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£ Abstract
Optimal control of greenhouse climate entails the operation of the control variables such
k- that the economic return to the grower is maximised. The basis of this approach is a
model that describes the crop behaviour under the influence of the indoor climate
E conditions which in turn are determined by the outside weather conditions and the
- exerled control actions. Several simulation experiments have been reported in the
literature (e.g. Gutman et al. (1992) and van Henten (1994)), but there is no record of
& any resulis of experiments using optimal control at an operational level in a real
greenhouse. From Fanuary until June 1994, experiments have been performed in a real
E greenhouse with tomatoes, comparing two compartments of the same greenhouse, one
controlled by a current commercial greenhouse climate control computer and one
controlled by a receding horizon optimal control (RHOCY algorithim. This paper presents
F the optimal control problem and some preliminary results of the experiment.

‘ _.,l____,__Ecﬁ.‘:,_,_
In the near future Dutch glasshouse horticulture has to meet severe governmental
§  regulations concerning the use of encrpy and the discharge of waste water, CO2 and
light. Morcover the market price of some major products, ¢.g. tomato. has been
- dramatically Tow in the past few years. Considering these problems. if Duteh horticultore
wants to survive, its efficicnoy has to be raised. This can he done in different ways. One
way is o develop new more efficient greenhouse constructions. This option defimtely
4 should be investigated. although the introduction into practice will be a long-term issue.
L sinee Targe investments will be needed to build new greenhouses. Another way is (0 use
the existing greenhouses in the most efficient way. This option can be formulated as an
optimal control problem: "Given the greenhouse crop system and its boundary
conditions. which controls do maximise the grower's profit?". Once such a control
algorithm has been developed. the introduction into practice s fairly easy. since
essentially only the climate computer software needs to be changed. which is relatively
cheap. In addition, optimal control will atso be beneficial to renewed greenhouse designs

- once they are available.
When solving the optimal control problem several difticultics appear concerning the
greenhouse and crop model. the criterion and the computation of the optimal controls.
E Using RHOC and the models described below, these problems have been solved. In
simulation the RHOC-algorithm performs considerably better than the conventional
E control algorithm, but the proof of the pudding is in the cating. So. to investigate the
practical value of this approach a full scale practical experiment has been performed ina

k. rcal greenhouse.
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This paper reports preliminary results of a practical experiment in a greenhouse with
tomatoes. The goal of this experiment is threefold: (1) testing whether the
RHOC-concept in conjunction with simplified crop growth models is implementable in
practice. (2) calibrating and validating the greenhouse and tomato model and (3) making
a comparison with a conventional control algorithm. In this paper we will concentrate on
the first goal. i.e. the implementation in practice.

2. Optimal Control Problem

The framework for model-hased optimal control is sketched as follow < At tirst there
is the dynamic behaviour of the greenhiouse climate in response to control actions.
inked to this there is the immediate response of the photosynthesis rate to the
greenhouse climate and external light. Also plant transpiration 1s of special interest
because of its etfect on air humidity. Secondly. there is the response of the crop through
processing of photosynthetically assimilated material. Together with a criterion function,
reflecting the goals set by the grower. this results in an optimal control problem. which
theoreticadly can be solved (Lewis, 1986).

2.1 Greenhouse climate model

The physical greenhouse model of tidink ten Cate (1985). modified by Tchamitchian
ctal. (1992), is extended with the heating pipe temperature and the greenhouse humidity.
This results in a set of five coupled first order differential equations. The greenhouse
temperature Tg, 1s modelled by a first order differential equation with a constant
areenhouse heat capacity Cp and with heat flows from ventilation. through the cover,
from the heating pipes. trom the soil and from the sun.
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The heat transfer coefficient for exchanges through the cover k, is assumed constant,
whereas the effective heat transfer coefficient by ventilation K, depends upon the
window opening ry., which is one of the control variables of the system. The pipe to air
heat transfer coefficient A, depends on the difference between pipe temperature T, and
greenhouse temperature 7. The soil temperature T is modelled by a first order model
with heat flows from the greenhouse. with soil 10 air heat transfer coefficient kg, and
from a deep soil layer of which the temperature Ty is assumed constant, with soil to deep
soil heat transfer coefficient kg,

T
d r?ﬁ. T) k4T, T) (2)

where Cs is the greenhouse soil heat capacity. The heat tlow from the heating pipe to the
grecnhouse is determined by the temperature difference Tg-Tp. The incoming heat from
the boiler is determined by the relative heating valve opening and the difference between
the botler water temperature Ty and the pipe temperature Tp. Cp denotes the heating pipe
heat capacity.

