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1. Introduction

Pisheries management involves a synthesis of many factors bio-
logical, economic and sociological. The biological and economic
components can be integrated to obtain a bio-economic model of a
fishery  Gates and Norton, 1973, 1974!. Typically, such a model
is mat.hematical, consi.sting of a set of equations which describes
relevant biological and economic relationships and a set of be-
havioral and institutional assumptions. Included in the latter,
for example, are the assumptions that in an unregulated fishery,
fishing effort continues to increase as long as any profit exists,
and that certain institutional controls exist or do not exist and
affect entry.

A mathematical model is most useful if it can efficiently in-
dicate ordinal directions of change and/or cardinal estimates of
the magnitude of changes associated with pertubations of para-
meters. In simple systems this may be done by the comparative
statics method using differential calculus. An alternative and
move flexible approach is simulation using the digital computer.
RECON 4 is a computer program developed to analyze and evaluate
bio-economic aspects of a fishery; it is an updated version of
program COST used by Gates and Norton �973! . Like COST, this pro-
gram is a steady-state simulator of variables of biologic and
economic interest. The pvimary difference between the two is that
subroutine PPLOT has been added to COST which permits plotting
any variables of interest. Up to nine variables may be plotted
against a base variable in a given chart, and any number of charts
may be requested by reading additional plot cards.

2. Ob'ectives of RECON

The ob3ectives of RECON 4 are:

1, To calculate physical yields, prices, revenues, costs and
profits, fish size, product yield and imports in a fishery for any
desired range of fishing effort and/or mesh size regulation.

2. To identify four positions of interest:  a! aggregate do-
mestic profits are a maximum;  b! price and marginal cost are
equal, the Pareto efficient or socially optimum position, which is
also referred to as one of maximum economic efficiercy, or simply
MEE;  c! sustainable  physical! yield is at a maximum  MSY!, and
 d! price and average cost are equal  the free entry position!.

By appropriate variation cf biological and economic para-
meters it is possible to explore the sensitivity of results and
conclusions to policy changes, estimation errors or secular trends
of interest, such as secular demand shifts or policy induced changes
in the foreign/domestic shares ratio.



3. Subroutines Involved l"in!in t&N Name '1 crt Svr tal Descriirtion
RECON 4 COmpriSeS a MAIN prOgram and four SubrOutineS, BLK

DATA, FUNC, MINMAX and PPLOT. MAIN program calculates 300 values
for each of 23 variables such as domestic landings, price, fish
size, profits, etc. Each of the 300 values for each variable is
associated with a different level of fishing effort which may be
varied over any desired range by appropriate specificatian of NO
and DELTA  see list of variables, parameters and symbols in part
4 of this description!.

N number of domestic vessels

minin,unr rurnber of vessels
of interest

LMAX  J! maximum catch capability
of a vessel of class j

L.max
3

marginal cost

K J! k.
3 annus 1 fixed cost o f.

vessel of class

LGl, IM lower bound an p used ta
find fislring mortality
 FO! with one vessel by
ar iterative algorithm

MAIN alSO uaes subrautine MINMAX tO identify the faur pOSi-
tions of interest described in part 2. These four positions cor.-
respond with the following conditions:  a! PRNREV is a maximum
 maximum profits!;  b! absolute value of {V-MC! is a minimum
 price equals marginal cast!;  c! YD is a maximum  maximum sustain-
able domestic yield!, and  d! absolute value of  V-AC! is a mini-
murn  price equals average cost!.

UPL Il'l upper bound camplement
af LGLIM

nunrber of models to be run

Subroutine BLK DATA contains alphanumeric labels which may be
called from COMMON by either MAIN or subroutine PPLOT.

I Puris H parameter controlling punch-
ing or printing of output

IALData plots can be produced by setting IPLOT equal to the nurn-
ber of plot cards to be read. If IPLOT is positive, subroutine
PPLOT iS uSed and a SequenCe Of plOt CardS iS read which deS-
cribes the locations of variables to be plotted.

parameter controllinc the
calculation of actual
catch by vessel class

Il rNrmr parameter controlling the
partial s 'ppression of
printing

4. Variables and Parameters
ALABEL an aIphanumeric label card;

used to describe a model
T~tS I 1 D~CPGRTRAN Name

DELTA integer variatian used to
increment domestic fleet
size  R!

