INFORMAT ION FLOW IN THg RETINA - CORTEX PATH -

VNIVERSITAT
DGFVALENCIA

SPAWN

CNS*2020 Workshop on Methods
of Information Theory in
Computational Neuroscience

N Organization For
3 Computational Neurosciences



2/30

\ IMAGE GUMTY x—. Co " +‘ " )
ViSion MoDELS o PeTE oua] Nevrogcitnee may wake you a MOVIE STAR |

@ THE PRCOBLEM : &uaul'\'-cjiws tubo racehon flow
( 3 ) thE PROPOSED TECHNIGUE :  POTATION -BASED (TERATIVE GAUSSIANIZATION (rB\&)

“1) EXPERIMENTS % RESULTS  ERLclpwl Condian % I‘Maﬁe GJJA’D

@ DISCVSIoN X ConcLuS\eNS



3/30

[MAGE QUMATY % bt \ ‘
; itn k v . l
@ SIS1o0 MODELS - Couwl:u Yioua] NCvroccituce wac) wake you a MOVIE STAR |



4 (30

-

MAGE ORIV X o bl Wit gy sk g 2 HOVIE STAR |
| o

THE IMAGE QVUALTY PLoBiEmM

Structural Similarity
(SSIM)

67th EMMY Engineering Award of the
American Television Academy 2015 !

ACADEMY oOFTELEVISION

https://youtu.bE/ES'LCFGdgMA ARTS & SCIENCES




4 (30

@ [MAGE QUMATY X CQM‘FU'\"A"OM] Ncvroscituce e wake Y & MOVIE STAR |
VISION MODELS '

THE IMAGE QXVALTY PLoBLeM

Structural Similarity
(SSIM)

67th EMMY Engineering Award of the
American Television Academy 2015 !

ACADEMY oOFTELEVISION

https://youtu.be/e5-LCFGdgMA ARTS & SCIENCES




IMAGE QUMTY X 4 (30
VIS\onN MoODELS

COM‘PO‘\"&"\'XOM] Ncvroerituce ey wake gacu a MOVIE STAR L

-

THE IMAGE QUALTY PrLoRiEM

T SuByeECT.
Structural Similarity RA—TT,,C,
(SSIM ) (M-0.9)

67th EMMY Engineering Award of the
American Television Academy 2015 !

ACADEMY oOFTELEVISION

https://youtu.be/e5-LCFGdgMA ARTS & SCIENCES

&(x, x+Ax(i)>



4 (30

@ IMAGE QUMATY 3. Com?uh&‘wml Ncuroerituce eerey wealke yov a MOVIE STAR |
VIS\oN MODELS

THE IMAGE QUALWTY PLoBRieMm

T SuByeECT.
Structural Similarity RA—TT,,C,
(SSIM ) (M-0.9)

67th EMMY Engineering Award of the
American Television Academy 2015 !

o - ---X OVERKSTIMATES

ACADEMY oOFTELEVISION

https://youtu.be/e5-LCFGdgMA ARTS & SCIENCES

¢

\
!

. N é(X;X+AX(;)>




9 [ 30
@ mhee GUM’\T:I x". Comlbuh&‘wm] Nevroecituce oy wake gaou a MOVIE STAR L /
VISION MODELS

= Google Scholar Q s%

Alan Bovik Cited by VIEW ALL

Cockrell Family Regents Endowed Chair Professor, The University of Texas at Al Since 2015

Austin

Verified email at ece.utexas.edu - Homepage Citations 100508 53293

Electrical Engineering Digital Television Digital Photography  Social Media h-index 14 il

Image Processing i10-index 478 304
11000

TITLE CITED BY YEAR

8250
Image quality assessment: from error visibility to structural similarity 26470 2004
Z Wang, AC Bovik, HR Sheikh, EP Simoncelli 5RO
|IEEE transactions on image processing 13 (4), 600-612
A universal image quality index 5361 2002 2750
Z Wang, AC Bovik
|IEEE Signal Processing Letters 9 (3), 81-84 0

2013 2014 2015 2016 2017 2018 2019 2020

Multiscale structural similarity for image quality assessment 3372 2003
Z Wang, EP Simoncelli, AC Bovik
Asilomar Conference on Signals, Systems & Computers 2, 1398-1402

Co-authors VIEW ALL
Image information and visual quality 2959 2006
HR Sheikh, AC Bovik
IEEE Transactions on Image Processing 15 (2}, 430-444 Zbi Wang b g

Professor, Electrical and Comput...



[MAGE QUMTY X
@ VISION MODELS '

Google Scholar

Verified email at ece.utexas.edu - Homepage

Electrical Engineering Digital Television Digital Photography Saocial Media
Image Processing

THILE CITED BY YEAR

Image quality assessment: from error visibility to structural similarity 26470 2004
Z Wang, AC Bovik, HR Sheikh, EP Simoncelli T ——

|IEEE transactions on image processing 13 (4), 600-612

A universal image quality index 5361 2002
Z Wang, AC Bovik
|IEEE Signal Processing Letters 9 (3), 81-84

Multiscale structural similarity for image quality assessment 3372 2003
Z Wang, EP Simoncelli, AC Bovik
Asilomar Conference on Signals, Systems & Computers 2, 1398-1402

Image information and visual quality 2959 2006
T ——————

IEEE Trane;actions on Image Processing 15 (2), 430-444

Alan Bovik
Cockrell Family Regents Endowed Chair Professor, The University of Texas at
Austin

Com]:uhd—‘wml Nevroecieunce s wake g & MOVIE STAR |

« 3

Cited by VIEW ALL
All Since 2015

Citations 100508 53293
h-index 14 v
i10-index 478 304
11000

8250
5500
2750

0

2013 2014 2015 2016 2017 2018 2019 2020

Co-authors VIEW ALL

Zhou Wang >
Professor, Electrical and Comput...