dT,
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Here the effect of the control variable (the heating valve opening ry) is accounted ?._, by
the virtual heat transfer coefficient kp. The change in CO2 concentration Cj is

determined hy the ventilation @, and the difference between inside and outside CO2

concentration Ci-C,, the CO2 dosage flux @; (control variable) and the difference
between respiration R and photosynthesis P. As the crop becomes bigger. the influence
of the photosynthesis and respiration on C; increases. K¢ is the €02/ CH20 conversion
factor

dac, A,
4= _8¢(C -C)+¢p,+k(R-P) 4
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where Vg / Ag reflects the average height of the greenhouse. The ventilation flux S_..
together with the inside-outside absolute humidity difference Hi-H, is a driving force of
the inside absolute humidity H;. Its two other main influences are the crop evaporation E
and the condensation at the greenhouse cover M .

dH, A <
= (G, H)EM,) S
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The greenhouse climate model is linked to the crop model through the state-variab
Ci and Ty, which act as inputs to the tomato model. while 2. R and E arc algebraic
functions of the crop state. The greenhouse climate system and the crop system therefore
interact.

2.2 Tomato crop model

The tomato model is a reduced version of the model described by de Koning (1994 ).
It consists of four states which constitute a so called big Icaf, big fruit model. The
photosynthesis P fills the assimilate-buffer B with assimilates. From the buffer the
assimilates are distributed among the stem. leaves and fruits (Fig 1y The efficiency of
converting the assimilates to fruit dry weight and leaf dry weight. is reflected by fand v.
dB

0o b(/Gy+vG, R) (6)

R.
E W L

Figure | Simplified information flow diagram of the tomato model.

sGv




TMO[S B 0L PAPIALP 34 ued wapquid 219)dwod sy ey sueaur siyp, dpgissod st wajgoad
odwos gy Jo uonIsodwodaP 2rIN-JWH VMI B ISHEIIQ pamofje e suonesiundo
wWid) HOUS (0661 “EYS{RYdHN pur audepy) swalsds aeduyuoy o1 padde ag ued osie
yorym £391mas Yorgpaay e ur synsas siy g, dn dois suo uozuoy ayy Jutaow *das duiy 1xou
e pawadar st uonemdwod ay g dars awy ixau ay e paggdde st jonuod pamdwod
AYI JO N[RA 18T OY1 AJu0 1nq "dI)S AW YORD I8 PIAJOS ST SIUIUAMSTIW [BNIT U0 PIseq
sanjea penut yim wapgosd onuod pupdo dooj-uado uoztioy snuy et HOHY Ui
“paitnbal 910)2134) 1 YIrYPId
ipaad 03 o p sEoaaeaa A pue 1941ad jou are spapour dosd pue asnoyudaid
DI DUIS D0 {14 SUONEAIP 12a3m0t] d0ead uf Yaoa [ia yoroadde siy anotaeyaq
washs penoe oy woay APY3ifs AJUo SI3JHP INOIARYIY WANSAS Paje[nuis 3l st 3uo| sy
aut| o duop 3y ued suonendwod sy pue doop uado A[ERUassa st jonuod [ewndg

{onuod peurdo wozioy 3PaddY 7

aa3atu adenbs sad vondwinsuod £313ud wnwixXeWw B 10 UoIssiwa-g(),) o
X2) € OURISUL 10 *S2UNSTLIU |RIudwiuida0od ojgissod oy utepad osje ued uonduny Ayjeuad
ay tadpajasouy feardojoisdyd o3 uomippe up cosje uonesiwndo ay SAERN|IOR) YOIIYM
“19Y)12 F1g 00) Y JOU ISR 0 08 'SPUNOY pIvy ou Ak spunoy jeardojoisayd ayy qews
00} 3 JOU ISILL O “SPUNOY SH UM X s3Jegs dy) dody 0} Japuu ] 'spunoy dy) Jo AJ11aAas

Y} SAUIULIANAP 0 PUL X SARYS YY) 10} spunoy 1addn pur 1amol ay dae g pue Iq s1oym

x>0)q A (Wq-x),»-
w1 W'esx>@q A 0 = (Fxd
Wqsx S O'q-2),®

2DANEZAU $IR1002¢ uondUN Y Ajruad Jtj I51AIY0
0407 spenbo uonoduny Ayruad Yl SIURPUNOY ISIY) UM SARIS JJRWID Y)Y UdYm
“SILBPUNOY UIZLID UIYHM dJeuid asnoyudadid o1 dasy o) pasn st pue [apouwi ueld ayi w
JUNODE OJUE UIRE) JOU ST YIYA aZpAmouy [eAFojotsAyd s£3au0d (1x)g uonduny Ajeuad
SUL WURISUOD 24 0) patunsse st aoud 0jewor A1 oA Xa SIY) U] "$323M XIS TUILd 3y
urmp swn Lue e paysoaiey 3 Lewl mou padnpold SSEWolY O1RWO) 3SNBIAY "0S SLSIY |
BULAIRA DU ST AL UIYM JRNDED 0 YNDLIP ST NG “JURISU0d s adud 0jRwoy 33 uaya
apno(ed o) &sed stgoad pead sy g saoud duneoy pue <O oy e Hd pue Id dlaym

