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Statistical Mechanics for Complexity Network-Oriented Dynamics
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’ DATA-DRIVEN NETWORK DYNAMICS RECONSTRUCTION AND PREDICTION
EMERGENT HIGHER-ORDER INTERACTIONS AND CRITICAL PHENOMENA
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INVERSE PROBLEM

create an oscillator network with (G,f,H) to construct the data
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clusters




WHAT WE WANT T0 SOLVE

rich-club structures

Scannell, J. W. & Young, M. P. Curr.(1993)
Van Den Heuvel, M. P, & Sporns, O. (2011)




WHAT WE WANT T0 SOLVE

rich-club structures

time series = local dynamics + coupling

—————— =
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Heuvel, M. P, & Sporns, O. (2011)



MICROSCOPIC INVESTIGATION

reduction theorem and sparse regression
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time series = mean field + fluctuations |
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Eroglu, D., Tanzi, M., van Strien, S., Pereira, T. Physical Review X 10 (2020)
Candes, E J., Justin K. R, and Terence T., Comm. Pure Appl. Math 59 (2006)
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ROBUST AGAINST NOISE

better reconstruction, better prediction!
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Eroglu, D., Tanzi, M., van Strien, S., Pereira, T. Physical Review X 10 (2020)
Topal, | and Eroglu, D. Physical Review Letters 130 (2023)



PREDICTION

critical transitions
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PROBING DATA

mean-field measurements




PROBING DATA
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PROBING DATA

mean-field measurements

N

N 4
. TR a
Yim = Wk T — Z Sln(Wkn I ka) T Z Akf AT Sln(l/jfn I ka)
N = =1 N =

In terms of mean-fields

Wim = O +Im | 73 + @ Z Ayzp | € Vi




PROBING DATA

tely many neurons
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Antonsen ansatz
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RING GRAPH

undirected and cubic polynomial interaction

Applying the Ott-Antonsen ansatz

4
& = Jillzg) + Z Aeh(2y, 20)
f=1

where

) :
1Z) =nat+ bz o 75 =82+ p—op)

:Bk — — U, h(Zk, Zf) = Ay —+ aZ,gZ,g



RING GRAPH

undirected and cubic polynomial interaction

Applying the Ott-Antonsen ansatz

4
2 = Jillze) + Z A (2 2¢)
f=1

where
) :
Z) =na+ bz o "5 =82+ pu—op)

Wy = 2540 W7 = 1.5 Pr=—u, h(z,z,) = azf_l_azfzkz

Resonance satisfying condition: v, = v, +w; & w,= w;+ w;



RING GRAPH

simulation

—0.4-0.20.0 0.2 0.4
R(z)



RING GRAPH

simulation

S =

—~0.4-0.20.0 0.2 0.4
R(z;)



RING GRAPH

defining phases

—~0.4-0.20.0 0.2 0.4 0 2000 4000
R(z;) time

(1) = ri(0)e'"



RING GRAPH

defining slow variables

led

2.(1) = r(t)e'™\"
(1) = G4 (1) —

—~0.4-0.20.0 0.2 0.4 0 2000 4000
R(z;) time

Then we would like to reconstruct J; from data



RING GRAPH

defining slow variables
1le4d

(1) = ri(0)e'"

(1) = G4 (1) —

—~0.4-0.20.0 0.2 0.4 0 2000 4000
R(z;) time

Then we would like to reconstruct J; from data

9=0WI=E



Candes, E J., Justin K. R, and Terence T. , 2006

COMPRESSED SENSING

model reconstruction from data

. sin(&l) sin(d,)  sin(d, %)  sin(dy, 8y, )
dp Oy o3 cos(9,) cos(9,)  cos(8,,9,)  cos(dy, I, Is) 2 By H3 5y

O =




Candes, E J., Justin K. R, and Terence T. , 2006

COMPRESSED SENSING

model reconstruction from data

I sin(&l) sin(9,)  sin(9,,9,)  sin(8;,9,, 95
dp Oy o3 cos(d,) cos(d,)  cos(®,8,)  cos(d, 8, %) Sl R

