMQ/NW2 "+277B+B2M+vVv
B7H M/b+ T2] 4M/QK(
bFKBM@M@RQV+92fp Hm2) OFT i+?2BM@" /Bmb j2i(p Hm2 p Hm2 @
M/QK@7HQyi) )
"2T2 i Ry ( /B77mb2 p Hm2 R )
)

C 6BMI?2i m2#2biT i+?2UHQ# KBMBK# b2/QMi?2+?Qb2HM M/b+ T2
UB72Hb2

c 6mMM+iBQBIiRk ;HQ# KBMBK

H M/b+ T2]/BtOM@T]K+R2ii" m2@#2bi@T i+? KBMI@iM®@2XXPp Km2) )
c6mMM+iBQBI®R9 ;HQ# KBMBK

H M/b+ T2]4 Qbb@BM@Q" v

H M/b+ T2/ 40H/2 @i]#Q>

H M/b+ T2|+72 772VX]9( b2ii' m2@#2bi@T i+? KBMI@iM@2XXDp $1m2)
c >BKK2H#P 9 ;HQ# KBMBK#mi8 2K2 ;Z2m2iQ /Bb+ 2iBx iBQMQ" b
H M/b+ T2 4BKK2HAH b2ii' m2@#2bi@T i+? KBMI@iM@2%Pp 8m2) )
c6mMM+iBQBIPRk;HQ# KBMBK

H M/b+ T2 bOTOQmMHOE2ii' m2@#2bi@T i+? KBM@ M@QBpRHmM2)

kR



c 6mM+iBQBlie k:HQ# KBMBK
H M/b+ T2|@BM+2Mib2ii ' m2@#2bi@T i+? KBM@N@QBpjéim2) )

¢ HHQiI?2+Qbi7mM+iB@Mb2 bBM;HHMQ# KBMBK
(b2ii'm2@#2bi@T i+? T i KB@IE@RQMTZ@Q72p Hm2) )
Vv

cc a+ HT i+?2BQHQBIi?BMBMM/K tp Hm2WBKBihQ pBbm HBb iBRM Qb
H2iKBM@p H KBM (p Hmi2)? D

H2iK t@p H Kt (p HmZ)i@72b

bFET i+?22b(

UB72Hb2
S Q#H2KDii2 pBbm HBDRWBM{BM2 +QH Q@+ H2
M/b+ T2 4FH2vQ"
M/b+ T2/#4072 +22bpMKRQ"
M/b+ T2/ 4 Qbb@BM@Q" v
M/b+ T2//4K p M]1BQ"
M/b+ T2//40Tr f2Q°
M/b+ T2]@+2 7720 xkQ"
M/b+ T2/ 4+?2 772VX9Q"
M/b+ T2/ @ABM+2Mi
b2i T+QHQ b+ H2@+QHQ  V2HHQr p Hm2 KBM@p H K t@p H)

TIIIIIIIIC

S 'Q#H2KDii2 pBbm HBOWBM;[m "2QQi2#QHQ+ H2
M/b+ T2/ 24 bQKQ"

M/b+ T2 4;;20H/]2Q"

M/ib+ T2 A4QH/2 @i ]#Q2

M/b+ T2]HMB+7? H2rB@x

M/b+ T2/MBb? MXeQ"

M/b+ T2 B bQTQMHYb

M/b+ T2/ F? Qp

b2iT+QHQ b+ H2Z@+QHQ™ vV2HHQr pbHME K@M @& p) H

TIIIIIIIC

C S'Q#H2&Dii2 pBbm HBM2WBM{Q; "Bi? KB+ H?2

H M/b+ T2 #42 H2Q"

H M/b+ T2//8tQM@ T] BQ-"2

H M/b+ T2 QH/bi2BM@T @B+ 2

H M/b+ T2]/#400]2Q"

H M/b+ T2 QQb2M# 1Q+F

( b2iT+QHQ® b+ H2@+QHQ  V2HHQr p Hm2 KBM@p H HQ; K t@

M/b+ T2 4bi B:BMQ"

M/b+ T2/ 4bi B:BID77bPiQ"

M/b+ T2 4bi B BMBTOQH

b2i T+QHQ" b+ H2@+QHQ  V2HHQr p Hm2 KBM@p H HQ; K t@

~IIT

M/b+ T2]ABKK2H#AHQM

M/b+ T2/ H2plvQ"

M/b+ T2/ iv b Q°

M/b+ T2¥4Bb? MX]] Q"

M/b+ T2/&T?2]2Q"

H M/b+ T2/@AT?2 2@ Q77Q2I

M/b+ T2]i&# 22 @ ?mKK2H

b2iT+QHQ b+ H2Z@+QHQ  vV2HHQr p Hm2 KBM@p H HQ; K t@

IITITIT

— I

H M/b+ T2/ 40b FEQ°
H M/b+ T2/ HBb? MX]8
( b2iT+QHQ b+ H2@+QHQ  V2HHQr p Hm2 KBM@p H HQ; K t@

C6Q MVQi?2T Q#H2Kb2 HQ; "Bi? KB4 mHbH+ H2
( b2iT+QHQ b+ H2@+QHQ  V2HHQr p Hm2bKEKM@p H HQy XyyR
RXy8 )
\%
)

cc a2ibTQiHB;QMQ Q77
B7bTQiHB;?iidn2( r i+?QM2@IQmMm2@#2bi@T i+? )
2M/

ca?Qi2b2imT Q+2/m7® ' bQK22T 2b2Mi iBpM/b+ TZQ#H2KbD

k k

RXYR )

RXy8 )

RXR )