WINF maximum fish size

catabolic coefficient x 3

fishable life

age at zero weight

age at entry

age at exploitation

ZK
THETA proportion of tirre devoted

to fishing the species in
question

LAMBDA

TO
o ratio of foreign/domestic

catchTRO

GG GG proportion of foreign catch
imported

TRHOP

recruitment at age t

natural mortality coefficient
D J! d.

b.

days fished by vesse1 class
NAMG R

B J! proportion of fleet of the
jth vessel class

*Gates and Norton �974!

MAIN draws upon subroutine EUNC to evaluate a Beverton and
Hold �957! yield function at alternate levels of fishing mortality
associated with varying fishing effort.



FORTPMN Name D~t'T~tt,h tFORTRAN NameT~hl

C J! Ync .

FP . YDN

WB
PNE

Yd domesti e catchYD

PMS
importsYNP

F.R ROB YCONS

w~ nWGT

YCN

YLD

YPROD
YT

P J! q.
AC AC

FC

DELYD

TC

FP  d!

COBB�!.

vari able costs per day
fished

relative fishing power

demand intercept

human population in the
market demand region

prise-quantity flexibility
coefficient

price-processinc yield
flexibi!ity coefficient

toleraner limit in iter'ative
algorithm mentioned in con-
nection with UPLIMT LOLI�

f ishi ng morta! i ty co sf f i-
cient with a fleet of onc
vesse:'

the. steady state yield
equation  Equation 2.D.4,
Appendix 2 in Gates and
Norton, 1974!

total catch in pounds,
domestic plus foreign c tch

percent annual fishing
mortality, jth vessel class

total instantaneous fishing
mortality coefficient

weighted average of fixed
costs of vessels for the
domestic fleet

weighted average. of annual
variable costs for the
domestic f]eet

total costs of the. domestic
fleet

P RN RZV

PNRZVV

total catch in numbers
of fish

number of fish cauoht.
by the dome,tic fleet

biomass of. the exploited
phase

actual or realised catch
per vessel by vessel class

domestic catch and imports
in pounds of product
equivalents  fillets!

mean weight per fish

domestic consumption in
numbers of fish

processing yield in pounds
of fillets per fish processed

domestic consumption in
pounds of product equivalents

ex-vessel price

avorage harvest cost per
pound captured, for t!.e
domestic flc.et

total profits, domestic lect

profits per vessel, domestic
fleet

yield increment associated
with a variation, e, in
number of vessels



5. Out ut 0 tions AvailableD~escri tionText Svmho!FORTRAN Name

cost i nci ccrc..t assoc i .t e�
vrltdl a v lr r  rtr on   '   irr
nnmber of ressc1s

Output rsay be either printed  if Ip!3NCH 0! or punched and
printed  if IPUNCH = 1!. Output may consist solely of a summary of
the four positions of interest  if IMNMAX = 0! or it may also in-
clude  if IMNMAX = I! all values of all variables over the range in
fleet size from the beginning number of vessels  NO! to the termi-
nal number of vessels  NO � 1 + 300 x DELTA!. Since N is an integer
variable, it would be a coincidence for profits to ever be exactly
zero since profits at N vessels may be "slightly positive" and with
N + c vessels profits may be "slightly negative."*

ATcDELC

vector o' alp!rarru' ci: c
label u c" t o id<nti fy
vari,rbles prirted nnd
p!otte3 by subrou ine P. -OT

VARS

Nl
N2

Output may also be plotted IPLOT specifies the number of
charts desired  i.e., plot cards to be read!, each of which may
possess up to nine cross variables plotted against a base variable
 see subsequent ir.structions regarding plot cards!. It should be
~oted that MC I! is discontinuous in the neighborhood of MSY land-
ings. Hence, for plotting purposes the following I'ule is used to
confine the plotting scale: if marginal cost does not lie in the
interval 0<MC I!<0.40, then the value plotted will be 0.40. Thus
a plot containing marginal cost will usually include several data
points along a 0.40 line. These points should be ignored since
they may be fictitious.