3 (30



6 (30
@ [MAGE QUMATY x", COM‘FU‘\‘C\*'\,OM] Nevroecituce uqn uakc %w a MOVIE STAR L
VISION MODELS

IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 13, NO. 4, APRIL 2004 1 IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 15, NO. 2, FEBRUARY 2006
Image Quality Assessment: From Error Visibility to Image Information and Visual Quality
Structural Slmﬂarlty Hamid Rahim Sheikh, Member, IEEE, and Alan C. Bovik, Fellow, IEEE
Zhou Wang, Member, IEEE, Alan C. Bovik, Fellow, IEEE ‘l

Hamid R. Sheikh, Student Member, IEEE, and Eero P. Simoncelli, Senior Member, IEEE

o HVS  f— GEOMETRY = DisTANCE

Natural Image Channel HVS va D](C/-D‘) = l S(CB - S(‘D)\ - ,E‘F\

Source C (Distortion) D




6 (30

@ [MAGE QUMATY x", COM‘FU‘\‘C\*'\,OM] Nevroecituce uqn uakc gaou a MOVIE STAR L
VISION MODELS

: IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 15, NO. 2, FEBRUARY 2006

IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 13, NO. 4, APRIL 2004

Image Information and Visual Quality

Hamid Rahim Sheikh, Member, IEEE, and Alan C. Bovik, Fellow, IEEE

Image Quality Assessment: From Error Visibility to

Structural Similarity

Zhou Wang, Member, IEEE, Alan C. Bovik, Fellow, IEEE ‘
Hamid R. Sheikh, Student Member, IEEE, and Eero P. Simoncelli, Senior Member, IEEE l

¢ GBOMETRY = DisTARNCE

Food(e) = [s@-sk)|=e-F)

Natural Image Channel HVS
Source C (Distortion) D
A. New Philosophy  sTRUCTURE
Signal Luminance
Igha Measurement
N\ Contrast
3 Measurement Luminance
Comparison
>\\£/ Contrast o Similarity
SiGiAE Luminance Comparison Gombination)— Measure
ignal.y Measurement
_ Structure
Contrast Comparison
+ Measurement
a.+k
! )
= CIM «
NS
Fig. 3. Diagram of the structural similarity (SSIM) measurement system. d’x r:, * K



IMAGE QUMTY X
VISION MODELS '

IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 13, NO. 4, APRIL 2004

Com‘buh&‘wm] Ncvrogcituce ey wake %w a MOVIE STAR L

1

Image Quality Assessment: From Error Visibility to

Structural Similarity

Zhou Wang, Member, IEEE, Alan C. Bovik, Fellow, IEEE
Hamid R. Sheikh, Student Member, IEEE, and Eero P. Simoncelli, Senior Member, IEEE

Natural Image

Source

Channel

(Distortion)

A. New Philosophy

D

STRUUCTURE

Luminance
Comparison

Contrast
Comparison

—> Combination

Signal x Luminance
9 Measurement
Contrast
3 Measurement
SiGiAE Luminance
ignal.y Measurement l
Contrast
+ Measurement

&

Structure
Comparison

CCIM

Similarity
Measure

HVS

ag_+k
I

Fig. 3. Diagram of the structural similarity (SSIM) measurement system. d’x r:, * K

IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 15, NO. 2, FEBRUARY 2006

Image Information and Visual Quality

Hamid Rahim Sheikh, Member, IEEE, and Alan C. Bovik, Fellow, IEEE

GBOMETRY = DisTARNCE

o‘(c,'()) - l g(c) - S(@)\ - ‘E‘F\

A. New Philosophy  INFORHATION

&
» HVS |——
JZ‘
Natural Image Qhanqel HVS |
Source C (Distortion) D

1(¢,s®)) _ I(c ¥)

VIF = =
I(c,s()) I(c,k)

6 (30



3/ 30
LMQ?ENGK;g;in Com‘:»w\-a:\"wm] Nevroecituce m,ab uakc %w a MOVIE STAR L
| o

pp=0.43 ps=D.55 pk=0.4 p =06 ps=0.53 pk=0.45

r =0.78 r =076 r =0.6
P p S k

100

T qoe_ 8
.s

ACADEMY oF TELEVISION

ARTS & SCIENCES

67t EMMY Engineering Award of the
American Television Academy 2015 |

Mean Opinion Score

RMSE

Euclidean Distance

-0.2 0 08 1

0.I2 0;4 0;6
1-VIF rmseFIT=9.1 5

0 10 20 30 40 50 0 02 04 06 08



@ 1/8\0

DMOS

MAGE GQUMATY X

Mean Opinion Score

RMSE

Euclidean Distance

P, =0.43

N MODELS

p, =0.55

CQMPU'\‘«\"»OM] Nevrogcituce ey wake nou a MOVIE STAR L

P, =04

Pp=

0.6

py =0.63

P, = 0.45

SSIM

40

02

04 06 0.8
1-SSIM

Py =0.82 p =0.78 p, =059

ACADEMY oF TELEVISION
ARTS & SCIENCES

67t EMMY Engineering Award of the
American Television Academy 2015 |

r=078 r =076 r=06
p s k

100

pp=0.83 ps=0.88

0.2 0

0.l2 04 0.6
1-VIF rmseFIT=9.1 5

o 10 20 30

dpcreon|

V1_model_DCT_DN_color

Im. Vis. Comp. 1997
IEEE Trans. Im. Proc. 2006 ....

06 08 1 12

dWaveleHDN

JOSA A 2010

Neural

Comput. 2010

oy The] .

-3
ddeep %10

Front. Neurosci. 2018 a

100 ¢

05 1 15
PERCEPTUAL DISTANCE

V1_model_wavelet_DN_color BioMultiLayer_L_NL_color BioMultiLayer_L_NL_color

(Optimized)
PLoS ONE 2018

08 1

3/ 30

DIVISIVE NORMALIZATON

~r‘ca 2 Hecg" Y4

Mealo kad. 97
Male % Sowe ucelli O6
I_A\>emrc. ® Mol 10
Maleo & Siwmencdl; \S

Laparve %kSowoncell; 1%

Male et a\,

g2

He?bum Y Mcde 20



[MAGE OUNTY X bed " ) 8 (30
. cv {7 k \Y} . (
@ VIS\on MODELS COCM‘FU Yioua) rodrituce as wake nou a MOVIE STAR ‘

Divicwe Novmalization neorah wedds  BOL. Caraudiui b Heeger Nak Rev. Neorese: 12
MaTH. Martivez Malo et al. PLeS cne 18

S

X/.Z\AQ'//\;\

D
&




IMAGE GURATY % bt " o ) JiE = | 8 [30
@ VISION MODELS ' CO'MFU tioua] Nevrocieuce as) wa®l gy 4 MOVIE STAR |

Divicwe Novialization neored wodds  BIOL. Carandini b Hoeger Nak Rev. Newrese: 12
MOTH. Martiuez Malo ek al. PLeS cone 18