O =




RING GRAPH

reconstruction of slow phases
leq

0402000204 0 2000 4000
R(z;) time

0, = 1.010 + 0.001 cos(d, — 0, + 0;) — 0.001 cos(8, — 6, + 6,)

0, = 2.489 — 0.005 cos(d, — 0, + 65)

0, = 1.499 + 0.001 cos(d, — 0, + 0;) — 0.001 cos(8, — 6, + 6,)



RING GRAPH

emergent hypergraphs

led

1 o.0L . . original reconstructed
~0.4-0.20.0 0.2 0.4 0 2000 4000
R(z) time network hypernetwork

0, = 1.010 + 0.001 cos(d, — 0, + 0;) — 0.001 cos(8, — 6, + 6,)
0, = 2.489 — 0.005 cos(d, — 0, + 65)
0, = 1.499 + 0.001 cos(d, — 0, + 0;) — 0.001 cos(8, — 6, + 6,)

94 — 2508 + 0005 COS(QI — 94 + 93)



RING GRAPH

emergent hypergraphs
1e4 :/ :: n

S =

1 o.0L . . original reconstructed
~0.4-0.20.0 0.2 0.4 0 2000 4000
R(z) time network hypernetwork

0, = 1.010 + 0.001 cos(d, — 0, + 0;) — 0.001 cos(8, — 6, + 6,)
0, = 2.489 — 0.005 cos(d, — 0, + 65)
0, = 1.499 + 0.001 cos(d, — 0, + 0;) — 0.001 cos(8, — 6, + 6,)

94 — 2508 + 0005 COS(QI — 94 + 93)

WHY?



NORMAL FORM THEORY

looking for the sparsest solution

e =Filz) + a ) Az 2p)
=1



NORMAL FORM THEORY

looking for the sparsest solution
N
e =filz) + a ) Az 2)
=1

a coordinate transformation of the form w, = 7z, — aP(2)

for some polynomials P,(z) = Z Akfl:tkf(zk, Zy)
=1



NORMAL FORM THEORY

looking for the sparsest solution
n
=1

a coordinate transformation of the form w, = 7z, — aP(2)

for some polynomials P,(z) = Z Akfl:tkf(zk, Zy)
=1



NORMAL FORM THEORY

looking for the sparsest solution

Zk — fk(zk) + Z Akfhk(zk, Z{)

P

transformation generates additional
undesired terms from the isolated dynamics



NORMAL FORM THEORY

looking for the sparsest solution

4=z +a ) Ayhy(z2,)
=1

second coordinate transformation of the form u, = w, — aQ,(w)



NORMAL FORM THEORY

looking for the sparsest solution

2 =Ji(z) + Z A (Zi 20)
F=1

second coordinate transformation of the form u, = w, — aQ,(w)

nontrivial combinatorial problem tackled by introducing a
special bracket [e||®] on the space of polynomials.



NORMAL FORM THEORY

rules for resonant and nonresonant terms

Checking only for node-1
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Checking only for node-1
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rules for resonant and nonresonant terms

Checking only for node-1



NORMAL FORM THEORY

rules for resonant and nonresonant terms

Checking only for node-1



EMERGENT HYPERNETWORK
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mean-field pops nonl




EMERGENT HYPERNETWORK

mean-field pops nonlinearity

¢, =0,—-0,+0,

9, = 1.010 + 0.001 cos(@; — 6, + 65) — 0.001 cos(8; — 6, + 6,)
0, =0,—0,+0,

0, = 2.489 — 0.005 cos(d; — 0, + 6,)

0, = 1.499 + 0.001 cos(0, — 6, + 6;) — 0.001 cos(0; — 0, + 6,)
6, = 2.508 + 0.005 cos(d, — 0, + 6,)



EMERGENT HYPERNETWORK

mean-field pops nonlinearity

0, = 1.010 + 0.001 cos(6; — 6, + 63) — 0.001 cos(6; =6, +6;) 0.0 0, =0, -0, +0,
0, = 2.489 — 0.005 cos(6; — 0, + 05) S- , o- 0, =0, —0,+0,
05 = 1.499 + 0.001 cos(8, — 6, + 6) — 0.001 cos(8, — 6, + 05) .