an N element v  ctc" of un-
t<g<re de inr r.  the 'cca' 'on
of 1 h<' variableS rc bc.
plotted by thc curr<rrt plot
card. 2'!1<3.0.

option cont ol for listing,
punching of <!ata heine r.lot t
 i.e., a subset of thu cur!1<r' <
set o dat.a gon<.rated by 31rrls!

IOVT

A typical job input must include cards in the order sf owrr
below:IOVT=-01 no data printed or

punched
IOUT.=1; data print.ed
ZOUT=2; data punched and

prirrt.cd

Cards 1 � 3

Card 4
Sys! em Cont o3 cu d �ob c un' ol 1m<!r are!
POIL<tAT �1 1! Outpu  options

card
columns

domestic fleet sizeNZ !
N ! Par arne tr. r Values Interpreter.ion

1-3 NRVNmaximum fishable ageTLAMDA

4-6 IPV¹!!

7-9 IAL

10-1 2

*The sequence of fleet size NO, NO + DELTA, ..., NO + 299
DELTA are stored in the vector NI I!.

RAIN ge..crates 300 v-lue
for each of 23 variubl<*.s.
Ea<lr variable is stored es
a 300 e'<.r cnt vector of
form X i!; 1=1, 2, ..., 300.
To plot n re1cvant ran ;e of
data N3 nrvi 1!2 are re-d and
the data a e plot' -.. over
the int.erval El~i N2

6. Descri tion of In ut Data Deck

001
000

�01»
�00!
001

  000!
001

on3.y one model submit te�
.prirrted cu-put
punched nn« printed output.

 fleet avc" ge cate!res lis � e«
li t»nc of catch }.;y v<nser c'.
su!L-. 'rr! soluiicn, four

 positions oirly
listing of all va3ues



FORi!AT   40K 2 !Card 5 41-50

51-60

B �!

B �!

Card 9
Card 6

card
columns

card
columns ParameterParameter

C �!

C�!DELTA

C�!

C�!Proportion time fishing
species under analysis

THETA

C �!
41-50 Foreign/domestic shares

ratio C�!

51-60 GG
card 10

card
column.:

61-70 LI' AX  J!
Parameter

Card K �!

K�!cord
columns P aramctr r

I�!
D�!

K �!
D�!

K�!
D�!

K �!
D�!

Card 11
D �!

card
colurmnsD �!51-60 Parameter

FP !!Card 8

FP �!card
colt  ianis Parametr"

FP �!

FP �!
B�!

FP �!
B �!

FP �!
B�!

1-10

11-20

21- 30

31- 40

1-! 0

11-20

21-30

3!-40

Bp

1-10

11-20

21-30

31-40

Label card t:o describ" r«odel; any alphanumeric
inforrration

FOR ~!AT �FIP. 0, E10. 0, 3F10. 0   Elp. 0!

Interpretation

Initial fleet size

Increment in fleet size

Recruitment at age t
P

Proportion of foreign catch
imported

Maximum catch cgpacity of a
vs~eel of the j class

FOF24AT �F. 10. 0! Days f 1 hed by vossel class

FO rl AT �F10,0! Proportion of vessels by vessel class

1-10

11-20

21-30

31-40

41-50

51-60

1 -l. 0

11-20

21 � 30

31-40

41-50

51-60

1-10

11-20

?1-30

31-40

41 Bp

51-60

FOPv AT �F10.0! Variable costs per day fished by
vessel class

I'Okpghi �-'10, 0! Fixe n costs -= r: y  ar by vcss 1 cia s

FOR!!AT �F10.0! Relet ive fiahing por er by VeSSel claze
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Card 12

card
columns Znterpretation card

columns Parameter
Par arne ter

Values Results1-10 maximum weight per fish of
the species in question

WZNF

lowest number of vessels
of in'terest is
NZ N1!=NO-I+NlxDKLTA

1-3 Nl

ZK

highest. number of
vessels of interest is
NI  N2! mNQ-1+N2xnELTA

4-6 N2TLAMDA

NAMOR

the l.ocat.ion o the
base variable is MASK �!