S

A/ e ., ™




@ IMAGE QURLTY x. COIM‘FU'\"CA'\.OM] Nevroecieuce mas) wake Yo a MOVIE STAR |
VIS'ON MODELS

8 (30

Divisive NOW‘MG“%%“}‘-“" Vm"r“A weoael< BIOL. Carandiun: } Haeger Nat Rev. Neurose: 12

MAT R, Ma.f‘\'\'uct,mq\v dral. PLesS cne 18

> P
/’_7\,&
e RS
P T )— (A linear ﬁf?owsc
@ 6 = N’ x &) — b = scM}sﬂ‘}‘vr.""‘lGh
- : H - ikl—gnc-"\'au kwhtl

K = cous‘l‘w\"'-o "JS“‘“"JQ

Mﬁsk ;V\J WA..) ad 4{‘1 tiena

€
N = K-
Q ° b+ e
NoN ‘D\AGOHM‘.

vxg " [I -'F-Dr(x)\_\xrbbiw = M = V"g\vfs INPUT DErENeENT!



IMAGE QUMATY X N 9/30

: [ it \Y} : l

@ VISION MODELS ' Cowmpotationn] Nevroscituce wag wake yov & MO & STAR |
BIOL. Caraundini } Haeger Nar Rev. Neurese: 12

MATH. Martiuez Malo ek al. PLeS cone 138

- Vi
RETINA CORTEX



IMAGE QUMATY % "y N . 9(30
‘ iCn k \Y/ ~ l
@ VISIon MODELS | Couu?u atYioua) NCvrocricuce oy wake %Ca/ a MOVIE STAR {
BIOL. Cavandiw: ¥ Hrceﬁev' Neat Rev. Neuroese: 12

MATH. Martiuez Malo ek al. PLeS cone 18

RadiaYion LMS Keied

A Vi

RETINA CoRTEx

Chrom"f d
Aéar{\hoﬁ



[MAGE GQUMATY % "y Neovoee: 930
‘ iCn k \Y/ ~ |
@ VISIon MODELS | COM‘FU etioua] NCvroccituce o wake %ou a MOVIE STAR {
BIOL. Carandiun: } Heeger Neat Rev. Neuroese: 12

MATH. Martiuez Malo ek al. PLeS cone 18

RadiaYion LMS Keies

5 Vi

RETINA CORTEX

Chraatic Ceomete  Saturatic
Aéarh\'cw Owowevto:) rﬁ+ !



9/30

IMAGE OUMATY X "y " )
' itn v ‘ [
@ VIS\oN MODELS Couw(bu a"\'som] Cvrodl cR “"’"3 uakc %ou a MOVIE STAR t

BIOL. Carandini } Heeger Nat Rev. Neurose: 12
MATH. Martiuez Malo ek al. PLeS cone 18

L

pPCT
CSF

RETINA

Chrowatic Crowma: bootic Textuce Mask:
Aéar{\hoa OV;?\LCM% Satutaticn Seﬁsors T



]0/30

@ THE PRULZLCM : &uaw;"‘-cjiwg fupot'cuc."\‘ou L‘[o‘u



(@) THe PReBLEM i Quambifying {uforaehou Flow 30

T e

ACADEMYoOFTELEVISION
ARTS & SCIENCES




@ THE PRCBLEM : &UQHL‘QBiMS fu@o\"cu.o."\‘ou C]O\U




@ THE PRCBLEM : &"““l""ej"‘ﬂ fu@o\’m&"\'om CIO\U




@ THE PRCBLEM : &"““l""ej"‘ﬂ fu@o\’m&"\'om CIO\U




(@) THe PReBLEM i Quambifying {uforaehou Flow 30

et R T e,

ACADEMYoOFTELEVISION
ARTS & SCIENCES




@ THE PROUEBLEM : &uaulﬂ'-ejmg fulbe raceion Llow, 12/ 30

x Sé N
)

Xz




@ THE PROUEBLEM : &uau"(-cnius fulfe racebion Llow, 12/ 30

x Sé N
)

Xz

/////., ToTAL CoRRELplon = R:.JW\JA"\C‘) within s vector T(i\' Z"‘(‘l - L\(5)



@ THE PROUEBLEM : &uau"(-cnius fulfe racebion Llow, 12/ 30

) el

/////., ToTAL CoRRELplon = R:.JW\JA"\C‘) within s vector T(i\' Z"‘(‘l - L\(5)



@ THE PROUEBLEM : &uau"(-cnius fulfe racebion Llow, 12/ 30

////, o TAL CoRRELAlon

'RQJVV\JA'-\ct) wi'"mv\ A\ VQC"'W T(‘_‘S\ = Z "‘('3 ﬂ - L\(S)

\

Z/, MUTUAL INFORMaTIGN = Jnfo Shaved by hwo vectocs (%)= h{x)« k(s\-l,\[[,‘j])



@ THE PROELEM : quau\"\“e:]i\ds CUFO\'M&‘\'UM £l°w ]3/30

The BFF\CIENT CODING WY POTHESIS

( iucaf qu'\' O W“"fo%‘(’t“o‘-\]
PBac\ow 59 , Barlew 04




@ THE PROELEM : auaul’\“e:]i\ds fu@of‘cu.a."s'uu £l°w ]3/30

The BFF\CIENT CODING WY POTHESIS

( ]uca(‘Ma:\-Cow Mﬁiu'w\.i%"'t“ok]
B‘(\ow 59 / @“\QW 04-

X /_\A:S;Q(x\-\"&

MAXIMITE
(1) ENTROPY

(2) hivnunie
REOUNDAN O

169+ 7 nte) = TE) - hed >
.
2 2)

J. Malo (2020) Spatio-chromatic information available from different neural layers
( 1 ) under review J. Math. Neurosci. https://arxiv.org/abs/1910.01559



@ The PROBLEM &uo‘ul’\“e:]i\ds l‘uso\"tu.a."s'uu plOw

TATS ProLogH
The BFF\CIENT CODING HYPOTHESIS | - Staudaro  STATS == FloL
4
- AMleewekie  BlolGy — STATS

( 3uc0fmq~\-\‘ow maziuaiz»c.h‘o&-.]
PBac\ow 39 , Boarlew 04

X /’\Ajzg(aq»f««

MAX1IMIZE
('n ENTROPY

(2) hivnmis
ROUNDAN ¢

1) s T s = TE) = b —_>%
. )
N )