. -

6, = 2.508 + 0.005 cos(0, — 6, + 6,) ol — ¢;

0 1000 2000 3000
time (s)



REAL-WORLD EXPERIMENT

electrochemical oscillators
a

Feedback mechanism (—

Potentiostat
QCQ R oo 0 o\

Cind Vk( t)




REAL-WORLD EXPERIMENT

electrochemical oscillators
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electrochemical oscillators
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electrochemical oscillators
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electrochemical oscillators




REAL-WORLD EXPERIMENT

electrochemical oscillators
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REAL-WORLD EXPERIMENT

electrochemical oscillators

Nijholt, E., Ocampo-Espindola, JL., Eroglu, D., Kiss, |Z., Pereira, T. Nature Communications, 2022; 13:4849



SURPRISING PREDICTIONS!

ring topology with quadratic coupling

h(z,w) = zw

pairwise coupling function

Jacobian vanishes at the origin

NOT a diffusive coupling!



SURPRISING PREDICTIONS!

ring topology to driven system

original network reconstructed hypernetwork



ANOMALOUS SYNC

synchronization tongue

500

] a’oc\/g

400

e

-100

Nijholt, E., Ocampo-Espindola, JL., Eroglu, D., Kiss, |1Z., Pereira, T. Nature Communications, 2022; 13:4849



| AM NOT ONLY RECONSTRUCTING BRAIN!

ALSO?




BologpR M - Ferreiga fiui a.
AnerIvijlﬁla T Plastino A.R.
Bagdn D. Farmer D.

De Albuquerque M.P. '
I SAL L I S N E I WO R K de Soua M.d.S. | Ludescher), ~ / DaSivaEghBalinip. | ¥
Portesi ;II jauregm M- De Oliveira M.). Montelro Marizilk G.
Vieira C.M. / Sa Bar,gto F.C. | Y N ‘AssisaV.R.V.

\ ~Tempeésta P. L /Castro De Oliveira P.M.

. DA B* R. i ' .
Elia§) Viinde A. > White S. | L/} Thistleton W.J.

Cartso F.

AN\ A—T |\ £/ Lamberti P.W. \DosSantosRJB

/

'Q’ ‘ VT DA  West B,
\ Slc G \ Ero;jt’a D. /) Bouﬂot]
Verona De .esendnﬂdd%a \DeiMagadhes A. C. N. Morelﬁ A.A.Ribeiro M.S. , (/X //stanl V H.E.

Nelsm K.P.

Abramev D. M AVANS '\ \ ' ' el Y Jens.n H Kﬂ." N | de Pinho da Silva E.

Zamora D.J./ A | AT A , Leoﬂ A. ,
' ‘ N \/} > Boufitis T.

N A A \
N VA\ 1\ ' ) '

. S . e | LimaR.A.T.
Cabral'B.J. C N I Y .Lev)‘-v-F-cirt J.L. Brigatti E.

DamiéoGoare’s NN VNIl /N y ‘ /
Lam.E-Ara(.,J_.M_ - ScutaM.s. A . N\ Rodriguez A, |/ <7 Christodoulidi H. Safp Y.
| DM N . W IKX ) WA ArenasZG ) N\ / (,:’asw “Machet .
\a \ qu?n P Vmclgu.*r S c. , V7 Mar‘ JA.

A\ Y . Y/ 7 ' — de Lima R.A.T.
\ [y NI : Pl‘fg,'p A ' De Souza].

Ta vat

Essam J.W. N\ /
Rajagopal A. K ND% B ' S.
Martn‘ M. L

Bukman D.). K . |
Coutinho Dos Santos B. ' Bezem C. (;Marq-es:

L i G Drossos L.
|vao. is
Fl”'a G.