@) ' 0d-Cr-"D"d-'$°d-A g s?d = pnny

(1) uonauny Ajeuad Yy AQ paseaIp 7 dUL e SIS0 ) pur
SONUAAIE AP BN DU P gy spenba (praeyp Jpw aoud iy oy st ()dd 213y

() Grmyid = Crdnxe

Sy swiy peury sy e sanuaadr oy siuasardax/y () pue awn jeuy

Y S awy i Ay sE 97 YRas OU) P PUE S[OLIOD S} 1 USRS AY) 2R X Syl u]

i

n
~

o
wap [ rdnne

4

anp

ISTUOLIILD 3y} JO Wwiioy [RI3U33 34 pasn (O pur
sed Jo Junowe Yy pue 2oud Ty, ayy "aoud sed oyl AY paunuIdIP e pue $1509 ISeSop
20D 3Y) pur 51500 BunrIY I JO ISISUOD $1S0D Y] AW 1saatey 1e 20ud ay) pue 1dnpoid
ay) Jo Aufenb ayy pue pIatA Y1 £ pouiIdIP UL SINUIAJL I, "SISO3 PUE $INUIAAI
U33mI3G 22U2134J1p dyi se paulysp st yyoud [ruonelado ayy yjord peuonesado ay
asiunxeW 0 sjuem 12048 Yy jeyr swnsse as sadud sty up 19m013 a1 £q 138 seod Ay
153 SOYSHES JRL) [OHUOD 3y ST PAULJIP 3G ABW (0O 3R] 3sn0yudid jewndgy

UOLIIL) ¢ 7
“ONRIJWES SIY) Y PIYLIISIP 3G ULD SIABD] A Jo Fuiydrd oy ) patunsse 1

apue Ty 7444 Jo uondung v st pue sunig 3y jo Furyaid oy syuasardar £ onrs raowoal
WY OYL "YIN0IT 2ANRIFIA [RIV} PUR YIMOIT IS UIIMIIG ORI Y} § S1 WXL

p
(on Ma-T4@Q-D-"Dgs = 5 -
MP
P
(6) M4-g@ D09 = ;-
mp

‘poonpoad

aq [im syngy atow Yy 8193 ¥ g soyRg oy g 7 74 wydam ungy pue yRom jed)
Joones ay £q paruasardar st yarym doso oy Jo aders pranawdojaasp oy pue amesadwiay
[0IOR 241 AQ PautWIdop Ajuew A4 /A ones Yiamodd aane)adaa ymosd iy oy,

S 2] s

PO
! P

() e = T
1

ragor axesadway v se se Sz o0 s passaidxa oq os[e ued sy |

..\.n £q pawapas Aped aie 510943 ameradutd) wd)-3uo] A1) g sjenba pur
SAT|IWISSE JO ANIGR[ICAR 34} AQ PIWULIAP OS[R SLIAMOIE 1y emde ayf S4q 14dom
oy pue 37 ameradw) dsnoyuaaid [emow oyl Lz sisoyue a5us anmuiadwa adeiaan
a1 Ay pouttap st A yaods inty enuaod g JURISUOD (RS B a4 219ym

(L) A-g

onet Fukidwd 1a5nq ay)
Aq pawn3ai st uonisuedy siy L aadsol {1y sing pue saaea) ‘wars Y adwa s 13png g
uaym Ing “aajyng Aty sasn uonendsar agy £idwa 1ou st aagng g uoyAy “uoneidsar was
pue Ty uoneadsar jeap Ay uoneadsor pnag ay jo ums ay) 81y uoneadsal oy oy,



oy

»5 [ v 9 ot

W

¥ ampisdws) sdig

1
A
1

i
[
!
[
v

1 fewindy

St

ajew) asnoyuasic)

‘Y661 1T AeW ydnony) 6]
ARy 40} W) ISNOYUIAUS paansedur pue sonuod ewndo pandwod 1ayram paInseopw 7

aundig

S|OIUOT) PUB 13YIEIM

o »s 14 2r € at » g
[T
i _ abesop 200
g
ws s 114 o 9t oe 14 8
f N __§i
Buiado MUPUIA —
. ve ras
vy s By 2 ot o€ 129 L[
Buuado
I QAA Buileaty
vy s Lid 2r

9¢ [ 13 9

rime o im—e———

PP

001

s

13([0Nu0d [rUONUIAU0 A1) pue ewndo ay jo sFumIS | Mge,

widd (xp)1 R
% 06 ¥ xew
L sY ¥y unu

% 0% Kep Yy
% SL Wy ¥y
Do 52 Do T Kep ?7 xew
Je 5T w3’z xew
Je LI Aep g unw
Do st Do LI Wi’y ww
10010
OJ0OHYA [RUONUIAUO )