TO MASK  I!7-8 1-23
TRH OP

the locat.ion of the
first cross variable to
be plotted is MASK�!

9-10 MASK�! 00-23TRO

FQRhIAT �F10,0! Dercind parametersCard 13
11-12

card
co 1 uImns Intcrp ct-tion

dom nd price intercept

price-guant.ity fir xlhility

Parameter

CONS11-10

11 � 20

21-30

the location of the eighth
cross variable to be
plotted i,s MASK 9!

00-23h ASK  9!P121

human popu! ation in aisrl ec
ar'ea

the location of the ninth
cross variable to be
plotted is hIASK�0!

25-?6 MASK�0! 00-23
31-40 price � proco sing purr entagt

flexibility
PMS

no plot. data matrix
pl.ot rlata matrix printed
plot data matrix printed
and punched

27-28 ZOOT 00
01
02

Card 14

card
columns

Job terminati.on card"*Last card
1-10

11-20

21-30

Card 15

card
columns Parameter Interpretation

1-3 Nh1AX maximum number of data
points

5 IPLQT number of ch .rts desired
ZPLQT

11-20

21- 30

31-4 0

41-50

51- 60

61-70

FORMAT �Fl0.0! IIiological parameters

ca.tabolic coefficient x 3

maximum f ishable age

natural mortality coefficient

fish age at zero weight

fish age at exp!oitation

fish aqe at. recruitment

FORMAT �K10.0! Range on initial fis!.ing mortality
coefficient FQ and admissible error

Parameter

UPLZM

LQLIht

ERROR

FORMAT �3, 12! Number of charts uesired

Card 16 � 16 t m, � 1; FORMAT �13, 1112! Plot cards. Locations of
base variable and cross variables to be plotted e

nFor a list of variables available in ppLQT and their loca-
tions, see Table l.

e*if more data plots are desired  IptoT'I! then additional plot.
cards would be read before the termination card. If more models
are to be run  NRUN 1! then a new label card  card 5! would be read
before the termination card.
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7. Sam le Problem for RECON 4 Input Deck for Sample ProbLem

118 TE 'ilil'4TIDN
LAST CARII .

Ol
01

7'I
CAI?I'
CARD IU!
r'ulcc D
CARD I

42 U. 0.
! I ', U. Ci
t'. Oi
I, .=,',

8 I. 8L" c
li Ij

1.2 L 0rr
0. 24

D�, Ll
li 1U

14 j. I SU.

LS I" i LL Clo'
1

Program Deck

Ti CG I c.O I I:u20
iui Ifli'0 20'' =' ~ ai 'Cll- I',',I' SL='' L=l

c u

r 

T: .I.I:::I;.Ii;'.I;;:'.:777;.; trr7777

CA 'Ii J'
Ct .-.' li

Ciagii I!L
CARIJ u
CARD
CARD
C.i .=.ii

Cii ED
LIP ri

I

I 'I !:
'tl . l r It''Iluu  tr ' rrr '".': ' ! 'tul'i nll r'  u  ~ r ~,'tati' ".u, ru

',' I:,: '. ' ' ll I 111 I I I

C EECrk
� C � � - � CA'-CIJLAIPS 87olritrlCr '6 ''r "C.' ~ r''IL 't:4� i.', ri ~   ' -47"All'r-SJ' ir

C CAIA VCR "tJL'll, 1
� AOLOOCCCluci

Tf IS IS llDLJUL ll TH' BAS= I?IJCULJ
� 1 0- -- -2 ~ 0 . - .-- .. 123 ~ Ct .0-- --- � -- � 3.4CC---

L35 ~ 13 5. i. 40. 150 ~ 1 f 5. 173.
�  r 34 � � d.t ' � uA � u-t  � � � � 0-"