Curilef S. Soare.Dj B Weden.nn R.S. - _ ;“ \_;'. —— Nebre \ | \ Vi 2% " U. ~ Mayl‘fd'R
TN VAN i Z P 7 / ! . \ _Rohif T.

,,Ru' G.

/N 4 S :Q'?‘,’eiﬁ P.M. Kyriakopoulos F.
NS X | LT [ LN Gell-lbnn M.

Jund Py nes T.C. Lu’ce‘i-. L.S.

Van V\.Iand F ZhengW MHaus.r P R

Zebwelﬁrara R. M

>/ - Fuentﬁ M.A.
- HonmxraR ~ O\ ,"‘
Fuleco POlIVQ"a R., /. - = o

| 77/ . | A%ﬂ‘ G. F'}“‘" ,_
] ﬁennh TJ. PDa 5"Va LR. plastineAR.//// | N2 Moy’, LG.
Zorzenon Daos Santos R. M' _ ; mG.

, = /, Albuguenc Schwa [ Y \‘Mn&uein‘SMD
Dos Sanbs 51%?& E.trada R F. X~ g\ \ % :‘:'\4 W Antel.)do C

Gome‘]r S.R. - - - Mm‘ﬁ ~~ Machado S.F// ///.///NMal R0, NN .,.\.,\'/.,‘ SO N T Herrmann H.).
Regq H.A. Haubold |.|_j_// N % L/IN It il REAX B <N Deppman Ahhlize B. Clna.dl N.
N X7 9% Bor E-P-\‘._ \ Umatov S.

Megﬁs E.

- NSNS

Souletie J: Carbone A /] ‘ o Rego Mo.:elro M.A.) ( \ ¥

Kanla‘kls é A /4 N RN Y ~ - Thul..er S. |

4 ! / KA - ; \ Be\‘ c —) il

: g AN @ Al 79 M tey A.P. | T / ItoeN.
F'“'ﬂ.@ﬂb@ﬁs G.A. XX °""'° 7 1o\ \ ' NN

VA \ b J . W4 1l { ;-
Redneér SMor.m D 7| ‘ | : 2 Borland |_ N\ ' RObUO A /. Kodama T.

<Y . A De’Ma allides A.C.N. : N\ \ :
Zanette S.I. ~ / S?rm.toslii: .F./ h b RIB. { g ‘ | "\ ) . \ Stemberg S. -
Hilhokst H.J. A inchcombe WA Tamait FA. Bara‘er M. /. PasechnikR.

Mundim K.C: A VEZRN /Cost M. s [ A ‘Da sn-a L.R.
\ Almelda N. S {| A/ ' ‘ ‘( Latara V.’ %VA O de OIiv&lirwj.G.V.
" Ro S. ‘ .

Dos Saatos R.R , \ Men‘ R. S aNE

Stela A y . \
Mal / AV | PN | / ™~ | Toscano. F. Osodo IﬁRIIartlmz MScKUy R.S.
da'Cruz H. R | ‘

\ NA LN T ' /" /Papai#.R.R.
Bemski G. ¢4 ide A-O. Cémoa A. Buck B. | P

SCarfc.e A/M/ | |/ QuakFati P. ) : ‘
Proveta A. | P T\ Anjos J.C.Andrade R.F.Y2nel8qgy T.F.
ovata Lava.\o A. \ i

Chame A. , 'Helman J.S. :
' Cavalcanti S.B ‘Martin H.O.

Gaze.ug’t%rido D.A. da’Silva D.M.H.

Giansanti A. Mahanti S.D.

Drazer G., canngs S-A Stefanovska A.
Dos Santos R.J.V. | Lenzi E.K. __Lloyd S.
SandriSsdihdhaS.R. 'Swinney H.

Weinstgipa¥s: %ﬁ Gamiloe Rodrigues



102 -

p(k)

10° -

_ -

q=1.2

\
\O
\

\

Lohsehiite D.R.

