(Npanwo'sd@)a.io}]) allo] el 8 opueuls

1N1LSN] SILO080Y JH1
UO[[9]A L5UIR)

Bbuissadso.d |eubig 10} spoyla\
sisAjeuy Jusuodwon pasueApy



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(YDOQq) sisAjeue jusuodwoo pajdnod slweulq —
(MLD) Buidiem swi |eoluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(WOVH) sisAjeue Ja)sn|o paubije |eoiyotelalq —
SUBSW-Y
‘(WDQ@) sisAjeue 1a1snjo aAljeUIWILDSIQ —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(YDded) sisAjeuy Jusuodwo?) jedioulid paziisjaweled —
‘ejep Buissiw Yim vod -
(VOdY) sisAjeuy Jusuodwod jedioulld 1snqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



J1NLILSN]L SOILO80Y 3HL
UO[[OJA] LFoULIe )

:(ejep Asiou) uonn|os yNd pJepuels-

(€00z ‘sipseuoaT % [B00Y%S 1qL002 Oe|g B 9.I10L B| 9p) (5661 “SIIINA 8 NX)
sJal|lno s|dwes-eau| sJaljino sjdwes

:8JaI|1N0 JO sadAj om] -

VOd 1SNqoy-|



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(900zZ ‘@10] €| op) Témrmm =d TA &UUV
‘we|gqoid anjeAusbis Yx) pazijelsusb e se peindwoo Si Yy .

V=m0 1544
D, 4=D  ud=9

:Ajsnjes 0] sey ¥y uonn|os yHd awes uiejqo 0] .
yy 36 2 U 04 =D,- dd4d :uonnjos anbiun JON .

1=!
2¢-'p| {=0ODT

(BEO0C “oeIg B 2110] €| dp G661
“le 1o wWNYS 686} NIUIOH B Ipjed ‘6.6 “IWeZ B [dUgeD :9e6) ‘BUnoA @ 1piexo3)

‘uonoun) XIANOD Buimojjo) sy} seziwiuiw yod

VOd 1O} uolounH JoJi3

loga-d|=



BnweuLsoucoos 3nL g )

(3)s3UaD190) _ %
3 (g) siseg R -
> g %

ra x \1snqo.
131]3n0 y,
dljelpenb
d A( il d.
(‘o At p)d =00 ™ g
p u
|lenpisal |axid

(B€00zZ “oelg 1@ 8410l €| 8p qL00Z Moelg %@ 84101 e| ap)
:S2I1SIIB)S 1sngou buisn

VOd 3Shqoy



=3

m-._.E_._.wZ_WU_EMOZNI._..u'
UO[[O]A] L5oULIE]) - -

‘(ueaw ay) Buipnjoul) Aisnoauejnwis
palndwod aq 0] aAeY SISeq ay] ||e 8Sed 1sNgoJd syl u|

‘anjeAuabls 1saybiy
UUM Jo)osAUSbIe puooss Y=V =,V

\

‘anjeAuabls )1saybiy é{
- V=YV

UlIM J0)08AUBBIS 1SiI4

‘ploy Jou op ssyoeoidde uoneeq -
‘uoljenba-uabia ue Jo swus} Ul UoIIN|OS WI0) PBSOIO ON

Swia|qold [eolswnN



| m-._.:._._._.wz_ WU_EMOZ e
O PIA PL3ouIR )

(,861 ‘uew.lsssiz g aye|d)
‘BWIUIW |BOO| PIOAR 0] Spoylaw Buijesuue 21)SIUIWIBID(]

190'290 o O .
(57— Soip xew =" —z—o ['H|-.D = .0
q.0 HO
,90'qe 4o
() Soip xew = "H  oz—o ['H|- .4 = .9
4.0 “q0 AH "

JUSDSaP JUsIpeIS) POZI|BWION

[=d 1=1

Ab:\%@N n—"p)d NN MDg)” "y

&) 8ZiundQ 0} MOoH



1

TIWNIDINO

= 4

awl} JO Junowe Joys
uolbal |jlews

Jalno
[eonsiiels

a|[dwex3



Weoow | B

ALIEEE I -

Odd  vD

SIOINO

VOd 3Shqoy

A\ T

leulbuQ



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(G661 “"dIINA 8 NX 11861
‘WeebewAny (0861 ‘lIleqdwe)) (sualjino ajdwes) sanbiuyos) yYOd 1sngqoy JayiQ -

_ . . . . . (B€00Z “0e|g *® 8101 B
P :qL00Z OBl B 8101 B| 8P ‘€00 ‘SIPJeuoa @ [20%S:200C “|B e [e00ys 11861 “Iesowz|id
® XNOID y86 | '0I0pQO B [BHGED) SJUSIONJS0D pue SISeq JO UOIBWIISS }SNJoyY

(7002 ‘opeuey B o)
‘0002 ‘Joyosig 3 sipJeuoa 866l ‘Uosdar % xoe|g) SJUSIOILS0D JO UONBWIISS ISNQOY .

VO d 1SNqOY U0 YIOM BIOIN

AAS ejeq [euibUO

uonol\ Wolj 8inonans



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(YDOQq) sisAjeue jusuodwoo pajdnod slweulq —
(MLD) Buidiem swi |eoluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(WOVH) sisAjeue Ja)sn|o paubije |eoiyotelalq —
SUBSW-Y
‘(WDQ@) sisAjeue 1a1snjo aAljeUIWILDSIQ —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(YDded) sisAjeuy Jusuodwo?) jedioulid paziisjaweled —
‘elep buissiw pue Ajuienaoun YiIm yod —
(WOdY) sisAjeuy jusuodwo) jedioulid 1SNqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



ﬂﬂﬁ?ﬁh%@ﬂ-ﬂ%@uﬂ@! m-._._.;u' -

({000Z ‘uepueuy R Iuel| $Q6| ‘©loeudaln))

ANS poZljelauat) e
[ HE
Sﬁ@... :&G <

'm
pnpodd pADWDPDE] o
_ . . . — \?w
O N .\.N\S a :NNG ENB W\S
uf 1 !
wp6 2 AL ﬁ o
Aw\s T m ,\wﬁvn M

"UOIJN|OS WI0J-PasSO|0 . m'm = a B|geledas aie sjyblom J|

1=/ 1=t

NA.@%WLE.@&NNHmzﬁumévo&:loﬁamm AQuiepaoun Buippy e

ejeq buissiy pue Ajulepsdoun YiIm yod -¢



ﬂ.ﬂﬁ.—.—tﬁb@i&ﬂ-ﬂ%ﬂﬂ@! dHL A -

AQ

20UDBAPAUOD  [1JUN IV + T g =H :aAnIsod ajuyep H —
Ol YiA=X N
v ]
(X)) > (K) 4 J1un AQ AQ N (D24 _a
C C T ut™ T (+u) —
3 (Jy+tH)-x=4 HO T-ﬁ 0] (g)oaa
vor=v ol g+ Nog-ae-m|=0a
1wada.
AQ AQ (5002 “uoqqibz)4 @ ueueyong) -gousbiaAUOD JSB —
Ty = F Nm ,=H WyIoB|y uoymapN padweq
‘ ‘uonejuswa|dwi Ases ‘90uabiaAu0d MO|S —
1wada.

swyjloBle salenbs 1ses| pejeussly -
=
(ee00z oerig 3 auoL)  (,4,0— P)(M)3v1p (,4,0— ,P) <
p

= (og—"'p)('m)3vip (‘o - éN =og-a)om|=0O@a
"U0IIN|OS WIO0J-paso|d’ou syybiam Aleujigie 104 .

o9SE)) |elouan)



Jous [Ead swu

8IILo
0
UOREZLOINE JUBM0d . — . —
= R wWnys - 1 doz
UCLELISHE - -- . -- A
L EPUAH — — — " ¢
TPUGAH— — — |
| [syosess aw), uoimapy pedwep | dps
JBamge, uouwap padwep |
L uounap pedwep | dog =
| -
=
|
- - 00k
18
L " oz 2
|
- | qork
- SRPFL - A
- —_— — — » 09k
| ¥
F it BT
oot

shepz INOY | @nuiw | puodsss |

¢ pPUgAY - — -
Z pughy - — -
| pugAy-—---
uowmapN padwep —
uonewsye - -

Sjuswiliadx3

Jolsa Boj

| BRSNS
UO[[OJA] LFoULIe )

Y

SUILI ()()S :[EIOL.




| ﬂ.ﬂﬁ?ﬁbﬁ%—n—ﬂ#@uﬂ .

(700z ‘4oiBoug @ uesauo] 1) UOIJRWIISO uelSaAeg .
(€00Z “Hzieeyos @ AsipeH) UOIBZII0)OB) JIOMOH
(000Z ‘uepueuy g luel| :666| ‘BINON B JeINBY) WLIOJ-PBSO|)

(Z0oz ‘Jeinby 1§ osd1IBNS (2002 |8
}o SUBY 866 ‘epeuB)| B SLIOI ‘G661 “[e 18 Wnys :9/61 ‘Biagim) DAIJRID)| .

}IOM pale|oy



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(YDOQq) sisAjeue jusuodwoo pajdnod slweulq —
(MLD) Buidiem swi |eoluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(WOVH) sisAjeue Ja)sn|o paubije |eoiyotelalq —
SUBSW-Y
‘(WDQ@) sisAjeue 1a1snjo aAljeUIWILDSIQ —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(VOded) sisAjeuy juasuodwo)) |ediould pazuslaweled —
‘ejep buissiw pue Ajuielaoun Yum ydd —
(WOdY) sisAjeuy jusuodwo) jedioulid 1SNqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



J1NLILSN]L SOILO80Y 3HL
UO[[OJA] LFoULIe )

‘Aoeinooe [axid-gns aAalyoe 0] pleH —
‘saljinbique buiyojew 0] anp saloeindoeu| —

‘buiddouo jenuew snoipa] —

pazijew.ou Ajjeoslnypwoab aqg 0] sey eje e

/. suoljewlojsuel) ol}awoab 0] JuelieAul 8oedsgns B Uiea .

(4g00Z “foe|g @ 810] €| p) A<Omn_v
sisAjeuy Jusuodwo) pazislsweled -¢




M
e 1-"e 7

ﬁloorﬁ _ 7y

7+
4 4

\ (9) suspiya0o  (buidiem)
uonezle|nbay 8 (g) siseq LUONOA

1
@Q + A®+

EEQ [BUIBLO

V)Oed 10J uonounj JOLIg

BOE_| DaZI BLLLION




Sawel
00E 0sa 0o oSl ool s 0
T T - : . o
r 2200
___,._._F "
b T * [ L1l
4 W A L ___.__ .__,.,....._ ] i ____...“.