J. Malo (2020) Spatio-chromatic information available from different neural layers
( 1 ) under review J. Math. Neurosci. https://arxiv.org/abs/1910.01559



@ THE PROUEBLEM : Gluaul'i-cnius fulfe racebion Llow, 13/ 30
. Stoawv daed STaTsS — RBl\oLoc

The EBFF\CIENT CODING WY POTHESIS <
- AMleevelie  Bloluey — STATS

I(x,9) _ The CwRSE oF
FROM SAMPES =
T(fg) DiMgNSIONALITY

PROBLEN:  ESTIMATING




]4/30

(3) tvb PROPOSED TECHNIGUE : ROTATION-BASED (TERATIVE GAUSSIANIZATION (rB\&)



]4/30

() tHb PROPOSED TECANIGUE : ROTATION-BASED (TERATIVE GAJSSIANIZATION (r8\6)
La\ja\“ro\’ CAM?S, Male IEEE TNN 201\
Johugon | Larpesre, HMalp tCML 2012

https://isp.uv.es/RBIG4IT.htm




(3) the PRORAED TECHNIGUE : ROTATION -BASED (TERATIVE GAUSSIANIZATION (rB\G) 5[0

(©)

\

ANY PDF

P

GAuSsian PDF

?(x("\) - ]\((x‘“\, O I)



(3) 1Hb PROPSED TECHNIGUE : ROTATION -BASED (TERATIVE GAUSSIANIZATION (rB\&)  15/30

x(c:s /‘\ X(,(')
ANY PDF

(3 Ax)) (n) (w
P = R P )(xM}



= > 15'/30
?B\G-)
SIANVZATIo N
ON -RBASED (TERATIE GAJs
- r‘ -
NIGUE : PROTA _
poScD Tecu
@ T™E Pro T (

(2)
(@)
(°\ A« 7 A

C b &

ANY PDF

() (“)(X(w\>
(""\'\3 - P ' L()
(<) % ‘



(3) 1Hb PROPSED TECHNIGUE : ROTATION -BASED (TERATIVE GAUSSIANIZATION (rB\&)  15/30

(CA A X((') /—_X (2) = )(C’S)

B G

g U (n) () w
() VAT o W (x( \>



(3) 1Hb PROPSED TECHWIGUE : ROTATION -BASED (TERATIVE GAUSSIANIZATION (rB\&)  15/30

(c,s P X((') /—-X CZ) A xC'S) L. S )((N)

b E S ©

ANY PDE GAuSsian PDF

,P({(o)) X(W,Q _ R(M | L-()(u)(X(M} ?(x("’\) :]\((x‘"\, O, I)



(3) the PRORAED TECHNIGUE : ROTATION -BASED (TERATIVE GAUSSIANIZATION (rB\6)  1¢/z0

/ layer 1 \ i}

PO (x) X" = ROWO(x¥) @ x® X
e : e : -
= ’
>
o
=
po .. | R® = \po
xP » PP >‘1I"‘{”(x‘”’) xi* » WP
s 08 e .08
Xb! » UK > W5 (x") > Xp! » 5

X(tA-\—D: P("‘\ | L-(%(“)(X(w\>



@ THE PROPOSED TECHNIGUE : ROTATION -BASED (TERATIVE GAJSSIANIZATION (123‘@) 17/ 30

£ G =< ™M
€ T ®©
ANY PDF GAvSsian  PDF
P(=*) ?(KM) 3 N’(x"“, o ])
Tu ANY 8:0Feceatiable treusforu > Tu ANY Gavssiawigatiow T(x):0

AT(x,x") = T(x)-T(x .

)
D, D, D,
- S H( 2; H(z) + Em(logWG (x)T -VG;.;(X)‘) T(X)=ZH(mi)—7log(ﬁﬂeHEm(logIVGm(X)I)

i=1 \ | i=1 L )




@ THE PROPOSED TECHNIGUE : POTATION -RASED (TERATIVE GAJISSIANIEZATION (?B‘C‘) 17/ 30

£ G =< ™M
T
G ©
ANY PDF GAvSsian PDF
‘P( {(0)) ,P(K(M\) :N’(xln\’ o' I)
Tu ANY 8:0Feceatiable treusforu = Tu ANY Geawssiawigation T(x):0
AT(x,x") = T(x)-T(x)
D, D,
= Y H(w) ZH )+ Em(logWG (x)" -VG;.;(X)‘) ZH z; ——log (2me) +E, (logIVGm(X)I)

=1 \ | L )

(N ABIG = ONLY UNIVARIATE OPERATICNS

N-1
_ N are = N0 S S G ﬂ
n=>0

n=1i=1




@ tHE PROPOSED TECHNIGUE : ROTATION -BASEDL (TERATIVE Gadssiazanol (RBIG) 1730

£ G x (M)
A
G ©
ANY PDF GAvSsian PDF
P(=*) ?(KM) ] N—(,M’ o 1)
Tu ANY 2:CFeceutinble treusforun = Tu ANY Gewssiauwigation T(x):=0
AT(x,x") = T(x)-T(x)
D, D,
= Y H(x) ZH ) + Em(logWG (x)7 -VG;.;(X)\) ZH T ——log 2ﬁ8)+E logIVG‘ (x )I)

=1 N )

(N ABIG = ONLY UNIVARIATE OPERATICNS
( , CIRSE OF DIMENSCN
—~ h_l ,.,(n) (N - l)D (n
Tx) = Y AT = “———log(2re) - ZZH T ALLEVI ATED
n=>0

n=1i=1




(B) the PRORSID TECHNIGUE : ROTATION-BASED (TERATIVE GAUSSIANIZATION (r8\&)

Toto\ Coccelaticm

. NoL N —-1)D, N - (n
T(x) = Z AT = ( 5 ) log(2me) — Z H(:BE ))
n=>0 L

Ditheveukied W"O?ﬁ)
Dy
H(x) = Zﬁ(s:g) —~T(x)
i=1

Kol lback 'Leible( ’Df\l.