Bolo '_Mino A. Ferrmg@ﬁ.ﬂ" A.
Andradtﬂlela T Plastino A.R.
De Albuquerque M.P. ' Bagehi D. Farr@er D.
de Souza M.d.S. | | ydescher). ~ / D3 Silve EgliBolini P. LemM.

aure u| M.
Portesi M. J ? De Oliveira M.).

Vlelra C.M. ( Sa Barreto»F.C. ‘AssissV.R.V.
! Cedefio C. E -Béer R B 'Témpesta P. | L. s tICtastr‘?vlj)e Oliveira P.M.
. — 2er R, 755 . istleton
S Vé""de A. \ \ S\ L, of Lamberti P.W. /- Dos Santos R.).B.
Caruso F.\ [\ Slcuro G | ' / ‘ West_B
\ Ero'glu D. : Bomllot ).
Verona De ReseadeSiFsa \naMagmhes A.C. N. Morelra Al A Ribeiro M.S.| ,_ Stanley H.E.
« SN _ /1 ' “_ Nelsen K.P.
Abramev D.M, < /. ¢\ Jensen Hkejsar N, / de Pinho da Silva E.
Zamora D.J. ~ A\ Y Leo R.A.
. Bousntis T.
KinpS. GBettml C. Carmona HSEhwammIe V. lexa H. S ‘ L / . Wong C.<Y.
N \\ | (| \Cetin (| 7 ~LilB. , .
/ .
Cabral/B, .C. \ ' A \ Lev 5 V F. . LimaR.A.T.
) Damiao@Soares l. A N d : e y J Clrt LJ L. Brigatti E.
Lazo E. pragio M. Scutd MS: C“r"f‘ w1t od”guez A 1 K " Christodoulidi H. Sato Y.
' '\ Tavareés D. M. | ' , Casati G. \\\
Essamj W. ’ D \ f (// Arenas Z.G. y L / Machet R.
Rajagopal A.K. ' Brlto S. Vmclguerr .S C. j'f"_ > Marsh J.A.
Martms M.L. > 7,7 > Pluchino A. de Lima R.A.T.
Bukman D.}J. \ _ ‘ ZC ' De Souza ).
. ' > arques’ ] > | N
Coutinho Des Santos B. | | . Bezerra C. GM q ) , T Drossos L.
. Y A\ 27 < <L Livadiotis G. ;.=
Curilef S. Soares Dj B. Wedemann R.S. - /7 “Tirnakli U~ Maynard R. T LN —F F!cbera G.
AN~ 7 4 - Z Z 4] K—7"1 _Rohif T.
JunePynes T.C. Lucena.L.S. " Bald@vin |: Ru G'._ L . \
\Y __ " PR A = A '_“__/ ' Q_I!yelra P.M. Kyriakopoulos F.
Van leland F Zheng W.-M. auser AyN. — i 1‘1_\' S 2 Gell-Mann M.
Zeb — 7 /N : Greco A /~ _
dweifr&ira R.M. 2 <] \ Fuentes M.A.
Honmura R. [ Raplsarda A Ve Anaﬁbs G. FI}ao N ,.C )
Fuleo POIlvelra R, \ = A S 0 : 1 Meglas E.
Penna Tj PDa S|Iva L. R. Plastm A R S Moyano L.G. ]
Zorzenon Das Santos R.M. 7 ' S > S o ,achhelm G S S =< %dmﬁm?utttegos S.M.D.
Dos Santos 51%&2 Estrada RF. Y 7 7RI | Anteneedo C
Gomesjr SR. |/ _— .' MarisA M _Machado .S.F 71 Nal N N - Herrmann H.).
Rego H/I-I/A Haubold H.)./ Ve \ " L Deppman Achulze B. C|nard| N.

Souletie ). Carbone A. s’ (Wl @Y% Rego Montelro M. A

Montelro MarleKl.lk G.

\// Borges E.