ON{RA WNWIXRW PUR WLUNWILIL 1() UIIMIAG N[es Sue
aaey ued dFesop TO.) Y1 pue 3utuado moptim ayl st [[aa se Zutuado dafea Suneay oy
WYILOB[ER (01U [RUONUIAUGD & Ay PIOIU0D ST UOHIIS 13410 o) “(parjdde sea jonuod
[EUOHUIAU0D SPOLIad 2831 BULINp ISUOSBAL [EIIUYDID) J0j SUoLdNLIdIUL [BIDAIS Ylim)
WYLOZ|e-JOHY Y1 A4 PIj{onuod 1 3asnoyuadss ay) Jo uondas auQ) -aseyd aananpordas
1131 Ut 213M S301RWOI Y ¢ a3y w parudsasdar pouad ayy Suung -osnoyuaals awes
Y} JO SUOIIIS VM) UL TApSnoauRy WY Um0 a1 siuepd otewoy uawadxa sy ug

uondudsaq j¢

3 Py Awianpig Ty

“adpapmouy sayieam 1>ap1ad tond e Suisn wnwndo ranagiod Ay
Y MO3Y 2G| + AJUO SBA UOHRINWIS Ul PAUIRIQO UOLIIID dduewtofidd ayl 2onnag
30, “dwiny r3r ut pawowdiduir ag ued 1 e Suadosd passap agy sey wiodp- D0
3y os “dow-awn [0NUOd Yy uky) SSI| St AW uonendwod Y1 A uozioy
vonesnundo 110Ys A[anear ayy o) syueyp ¥z e aagieam oyi 0) jenba pur juvisuod
3¢ 0} pawnsse s1opoygleom oY) N e ¥y pouad ayi Suunp eyl sueawe suonsipard

nyrEam  urw Az, 9y L (seet (12 de]) suondpard sayiean  uvw Azep, oY) yia
PAUQUIOD INOY U0 Ju UOZIIOY UoneSIUNdO Uk Yl PIUIRIQU IR SIS 1824 Y DHOHY
3uisn pue suonesiUNdo W) LOYS 0] "3IMId] JO ISED A} UL IBY) MOYS SUOnTRUIG
“A3Im| passnasIp aq [jim uoildunsse
s1y1 Jo saduanbasuod oy canfea diwouosd quasaxdar spnay ayy Kjuo ey Junnsse
pue [spowr dosd 3y) pur AW ISNOYUIAUF 1SE) Y} 1oy FUISH "SANUIL ()9 JO MOpULM
awin Futaow ¥ 13A0 pountogdd sk uonesiundo at ) uoseas SUtMoId djoym a1 130
votdnpold doad Fundayuemnd jo woajgord ayy patoust davy am “panuwls Juowiadxd gy
AW Y1 IR JJYRHIRAR 1A JOU sea [apout ojewiol depnanaed sy toy wapgod wiay Suop ayy
10} uonnjos ayl sy prwndo jou st way Suop ayl uo pue pasjueaend jou st uononpoid
aming ay1 Aem sty ul ang Cdpgissod SeoSaARd] M) se pur sy Auvw se aonpoid
o1 fewndo 3q ued )1 ULd) WOYS AY) UQ) UOsEIS Futmold ay jnoydnoay posjurieni
2¢ s tononpord ORWoy Y TuoskIs Jutnodd doym v 1o} jold wawxew 198 o)
(Po6] UUIE una) wdjqoadgns
1se) 3y 105 ndut ue se pasn dq ued *Lpuapudadapul paajos g uLd YOIYM ‘wIqosdgns
MO[S Yl Jo uonnjos oy | wdjgordgns wiid) poys isey v pue waggosdyns widy 3uoj



LYT

Spquitudtwafdiur ospe st HOHY swoqosd daoge o) Jo Futafos 121 eyl st uoyedadxa
dULL Caqiseay A[fudtuydr s1OHY Ity Moys asnoyuaald 23l ¢ ul [949] jeuonesado ue
1 jonuod erndo Oy susn uawadxd sy (33pomouy o 0)) S1y) Jo Snsaa oy |

‘uonenuis Jussn padxa juepd e g Appanoeidut
JUOP 3y ULd Sy, motaeyag ued o) jo s1dadse pajjapowun ay) apuey
Lpadoad £Loyr Yy os suondung Kjjeuad Ay JUILLIANIP V) UIYE) 3G P|NOYS 1B
UIAIZIA JEUHUON SUISD uonesIudo [UOSEDS "Uid) SUO| WOy PIALIIP 2g 0] oS
epd Or 0] dN[RA JRIEEW 2 DAY PIIOYS [ONU0D UWLI) JoYs [uondunj [eos e
‘paudwafdur 3q pinoys
WILIOT R HONEAGIED DUL-UO U IDJRT] "dU[- JJO JUOP d4 PINoys siy) 184ty 1y [dpout
doud pur asnoyuaais oy sundepe Atessadou ji pue Suneprea ‘Juneagred spopour e
‘uote1ado mopuim uo 1500 fews e nd o) s1amd sjyissod v o Alessadau jou
st Sjqeqond pue spquasapun st saoputa oy o 3unaims prdes oy tuonestumd) e