- ! T T Py ra Yt T e L i " len
._._ i __:.__._..._. i R u L a1 N &
"«_q....__ __....m..w__ ", r__.._.. y ._ .__..______:._ vy _. m

Iy 1 f,a ! i 1 ey !
h ” .u_" ._... .._1_1__._ __- .._ ! ! _m.._ Ipn a._ __ _.__q._.; m
ottty RRREEY:
' ol ! b ¢y
n I i " ' ! o
i | i .
] ___ w “ ¥l b
Lyt
- 1500
"y
“ loug jeuiblp - -
Lo pouls pasodoly — leoo
_ _ _ _ : 100

uluies

oAJuabig

JINLISN
ERITE

SJ110890Yd 3IHL
ouIe)




| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(800z ‘au01 Bl 2q) SISA|RUYy JUBUOdWO)) [BUJBY poziie)aweled
(100z ‘uepiay) SQUIYOBW J0)OBA 1loddns JuelieAU| e
(8661 ‘uosdar @ yoe|q)
uoniubooal JuelIBAU| .
(002 “'[e 1o 4oxeq)
uonow pIBL-UON
(€00¢ ‘uewusssiz @ uoqqibzyy)
Bulla1sSN|o JUBIIBAU|
(z200Z “'[e 1o ENYSBYS 666 ‘OBY ‘666 9ZIMIYIS)

‘sayoeolsdde snonuiuod JayiQ

(00zZ ‘selsyL g swellipn ‘96661 ‘ollor 19 Aai4 ‘eeee ) ‘ollor % Aa14)Siajoweled
uonow Jo Jaquinu ayl yum Ajjenuauodxa sa|eas youeas —

|opow onsljiqeqoid e

VO pazisjaweled Uo aIO|\



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(YDOQq) sisAjeue jusuodwoo pajdnod slweulq —
(MLD) Buidiem swi |eoluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(WOVH) sisAjeue Ja)sn|o paubije |eoiyotelalq —
SUBSW-Y
(WYDQ) sisAjeue Jajsn|o saAneuIWILOSI] —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(YDded) sisAjeuy Jusuodwo?) jedioulid paziisjaweled —
‘ejep buissiw pue Ajuielaoun Yum ydd —
(WOdY) sisAjeuy jusuodwo) jedioulid 1SNqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



| ﬂ.ﬂﬁ?ﬁbﬁ%—n—ﬂ#@uﬂ .

sueaw-Y

Buliaisn|o
10} sain)es) JUBAd|a.ll SAOWAI 0] WISIUBYISW ON
‘BWIUIW [BO0] 3| di}INIA -
‘Bjep |euoisuawip ybiy Joj Jusiolyd JoON

‘D3l 1=1
I'e—"p|| =7l ,va-al=(a'V)7
:S9ZIWIdo suesw-y|

sueaWw-y JO SwWa|qo.d




| BRI
UO[[O]A] L5oULIE])

‘Bulis)sn|o
pue uoljonpal Alljeuoisuswip SNOBUBIINWIS

‘pajewWNse sl 9 yOq ul “enbiuyos)
pasiAJadns e SI )l 8snedaq umouy| Si € YT Ul e

1="19, {r'0}>"3
Na,va-(9): (9,9 Fd®4V)a
:soziwndo yO(Qq -

!

‘e asiAladnsu
I 0l = posI N

A
0 "1 4llllllllllllllmmmm%mqsw

Ia,va—-,9); (9,9 =E'V)a
| 'soziwndo yaq -

(WD) SiIsAjeue 18)sn|o aAllBUIWIIOSI(



| BRI
UO[[O]A] L5oULIE])

AQ
(D ,D)9v(,D._(9D,9)9-"1)= E7)
Ao,
,@|® ~“wAT A A°CA=D

adg=o 2.0,0,0=vV 9lojaziundQ -

vd,aa=4,d,9, (9,99d
g JoJ 8ziwndQo .

(( Ewkwg@gmiﬁmg » (D97
/
s 'S

Vv sleulwi|g -

uoneziwndo



n C: arneﬁie Mellon
THE ROBOTICS INSTITUTE




Experiments

40 60 80 100 120

20

DCA

01

0os.

D05 .

0.2

THE ROBOTICS INSTITUTE

arnegie Mellon

C

(B




oY

Ge

(sasse[d) s4a1sN|o JO JOqWINN
o€ 52 02 Sl ot

m-._.:.-._.-.wz
ORI @

FWU_EMOZ dHL c

R |

Ak

H—

——
.
. N ¥ -
N ’
[
’
4 [
e
e
[

f .Eu:@ I

I—I
—
—
=
H L
—
]
(e

G9°0

sueaW-Y+y)d SA VOQ

Aoeinooy



J1NLILSN] ST1L090Y IHL
UO[[OJA] LFoULIe )

c

$G5°G8 $05°98 511728 STL"¥8 YOod
$88°TT 506 Th $22° 8¢ $LG€S SUBSN-Y
i € z
A A
A adA3eaeq
m_m 05 m_v m_m u,w m__. m_ _u__. m_N m_m mvm.m.
18 or i3 0z o 0 ol 0z 0e:
. . onezi|eas 000
L) I 1a
10 I ok 8 4 0 - L
¢ adi] ejeg _u_,. El __u_ Jan & LJ 2
%
* e
zadk] eleg e * .
% |,
10
* 1z
.. [ I,
19
1o | add] eleQ

£ oadl] el




| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(YDOQq) sisAjeue jusuodwoo pajdnod slweulq —
(MLD) Buidiem swi |eoluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(VOVH) SisAjeue Jaisnjo paubije |esiyotelaiH —
SUBSW-Y
‘(WDQ@) sisAjeue 1a1snjo aAljeUIWILDSIQ —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(YDded) sisAjeuy Jusuodwo?) jedioulid paziisjaweled —
‘ejep buissiw pue Ajuielaoun Yum ydd —
(WOdY) sisAjeuy jusuodwo) jedioulid 1SNqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



m-._.:.-._.-.wZF WU _._._Um 0d FHL
UOTPIN 2 e ]

EEEE gé_\ss EQ%E «Eméz “EEE

'

_ v
ﬁzﬁ ﬁﬁﬁ I VY

,._.,..__u pue}s _ yens _ HEem

¢/ SOANIWIId uonow ojul
eljep aJn)jded uoljow JO weasl)s e 8z110)joe) 0] MOH .
(saAniwd uonow buluiea)

| W9a|gOJd



| m-._.:._._._.w_,-_.w =T
UO[[I]A] L5oULIe))

NNE RERR BRAW 1IN
-- il m- m—- -—-

maq_ am_u m:m:_ x_mi_ anEM- w:m:_

/2 suoloe ojul sjdoad
JUBJ3JJIP JO 0BPIA JO Weal]s e 8Z1i0joe) 0) MOH -
(08pIA Ul suoljoe Jo uolejuawbas pasiniadnsu)

|| Wa|q0id




m-._.:._._._.wzr SJ11L0890d 3FHL
UO[[O]A] L5oULIE])

(sLNv)
Jossaudap

Jaulod di

. : (zrnw)
(P1nv) Jeidwig (0zZnv) Jayolans di At:,& Jasiel uiy) Ja|nd Jauioo di

CTVEVEN S
(o« e ]

ot
(6NV) 19 YULIAN BSON Am:.& Jasiel pij Jaddn  (pnv) 484amo| moug (zNV) 1esiey molg J1e1nQO

ea ™ p
omco_mmmaxm |eloe] 1o) AiejngqedoA e uies| 0] MOH .
(waisAg BuiponH uonoy |eroe4 buiuiea)

[I| Wa|qold




| -N..“.-q_-_..-w_—.-.f_w.‘ﬂ._hwww._m_nnwmnuw_ .

‘buiwwesboud snweuAp ypm uonnjos juaidiyg —

"S9119S alI) J9)SN|d 0) SULaW-Y [dUI8) UO UOISUd)IXT —

VoV -

(00 ‘e 19 sireq) sisAjeue Aouanbaug
'(z0 1 30 suniuer) UO1309)9p AJID0j9A-019Z SpoYylaw JaYlo -
(10 | }e aiio] e 8g

‘L0 "[e }9 JuBl| ‘bO’[e o dlqueg) m:_._m_—ws_o |eJjoads ‘WINS ‘VYOd -

(90 NX) SHIOM)ON AOMICAI ININ
(80 ‘Ie 18 x04 ‘80 "I 19 YO) Sa’ mC_—‘_O_—_;w (LO ‘Je }o usbiowjyoy|) SININH —

:S)JOM]aU ueisaleqg .

(‘60 ‘Ie Jo usshog ‘60 ‘e jo
inoeyaieH ‘70 ‘|e 1@ Aydinyy ‘90 peayules) CO_U_.Omu_.Gﬁ “_.C_OQ GOCN—‘_O o

MIOAA SNOIABIG



N._.E_.-.wz WU_EMOZ dHL

(9) s|ege

te ‘s
. ﬁ ﬁ
ﬂlld(fﬂd u_qn_.q" . & i dﬂq . ¥ : ?ﬂ v d_d.a“
SISSE]D € a.m“—ﬁmuﬂ-mum 01

L)

0 [l i Ot

(s) syuswbes ayj Jo pus pue Lelg Fg P

o 0e (]

SaWIel} 6L

'S9SSE|0 ¥ Jo auo 0] buibuojag syjuswbas julolsip
w ojul ¥ asodwoosp (YOv) sisAjeuy Jaisn|n
paubly ‘..,3 [ X 'x]=x8ousanbas e uaalg

VOV J0J Uolje|nwio4 wa|qoid



T="19
{1'o}> "3

JA1NLILSN] ST
UO[[O]A] L5oULIE])

10890Y 3HL A -

° q
|
X ° e ..’
“ >
T -~ " | w0
L ]
. : i * ¥ .
e «* \ih\ /“/A_-_ . © e
L & K » é -..f-.;._..rr ..- - »

5 ﬁ coe O ”&.U &Xﬁ%wEQXﬁ%w_uﬁmﬁnnﬂbwu_Hxi

- = sojdwes=u

u [=2T1=0
D — X =ZPwx — |26 " "{ = (N D)™
| L |

sauabuasund I=ye

1nsaJ [euly SIBILIED JS)SN|D 0)

LUQREZI[ERI
siucd eyep ubisse HEZIER

'sjuiod ejep Jo s19)sn|9, JUIOfSIP-O Ul Jos Bjep 8y} uoliled

Bulieisn|) sueaw-y

=p

Salnjes)



| BRI
UO[[O]A] L5oULIE])

XLjew [auisy auyj st ., 36 2 O@Qvg@@& =9
(9,(,09) 9~ "1M)1=(0)"7

=1 [=2

w- (0|3 = (W™

“Jow -9 =

(s0'asoLeiea 0 voiia) SUBDWI-Y| [OUIDY

|O oooo OI
I "00|=9 :ﬁ”w\ﬁ.&w \NMV Qx«ﬁﬁncwww
07T L
1=t =0
dom-x| = Ju-"3 K= (0W) "7

(90‘a10] E]2Q ‘Y0'oH B BuigiL0 e 10 eyZ) SUeoW-Y .