/ Kanladakls G. N 1 4 N R
5 / \ f | | "‘ .' ! . conl I o A / :." "V Ma.tey AIPI_ \
F'“‘I%@E&&'&s G.A. Moroni . XX AT i AN N
. Redner S. S AN N NS Borland By A
XN | . ' De Magalhaes A.C.N. \ \A
Zanette S.1. / SarmentoSIE .F./ b b RN 24 | ‘
Hilhofst H.J. N/ N inchcom ? N A /\ . Tamatit F.A.
Mundim K.C{ ' Y. ,‘ /Costa U M.S. » OO
0S Sa@os ' | A Mendes R.S. | i+~ Rotxs.
Ste‘II__a,_ g
Malarz K. A (1N N Toscano F.
da'Cruz H. R 0% : N N , '
Bemski G. : Campa A. | Buck B.
\ Caride A.O. Scarfone A/M/ |/ QuakFati P. |
w O Provata A. "Lavagno AL %
Chame A. .Helman J-S.
Gazeaug’t%riolo D.A. Cavalcanti S.B

Giansanti A.
Drazer G. Cannas S.A.

10°

Dos Santos R.J.V. Lenzi E.K.
k SandriSsdindisa S.R.

Da Silva L.R.

Osorio R.

CANNY N N| Umarov S.
ANy " Thurn.er S. |
Betk C \p | / It N.
\ Robigdo A A Kodama T.
Steinberg S.
\ Baranger M. Pasechnik R.

de OliveMiraerCj.G.V.

Martmez MScKay R.S.

"/ Papa#.R.R.

Anjos ).C.Andrade R.F.g'.a“e!llsgy T.F.

"Martin H.O.

da’'Silva D.M.H.
Stefanovska A.

Mahanti S.D.

__Lloyd S.
'Swinney H.

Weinstgipa$s- %tﬁ Gamilo Rodrigues



LohoEV\B'.

Megeias E.

Bolo Ferrmg@ﬁml A.
Andr@ltﬁjl&la T - Plastino A.R.
De Albuquerque M.P.. Bag"h' P\ Far@erl_z;iom
de Souga M.d.S. | |ydescher). Da Silva Egligalini P. | '
B Portesi M. jauregm M- De Oliveira M.). Monte|r® MarizViilk G.
Vieira C.M / S4 Barreto.F.C. M /\ B ‘AssissV.R.V.
. ced C.E. N\ ~Temp@sta P. _ /Castro De Qliveira P.M.
EliaSVay 'e o N\ Bg@' R White LK | / Li,p{ /Thistleton W.J.
#unde A. . 7\ M ¢ S ~// " Lamberti P.W. \ Dos Santos R.).B.
| ). / ‘ West B.
Caruso F. ‘ SICL@ G , Ero;g;li D. : Bouml:lotj
Verona De ResebieSdifsa mMa‘gadbes A.C. N, Morelfija A.A.Ribeiro M.S.| , Stanley H.E. |
. , [ 7 ‘ NeIs@n K.P. °
Abramov D.M,/ A 19“5@“ H Ke]ﬁ?r N. de Pinho da Silva E. -
Zamora D.J . . | | | L Network-Oriented
. \ b I X 4 Boumis Tl : 1
Kimps. cRettii C. carmana H%fhwa@m'e VimaHS. Lol || M /s Wong C.; Dynamics and Data Science
N N\ A : / . f '
. G , ] LimaR.A.T.
cabrabB'J'c'Damiéo@oares 1. , A\ AN Levm A "CirtolL.J.L. / Brigatti E.
Lazo E. p o gio 1M ScutdM.s: —  UF a% WF: odr' Vel A i " Christodoulidi H. Sato Y. .
- . W< X \ | o \
| . Tava D.M. /| 1777 Casati G. =\ WI e r o I I O S a
Essam J.W. BN Rl Arenas 25, </ Machet R. —
Rajagopal A. K | Brito S. ane Vmclgu@'r S C. / Marsh J.A.
9 Martias M.L. ~ \ NN p]u(:@]o A de Lima R.A.T.
107 - . BukmanDJ. % NN NALLEATLN § A TUBITAK
- 7 .\ Coutinho Dos Santos B. Beze@ C. dvlarqaes:‘ Watihy o D. G ,} , = | Drossos L. Clen Ce Cade my, U
- NN 2., o= adia " RowiT ERC, EU MSCA
- v ) A\ NN ‘ ! 1 A ~ > 1T
Ny Jundp, T.C. Luce@: L.S. ] A ,f ST e =N | ,RU@ G. \
1 \ an : —Z =TSN ~ , | “Bald@Vin F.- /| _/~Oliveita P.M. yiiop oo o c
1 . - S T — CNPq, FAPESP
\. Van Wﬁland F Zhen@W MHauser PR Ay:N. Tse N — W W\ VA N @ 7 GeII-Iann M. q 7
1 ~ 7~ SN GE ’.A
O \ Zeb%l@'BIﬁréra R.M. g c="aC Sy, Fuentes M.A.
Honng.tra R Rapl%d\gi b Ana\n@ G. Fl}aogl\l ) N S F