D,
Di(y[x) = Dxe(Gz(y)|Ge(x)) =T(x)+ ) Dye(ps, (z:)N(0,1))
i=1

MU-l-ueu\ Iv«COﬁM 0t\-\' oum

I(x.y) = T([G:(x),Gy(y)])

]3/30




@ THE PROPUSED TECHNIGUE : ROTATION -BASED (TERATIVE GAJSSIANIZATION (I?B\G-) 18/ 30
To-\fa\ Coccela¥icm

kNN | KDP | expl [ vME | Ens b ,D‘
= |- 3 0. 7 094 | 7665 127 | 403 .
" 10 | 097 | 2348 | >100 3172 | 3483 ku\\b&ok "LQI, lﬁ( l\,.
E 50 | 145 | 4577 | >100 >100 | 5474
& 100 | 155 | 5278 | >100 >100 | 59.94 e
T N R 180 [ 8290 | 1680 [ 190 | 940 g"“( RBIG
X) E 10 2720 | >100 |11.007| 2420 | 3870 ID ; -P _‘_‘ D“\- v 5 ;
2 50 5110 | >100 | 1510 | >100 | 59.40 A o = 10 11950 5 Jlu\ 2 L‘
~ 100 5780 | >100 | 1550 | >100 | 6450 \ Q(QW g% [0 4690 L o\
3 13557 >100 | 94.03 [ 100 | 6659 T TSRS T T E L E]100 | 4740
|10 1673 | >100 | 67.32 | >100 Dy ‘ PF | E =13
11 50 S100 | 2944 | S100 | 2465 5 3 L0 | 120 Sa | iz B{c]10 NN
= oo ! : = 10 [ 120 | 27.90 | 179.80 3470 | 40.30 £ |
>100 | 2112 | >100 | 2863 z s Loso | 3290 | 10740 10 00
3 ST00 | 8974 | 8185 | 13312 & : : g i g [ 2]
w | 0 255, | T | oin 100 | 070 | 3070 | 89.60 34.60 § lats WY -
[ 3 620 | 171.40 7 I i | a o‘rh \wn f(,"
g a0 Zion 20 ) 100 ) 3214 E: 10 3850 | 241.80 | 17.90 3180 | 53.90 85|10
! 100 >100 [715:397] >100 | 34.96 E © areo | 13660 F1350°( 2790 | 3160 5 50
@ = | B 8827 [ >100 | >100 |NESSGN >100 | >100 2 i ’ . } 2100 .
_ S | & 156 | 2100 TR o100 | 1993 100 4250 | 11070 | 1150 | 9430 | 47.20 =13 FGM |
Hix I s0 307 | >100 | 454 | >100 | 5262 @ - BRI REIR xP - 4 3
> 100 3556 | >100 | 343 | >100 | 4946 I e | B, . £ s
: 20862 | 24.44 | 166.09 | 1372 = [ 2 ;00 .
2475 | 342 | 138 1.94 2 [ V H [}
3 ‘ﬁ 9673 | 552 | 5929 | 121 £ |c |10 on ‘ey
5 | 4 146.63 | 959 | 20248 | 8.89 A U]
E 184.02 | 1136 | 195.17 | 1624 g3 10
009 | 076 [ 132 | 156 2 a3
8 6983 | 156 | 4662 (e |w EvtSC w lo lc
L 107.74 [ 331 | 21986 [ 1113 o | I s0 : 481
138.98 | 420 | 21441 | 1935 21 100 043 .
N s mn https://isp.uv.es/RBIGAIT.htm
1|10 127891 | 39%.63
2 | 4|50 278343 | >1000
E} 4 100 4330.18 | >1000
KL (y | K) g 3 [R08 | 2252
7|0 21926 | 963.37 M \ .
50 547487 >1000 |'|| I ccw pé-
2% 06245 | >1000 v S n w (WA
E 3 3578 306 P
é =1 19 4977 >?0C?0 D. ( RBIG _J kNN KDP [ expF [ vME Ens
I 50 14515 1000 z ~oer” 149.10 320 | 4830
3 : 2 = 102.60 [ 2370 | 311.00 | 91.00
100 27893 | >1000 z - ; : ;
5 S pErmETl ] 100.70 | 3950 | 68.00 | 105.50
~ {7 e | T 3 >1000 | 4260 | 77.40 | 106.10
I ; L€ >T000 | 6373 [>1000 | 868
= [ 4|0 19991.36 | >1000 = 11851 | 18.14 | >1000 | 66.77
~ 3 100 33064.60 | >1000 s a 104.50 | 3610 | 810.02 | 105.83
I( 2.3 TS0219 | 4589 5 >1000 | 6571 | 789.55 | 105.34
X ) 2 10 2561.86 | >1000 E STO00 | 5649 [>T000 | U641
Y A NE] 7997.12 | >1000 - 113.80 | 930 | >1000 | 101.26
£ 100 13033.03 | >1000 E | 105.08 | 25.17 | 849.12 | 117.30
E 3 S04 | 13884 5 101.10 | 4257 | 805.44 | 110.58
sl AR e [
5 i . > .
2 ?80 22?33; z:%ﬂ I 102.93 [136.30 | 946.93 | 154.88
: 3 101.44 | 4377 | 844.41 | 127.67