RYyXR )



iQb2imT@b2 "+?2@H M/b+ T2b@b?Q i
ca2imTrQ H/M/T i+?bBx2
"2bBx2@rQ 'H/ @8yy 8yy @8yy 8yy
b2i@T i+?@bBx2 +2HH@bBx2
/IBbTH v

c * 2 i2i?2k. H M/b+ T2+Q /BNMQ i?2+?Qb2Mbi7TmM+iBQMM#QmM/
+QMbi® BMib
b2itv@#QmBr/RHb2@pHM2b+ T2/ 4,;70H/12( 8Rk ) ( e )
bFT i+221f
b2it Tt+Q ™ Utv@#QmMKbt® Tt~\Q "
b2iv Tv+Q Utv@#QmMKbt® TvVvQ"

b2ip Hm2BUW2Hb2@p HmM?2

H M/b+ T2/H&T?2]2(
B72Hb2@pWHM28V Q° Uv 4 8V
( Ryy )
(t k'Y v k)

)

H M/b+ T2l&AT?2 2@ Q717021

Ut @ jyy Utv@ #QnkKMtY/® Tt A/ k Y Uv Y jyy Utv@#QmM/b |f
K t@Tt™M)Y k

)

H M/b+ T2 4bi B;BM( ¢ LQi2? i /2;°22bMQi" /B Mb-"2 M22/27Q"
i?72+Qb/ mM+iBQM

ky Y UUt kV @ R@bBUUR3IyTB Uk TB tVV Y UUv kV @ |Ry
+QbUUR3y TR/ Uk TB/ vVV

)
H M/b+ T2l X0b2M# 0¢F
Ryy Uv @ Ut kVV k Y UR @ tV k

)
H M/b+ T2 4BKK2HAH m
UUt kV Y v @ RRV k Y Ut Y Uv kV @ dV k

)
H M/b+ T2]4;;?7QH/12( ¢ LQi2? i /2;°22bMQi /B Mb-"2 M22/27Q"
i?2bBMmMM+iBQM
U U@ tVbBMJURBYTB/ b[iU#bUt @ Uv Y 9dVVVVV @ UwBM9dV
UUR3y T b['iU#bUUt f kV Y Uv Y 9dVVVV

)
(> M/QK@MQYK8yy )X h?2H bi+ b2Bb ~ M/QK M/b+ T2
v

)

B7H M/b+ T2]'4M/QK(
c aKQQi@mi?2" M/QK M/b+ T2
bFKBM@M@R7+92lfp Hm2) FT i+?2BM@° /Bmb jy2i(p Hm2 p Hm2 @
M/QK@7H®Qyi) )
'2T2 i Ry ( /IB77mb2 p Hm2 R )
)

c 6BMI?2i ' m2#2biHQ+ iBQM
B72Hb2 M/b+ T2 4BKK2HAH m
c ]?BKK2H#H2n?B#Bib;HQ# KBMBKS82K2 ;Z2m2iQ /Bb+ 2iBb iBQM
2 QW
b2ii' m2@#2bi@T i+? KBMI@iM@2XXDP 8m2)
) (
¢ HHQIiI?2+QbiTmM+iBQ@VM®2 bBM;HHQ# KBMBK
b2ii' m2@#2bi@T i+? T i KB@ERQMZ @«Q?2lp Hm?2)
)

ca+ HZ i+?2bQHQBiIi?BM HmBBKBIib

H2iKBM@p H KBM (p Hmi)? Dy

H2iK t@p H Kt (p HmZ)i@72b

bFT i+?221 b2iT+QHQ ™ b+ HZ@+QHQ ™ V2HHQr p Hm2bKBiMIGpHHRKQS8 )

c a2ibTQiHB;Bi7brBi+?2QM

B7bTQiHB;?ii4n2( r i+?QM2@iQMm2@#2bi@T i+? )
2M/

ccccclL.P66AGtEccccce




k9



*2 Ti2 9
aQ7ir "2 HB+2Mb?2

CIAOp2 bBQM RXk8
*QTv'B;?i Ukyk9 a2 ;BQ QD b@: H2 MQ- GBM/b v eHp "2x-J °

h?Bb T°Q:° K Bb 7°22 bQ7ir "2, vOm + M “2/Bbi'B#mi2 Bi M/f(
i22 i2°Kb Q7 i?2 :LI :2M2° H Sm#HB+ GB+2Mb2 b Tm#HBDb?2/ #)
6QmM/ iBQM- 2Bi?2  p2 'bBQM j Q7 i?2 GB+2Mb2-Q U ivQm  Q

h?Bb T°Q;” KBb /Bbi'B#mi2/ BM i?2 ?2QT2 i? i Bi rBHH #2 mb2’
Lug _ LhucrBi?Qmi2p2Mi?2 BKTHB2/r ~° MivQ7J1 *> Lh "Al
Q 6AhLlaa 6P_ S hA*IG _ SI_SPalX a22i?2 :LlI:2M2"  H Sm
GB+2Mb2 7Q  KQ 2 /2i BHbX

uQm b?QmH/ ? p2 "2+2Bp2/ +QTv Q7 i?2:LI:2M2° HSm#HB+ C
i?Bb T°Q;" KX A7 MQi-vQm + M /QrMHQ / Bi 7°QK,
2iiTbh,ffrrrX;MmXQ ;fHB+2Mb2bf; TH@jXyX2MX?iKH

k8



	Overview
	Description of the tool
	What is red CIAO?
	How it works
	How to use it
	Other distinctive features
	Try it yourself
	Extending the tool
	List of benchmark problems

	Installation and execution
	Online (web) version
	Desktop version

	Source code
	Software license