(JONUOD [RIISSRID UL SE) PIPIDU ST 2anjie) 10suds Isuede Jutpiensajes [eoluydd) e

(POAJOSAL 3¢ 0} Padu Y31 0) dwed
W SN PP SULmojjo) ] sijodd djqriopisuod 3utig o) paidadxa si [0NU0d JO Wivj
sty paruawdpdun Apadoad ji sonuoaas agy pue sisod oy dn sy 1 justwow K133 108}
U] SOIURUADP ISNOYUIALS J) PUR LAYIRIN [aR o) Ay paidyjo santunpoddo sy spoydxs
pawduddwir st O] our g stpadse Funsasopt o [ondos euingdo jo sanmoagjip
JO BQUINL 2 PUR SAHEI| SULSIIOMUL JO 104Ut & moys 2y pojudsdtd s)nsat ay),

"UOSEAS TULMOIT JY) 1NOY3NOLYE SHONULUOD
9q o1 uonanpord 1nuy oy1 153dx3 3m poyidw s1y) Ag “Uoseas Furmoid oy ut sAep Ju3LdIp
101 191p Ajquqoad jiim pue Lep oyl asao peands (i £jqeqord puetiap jeay ayp 0§ sajes
doud e ng s oy KfHo Jou SaNRA Yolyay UOHDUNY UOLIDILLD WYY LIOYS © ST [Nsdl 3y ],
(P61 UL URA 61 ]°¢ "ha) uonduny uoLNd uLYy oys ay1 idepe o} uonnjos s Fuisn
Apuanbasqns pue woseds a41ud ) 10j wajgordygns mos oy Futajos 1sity Ky poajosas
3¢ ued uneay oyl Funddund swagosd pauonuAL-IA0ge Y} JO AWOS Ajqrqotd

‘wapgodd ay) jo ued 1sopeaid oYy aa(os [1m Ajgewinsasd popow
oy Jo woneaqrea 1adoid e os spansur Fuiydims ssof Y g adoeieyd Sueg-sury e pey
0S| SJOAIUOD Y} uone nuLs Ul udly() "dord ORI} O} 10§ JYEASIPUN 3 0] PAIIPISUOD
SEYAgm sraydsoune Juanaging & asned suonemongy isey 3y st p Juiwado mopuim
ay) 1oy Leadss pue uomisod aajea Fuiieay i 10) iy wapgotd ou st sy oHuod
T().) 1 10.] 1O} R WO PUE LadRIeYD Fuey-duey v aaky sjoijuod panduiod oy,

“10)J9 SHY) 10} N0 Jou
0P DO Y1 10§ PISH S]IPOW M f. " M0p A[aanejad ([us st ameaaduwd) jinag oy dpiym sasu
ASNOYUIALE YY) OPISUE AJPILITY AINJOSYL DL} PUL JULLS O SLIEES UNS I} udym ndoo 3w
SIYL SIS OY) UO UOHESUIPUOD 1dAId 01 5apI1o t amjeaaduid) Jinuy o) asied 0) sjuesm
11 9SNEDOY FULLDL ST IJ[UIIUOD [RUOHUIAUOD [ SIUO [EUOLUIAUOD JY) UBY) JIMO[
e aaneaadwdy odid pur dsnoquaaad ppumdo Y1 Ty 9g>IWNL(y puE Y ¢ ¢>U>67)
AR PHL PUE PUODIS DH) JO LIR]S A1 IR PUe Jy3iu puodds pue jsity d4) Jo pud ay 1y
)L s Poadxa 01 Ty sasnud sty Twy/a 00s INOYeE Jo
uoHRIpEL [RQO[3 © purR Xnjj uoneuaa pauw oyl yiim 1041ago] suneay oyl uo Juiuin
Aq paseatour st ¥+ 2 gy aonpas 0y 1apao uy R gy Y3y e sasned Os[e X0jj UOHER[HUIA
panwiy oy I, widd ()7 SpIdIXd UOHENUIDUI-TO),) Y s *(O) Suisup Ly stsayiuAsoioyd
RIS 0) XN{J UOHR[IUIA PANLLL} pue uoneipel snodueinuis jo Apunpoddo siyy sazias
DOHY “X0iJ vonenuda ay spui] 3uriado Mopuim pasnpal oy 13[joJIUOd [RUOHUIAUCD
3Y) IDUdNYFUL JUSIOP SH]) 4oL et Judpuddopur ue Sasn 13JoLjU0d [RUOLIUIAU0D Y}
DUIS 2461 01 padMpar st Butuado mopuim WNWIXEW oy} 0s “d§elsiw AQ ules sajesipu
pue Fuoam s30T HOFY 2 AQ pasn adjow utes ay) Ing AIp st Aep payy oY) Sunngg