@ THE PROPUSED TECHNIGUE : ROTATION -BASED (TERATIVE GAJSSIANIZATION (I?B\G-) 18/ 30
To-\fa\ Coccela¥icm

kNN | KDP | expl [ vME | Ens b ,D‘
= |- 3 0. 7 094 | 7665 127 | 403 .
" 10 | 097 | 2348 | >100 3172 | 3483 ku\\b&ok "LQI, lﬁ( l\,.
E 50 | 145 | 4577 | 100 >100 | 5474
< 100 | 1.55 | 5278 | >100 >100 | 5994 e
T N R 180 [ 8290 | 1680 [ 190 | 940 g"“( RBIG
X) g 10 2720 | >100 | 11.00°| 2420 | 3870 ‘D ; -P _‘_‘ ! D“\- v 5 ;
z 50 51.10 | >100 | 1510 | >100 | 59.40 (o] = 10 | 19.50 5 JM 2 L‘
~ 100 5780 | >100 | 1550 | >100 | 6450 \ Q(QW 51 1)s0 320 4690 L o\
3 1355 | >100 | 94.03 | >100 | 6639 E | 2] 100 |4740
° 0 1673 | >100 | 67.32 | >100 Dy (RUIC) KW | KDP ““"“’F [YME T Ens E =173
K >100 | 29.44 | >100 | 2465 5 3 170 | 120 Be0 | 2 5|c|n NN
= oo o | 5 | S0l | BeEs & 10 [120 | 27.90 | 179.80 3470 | 4030 £ 1|5
3 ZTo0 o RTEs T : 30 [ 220 | 10740 Ll PR EIRC
w | 0 : e © 100 [ 070 | 3070 | 89.60 34.60 g — .Y -
g1 gl | B | 3 620 | 171.40 HEIE h ver
5 50 >100 | 2029 | >100 | 32.14 3 ; : : : <0 ov \ouwn J
22 oo >100 [ 11539 | >100 | 34.96 z 10 3830 ) 241801 17.50 (31807 53.50 S |50
& T 18820 | ST00 [ >T00 (SR 100 | >T00 s 50 4460 | 136.60 [13507( 8790 | 5160 5 | i
- S |10 [pEmsem 156 | >100 [ 1051 | >100 | 1993 = L 2250 | 11070 [ %430 | 47.20 2 3 B 'FG\'M -|
” 5 I | s0 3317 | >100 | 454 | >100 | 5262 - G ?‘;;]9?9 };22 231?9 }3_91 REIR X0 . ¢ 3
> 100 3556 | >100 | 343 | >100 | 4946 I oran | oo | Tso, M £ s
: 20862 | 24.44 | 166.09 | 1372 2 [ £ ;00 .
2475 | 342 | 138 1.94 2 [ V H [}
3 ‘ﬁ 9673 | 552 | 5929 | 121 £ |c |10 on ‘ey
5 | 4 146.63 | 959 | 20248 | 8.89 S [ 0] 50
E 184.02 | 1136 | 19517 | 1624 £l &0
009 [ 076 [ 132 | 136 2 =3
8 6983 | 156 | 46.62 (|0 Evtse (77 lo lc
L 107.74 | 331 | 21986 | 1113 o | I s0 i 481
13898 | 420 | 21441 | 1935 21 100 043 .
N s mn https://isp.uv.es/RBIGAIT.htm
1| 10 127891 | 396.63
= | 4|50 278343 | 1000
E} g 100 4330.18 | 1000
KL (y | K) g 3 [R08 | 2252
s |70 21026 | 963.37 M \ .
50 54748 | >1000 |'l| I ccw pé-
£ 06245 | 1000 v S n w WA
z 3 3578 30,60 Ve
5 =1 4977 1000 D. ( RBIG_J kNN KDP | expF | vME Ens
‘ - wr I so 145,15 1000 P oY | 149.10 13.20 | 4850
WnWve > [ oo 277393 :IOOO k: 102.60 | 2370 | 311.00 | 91.00
5 et g 10070 | 39.50 | 68.00 | 105.50
= | 10 e z%.l 5 >1000 | 42.60 | 77.40 | 106.10
mc“s urcc I - -6 >1000 | 63.73 [ 1000 | 86.58
= [ 4|0 19991.36 | >1000 = 11851 | 18.14 | >1000 | 66.77
- 3 100 33064.60 | >1000 s a 104.50 | 3610 | 810.02 | 105.83
Z 3 TS0Z19 | 4559 5 >1000 | 6571 | 789.55 | 105.34
I(X y) ¢- ‘ ST 2561.86 | >1000 E: STO00 | 5649 [=T000 | U641
) \UO A1 7997.12 | >1000 - 113.80 | 930 | >1000 | 101.26
‘ g 100 13033.03 | >1000 = |5 105.08 | 2517 | 849.12 | 117.30
E ] 3R047 12885 § 101.10 | 42.57 | 805.44 | 110.58
@ | & | 10 1070.70 | 1000 Z [ 1000 >1000 |
I 50 368957 | =1000 = = 110.68 >1000 | 208.20
2 ; 102.03 | 3630 | 946.93 | 154.88
L G | A 2 101.44 | 4377 | 84441 | 127.67




19/ 30

@ EXPERIMENTS & RESULTS



@ EXPERIMENTS & RESULTS 20(30

Malexi a\s
wacesS
) No\\-urv\ 1 ) - o ) ?C(Corml\.blcc
- Vision wodel : ReTiua - Lovier % - ASSuth“’Cobtc

ExpevimentS BR¥icieat Codiuy

. AT (x,9) N
- GGlob &) )z ) I(x,\‘g) \ Lagees @ ‘Plex;\acl:.lb
- Loeal { - AT(*,) ( PDE

B j (" /‘3)

'EAPQV.\MQM \s i(Ma,éQ &Uﬂu\i%



@ EXPERIMENTS 2 RESULTS Malerial: Natoed) fweges 2(/30

4 A ! ;.';-."', ]
Narore) DR R .o
LR CIE x

EWV{TOKMC‘\“' Laparra & Malo Neural Comp. 2012, Gutmann & Malo PLOS 2014 https://isp.uv.es/data color.htm

e I .
' ...

Gomez & Malo J. Neurophysiol. 2020 https://isp.uv.es/code/visioncolor/infoWilsonCowan.html




@ EXPERIMENTS & ResSuLTS Malerial: Natoued) Twacegeg

(Pro\a‘\‘oi({*‘j MSC“":) Foucdion of Nq"vvv\ "\:M‘Lb'r

PROB. DENSITY OF NATURAL IMAGES
Chrom. Contr =0 Chrom. Contr = 0.06 Chrom. Contr = 0.11 Chrom. Contr = 0.17 Chrom. Contr = 0.22




@ EXPERIMENTS

Experimental Distance

100

80

60

40

20

Distance at Linear LMS

p,=038 /,=0.49 p =0.35

10 20 30
Predicted Distance

% RESULTS Material: Visioy Mode\

©,

Distance at Linear ATD

100

80

60

p,=038 =048 p =0.34

40 | 3

20+t °

@&

Distance at Nonlinear ATD

p,=0.42 p =052 p =036

100

80

60

40

20

Pearson correlation with human viewers using different building blocks (or model layers).

Spatial Extent r(1) 22 2@ 0B z0)
More flexible model (0.27 deg) 038 038 042 0.77
Baseline model (0.27 deg) U038 038 0427 0.77
More rigid model (0.27 deg) U038 038 04z 0.77
Totally rigid model (0.27 deg) 038 038 038 0.68 L

Baseline model

(0.05 deg)

026 027 031 0.37

0.40

15

100

80 +

60

40 |

20

O,

Distance at Linear DCT-CSF

p,=0.T7 p =079 p =061

0 0.05 0.1 0.15

©

Distance at Nonlinear Div. Norm.