SuBSW-Y [9UIBY pUB SUBSW-Y



€lelliole 8 L 99 v €cl

cl

cl

20 LE

ol
Vo
90
80
3

—TANMTOLOMN®OD

D, (;D9D);D—" =T P ?qv 1y, = “¥#ip 1°

W0} XLIe|N o1

M
[4

IDIN — (X)¢]| =¢

J1NLILSN] ST1L090Y IHL
UO[[O]A] L5oULIE])

c

QXQ%H = wH

Elclilolb6 82 9SS vl
20—
co

) H
80

(sp}
—

uxy11°0} 2D

(g}
—

—
—

o
o
—

vo0

—ANMOT WO ONWOD

ok

LE
cl

gm 6m
mnlmr- 18

=% 1=9

Pux — (x)g)| 26~ < = (D) e
i

u

(90 210] B| 87 ‘¥0 "B 10 uo|Iyq) mCNGEIV\ _mc.h @V_



| BRI
UO[[O]A] L5oULIE])

Loy 1 T—Lg
Py +1-F1-'d % xewr = £'%d UI1m
lrg 4 T2

Ayt Ty

ASC%&Q%V@ = {1y :ouroy owrey Futwug — A\.ﬂ ﬁvmv.n

iy xpd 2 (TR A] = X ruxpdl 2 ext eI =X

|JouUJ9Y JUswWUbI|y awl] dlweuAq ay] asn —
J A pue Y uawbss
OM) USaM]a( 9oUB)SIP B alnseaw 0] MOH

(MV L) |auiay] Juswubipy swi] olweulq




N \ "
i~ i~ . o
g:mzste , o
2 <+
.“ ‘_I AN
§—t+ |—|- . o
ey s >>>> |w
&l 7 5 -
S e
S~V ~ W~
>'| . _y
Y
M“ L o ~ EEIEE
N s o ~ EIBE
= = o ~ ERIEIE
|| ) ae-:.'
= W (= T - LT - T -
“\,? < w0
g. =H =i [ad]
o I o
o o

<+ mn O

An example

LOTON LO<TOON— Lo et

5
z
3
2
7

Vb xitinéiiie it By

IX

larity matr

imi

S

THE ROBOTICS INSTITUTE

Carnegie Mellon

(B




| SRS
UO[[I]A] L5oULIe))

WD WD°’s So[qerrep

SOUWIELJ SAIINOISUOD
sopdures ofSurs . sanyeay

YIIM SHUS WSS

SUBIWI-Y[ [QUIDY]

Mv1d

=% 1=92
2o — (X)] = 7w — ()| 26~ 7= (D ) ™"r
w Y
SOZIWIUIW YOV o
—T1+7? : ? +igc?
[L=TFtsxs L ibtey ey — (TFrs%s]ye JusLBos au)
Jo Buipua pue Bulpels ay] sauljep eyl S 9|gelieA Mau B 80Npodju|

VOV J0J uonouny Joi3



Matrix form

Tr ((L o W)K)

3 (clusters)

I, -H'G'"(GG") 'GH

P

& |

i
—
/1]
e
c
QD
e
o
D
L
[

ith L

Wi

28 (frames) m=

n

CG,:

Ja

SN

5]

segments

N

1E

[=]
(=]
o
o
(=]
(=]
(=]
(=]
(=]
(=]
o
(=]
o
(]
(=]
(=]
(=]
o
[=]
(=]
(=]
[=]
o
[=]
[=]

1111

200000 00000000000000000000O0
0000000000000 0QO0O0EEEER0 00000000

H0000000000000000000 oFNFFNEEY0O0O00O

d0000000000000000000000 00 oFIFIFE

000000000000 EWRO0O000000000000

Hoooo0co 00 OFfffJo0000000000000000

1

slaIsn|o

8 91011 121314151617181920212223242526272829

7

123456

2 3 4 5 6 7

samples

segments

G € {0, 1}kxm

H E {O’ 1}7”-)(’”,

Carnegie Mellon

THE ROBOTICS INSTITUTE

(B




| m-._.:._._._.wzr s
UO[[O]A] L5oULIE])

S0

Sl

Sz mom—-

Y

O_O i St D_v- . m_mx.i_ Dm— . _ - - AH.DQH.DOV
AV ANA LYY T\zmxf:.: VN «r\« | ; J: .?L p=)

_M/\u_-Kf-.\L:/\f_\‘”v\/\fi..i(\/_ __ _,«/ \._._\f.L c=)

L(f\p\f:\f :\f m.\f;_"x.« . )«»\4 .f; \. J o ¢=)

Se az Sl

1 w- _- T ) T —_
\/\4 .\#«._‘3 R ANy _ TR c\_

\/\a/\/\@/\ﬂx/ \/”\/\ﬂ\/lws/\M\/\M_\/\/%m indui

I=% I=9

E_Smﬂwwgaw% = 8D

Emomm_o-ﬁmc_Eooo Aq _umN_E_Eo SI YOV o

VOV buiziwndo

A_m_g_c_v
1=)

jorRie}

all = (&



| Wﬂﬁﬂ%ﬁ%@ﬂ-ﬂ%ﬂ .

(o7 R el s]

62=! 8z=! Jg=! 9z=! GZ=! +tz=1 ¢£z=!
R T N

R A P A b
A " ..<\s " .\.f!!- " .ss Zt // L
IS A I SIS B e S AV

\ \1\ \

f» 4\ " ||||||| " a/l ?K-/cd\n \\s

4 H”U - B
2 [a9] 6 3 ¢ At e ¢
ow — ()]s " {urw + (1 —2'1)) T wm = (ap)q
A

‘Builuwesbold oiweuAq yiim paAjos si da)s yoeg .

(dejs psemiod) yOv buiziundo



| BRSNS
UO[[OJA] LFoULIe )

A/ _.\/.\z Cx _?.\._a«.«?\r W i

v 8V | €9
clwlw
oo e
ol e
o loe e

" GG | 6¢

.8 | 4| n

(dajs piemyoeg) yOV buiziwndo



| Wﬂﬁﬂ%ﬁ%@ﬂ-ﬂ%ﬂ .

(0 |e 18 21gJeg) S|epOJA JO 8JNIXI|\ ueiSSNES)
¢l YOV

vl VOV
91 VOV

-

=
ki

=
o
i

o0r o o8 OF O i

asiou | 'ssa1sn|d ¢ ‘sjuswbas g ‘sawes) L1

ejep OvYuAg



N.u...q_-_..-.w_m-twmﬂ_mﬁ-mu_sm-uw_ N-._._.‘ﬂ. -

: : : , : , : (80 'le
1L°0 8E0) 1L°0 0 290 L0 NIND
- A
060 | 060 | £60 | £80 | 260 | 90 | SUTSSAO) (ST TS
160 | 06'0 | 260 | 290 | ¥6'0 | 98°0 | VOV IWeuAg : 7 bulyoyms
gbog | ¢bog | pbag | ¢ bag | z bag | [ bag |ejuswibags dljsweled

IIER R IEE ' W .. AN
IEINEE NN ENIEC EEp saissd
B NNENINNEEN NENEEE DONEENEEEE O EEINC vOV
-I.I.l..1l.ll.‘ll-l- uInaL

o0z QL

LA U iy A g s

00LE 0001 L] S.__ L] 0oG __........_.v 00t (Lt o0k

r.r_:ri.,r_ﬁef_q U aitrfna,bﬁj;._r_..m

"uiny ybu pue uin} Ya| ‘o|bbem

.SJ921SN|O ¢ |
TR o
R o
A _é,,,é e o
xbﬂ. 1\,,.\.. \(.2 e T

e1ep 9oUep 39 A3UO



syoelgns

GZ ‘suoloe
Q ‘'SO8pIA 0GL
€90 ININD
9.°0 VOV
UURTWZIOAN
BN $PEEEEE ETEE EEOE . o
ENEEEEEE SESIEEEE IIEEEEE EE EEEEIEEN vov

”Amﬂom_o_:mor EEEE SEEEE RN .
nwco_#om @ nwomb_> omv Qo0 006 008 009 0¥ 002 ;

]Joselep uuewziop\

Emb O®U_>



| BRSNS
UO[[OJA] LFoULIe )

§205 0205 0905 6108 A0S SY0OS 8205 1205 ¥10S 2L0S

0

420

Q70

190

180

weo [ vov Aoeinooy

HiEE | ‘'inrFrEimnEmIr e
IETENil "1 " ERIE

G = i el Poss ok
I I 1 I 1 | 1

Qe IR EL SEHL [} ' ]

[CLN vt v rF R

AJBA0DSIP uoljoe |eloe] pasiAladnsun



a¥0S

B20S

ZLos

6705

8205

105

uolssaidxa |eioey} 1o} AlejngedoA e Bulules



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(YOO (Q) sisAjeue Jjusuodwoo pa|dnod slweulq —
(MLD) buidiem awi) |esluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(WOVH) sisAjeue Ja)sn|o paubije |eoiyotelalq —
SUBSW-Y
‘(WDQ@) sisAjeue 1a1snjo aAljeUIWILDSIQ —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(YDded) sisAjeuy Jusuodwo?) jedioulid paziisjaweled —
‘ejep buissiw pue Ajuielaoun Yum ydd —
(WOdY) sisAjeuy jusuodwo) jedioulid 1SNqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



PIWY gy

W TS

sy se) buisuss uewny Auew ul |ngesn
S| JOIABYSQ uewny Jo Juswublje jeijodwa| o

loiAneyag uewny JO juswubi)y



| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(VD)D) sisAjeuy uonejallo) |eaiuoue) + M\ 1Ld —
(600Z SdIN ulteadde) Buidiep) dwWil | [EoIUoURY) MJOM INO

s|eubis ay) Jo epniijdwe ay} ul sebueyo 10) JUNOIDY + NINH —

(0 'Ie
Jo uspebisiy) SaLIBS BWI| SNONUIUOY) JO Juswubily ajdijinyy -ealy JBylQ -

AydeisbowoH + ML —
(60 €0 "[e 1o oey) UOIIUBOIBY UOIJIY JUBLIBAUI-MABIA :UOISIA Jaindwo) .

alenbs-1sea] + M\ LA —
(G0 ‘Ie 18 nsH) uonelsuel | ojA1S :solydels) Jayndwo) .

sainjea) Jo saAleAuad + M\\1a -
(L0 1e 10 yboay) Buidiepn awil| aiweulqg arjesusd Buluiw ejeq .