“JE3Y 01 UOSPIL OU S1 210}
0§ "UOLIDIID Y UI STUDWIAOW MOPUIA 0 PIIDAUUOD SISOD O AT UAYY ddULS “SHpruny
jonuod 0y Aem pauagaad ay styoiya “Sutuado moputa ayy 3unendiewr Aq sy
SIuryiay 1day oq ued R gy pue | 19M0] I 120 S1T L ) = g (Y 95>aun>(t pur
4 ze>own>g ) pouad Avp ayy o wers ag) pue pouad 1ysta ay tpouad Lep oy jo pud ay
Fuun(] sauepunog s unitw ¥y ,T.i 01 (¢) pue sauepunog si ugna ¥ daay o (2)
SIAR[UUISNE JO UOLNGLISIP 2Y) LIS O (|} 1EIY O) SUONRL 9214} 1t 12Y) 100 U
0=
d pue = g uaym Aep a1 jo pud oy e suaddey sy pjo pawsng st Suneay ay pue o
Aue IMoI3 1nag eNxXd a1 Jo 1josd ) 20URRGIUNOD LUOP SIS0D FUNRAY A UM SPUd
3[0Ad sty L, “urede sums 21245 djoyam g pue Yy 001 sAw0dq A fr udy puy Caej 0oy
OS2 ING "PISO[D UL SMOPUIM ) UIRTE A7 381 O [ UONTHUDA AN} YT SIWLLUNSILIPUN
[opouwt wonenuaa ayl asneday suaddey sy Lyewnsarg caey oo pauado aw
SMOPULAM Y1 1LY APRIIUOI IM PUE saBfRA AlEPUnoy sit mojaq ey doap Anpruny dane|ad
pur 2amraadwidl 341 104 Y 3ds aw udy [ syl waadrd o) pauado g [pim smopua
3y sanjea Arepunog sit uiyia ¥ gy o) dasy 010§ "ast 0y R gy sasned 1 sajenwnaoe
Jnodea 3y) pue Pasod AU SMOPULN Y] UAYM WD WS AT C0s “uoneadsurd
ayy saseaidur T ur asearour ur “pury 13410 3Y) u() "AUMILIadwa) Ay puR HONRIUIILOD
amodea Yy jo vonaung e st Supruny aane[a1 ayy durs A gy S19mo| Syl IsHp Y
“dp Juisier £q auop og [ gorym F g sasis YOHY Sjoad rawodd nnay ay) vy ssap o
$1502 BUNRAY DY) UYM PUR (()<¢ €= <) J[QUIIRAR SIIRHUISSE I JAIY) UYMW 0 “(y |
'b3) sin1y o1rWOo) Y1 Jo SONUAIL Y1 pur $150d Buntiado JY) UIIMIAY DU P N3 Nt
UONOUN UOLIAILID Sy " F¥p7 [RUOIUIAUOD BY) URL{) SIOW YDNUL S2ARNION|) PUE 10M0] St 1A gy
Anpruny daneal apisui ewndo ay) seataym “Suenidngy g eaba sowpe st Yy pumdo
YN NSAL B sy CAp3uodls saenangy pue 1aysiy st jewndo ay pue soysiy st ¢y ewndo
A (Y Op>IUWN>Ey puR Y (O 7>0UiN>G | ) AR PUOIAS PUR ISIE] dYI JO PUd Y v 1sOuy
(f = HIDA) SUIRT )W o1 |PAI PUE (9 = £)) WU Y A[puodds
(9 < 9) Aep 3y Apsit) paARTNSIAUL 24 [ja spotidd W) 24y1 TUOISSIOSIP FULMOj9)
Y U] C[OHUOD [RUOHUIAUGY pur [ewndo Ayl UIMIAG SIDUIGIP Y1 UO SNOOJ [{In
am Ing “aw-ed fjuo paresado sey jonuod [ewndo ay se tsanjea uowadjud ayy asedwod
10U [fta am danerd asnoyuaald ayi ur HOHY Jo Snprgeiuawagdut oy AeFNsoAut 0
VLD | [RUONUIAUOD,, 2L} Juasadar saun
PHOS 31 seAIdYM e | [rwndo, oY) udsaidar sautp paysep ayp SapgrLea drid
3SNOYUIAIF 31 MOYs 17 Y3nody) Jg sandty A[jeul] SO[QRLIZA JOIUOD Y} PALIPISUOD
3G uRd AJ) (SMUI 7 oy jo dwn-osuodsds v oaavy Yu pue Mg gioq) sonueasp
152) Apdaneaedwod aary AU} sNEIIY INY “SIYBLIZA [01IU0D (£31 dY) Jou e kp puw *u