23(30

p,=084 p =0.85 p =0.67

0.05

0.1



@ EXPERIMENTS

Distance at Linear LMS
pp=0.38 ps=0.49 pk=0.35

% RESULTS Material: Visioy Mode\

Distance at Linear ATD
pp=0.38 ps=0.48 pk=0.34

100 100 |
3

S 80 80

[v]

@

Q 40 60 r
[v]

=

- L
E 40 40! ¥
3

3

4 20 20 |

0 10 20 30 0 5 10 15 20 25

Predicted Distance

100

80

60

40

20

@

Distance at Nonlinear ATD
pp=0.42 ps=0.52 pk=0.36

Pearson correlation with human viewers using different building blocks (or model layers).

Spatial Extent 71  p2) 22 B0 g6

O,

Distance at Linear DCT-CSF
pp=0.77 ps=0.79 pk=0.6‘|

23(30

©

Distance at Nonlinear Div. Norm.
pp=0.84 ps=0.85 pk=0.57

100 | oy 100 © msr
J- .'u
80 | .
.\
60 |
40}
e 20 +°
0 5 10 0 005 01 0.5 0 0.05 0.1

More flexible model

Baseline model

(027 deg) 038 038 042 0.77

(0.27 deg) U038 038 042 0.77

More rigid model (0.27 deg) U038 038 04z 0.77
Totally rigid model (0.27 deg) 038 038 038 0.68 L
Baseline model (0.05 deg) 026 027 031 037 040

A << uw\g’ﬁ ousS:

() s uj\i’ - s‘\‘e\> toushrms

T

x——>~3—~>2——’>\‘»

(2) Coustout SNR (5% ueise)



@ EXPERIMENTS & RESVULTS Efficieutr Coo: oy (3“-‘9*‘) 2430

Q&évké&ﬂCﬂ
Reduchiom
AT(X;“\‘{ xves?.)

Pearson correlation with human viewers using different building blocks (or model layers).

Spatial Extent 7)) 2 2@ 26 506
More flexible model (0.27 deg) 038 038 042 077 051

Baseline model (0.27 deg) 038 038 042 077 0.84
More rigid model (0.27 deg) 038 038 042 077 079
Totally rigid model (0.27 deg) 038 038 038 068 0.68
Baseline model (0.05 deg) 026 027 031 037 040

Trausw: tred
I\a Focun k\'iw\

1’( M / xnse)



@ EXPERIMENTS & RESULTS

AT r8'G

AT j.e. Z L\(x;"")-l;\(x"}sr.) A Ex &,ﬁz\VS\ B

Pearson correlation with human viewers using different building blocks (or model layers).

‘Rcéuuamcg
Reduchiow

AT (x;u \»-t, x V‘es?.)

Spatial Extent 7)) 2 2@ 26 506
More flexible model (0.27 deg) 038 038 042 077 051
Baseline model (0.27 deg) 038 038 042 077 0.84
More rigid model (0.27 deg) 038 038 042 077 079
Totally rigid model (0.27 deg) 038 038 038 068 0.68
Baseline model (0.05 deg) 026 027 031 037 040

Trausw: tred
I\q Fo f'wsk\'iﬁ-\

I( (st
/

Redundancy Reduction at different layers

by different models

35F  — B - AT Baseline (theory)
—&— AT Baseline (RBIG)

= & = AT More Flexibl. (theory)
—&— AT More Flexibl. (RBIG)
— @ = AT More Rigid (theory)
—&— AT More Rigid (RBIG)

— & — AT Totally Rigid (theory)
—&— AT Totally Rigid (RBIG)

= |ad
tn ] tn w

AT (in bits/sensor)

-
T

0.5

Linear ATD
Nonlinear ATD +

Filters+CSFs

Div. Norm. -

3.5

AT (in bits/sensor )

Redundancy Reduction at last layer
by different models

~ B — AT (theory)
—&— AT (RBIG)

Baseline
Too Rigid -

Too Flexible -
Totally Rigid |

24/30




i . Redundancy Reduction at last layer
Redundancy Reduction at different layers

@ EX? Eg ‘ M a” TS & R‘Bs\) ‘oTS . . by different m‘odels . ‘ 3.5 v by‘dlfferent modtrzls 2‘4/ 30

~ B — AT (theory)
351  _ B - AT Baseline (theory) —&— AT (RBIG)
—g— AT Baseline (RBIG)
=i = AT More Flexibl. (theory)
3t —— .
Redvudauncy B Rl
. —&— AT More Rigid (RBIG)
M\"W T 25F - & — AT Totally Rigid (theory) = 3t
‘_ § —&— AT Totally Rigid (REIG) E
;“f' V!S?- % 2| %
ATO- , X £ Z
S5t £
< q 28+
1 .
AT r®G 0.5}
] (R sl
ar, - 2T Bl ISl '
+k¢¢,¢ A x z . ) Transmitted Info. up to the last layer
‘ Tarsmitd o up o e oyr ; o oo modls
Pearson correlation with human viewers using different building blocks (or model layer ‘ '.‘ y ' y ' B— 1 (with chromat. adaptat.)
12r -9 _:::::;:: (no adpat) = & =1(no chromat. adaptat.)
Spatial Extent 1-(1) T(g) :B(Z) T(?) $(3) —@&— | More Flexibl. 121
1.1+ = & —1More Flexibl. (no adpat)
More flexible model (0.27 deg) 038 038 042 077 051 _—g—_::ore Rigid = »
Baseline model (027 deg) 038 038 042 077 0.84 il 2@ Direty g -
More rigid model (0.27 deg) 038 038 042 077 079 5 8
Totally rigid model (0.27 deg) 038 038 038 068 068 § 0ol 5 1r
Baseline model (005deg) 026 027 031 037 0.40 2 £
E08¢ el
mequ 'H'CJ 07} 08
]BQ‘HQ‘M‘A‘kkiﬁh\ 06| 0.7 ¢
0.6

I(xw st
/

LMS input |
Von-Kries +
Linear ATD +
Nonlinear ATD |
Filters+CSFs
Div. Norm. +
Too Flexible
Baseline
Too Rigid +
Totally Rigid -



i . Redundancy Reduction at last layer
Redundancy Reduction at different layers

@ EX? Eg ‘ M a” TS & R‘as\) ‘oTs i . by differen't m‘odels . . 3.5 v by‘dlfferent mudtrals 2‘4/ 30