3JIOM SNOIN8IH



| Wﬂﬁﬂ%ﬁ%@ﬂ-ﬂ%ﬂ .

T="A;AXIA="A;XXIA +8

fi
gxfipd D "Aguzpdl 3 TA

A fi I _ (A tx B2 f
NAZA = XAl =CATA)™1
ED 4] Lo [¥] 1o i £ _“_.lm._u.u A = 08 o e 3
., o ® uonosloid vOO ;
& o _B oml’ §
e o o @ L o
.m.-luoﬁ“\. Tl s (Ayjeuoisuswip) SMmoUg Jualayi( 2
o 8 M.t-ﬂ.na o (so|dwes) suwn|oo# swes v
o & oad n 5 3
® ©® leo UX mmﬂ.% w \.ﬁ. nﬁ_X &ﬁ% w ..x” ! ol

(9¢61 buleioH) SISAjEuy UoIjB|al0)) [eoluocuR)) .

(WVDD) SIsAjeuy uoije|alion |eaoiuouen



| ﬂ.ﬂﬁ?ﬁbﬁ%—n—ﬂ#@uﬂ .

fi
MK X

68 L9SFECI g /9 tv82 1L

1% mA — Zmx] A~

0 [4)

o 0 o o0 0 0
C o o +] o
s ) 0 }
C ) m b
( Y 1 |
o 0 0 0 0 0 m-_

U= 00—
e —

_ :
- S
| | I I .
t\r/___ & :
z
68 L 9GS PEE | L9SveECl _
L 3
\/f\/\m \/\f\_N
B I
¥ ¥
5 5
x
TMX X

Juswubije jesodway
L0} 2 "M s A T0E 2 M

i x _ (@ TP po
L 7A0A — 7AX] = (" A0 “A0) ™Pr

wm:.waMmH w .Mﬁ.nnm_z.y\ﬁ% w .x
SUWIN|OJ# JUBJBIP .w>>O._%..w_ﬁ auwes

ML J Jo} uonenwloy alenbs-jses| v



it
36

BnweuLsoucoos 3nL g )

g +
3 fi fi . -
M—"AX"MIMAIA A X MIMX A

Juswubije jesodwa)

T TMETA — TAMXIA = ("ATA AT M) P

uolneuwlojsuel) |eneds

mﬁx;ﬁg > A ﬂH‘:_X&_ﬁM_H > X

SUWN|OJ4# JUBJ_BUIP .w>>0k£..w‘F Jualajip

h (r DOO
INXIA = XTAll = "ATA)r
I TMA — TMX] = ("M “A) " r

Jdpulway

(M.LD) Buidiepn awi | |eoluouen



09pPIA pue ainided uonow bulubify



18uIged e BuluadQ puixog

(sjdoad jualajjip) uonoe swes Jo ejep
aJn)yded uonow bulubipy




Em
;g | |
“5

®© E

Facial expression alignment




| -N..“.-q_-_..-w“.-w_w%.._%mﬁwpn.u.._m_ncum .

(WVDODOQ) sisAjeue Jusuodwod pa|dnoo olweulAq —
(MLD) Buidiem swi |eoluoue) —

(WDD) SIsAjeue uoine|allod |ealuoue,) .
‘(WOVH) sisAjeue Ja)sn|o paubije |eoiyotelalq —
SUBSW-Y
‘(WDQ@) sisAjeue 1a1snjo aAljeUIWILDSIQ —
(V@) sisAjeue jueulwiiosIp Jeaul] e
(YDded) sisAjeuy Jusuodwo?) jedioulid paziisjaweled —
‘ejep buissiw pue Ajuielaoun Yum ydd —
(WOdY) sisAjeuy jusuodwo) jedioulid 1SNqoy —
(WOd) sisAjeue jusuodwod jedioulld

uonoONPONU|

SUINNGO



| W..u.vq_-_.n-w_u.-.ﬁwmﬂ-ﬁ%nw-_m_n@um o c

‘ejep Buluies) paywiy .
‘BlEP |BuUoISuswIp YbiH
‘Buljdnoo ay) buluiea .

T ejed

(1002 o€Ig @ 21101 €| 9p) A<oo Dv
sisAjeuy Juauodwon) pajdno) JlweuA(




| ﬂ.ﬂﬁ?ﬁbﬁ%—n—ﬂ#@uﬂ .

10| 8q ued ABiaua |jlews ypum sjeubis juspuadap sjeubis

Bbuiddew |essuab pue Ajjuspuadapul yOd -

; suonn|os



SOIWRUAQ -

.N@+

W.._. H.-.ﬁwm_v.._ m-W—m- LOHOY 3HL A& -

M
=
z

e

v +

[=1

=@M vaag

poo

uon:)a[md



20B | |ENUIA

sisAjeuy Juauodwo) pajdnon JlweuAdq

ejeq pUIBLO



i+




190 dd) worstq sagndiio) uo aouaiEfuos) RUERDUIL] TERD TIOI] SIN1001S
alwos-f Sunownxy cwod aswedg C(Tpoz) Y ‘mosdap zp D ‘wpiorquiIat)

QELT-ETLT ‘gf ‘uorpubiosy
wtang  wapgold azis a[diuies [[BIIS &) aA[08 TIED IDIM 1ajsAs ToTIEosa

oot pasuaEp M1 Y (0002) D A F Cr W CI{ oM CH 0w T manpn

O0GT 0881
fupssaoodg ppulig we suoponsunly g CSompeiy seowdsqne quatoyja 1of
sattat[os Fupepdn pas paseq-uoywiol auvld (K667 0O ‘nry oy S eubedummgn

(60909
dd) wosprieliooy wiapng pun wosty dapnduios dwo acuadafiey  TOT BTN

-1 Burdmea mepun SunppwRn a[wIRI svI C(GEGT) TS CHOIRES Iy U] I WISED

LETE- 16T G ‘sousumg paddy MO RUINSS adUBLIBAOD
ISTU O] (] SISATRUR ayBLIRAIYIUL U1 saanpasord isngqoy C(pR61) "V N C[eqdums)

CEF-GTT e Songauog TRIEp Jo s108
[BI2AE 10] SISATEIIE BJBLIEA [BIMIOUES *(£QET) [ ‘Uosmamo], 2 "N ‘[Eqduren

UOL
-Boomy udang pun uoist) degnduioy wyRp BUISSIOL I TOTIRELIO)IR] XTITRIT
1oy sunpuode uomet padmel (Go0g) AL YV CUOQUISEIL] X UV CURIRENE

(060069 dd) g4, sureanys afen woly adeis
(I£ PISLI-TION SUaA000y] (0007, | UNRULAN] 7§ Y CUUEmZa ) Ia[dalg

(ogr—r0L dd) uosi g aepndinos woe asuaiafuoy upadoms “san(ea FUISSIUT 714
BIRD UIR}ISONN Jo 10N Rodmooap anfea IRLENE [RIMSWaIon] “(Z00g) JY puelg

UOPUTOIR] UAIPDJ PUD LIS
aagndiiny wo aouaiafuoy) oapla moly spppot ajqediont pg C(T0g) Ty CpuRIg

JeLp EA PO/ I gy o0 /s

-fmi sty maam /Sl BID U0 [BLIONLT, TN CeEiog
HAVUDOIS
"SA0B] P JO SISAIUAS oty 10 [apout afqwidiont v "(GEGT) "1 ‘109984 27 A CZUR[E

THALION SSald

LI :S1I8STIORSSEY Uorana)suosa pastg (16T Y URILIassTy o5 Y CeNE[g

(og-11 dd) sesfiypuy o jonsi wr saoupapy soouanbas afe
ut aFuers asuetsadde Surapopy (K661 (7 89 2 A "qQOodBL [T OB

FR-E0 ‘g7 uomsyy sogndie)
Jo paamop ppuoypeiieguy torieimLsaadal paseg-aata Susn s10alqo jo Saryoer

pue FUIDIRNL =000y FumpenueSty C(K661) (1 OV mosdap I YR

TE8 KL CMPUDISIap] ADDUL] PUD U0ISt| 4@)ndiio) CeouBIRadde aFRIIl 1
safuelD Bunwmnsa AQsngoy] C(000g) CA CqeooRk mp r (T ealg T ORI

FOT-CL e9 Fupungsiapiy)
afipeuy pun worsiy| Jdagnduios  CSpRY MO I00TS-08LMa0eld PUR OLIaTIRIE]
18101010 Afd 1N Jo ToBgss 1s0qol a1 ], (9661 ) J ‘Tepusy 3 W e

"(geg—0ge "dd)
uoy oy wiapng pun uoisi) Jdognduion wo aniaafueg sppour eiodms)
-orpeds peztegemered yiim symase mop (worpdo Sunmerdxy C(666T) U CHPRI

TOT - o8 T
Hhpunysiapuy afiug pun wosty sagndio)  csaowdsuaie Fuisn morymEooal

SATYISTSIIT TOURUIN] “(FONZ) "V ‘SIpIstnoa] 2 | Enemapigg “H ‘Jotps

CGELET
watafuo) uradami UONRINSS TOMOUT Pas@-[apotl

E&%.E.SE HEGET) M WEORUIR o5 Y CEmIRH g ‘uwpueiy ] uaiiag

T UO6GT LE-06 weday
jraruyaa faauarag dapmduiosy fo peagenda g Cpjosauurpy fo Bpseaaig sooapgo
-poan sy fiagag 7 fig uognpsuneg ysylug ulnpsanug e wuapngg giap
Q8] P AWNPMUAIDEYT 1P AP0l CLIRAMII THOLZINY a[[ng “(gL8T) " ‘Tmeijag

OTL-TTL ‘aoualigjapup aumanpy pun ssfpay uiapng uo
suoygpnsungy gggf uonoaload mwaul ogoads ssE[R FUSN TOMINE009)] 1S20%]
-IOUEY CSA SAOBJUATI  C(LGAT) (] ORUELLIN 7 [ ‘wyuedsal] “ ‘Inaumijag