Fulco P. OI|VQk'a R.. _ N\~ >
penr@ -” PDa Sllva L. R “Plas
Zorzenon Dos Santos R.M; -

Schwach elm G

Moy@ L, 3. .
\@ - guelro@S .M.D.

Anter@odo C

b Dos Santes lWhtez-estradar.F. o~ ) iz
101 ‘ \ Gomesijr. SR - N Ma%ﬁ Maéh_aﬂo s.k/ Valleﬁ)s o L \ @M \ RS N> ~ Herrmann H.).
4 ‘ i St ) K/ /) ¥ ‘ A r
i Regq H.H.A. Haubeld H.J,/ / | g I\ . N w \ Depp®|an Rhu{bze B. Clnatd| N.
J \ Souletie ). Carb@ne A. X / é Rego Mo@:elro M A \\ B_ b E P. ' \ | Umarov S.
7 Kama@kls % /) A XA N Thuider s. |
“@ / )% % AW N\ Be@ C. \ >
. \ . Flttl@e&&&s G A y 2 \ ’ COr“@'o A / ) ] i \ \ M F@ A-P- ) ‘ . \| : i / ItODN-
| \' X \ LW T \ b N | ./ >
i \ , Redneér SMO'@"I D ' / Vi Borlanc |_ \ \ Robigdo A Kodama T.
DeMa aI es A.C.N. Sl
\ Zanette S.I. Sarm@to E.F g $ Steinberg S.
“ Hilhost H.J. : | St'“‘““"“be il | Tamatjt FA. Baran@;er M. Pasechnik R. °
\ Mundim K.C. A | /Cost@ M. s A Da Sllva L.R. \
Almeida N.S: f N ' Latara V.| /\ O de OIivé:l!lirmj.G.V.
i . ‘ . .Dos Sa@tosRR \ Men&RS - " Rodx S. ~
[ ‘ Martmez MScKa)y R.S.
— 1 2 \ Mal@/ﬁa ‘Cruz H.R. ' | | ToscanoF. | osotio R.
— | \ Bemski G. Cand@ AO. Cam@a A. Buck B. / Papas
0 Scarf@e A/ M/ "/, Quarati P. ' \/ : .
10° - O ‘~ O Provata & | ovagnon, | Anjas J.C.Andrade R.F.8anefgy T.F. .
avagno N A
| ‘ niz.eroglu@kh r
1 T T T T LI B | ‘ T T Gazeaug,tP. iolo D.A l CavalcantldS &l I MaDrtl:rl:l -O. o ® ®
0 1 Giansanti A. arjoto Can s.A. MahantiS.D. ] =ve
10 10 I?)razesr ?!;D R anngs 5. Stefanovska A.
os Santos Lenzi E.K. __Lloyd S.
SandriSsdhhsas.R. 'Swinney H.

Weinstgipa$s: WM%DPI Gamilo Rodrigues


mailto:deniz.eroglu@khas.edu.tr