~ B — AT (theory)
351 _ B - AT Baseline (theory) —&— AT (RBIG)
—g— AT Baseline (RBIG)
- & - AT More Flexibl. (th
mavkéuﬂCj 31 B ATMore Flexibl Enéféf )
— @ — AT More Rigid (theory)
. —&— AT More Rigid (RBIG)
M\"W = 25F = & - AT Totally Rigid (theory) = 3+ 1
‘- E —&— AT Totally Rigid (REIG) E
- Vesp) g
AT (X ;X 2 £
S5l £
Q Hast
1 .
AT r®G 0.5}
] (R sl
AT : Z "‘("f)'b\(*: i’) +E “j Vs 0 ' -
+k¢¢,¢ . x z Transmitted Info. up to the last layer
1 Transmitted Info. up to different layers by different models
by different del . T T T
Pearson correlation with human viewers using different building blocks (or model layer ‘ y yamerenimedes y ' B— 1 (with chromat. adaptat.)
121 _g_::“‘::ne[ dpat) — & —1{no chromat. adaptat.)
- - seline (no a L
Spatial Extent T(l) T(Q) :B(Z) T(3) $(3) —@&— | More Flexibl. e 12
1.1+ = & —1More Flexibl. (no adpat)
More flexible model (0.27 deg) 038 038 042 077 051 _—g—_:::: Rigld 11
Baseline model (027 deg) 038 038 042 077 0.84 il 2@ Direty g _
More rigid model (0.27 deg) 038 038 042 077 079 s 8
Totally rigid model (0.27 deg) 038 038 038 068 0.68 § o9l E 1r
Baseline model (0.05deg) 026 027 031 037 040 2 2
co08f '; 0.9
- Deeper is betee\ Trauswitted o os|
. ‘;"”ﬂh‘k‘iﬁﬁ\ 0.6 07t
- Bascliue is better | T
0.6

I( (st
/

LMS input |
Von-Kries +
Linear ATD +
Div. Norm. +
Baseline
Too Rigid +

- quce vs Colovw

Nonlinear ATD |
Filters+CSFs
Too Flexible

Totally Rigid -



@ EXPERIMENTS & RESULTS

RB\G

THEORY

REDUNDANCY REDUCTION at V1
( RBIG ESTIMATION )
Chrom. Contr =0

AT{r1 X 3) bits/sensor

Luminance .
Achromatic

2
(cd/m?) Contrast

REDUNDANCY REDUCTION at V1
( THEORETICAL ESTIMATION )
Chrom. Contr=0

L\T(r1 .xa) bits/sensor

Luminance

Achromatic
2
(oo ) Contrast

Chrom. Contr = 0.06

Chrom. Contr = 0.06

Efficieut Cod: oy (lecal )
Redovudag cy Reductiew

Chrom. Contr = 0.22

Chrom. Contr = 0.11

Chrom. Contr = 0.11

Chrom. Contr=0.17

Chrom. Contr =0.17

0.5

Chrom. Contr = 0.22

wiea

es Woews

25(30



@ EXPERIMENTS % RESULTS Efficient Cod: oy (lecal ) 26( 30

Teavewitred 1wCorwatiot

Chrom. Contr=0 Chrom. Contr = 0.06 Chrom. Contr = 0.11 Chrom. Contr = 0.17 Chrom. Contr = 0.22

PDF
Notoe) I“"\CDQS

Luminance 60 1 )
[l::d!m:] Achromatic
Contrast
INFORMATION AVAILABLE at V1

Chrom. Contr=0 Chrom. Contr = 0.06 Chrom. Contr = 0.11 Chrom. Contr = 0.17 Chrom. Contr = 0.22

LR P oS
g < /
"S’x = “,‘/‘ X

Luminance &0
(cdim?)

Achromatic

6‘45%?&:3 iwfo malch 6@




(&) EXPERIMENTS 2 RESULTS Visval Tuforwative Fidelity 2%(30
&
HVS |—
e o s R e

1(c,s() I(e.F)

VIF = ;
I(c,s()) I(cE)




@ EXPERIMENTS & RESULTS Visvel Tuforwatrivy ’F(ée\{-\'v 21(30

£ Couventiouad VIF
HVS +—
%* V.;S:on Mo&e\ : Wavc\e\' + Gauss‘ Nf"se

Natural | va
e . " Divorion) s Bl % Moteol Tuforu., Assuomes 6.S .M.
— l.‘.\, S;Cu ~ (a-;‘l‘ d‘:’)ﬂ_\
- Z- "92( Py 2 —
vie. 1(c,50) I(ee)V 4 ((etee11 ]

I(C, S(C-)) ] I(C’.,E} Z |052(|j:Cgr o'.-ﬂ)
1 | o\



@ EXPERIMENTS & RESULTS Visvel Tuforwatrivy ’F(ée\{-\'v 21(30

£ Couventiouad VIF
HVS +—
%* V.;S:on Mo&e\ : Wavc\e\' + Gauss‘ Nf"se

atural Image anne .F
= ¢ et p L I & Moteol Tuforw. AsSSOMmEs G.S. M.
7 1o (B5Em i
vie. Llese) I(eed ¥V T Pl iCahendl
- tesoth) : — :
' e\

AMbecuckive NIF 2‘

% Visiow Model : W autlet x Gavss. Noist

I(C.¥
% Cpmfg-\-c ( ) Gua?'\dwub vSivg BB\
T(c.t)



@ EXPERIMENTS & RESULTS

Natural Image

Channel

Source

Visuo»\ Tuforuwahivy ‘-Fs'ée\‘-\'v

£ Cowvtu‘l‘: ouwel VI\F

HVS |——

VIF =

* \Vision Mo de\ -

27(30

WaveleY + Gavss Noige

*| (Distortion) D )
= [8:5:C0 « @S
lo
1(¢,s) T(c.¥) " Z- s ((etr g1
1os@) TED X b (lnedsl)
1 ld"{

Al"'c.ww.\'( ve VIE_

£ Vesion Model

* Cowlfu-\'v

I(c.¥)
T(c.e)

Weautlet x Gavss. Noist

am?’.du\“b vftmo BB\G

ws |2 iL* Muteol Tuforu, Assowmes 6.S. M.
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