Hoec-epg dd) uegmnduos pana g uo
wnpsodenfig puop jonual yif oyl fo oot UonnH00a1 00v] 10] HoT)RyTasadal
B IRARRUIT 006] Jo sjuatodimod yaptadapu] (1667 T ‘ysaotlag 2 S e

WGEG
FOSOMYAN AN RUIOIT [R30] JNoTjIa safdumxe oy funtee] sisiqemne
quattodmos edipnd pus syiomgan wimay  C(GRET) M YU @ S PR

TRET - ORET ‘0f ‘aoualiyjaqu] sugyanpy pun sisEDUY uapng o
sUeUADsUnLy ] mapgoid Fumpod afemn ue sw o sppout aouwwadde aanos
Jo UOTONISTIOD SURWONY  C(FO0g) [ CIOPIUpg 3 ST CSMaIR[y g CIeyRg

(16T-FR1 “dd) aoprubiooayy wiagmg pun
umsty damduiey woe aruadafuos CAampen amoaa poddng C(To0z) (8 uRplay

FRT-RAT dd) worpubicomy wiayng pun worst| aagndito) uo
amiadafiuoy mapod T ORI B S8 U0NBZIONE] C(GEGT) [ RMO Iy T Cmindy

EETGIET
‘G raaualiggapay auponpy pun sisOpuy waan g ue SHoouSun ] FHF] TRzl
-1090B] SNoY] C(ZO0E) T [ TAsTUasIe 3y U3 CUIONSRY Y Ieysy] CH Csuey

Aydelbol|qig



QIZ-TIE T ‘Dyprgonuonysfis 4 yURl Iamo] Jo
Irpjone A Xrmwut ato jo uonemxoldde s T, (agaT) ) ‘Bunog 5 U0 pawpg

©csademn puv sdeut pg a0y (paspg)
norgodmossp anpea IRMETE [RUoRULUIp-om ], C(GO0g) [ Cep Iy D ‘B

(s Bunapy
DYDY U0 S0y JegeIRu] Wy SIS [Rijoads PO 01 RELI0)0E]
KB aAllESannon jo aotameamba a1y ug “(goog ) "H ‘uoung 3 Y ‘o 0 ‘Sung

FURLEDT GBI U0 2UALE[U07) DHOLE ]
-sisATER Juatodmod Tedond vra SumeisngD sura-y C(FO0E ) N 9 & 0 S

SUOE 2y AB[LAN o sumgnaydido
pun flaoaayy) syomgau gpenge guauoducon jodouieg (0667) T M SBIBIIBUIBIC]

GE-FO-H L dodagp peowiyoa g0 17 sumoniaed qdeid pue Sunagsnpp (eoads
*RIBANI-Y [ATLIAY JO Mala PAIUN Y “(FOOZ) " ‘SN 29 74 ‘TR0 g T UOI]

(RGF-T6F dd) wepppufiosa)y aungsas) pup 200 U0
wo fuas pup nonnHossr pue Sumpen) paswg souvieadde priv-non pue prat
10} Y1omarery oyEnrawgord ¥ o (qonog) T CSIART o U & fqo00Rx ] ‘allal, B ap

(Te1r-8111 "dd)
HORPUGOIA)] WD 1o S0uaLafuo ) JPHONDILIEIN] S RDRITIEEI a[qINay) 10]

BULILAYUATT “(®O00Z) [ moysuaiapy] 27 ‘RASPRY T LA T "ALIo], B[ ap

UONRLTOIA] UAYDJ PUD OIS
amndwioy woe avuadafue) Jruoypaegu] p uoguoygnd tof papdaoet uores
-sw[2 affein 0] suorstuedxa [atay Suntmes (Lo0g) "0 S[ARIIA 2 ] fanin], v ap

e feonunpe fpsianug wopagy alizuan
msuy sonoqoy CFa-c0-qL-TH-1IVD Rodal yaeg CFULIOIIont Furaan 1oj
norIEosar puw Supper) aidoad apdimm ‘Fuumided capra [RUOTIDAITPITIIN
“(qgong) “ L epwEuRy U osopEs T d TsqAN o dsapmp g erIo, v ap

s A0 wONTULIOJU] JIuRa T 0 pagi
-gns (s ) sapott aotmeieadde [Py (100g) Y UeANGN % L ALIo], B ap

Beigrd o QIO U souaafuos) (Do
~DUAGRL] CSISATEUR I90SN[0 AAIVRUTHLOENT (9008) "I, ‘opeuey] 25 & ‘axro], v ap

(FRT-LaT dd) Supueney sueonpy o S2URe o) J0HosmLEa gy
"SISATEIE JUBUIUILIISIP Paqualio [Rpott iy “(GO0g ) "I, ‘apeuey 73 ‘a110], 8] ap

wonpiliona)] uiapng pun wmst tapndeos csse( Sunnery dad
aSer apd ures ano i TorInEo0s: a08) 10§ (B00r) sIAEns Juatodiros pajiuaLio
[ruoneuasaiday] C(BeOOg) A CIBWNY] 7p g C1ayRE Y ‘sSS015) T aln], B ap

(gre-goe dd) woesey wegndroy wo aovsaafuosy wnsdosmsy OIS @
aumye aarydepr posvg-mars (S66T) "8 ‘TUUayoy ¥ g ‘Tuon) g ‘Ao, B ap

ue Uiy wiapng pun weist) soagndiuo ua aouaiafio) JrueuiLagy o pag
-puigns Cs[@Epout aoueIeadds U1 BN [B20] 0] SSOUISNO 0T ASEAIIN] 0] SISA[ETER
mateduted patai[id (qLO0T) "I, BpRuwy op U unen Uy 18700 o taaal, | ap

“suonvoydd o pun ooy worsiy sagndiwe o sousuafieos) pouomLaguy
g CoApIA TI0IJ SaInsad [BIOB] Jo monwjueinias wiodme) o] Sutmisno prue
nonRnsiEal snoatwynung  C(epong) o uqon m fp Aodmreny g fearal, vl ap

TL - £G 6 Huipumsiapu ofiou] pun woy
dapndway sapom soteisadde [wvov] pg o) suoneatdde prue Aoary :
quettodures paztzajemwied snqoy]  (qg00T) TN CHRRIH & U4 Lol B ap

T

TSA]RIR

EET-LTT e tumsty aagnduwios fo puanop JpuoEmuLaa) CSuniea]
aordsgns ISngol 10] Jlomewey v C(REO0Z) [T CNUR[E & 4 ‘erIal, B ap

“(gag-gog dd) wozsty aagnduio)
ue fuosy upadosns  CAurppom [eow] pg o stuonworpdde puw Lot sisd
-menm quanoduiod paztagamered jEnqoy] (Z00E) [T HER ¥ ‘enio], B ap

(gog
zog dd) worsiy aepndenog wo eouaeauo (pUDUEIN] TI0STA 1aqndumod 1of
sisaTere Juatodued edouud jsngoy] (qrong) T R oy U faral, w ap

(ngo-gfo dd) wenpubosny wiapng pun wuaisty Lognduie)
Tene quatnodmos pajdned onnsuws C(BIO0Z) [TV CHORE ¥ . ‘e11o], B ap

fipsaaay] wopapy orliawen) ‘apmpusu] saoqoy ‘SO-90-4.1
ST -V kodar yoey stsATeOR quatodimog Sunwupioos) C(900g) " ‘AL, B ap

wruagslig fhurssaong
wengiLsofug poana g CEruesford apapries Susn wad asieds 1of Tor e
-10] j0a1p ¥OC(RO0Z) 5 fernpuwt mp SR T Cuepaop vy Suomaadsyep

GFg-opg tdd) sansnmg jouonmnduiosy u
0 CXLIYRUL BIBP JO U0IIRELIONOR] 1snqoy] ([86T) " 18980zl 7 ) ‘X1o1)

HCRE T Hupunisiapi]
alivey pup umsiy aagndwo;  uorgeaipdde pow Sunmeay aery -sppoun adei]s
aanoy  C(GEET) ¢ wmweln xp CH (g tadoon tpoon IofaRT U L ‘seoon

(ReT-FeF dd) wowsty eagnducoy) aouadafuoy) unadomy Sppout
aonwisadde aanoy (66T [ 7D (OB [ ) spmmp U4 L ‘se00n

AoUALAfHG) HOISL| SUADI YSILT
*SUOTIRIILIONSD SULje asu-a001d Buren sppout aoteieadde jo TOTI0IISI00 H81M
-duorsy “(gong) "0 CIO[AR], 3 CEILAOISATRG Y oIAnIIad A D CRUIILAT, L, Sa000

" IPISANOURL o AJISIaATUN “j1odal "[pa) uorsia
Taqndmos 1oy aousieadde jo s[apoTl [@2ISTIWIE C(TO0E) "D “OAR], 7 T, “sa1000)



(grg-grg dd) wowse aagndwe) woe aouacafiuos) peuonn

-1agii] CS[AapoUl a]qRIIonn [BUOISTAIIpIY (K661 L ‘0lEF0g oy [y seuor
"ROL-GGD BT “Hurniduio
uopst pun afimop Cs1aqqy ereds meatn) Jo jas B woq) asuapuodsalion oadals

Fumnmragap 10] Jlomarel Euoreindmosy (geaT) ¢ ONIRW 0 ( Cseuop

‘Beprap -tafudg {Iof moep swsfipun juauoduiod ydiouig C(0867) "L T BHOr

GEE-ATR ET Peissaooug affpuif we csungg iy csaqepdimag pagwiod jo
198 B J0 ULIOJSTIRIY 2AS0[-TAUNIIRY (00 ) "V ‘SIpIsuoaT p f ‘1ede STy ‘uedor

NLGTROST ‘Fo0e swaishy Guissaoalf uoynuiioful jnmas SISATEIR
WIBNTIILIISID T82T] [BUostamip-oma], (co0g) T "0 ‘wepasnep ey ‘ay surdatp

lept-sg1 dd) uos
- _r . :_h.____.:._.__:cb o .b.\._.__?_.?uum..___h_.\.u..\u .h_Hh_.__..._.\.u._,ﬁ\_.__h_.ﬁ...:_.__h.w Tallngxal :Hﬁ_.ﬂ allljonIls U::puﬁﬁ_ﬁ
I0] saInieajuada Jo SaIryXIpy “(RGET) W PUB[Ua 2p M C[essny] Ul RIRqap

sfionng Guggndio
WOV merasr yoBmmsnge wie] C(6661) d TUAL] 3 Uy Ay v fumep

(geg—neg "dd) worsy aagnduwiog wo pouaafiuo)
AUTRYIAONUN M TonRELoE]  (000g) o CUepuwwy oy T TRl

unadosnsy

"SI0G PIIR AB[IAN TI0f
spslipoen guavoduiog yuapuadapuy (To0g) " vl & [ UeUTIwy] Y UAULIAAH

va iboyoyafisg pucymonps fo ppuanap cspatodimog
[ed orrd o sajqBLIEA [BIISTIR]S 0 Xapduod v Jo SISARIY C(eaT) “H JEuEioy