44 10e) Ul sjonuod jeurndo panduiod ay) moys 27 ysnolyy 37 andig x,6 1 01 poitu
SI3UIUado MOPUIM WINRLINEW ) "(] = 104} SUIRL JL UDYAY (MOPUIA DPIS PIRMPULN
3Y) 10J 2,00T-001 "MOPUIA IPIS I3} A 10J K001-0) %00 St Sutuado moptim wnuxew
Y} (g = UL UIEL JOU S0P 31 USYAY 10U 1O SUIRL J1 13U1aYay S3JedIput ¢ g 31 dewnyd
3SNOYUIIT A1 UodN SDUINPJUT IAYIRAM UIRWE AL ST YIYM £) UOHRIPRL [EQOIT Ayl Smoys
U7 3Ly O0L1 1T AR YBNOIYl (K):S| 6] AR O SJUSUIINSEIW dBWI[D asnoyuadis
oY) pue sponuod jewnido pamduios 3yl SJUAWANSEAW 1OfIeIM dY) SIALE T ANBIY

SHNSOY Ty

19861
SIMYT]) poyiawt Judipesd 1apao isiry e Sursn dpddund wmwxew s wdelnuod uo pasey
S S{ONLOD A} JO uoEINdWwod Y] "§aam B 2dU0 JUOP e sjuduidinseawrdold pur dnunu
K194 pasnsedtu a1 2] IpIsul pue IpIsINo Y sanuitt gy st vozuoy uotiestundo
Ay} pue dnuiw duo st oauod jrwndo o jo da)s auny Y jHo pauin sem [ ONu0d
[BUOLIUSAUOD DY) JO dBRSOP-CO) Yl ¢ 3Bty ul paqudsap ueds awy ay) sunngg



9661 SHST 9uy "MOH ey
Junoy 4 Seq M opg

ddy 0 y

001 3t PROJ-1J0 01 138 SEIOINWNE Jsat) oY) pue dwind a1 UG aa A Ja1jas dinssaid ay]
“sadwep uonusind v se pasn st ane] Ay opiym pannbar uaym pings jo aeimoyy ydiy ¢ sapiaosd
AULIOT Y "IAIRAVALS dY) PuoLaq isal out wInioL Y s pur 3ajrA0AIdS Y} 310)3q Isnf
autp amssaxd oyp ut pasejd e | | JO U0 B YIA LD SIORNWNIDIN PIPROJ-UITOINIU OM ],
W/SN Ot 01 (enha 13y Jud1n1}200
UOLIDLE SNOISEA PAIVLISI UE PUE ZUWD (" JO RIIE 1IU £ WD (3] J0 IYOL)s U STy Yorym J01en)oe
JEIUL POL-IQROP FUTDE-JGROP 1 YIEN PAIIULOD st 1] ey g7 Jo doip sanssand dajea e e
wayy ¢ jo Sune euiwou e pue spod aeaury yie (paddepapun §jesimawnuds ) ad£) anusd uado
i JO ST IA[BAOAILS AEM-INOJ AL (6861 "UONEAY) (UL (] > ) Moys Kjqruoseal st q13ud| uay)
asneaaq K103y 12 pmpy padwing gy yim pafjapowr e sasoy pur saup dtueipAy g
DU UL 3 0) afeed pue pud padwid oyr Wty we | e weay oY) pue Appesd Ay
O1 PAYIRNE DAIRAOALIS YL J0PULAD S neapAy [eanuapt puodas e Aq pajenuape e d[peid ayy
JO SUONRIDNIII [utpIESuo] Ag PIINPul "wWedq A JO SUOLRILIVJIP JHSRID [RIUOZIO}] “S/pel
T'9S PUE S/PRIT°6 2INSTI WL U} Jo SADUINDAIY [RINIRU [RIUOLLIOY 1SIM0] 0] 34 ], Wil
09 Aq war o7 pur w9y < g dsor a1 wWeag ay) Jo SUOHIIN §501D IPISING PUE apisil
YL () 2TH) N |PACALIN I JIPULAD HMZIPAY [BUOHEISULL & Ky WL [RIIIUL RIGOLLOY
BUOLE UDALIP ST YDA J[PIID & 01UO PadUiie]d st U] 1)U 100} Jo R MOJOL J3PUdJS Y

RS o Gondssa 7

‘sanbiuyda) voneouny gedosdde

YIS TWRISAS DHNRIPAY A1 Jo SoRuRUAP 3Y) $awi0dIodun Y1 T[apow UoHER(EAd pajIRIap

U WOLJ PIALIIP 3 ISNUE SJapoll N3y ], spapowt udisop djqenns JutAojdwa £ dsueuiopad