BR0E GLOE T V-YSOf Tuonom
._r..ﬂ.:_ﬂ.:ﬁ._.h: H._ i UU.:._DmnﬂﬂmH._” L& .HU._:.:— oalals ...._..H..:UZHDHD:.& ;..QD._.‘_ .TH _:.cLHA:. .:_m

spap “uepfieiony (f pun Apd cp o cSosyngg puD Sydomgapy Joana g Cs@pot
ATILXIT PUE JURHNIILSTP ofq Xa] I (C66T) "V B 2§ ) ‘TORINsqr], - 1, onsey

S8aT] AVISIAATI[] AFPLIGUWIRG "Uols
apdgpepy (0O0E) W TUBMLIASSTY 2 CT M CASTURH

aagnduwon wp fagowoall ma)

wopst| dapndiiey to aouadafuo) unadodny CSRIaIED
PaRIIEILN 10] suonisod BIAED SAIE[AL 0 ToNBINsg (Z66T) T "4 ‘Aapavy

st dapndeiog wo doysgo |y
DUDAPY UDe-DYRGSHE CRIRD UIBLIA0NN PUR SUISSIT 1A T01101L1)STI00aT
attys 0 yoroldds e morBzLIo oRLIaM0d C(S00T) T AZNEEE0G 27 Y Aapawy

Q

fupssanosg
alipusf wo axuatafuos) jpuoyeudaiuf gggp sasvun fuiddepraso Aqenaed Qe
SHIBAIIS 0aPIA TIOI] aInonas pe (Zn0z) 0 TV d vmay 2 0 " ") ‘olelans

S80I ONIDPEDY TOpPLoT]
ssfippun asuapuodsacoes fo suopmagddne pun feoxyp C(FRGT) [ N CAI0BTIEAIN

“Hps S0t f UODULIOfU] JRIN3 AT TSEPOUL _TRAU] _pazl[elatayy (ZO0E) "D Top1o5)

"ssal g ada[ony [eitadmy] uwogiiliesas aonf

o salivwg ol o anunui (0008) Y ToLES 2y g Ruuappy g Euon
"s8aT ] Anstaan) sundoy

worngndwoy ey C(GR6T) A D Uwe I R quios

SUIO[ 8T, "pa pug

N9E-GFE F syponpan
v__t.m.____;b._..c_ .,.;_:D.SQUU;UQ .ﬁm._.n::::ﬂ: t:: mwm..,.._ﬁ::: ﬁ:::.::.ﬂum:". :m?,.ﬂ.m: EZQS:TJH

ay ugy C(IEGET) T Cennos-usumaio] y U URIpRE TS WL, Cd CLIROIEY

WOF-G8T
e tdd CpEopey AIAHORYDE ] CS)ElAM 0 a0 AR 1)1 sarenbs jsea]
Aq seorreur Jo noremxoldds YUl pao C(GLET) 8 IWRE &y M M C[PLIED

(0g-—eg dd) ppp fsogpuiiofup pun spsfpUp D0 CSa0LTYRIL
Jo noryeunxordde yiuen 1amo] uessay] C(FRET) T D FOI0pO 73 UM M TALgES

YN TOIS0f]Ssal ] JIIapRIY Cuay
“pa puodas ‘ueiiubooas wiepnd Jogsyeis o uoonponal C(OGET) Y SBEREINN]

warst | damdeios wo auadafiuos)
jreogmuiaguf  csymanodomos AR pue sUonRILOSTRY [RRwds Jo noreug
-8a U0 ISISATROR JUatodmod pautiofsuel], “(qG6T) "N 2tlop 5 ' g Aarg

gEr-oTy dd) wenrufioeey wieng pun wois|
aagndiin) v aouaiafios) TMILIOER W& a1)] SISt ST0IRILIOJSTRT) [R1yeds S
-TAJUT PUR SATRIIT JO S[APOTT X Suryetmsy C(waaaT) "N otlop 25 ¢ g ‘Aag

gg-of dd ) werpruiicon] wayng pun uaisi Jagndios wo
anuaiafues g @ fo sfwpaasosg CAaueisng pasea aousieadde o) owoad
-dw MaTt B IR0UBISIP PIOJIUBIT JUOp C(E00Z) TV CUVHLISSSIZ 3 Y ‘uoqqIazng

ORE-0LE R Ssmualing Jo sppu
S SIS EAT AU jo UorRZI[In [BISIRIS a1, "(RE6T) "V "M ‘1S

0S8 —LEE ‘§g ‘poual
WP AepEIn i puD SIS0 wie)ing wo sueponsunl] g Sunpdnmesgns
Af] IOISSAIRAT PUR TOTEDIISSE[D JSTI0I 10] SPOT[Iatl aovdsqns aar)BumLasp
PU® aArianLstosal Sunguiesy C(gnog) Y Csipasuoa y ( CTeooyg g 1epig

*H
(FE6T) 'S " “1eay

puw UBtdwI[Y) “Sjapor ajquuame Juagng o) wonInpoaige; uy

UORIBOIIY] NS0 PUD 200 SUDEIOILE Wo a3uaafie )
jreognuiaguf Ay fo sfurpaanosg SaEETIN 808] U1 TOTIREI[RIO] add 0] satfowold
-dw umonwollsse[y puw uossalia)] C(QOQZ) Y CUBULIASSTY 2y Uy CTIRIEILIEAL




Apnt-o60 dd) woesey aamden) wo
20U ) PUeRDULIH] CS[EPOTT ATTRLIANN 11 sated pruw sjuatidos am)
‘gparod 10] UIILIOR[R TOMBZLINGOR] Paliun ¥ “(SGGT) I, OPeuey] 2§ (] ‘SLLIOJy

SIOSI[C T ] A0Ua10g IDTASS]E] "satnjoaqiyain pun suarnayddn
fiugssaooed poedits pun pag "(GEGET) " 00y ap oy U Usuoopy

e ol)

CPT-LET T Caeualigpapup suyanpy pun sisfijpuy waeng moreiasardal
yoalqo 1] SUMLIES] [RISIA SOSMIORQOL] (L66T) "V PURINL] ¢ ‘meppeydoyy

ERLT-TLLT ‘FF ‘uopuboony wsapng
MoEosal a0 wwsadrg] C(O00T) YV CPUR@ag fp T, CRiwgapr gy ‘meppriyo]y

(ne1T
TE1T dd) moest | aagmdean) wo aouaiafuns) [EoDeLLEe [ranag o IIE00a
[Busta 10} saordsqne URaiw pue splopueul [wdoulr “(66T) “§f TIRPPERIIO

NNVOT .w.mm._rﬁ::: TIOTYR]OLIO0 [BATIIOTED J0

__,:__:N”_ JOU2STE H <y I Ie3ey] L IRE[EIA]

HOISTIE] X0 JEIUIHOT § (530 [DILIa3]

(gpge dd) punpaziung PHDIHOJY -SURL) UONDNIUAINY OS]
ILYIUON PASDG-0aPL| PUD -0IPRY U0 aoualafitor) Jpuoyniapg jsag oy fo
sfiuppoaoosg “sppott adwels pue sjafparsm 1000 1 sjuod amisay [Boef S
SORIT, ((QLGGT) (] IR 7 U I8UUR]T, g C CEINAL g CBiuon g wiay[a]y

PIUANUOY UOISL| FUEIDPT SR
"SAIIHDS DIIITRILA TIT 0T TITR000T 006 (8 g el 2 g CHIoey g RITa YO
H H e i x 4 - ! b &

TPGT-TE6RT 'Le Houali
SJAU] YD PUD SISMPUY woyn g ue suoponsundf gggp  japqeordde
SPOTIATI TOTORIXND DINJE] IR 818 aloti Ay (SN0 Y " T7 &% © Y E2Uae]y

BEE-RET ‘gE evunliyayul sunpnpy pun spsipuy
WD WO SUORIDSUDL] T WPl SnS1A w3 g C(£00Z) TV YR 3 UV CESUILIR]Y

CIGT-S06T 6 'V Py fo fpoog mando sy o jpamop wijoads
VIRTIIIIN][T PR 80REINS JO S[PPOUT I8N “(Z66T) g ‘TPPURM & H (] “IOUILIR]Y]

TUOPIOT
‘ERAL T ONUAPRYY sisfjpun appaimaiingy (GLGET) T AU T (AN N CRIPIRTY

(26T 18g1 dd) ssadg muaafyny fo fipsiaaiu fajaguag Appqmosg pun
SOMsUMEG ernagopy wo wwesodiafig fagayag yi-¢ ST RAISSOO 9JRLIRATY
-[NTD J0 SISATRIR PUE TOTRIISSE[D 10] SPOTIatl atlog (1067 f [ ‘U#and)osjy]

FOE-GGE erualypaguy auppanpy pun sisipuy
WA B0 SUOWIDSUDL], FHHT SYI0MI0T I8YISSR[D PIRAI0]-Pas] 1 Holspap
SaAR 911 PUR UoroRIyxs amgway paznondoy (T66T) "V QoA & U0 ([ emor

worsi Jdagnduios) o sruaafuo) msy
yif Cpotpenn SunIRmIa e aBRII PaSRg PAS M0 Y C(000Z) L CURL 2 M

TT6-E06 2
UWOLPUOOIIY UAFYDJ TUOLID LD JURIIMILIDND [Rumdo 0w 10 paswg TorHoedal
STRII I0] TOMORIIXD 2INIRA] DIRIEEY “(e6GT) [ “Buwg m & ‘Suar) 3y ‘nryg

TLET
[LET ‘Hurssamtg alivuf wo suoyansung] Fgy sadeun oy noreordde s ps
OIJORI)XA SISF aAS0[-TatnIIe] [Fruanbag ~(gong) Ty ~HINBQUapir] 23 7y “Aaa]

US|
daandia) we anadafuey unadomsy saowds-Jiey] Jo 10[0as10UT pue saoedsqns
STOTMTND Iaa0 SISATEIR Janodmod [wdidm ] (Z00g) "V wIsEg %y ‘1aa]

LB EI0E TE uoyniliony
LA saordstaie aidimpy C(Z00T) [ IBAR]Y 3 UH CJOURSIE Y SIPISToaT

RIT-66 T ‘uppungsiapuy) afvuif pun uoist | Jdagnduios
‘saTRmmaEE Ut morusosar oy C(000g) TH FOURSt & UV CSIpIRuoa]

EELRCRY
~AULlg CSISATRIY BB PUB SUE)SAY TONBILOJI] "Spe 10290y [y ‘TS|
A\ CMRog CHTH Csomsiogs uwp suginiofn uogoemad oo C(FEGT) (] [ anaa]

TEL-8SL TOF Al CUOMBZLIO)IR] XLIIRII
aalyedat-uon Aq spoalqo jo syred oy Sumnwe C(GGGT) CH Bunag (I ‘ea

(121 dd) sasngsan pun saong fo Sugapopy pun
sisfijoey uo doysyio ) JouRDUERI] T CS[APOUT aAl)BIaNasE ajrsoduiooap
IBAMIUOON BST SISA[wUE Holssardxe [woug (conz) y [BUIIBTE[G 0 ea

(czg-ngg ~dd) Bupssaoatg
jredtizg iy wo owaaafuos) JPUOYDIL)U] CSUN[ILIOA[R J11a1ad SuIsn saInRaj
[BIE] SBuneso C(Z66T) [ 7D OMEL ¥ U0 (L s100) Y CIIH UV CSTHIET]

LGT - ERT 07
ueEUnmLe 5 yaeadg ormsosal peads paaoadirn 10 ST IR paonpal
PUR SISATRIR JURIIHILIDSIP JIISBPAnsoI)al] “(KEGT) 'V MOIPIWY 7 "N IV

FHGRE 9T CSYLOMIaN (RN UOIIIF00a1 PR toiyelmasaldar afem aow)
10] siareue patodmos [edouud pg pazriatasy (goog) T Susay o CH SUoy

‘CFE-TEE ‘00 ‘Byrgauioyafis g CSUOIRZI[RISUSE 1108 PUR
stnio} anyrIpenb jo sqmatjonh jo smms jo woreznnme C(GEET) TV CH CSIar

HdAD

monoRnEe AR o prordde sovdsqns 1snqor ¥ (OO0 L Ppvuey 3§ Ch oy



"8I, ] AVIRIDATI[) a8 pLIquIR
“sisfippun wsappnd saf sporgans sy C(FOOE) N THIORISLID 27 [ " I0[AR [ -amB1s

“Hdo] monmdooar peseg sousiwadde of
torordde mat vy omsmd popuey C(g008) "8 TURPIAY I UV CHIAST UV CRNISeIY

WO WD pun
waist| dagnduio) wo fuay s capdonud yuel-1osua) a1y SOSN IONEIYS
-SR[D PUR HOISsAldal 10] FUlpod afwull matr] (TOng) "y Uaa] 3 Uy Bhseig

*molsta 19ndinos pie SorsHels o) suoljes
-1dd® 11 TOTRZLIONR] I081aY aANRTaU-T0N] "(GNOT) "], ‘TRZRH 2§ Y “BHISRIg

Tho-Foozd D THHIW oSy opiag
~taffuradg wmp Ny Uy pun o 7 umg spi uoipulioomy aong fo yooqpung
‘saowdsqus Ur norrdesat 008 C(FOOE) Cf THIRPPRYSOp 3y TN CPIACIEUes

st A .m.r_u:___.l.___.hc.,u_ o r_;_._.:__.?‘.k..__hﬁ.nu .__:.__L_A_D._L.._.__.m TS0 RAIASO Hﬂ.ﬁ.wﬁd:_dﬁ

oL} nerniosal so8] (Z00g) "I, CTRIIRC 3 AL T CISLT 5 CPIACIRUN YRS

BIET-66ET ‘07 uenpmduio) jpmay AsaIns
wosadwm wr seowy Turosiac] C(REGT) M CIemy & v ‘epours g fpdoyorpg

sEal ] LTIV puefiag pun uenpziande ‘woppiaombag sauya
- aogaen poddng sy ypa fupeeney C(gong) v wowg wp g jdoyorpg

g UuEE Cgpopy el
-UNRIRT[BIRAUT MaIRATII DI PUN UAIRITI] 10D al10aT() Y (L06T) “H ‘ypIuimos

(per-61E dd) worpuboonny wopng pup uost | dapnduion) ue souaafuen) o
-waysiial afeurn purndo Aq uoroajes amjeapmade (vmndo (6661 "1 1eZImmarDg

WSSV “seosds aInywa) JEUINILIOSIP POOTEYI]

mnmEp C(onog) g ‘mern wy Uy mwmdony S megumwuipe o) fuowg

CLFRGT 7 OCSROMEAN AN HI0M)AT [RINSU PIRAIOIPaS]
IRAMl] Iade[-a[dlls & W Sunieas] pestadadnsun (vmndg -(G61) (1 "] ‘1e8uwg

LETGST TT sisfpuy spounmagnpy
Joymunop stsapeue uetodowoo edounnd isngor v oo(167) H C Slass@euring]

GEE-COE CJT uenmndeosg janag CSEpot
URISSTIRG IROMI] JO Malial SO ¥ C(GRGT) 7 THEIIRIEIS) 7§ g ‘SEao)]

‘(zeo-ogy dd) swapsfig Fussaoosg
WAL JIAnaN YOS PUR VO 10] SULode [ C(L66T) S ‘Semo)]
US|

dagndutoy) wo souaafuosy unadomig gy ~ajepdn aowdsqns [RIILTIAIDNT 1M
Arryorny ensta onsoeqord sandepy C(po0z) py w2y o funr Cqq fsso)

(ZoTE8F
dd) aouaaafun) woist) Suayanpy ysigag U Y0 g [Padey Susn apour aders
OATIOR IRDUIION Mala-IMP “(6GET) W Molmsg ¢ g ‘Suos g MRPIo]

oreOFs dd) woepulficomy weapng pun wmst| Jagnd
-y o aniasafiuo) Tolsta paseg-aonwivadde otoentA) C(266T) N d M 0B

(o1a-018 dd) swagsfs fusssaootg wopmeiiofuf joima g
-nonjdaotad [Ensia qusueat 10f sdnold ar) Sunuea] (GEGT) "X OBy 7§ T 0By

(16-Fw dd) woguboosyy weagm g
pun uapst| Lapnduion) o aouaafuos) A 1onimsosal aou] 1o] saordsiaiie
IR[IPONT PUE Pask-Mmaly “(FEET) I, ‘IOILIRIG 79 ¢ ‘UIRPPEEO]] © ‘PURS]

00S-LLT L
‘seuppsfig ppenapy wp ueympnduios semgay tonenesadar 1oalqo 1op Atoat)
[BOTISTIRIS [RISMAT § SISATRUR aIniea) (820 (O66T) [ [ “P0V & g (J ‘Aduag

TLG-GCG 9 ypeLtnop
pun supplopy junydosope g uigney puv yimguipsy Suopuo ayp eoweds m
syrod Jo surajEds o) 9y Jsesop jo sauwid pue setn) wgy C(TOGT) M CUOsIEa]

MET-TTT ‘G songanind
S CSANRA BIED JO SOJRIIINRS I0LI8 JO MOTIRZIIN [eulrdo it [apotl 10328]
SATIRHAT-TION BINOT)RELIDGOR] XLIRUL aAlyso] "(peaT) [ "wedde], % 7 ‘oragesg

(Ere-geg dd)
i depnduio) wo souaafuoy puopagiy  coroldde [apour aalielanas
TMOTIRZLIBILININS 0aPLA 10] UIILIOE[E Y Oy (T00g) X “e@ulg 5 Y S[oLLIQ)

CERER-TTEE Mmasay uoist| [ Ta Ag padopdme ARaens yooes
srsri] ajapdimooraso us i Furpos asteds C(166T) (T ‘P15 g ULSNES[O

HEE-Cee 4 Cswasig jnanapr u woypinduian) peomniar
“EOIpoD JIBDIe PUR SI19S1YR)S afel [RINRN (966T) (] PRI 77 g ‘uasusg[0

FER-TFE CTE SUOMDNRLIILGG U0 CSUDL ] mostedxe
jonpoad Taine g tossarduros ST [RNSK] C(ERET) T8 Saeg (I AR

RLTLOE G fibiopongy yoogneusrgn g fo jrenop
stazaeue quatodmos [edound se ppom noman pagduns voc(geaT) q RO

FEG T fwmsi gopnduio fo ypusnop jpuonneieiuf ceoueivadde o
8700[q 0 ([€ JO 0T} IE00aT PR FUMLIva] [WNSIA (GRET) "3 'S TRARN 7 [ OswIngy

LZET-GITT 97 “aoualiypagup
AYIDPY PUp SISEDUE WEgn g ue sung ] i seoudsuaie otjaumered Susn
nonmsosar joalqo 1of Suunepd wonwamom (FE6T) T8 CIBARN Iy CH esSBINy



CO0T-GE0T
b mopommdeo ) panagr CHUIIIES] [RIIOIDW PUR SDIISIRIE (80001 Fuisn safe
ur syoalqo apdnpum jo Sumea] Apaainy  C(FO0Z) Y CSRISILL 2 D) CSTIRITIAL

poefoomy wann g uo aouaafuo)
JRUAMDELIAPE]  OSION TRISSNED -0 puw Snosnpoo i foqeap oy porordds
aoedsuaSe peseq-uatpeId ¥ oC(g00g) “H JoUpstg ¥ UL CZEIY CH CITmUapig

(ngz-6ag dd) sonsymg ppuonundwoe) ~duflg puodag “aoig “Ful
-SSIUI 21% B1Rp et sjuanodmon edpund jo woreindmon (9L67) T, “S1aqia

winagslie Burssaootg woymuaofu] ey
"SIEATRIE S)atodiTTos atmalyxy “(e00a) "D "SURIIIAL 27 "ACHwEY IV CRUIEAy
"(grs-6ey "dd)
worst) dagndiuwo) wo aouatafue) wpadoimyy aouvisadde Jo s[apour [eo1IsIwlS
Iof saouapuodsarios Summaia (Q00g) "0 IOART, o9 UL ‘se1000) TN Ia[EAN

OB MAAD puD uosi | Jdepnduios cssd
-reue quanodutes (edputd pezneiates C(enog) "8 ADSRG I A BRI UM CTEPIA

aanali
Ay ANYIDY pup SISADUY A0 U0 SUONIDSUDL ] CSEPOUL IR
[B20] Bwquos Af SPIOJIIRLT BRI IBSTI[-UOT SUMea] (000g) [ Yeaqias