YBIY pue AUjIgms 1sngod gim s19fonuod dofaaap or agissod [{ns st ey pojeasuowap

Aq {1 1] SwasAs yaugpad) sympy-0a122[3 15ty o Kiquis isngod ay) pue adurwiopad

PO YT A 1231 Ju (1IPUIELD PUE SIOIEMUNIIE “SIA[EA “SIUL| HNEIPAY) SINAP d1nesphy
YL MOy CSpPpow [EdRagew pajiap ydnony) moys o1 sioaaded sigy o aandalyo ayp

“WdY) Bu1)josued

JO puIISUL WG YL JO SIPOUW JYINI} HIXI PINod WSSy dnephy oy Jo sonueukp

PAIIIFIU Y} PUNOY SEM L WRIY IIPUI|S UR UO SUOLIRULIGIIP JGIXI[| 1EAUINE 0] 2jqe
3G 1SDW YOI Ts1oesuados dHneIp&y-on3[o 15y it siuowitadxa Stoeioge) 3uung

uoTPnponu[ |

“(JAPULAD DINRIPAY PUR SIO RN *SIAJBA *s2UI] dneIpAy) waishs

NEIPAY N2AWOD 3y} PUr WEdq dY) JO SHUBUAD ) JURVIIE VUL SINT) YILYM 1}[OIIUOD )5 1)
AL JO IR O} IOLIIJUL K[BUOAS STUIIPULAD PUR DA[ZAOAIIS ‘WIRIY Y} JO

sotnusp oy £uo sapriodiodus argm 121[04u0d puodds ayi jo aduewofad

PAUBISIP UL UILIY LIPUD]S B JO SUOIRUWLIOJIP

QNI JEIIOZLIOY JENUDIE IS LA SI0Rsuddwod 1neIpy-011531a JUdJIp om],

13ensqy

WIIB|IE “UIANIT [(H)Y "T6H URRIDIIN [eRuIpIey
SAUBOUO ] puk Fuuaawdus[-o1dy jo uatnaedac uoana iy y
1ayarwpdey (| f ‘uowey ‘H

IAHLLSAS MOVHAddAd V 10 ALVTIIVLS ANV AONVINIOAYH
JHL NO  SUDIIAAA DFINVAAAH-OYLIA T A0 LODHA4d AL

"L9Y- 19 “(JONUOI ST PUR JLIWID ISNOYUIAIL)Y) p/ | DRMHNDNIO[] RIOY
ONUOI AW ISNOYUIAE UF UONRIRWIS put SUIpOy (Re 1) [TV 21e) ud yuip:
dd 2T "y-76 Hodas-Sy N so1sAyg pur FundauBuy fraynoudy jo dagg
‘Assaatug) pamnoudy uddutudde zy dewd asnoyuaaud 341 o jonuod [pumdo
SMWRUAP W) LOYS (T661) 1) "UARNS UBA ") "TqUIdtjjip uBA Cy URIyIIIUTYD ]
tonatpasd 10y IaM uRWE AZR| i) U0 Pasiy ARWIHD 3SNOYUIIS JO [0Nuod [pundo
uoziioy 3uIpasay (se6l teadde o) uaeng uva "0 *Sinquadiipg uea O vy tdeg
FOR-PLE TSE [ONUOD DNRWOINE U0 SUONIBSURE 45
SWISAS IRAUHUOU Jo [OHU0D BOZLIOY BUIPaday (0661) H BYSIRYON “IN°D "dudely
NIOA MIN TIDUSISIANUL-AdI A TJonuo)) fewundo (961) T4
SIMY] Cudsuuagep aluf) duZy uoduiudsde gy sssig ryoeordde aanviuenb v owwo
asnoysse(d ut uonaguistp sonew Ap pue Juawdoaad(] (+a61) P NV CBuiuoy
uaduuade Ay atup} DUy UIBWUIBRAY SSI(]
“yoroidde jonuod rwmndo ue udusSeurun AW SNOYUIAL) “(F66]) URA 1] uMuay
1SE-SYy 'S8 "Yydarasdy Sundauiusy
[mnousy jo [pumnop utunaeidosd sesurp £q paajos wajqold jonuod asnoyuans
RWwndo Jeaul-uou v (g ) 1AEIS ] YIIAOSOL | CRRGPUE] CO'd TO'd urunnn

ERRITRIRTRM|

‘wiypode HOHY

Y jo uotsiaa pardepe ue yua Juawiiadxs ayr jo vonnador v jo suvdw AQ uone1dadxad
SIYL AJLI2A (1A YOURISAE 21N AL Jo jutod diwouodd ue wody pue dodd e wod)