UAPUIIFY ULIHD pun woisty Jagndiue) sapquasia
SRR Jo sISA[RTR aoudsqns Ieanmyy "(g00g) (] ‘somodozial, 5 [y ‘nasa[sep

wonst | dagnduio wo fuoy) uvadomi Caosd CSa0RIIOSUA] Salq
-UIARMD TR Jo SIATRIR IRatI[IN]Y “(Z00Z) (1 ‘sonodozia], 25 “J{ ‘mosaqses

BIT-O1T 4 ‘fussanoug 2imuy o suonansunyf, g7 ULIOJSTRT a11s00
A1RIDSIp PUE HolstedXe asso(uatijie usamiaq sdijsuone@y] safumr paje
-01 Ajmnojim jo nonwnnxoidde wumido C(8E6T) "], ‘apeRURy] 7§ CIY CBIROUA[)

OR-TL E CA0HII0S OGN
anppubor joumop TORIIE00a1 10 sa0Rjuas “(166T) "V ‘PUepUad & Y ‘YOI

wesy| dapndiia) we axvadafuo woadoimi Coapia
oLy SurEapont pg pISL-Uon ofpemony  C(Fo0g) D CIa(Eerg &y T TIwsalio]

TOT-LET
W uosiy damduiesy fo ppaniop ey cpotpam nonezioges) v odndeidonio
I3PUIN SUIEI)S aFeil ol torot pue adeqs (Za61) © [ ‘opeuey] 7 0 ‘1sema],

TEO-T19 1o g fmaog pagsyng wlloyr augg o oo S1sA
-(euw quanodimos wdonid stsqrqold (qseaT) Ty 0 “dotstg ap g Suddn

TETCFT IT wonmndiwo ) juinay CSIHEABUER Juatod
-toa edoad onsiioegoad o saangxiy C(eaeaT) D doystg oy Ty SSuddy,

CRETAFE] AT wonmndiuio) pniana gl CS[EPOTL TRATII]
A X800 pue ajAls Suneiedag (pN0z) 1 "AL OSB8I 77 Cf [ TINBguata ],

‘(ngL-60L dd)
umsi| dogniduio) vwo aswsiafuo) unadomy UOROUT PHUR aIMone sariselord
BTRIII-1ITUT 10] WIILGER pase TONRELIOIOR] ¥ (0661 ) "§] ‘SEOu], & ‘uumig

LCF1et Cer Tuapnduon wmsyy pun
afipeup motssalfal [ermotA od SUIsSn s[@ponr uotng LS jutod Jo o eseiaras
IBAMI[-O0T Y C(SE6T) " ORI & [ D I0JARL U L si000) g ‘nozog

(oFraer dd) woesty aagndiin oruzaafuoy
T XaT QTHIBUACT “(T00Z) "N "A 1AL 73 T fopjado(] g foggeog

JurioEn LI Ly

(ToST-FapT dd)
ADDI nosiA aagndiiog) ue aouatafuoy) pouogouapay CEea] aoedsqns 1o
POTISUT [BIUAIIAINIT ISNOOT PR pajsegy (£002) "V 'sipisuoa] 5y (] ‘[eooyg

Aoy sy ] AL HeEsl| dagndiuie
“BID IS U0NRE[R20] pasw-ootmisaddy C(onog) Y sipaetoa xy (I C[wooyg

worsi | dagndiieg
wo aouaiafuos uvadoansy  -safemr otnmeroned moly suonwtesaidar Surpme
1oy unpLofe wod gsnqgor ¥o(gong) TV ‘sipaeucar] mp | CJouosig g Teooxg

TLC-GIC F Y wuy csag pd cp TSR0R] URUIN] JO TOTIEEL
-~I8oRIRR Aty 10} ampasold [Euosuamp-ao (1967 T AQITY 7 T CPlanalg

NHS-10S ATY “soppuayiopy parddy
LR TAIMIONIS U002 Jo SOTIRIAD &[] PU% aduanoIng, (L1861, T PA0Ig

A0 ARG R CSiapann | Ho anssy
radg ooy uoppuiiefu] SUBL] Y CSULIOJSUED SRS afqRIJng

(Z66T) [ eTes R Y CUesPPY UL AL Uwmaar] tJd i Cnecuotng

(gLe 808
dd) worpuliosayy amisas pun 20m "SAINS paigmonde (I jo acusieadde amy

Fur@pott 0] (I0mMRI Y (0005 ) ¢ T CHORIE 8 4 ‘eia], vl ap T ypRuapty

LOR-GGR LT Ceoualypapi] auwryanpy pun sisf
U wan g CAurppoi joalgo eiperAied o moryeordde sy pus syep Sumssin
s sisAeae aatodmmod [edontt (eaaT) 3 Appay &y M Tpnesy CH g

‘w2 Auaiyany aupEnpy pun stsApuy waeyn g Uo SUouonsumg |
HAH] UONBIUATISas afel puw sino parieuLon (000z) T OHIeW X T TS

(nGL-0oLL dd)
umsi,| dogndenoy) woaniaafuo uoadomsy CSISATRIR Pat0dInd JusAafal pus

Formaea aumsnlpy (Z00z2) T AR & U0 TEUSIEAY UL CEel N CTRNILY



'8002 ‘eunr ‘uoniuboosy uieyed pue Uolsi) Jajndwos uo

8ousIBju0) 337/ ,L,uawubly abew| pasiatadnsun pue pasiazadng
0} suonesijddy pue Aioay] :sisAjeuy Jusuodwod jediduid
|oulay| pazuajaweled,, (8002) ‘W ‘USAnBN pue ‘4 ‘eulo] e| 8

'8002

Joquiajdas ‘uonuboosy s8injsas) pue 83k JjeUIOINY U0 83UBI8JU0D
333/ ,,uojOo| uewnH jo uonejuawbag jerodwa] 10} sishjeuy
J93sn|g paubiy,, (8002) ' sulbpoH pue "4 a1i0] e|8Qg 4 noyz

s puovydnasg pun puogmndwny Jo jpeanop CS1sA
e quatednmes (edound asredyg (cong) H mowIngsqy, & L enseH CH uoy

waypagnd wof pagdasoy asualipapuy Sue Dy pup sisfpu Wieping uo suor
SORSUDLT A CSISATRUE JUBIIMLIDSIP SSE[RONE “(0005) "V ‘Zoundepy % " ‘nyz

(1z8-818 "dd)
ARUER JUatodimes JUBUIMLINENT (000Z) “AL “OF7

Hdo] “uoniosar aow] 1o s

HIT-L w) ‘aualypapup oy Anatmoas aeodida
TLAOTYII 213 J0 ATIAODAT BT} [TNOIN] SOTRTIT PaqRIGRIUN 0M] TUITIRIT 10}
anbium@a) 1=nqor ¥ O(GERT) "0 ‘Suont 1§ ) CSRIaEne] Y erpLa(] Uy “Buwy

CET$ET GE S uwonpniliosa) waa)ing 0T INE00a1 a0 10]
ssArne Juatnodnos pdouud woodey  (oong) 8 WLy 3 U7 oy g eueyy

18E-TEE fugnduicsomay TTONIIRE00AI pUE Toreiasaxdal a0e] Juatale
107 wad [euotstAatIp-g [enoncanp-g wadg(pg) C(goog) 7 oy ] Suwiy

(Fon1-2c01 dd) sumsiig Hussanng wogouiafu] jpanay  SULESTD STRATT-3]
10] nonyexwal enoadg (To0g) "H Cuoulg g Y el Um0 fFug CH 7

worst | dagnduiog W sousiafinos jpuolpuLa ] CSIILaEn
ansiiqeqaid pue paer o pporoldde Futdmm §o(Gooz) (Y CRIISES 3§ Y Cssey

wopst dagnduiogy uo
aouALafio ) oo puLagH] RumeEnD [raoads ssREUNY (E002) T TS % U8 L

NL0E- 200 Fe uonpulion] wayng Uomusoal a0w] o] sursorddes
L4 —BIEDP [RUOISUAUIP-F1] 10] [ILI0E[R =P 12a1p ¥ "(100%) [ ‘Fusg 7 “H ‘ng

CECT-ROZT 4T (ML) Fusaauelheg vpogf pun afpagmaid] 4o SUoonsung],
Haar uonsoduosep ab BIA WIILIOR[E UOTOTpal TOSUIMWIP [RISIAINIT 1Y

b /apT (GO0E) A CIBIINY] 3§ Y UBRpIRUR[ I IR CH CTuory T T T eA
(FAR-Leg dd) Susneenay awronus wo aauaiafuo)

[PHOPPILIANL] SIOLITR Jo stuorEuRoldde JUwl mo] pazwiateny C(FO0g) [ e

“SIOZA[PUE 1090%] JO
AITYXIUT B BUISTL 10110000 208 “(GE6T) (] “WwmBatty] 2§ N ‘wlmpy “H-Jy ‘Fueg

MRCEREHRENH G
[Pray Srsn uonmEooal aos] C(qoo0g) (] WEmEaLy 2y CN elgy Cpy CRumy

(op-nL dd) woegeadiooay amgsasn
PUB 23T NGIUONE UW0 aauaiafuo pmioygmiag] s cseoudsqns eati] Jjo
SAINXIUT TSN Toljoajap a0s] “(6nong) (] uemEarny] ap N ely ) Fusy

LeT-TET ‘9F ‘aamalfipjapu] aunfongy pun stsEUY ULaRDng Uo SUGOnSUnLY,
AT uoniosal pur noreiuasaidar aowy paseg-sotwieadde o) tprosddy man
v owod euostmamIp-on ], (QPO0E) [ CBURL Uy TRUBL] (] Suwyy CpoCdueg

LETTET 98 fmualiypaguy sunponpy pun StsEDUE wianng we Suoonsun
HAHT UOIIUE00aI pus norwiuasaldal aos] pastq-aourmmadds o) poroidde men
W oomad [Enorsmaunp-om ], C(REOOE) [ OFUBL fy Y 1RuBL] (] Husyy o CRuBg

LPECEC @ [HAD "SORLARSE
JO UOTMIE00AT PR Sunapont paziieiauteIe “(G66T) [ T MoUE & TA Qo0dRE

EFT-TET 9 S0m)anT Jina g
uo suoyonsundf, Fg7 eroldde sosAd [Ronsn s U0 pasko safil FUEIEEI0
Jlas A stsA(ens quatnoduoo pedouid asngoy) C(geET) Y Ce[Ing 3 T ny

QFO-ATO 0 CSYLOMIINT JOARD AT CR]AT
[BrIan SIZMERI0-J[@s 10] TO1IILIIS0081 10118 aIenbs weatr 9sea] (66T T 1Y

Aydeibolqig