150 OG 68? ~ OG IIC J OO fr 0 CC 'CEC ~ 0 lli 0 O
A-1033C --- lg 788 � 22OVJ. 2770.i 3CCO~. � � 4 IUOO

00 1 ~ 20 1 38 L.gf 1 ~ '73 1.88
� 2~4. .335- .... V C �.26 d. 76 � � � 2.00

33 !8 �. 6 364 I 4826 T JUO ..4726 JOC
~ � 2 � 1  JC � 2 -1 Of:=-7�

30004
� 0 20 2&DC-7-1~2-2 0 8

005LOCC7102208
� 00-14-DOC 7-10 2d 8 8�

OICLOOC 7102208
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Pro ram Listin for RECON 48.

Location of VariableFOFCTHrg< t>F>'IL' De. r' ~ iuti on*

i.e. value of 3<26K J!
which will result in
plotting of variable
indicated.

I'i -hing r ortality coefficient
Total cai.ch
Fixed costs, dorrcstic fleet
L>omesl.ic consuiap .ion of illets
Total costs, dorhestic fleet
Bior. a.,s of the exploited phase
Domestic catch
Average cost, domestic fleet
Number or fish caught, dorrestic

fleet

Fil
Y'I'
FC
YC
CT
Vi'B
YD
AC
YDN

01
02
03
04
05
06
07
08

09
10

fleet 11
fi sh 12
ass 1 13

2 14
3 15
4 16
5 37
6 18

19
20
21
22
23

Ex-vessel price
Industry profits, domestic
Mean fish size, pounds p r
Landings pcr vessel. size c!

V
P KN EIL>V
WGT
Fd �!
AL �!
AL�!
AL �!
AL �!
AI, �!
Y IAP
YPRQD
PNRL<VV
MC
Nl

Ifnports
Product yield
Profit per vessel
Marginal cost
Domestic fleet size

*See part 4! also Gates and Norton �974!

Table 1, Locations of variables for plotting purposes, variable to
be plotted.

P4 N
C t ~ ~ 1 1 ~ 1 1 ~ ~ ~ 1 1 ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ 't ~ 1 ~ ~ ~ ~ ~ 1 ~ > ~ 1 1 ~ ~ 1 1 ~ ~ 1 ~ t I ~ ~ ~ 1 t ~ ~ t 1 ~ t t' ~ ~ > ~ 1 ~ ~ ~ 1 1 ~ 1 ~ 1 lt ~ ~ 1 t ~
C
cRECD>44 ChLCULATEs >'llcLFGIchL Ah!! Lcchcwlc v4klhsLE5 Ff<R 4 'STE4UY Sl'ATE F 15HERT
C
Ct tt ~ 1' ~ tt ~ ~ 1 ~ tttt ~ t t'it ~ 1 tt ~ ~ ~ t ~ tt1 ~ ~ tt ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ 1 ~ ~ ~ 1 ~ tt1ttt ~ ~ 1 ~ 11 ~ ~ ~ t11ttt
C IPU <C=CU'<TRLI. UPI ti r> C«   ~ IPuf
C IPUHC=0 IHPL IES path I f UTpUT CXLY
C I Pu'<C = I I »PL I L S Pk Ih 1 AXL VUYCH
C IAL=CUH hi!L 0<' Tl C>< Ch AC TUAL CATCH PY vESS EL Cl.455
C 14  = 0 IP<'L'I '> AL   I i 3! I 5 XCT Pk NTED
C 1aL« I I "i'L tk5 nL I  , q! I 5 Pk I <vrEU
C lr sk4 =Cc'<rk< L i'Pll x c>' CGPPLTIC L
1  NGi/I ART At LIST ING OF OUTPUT

!9'>'<hx ='!   " 'L I f 5 Pk I sf vhk I A «ES  .'YLY 41 Pi!! I  IUI>S UF Hhxl kuk PROF I 'T,PAR Ern
C EFI ICI> '4l i'f 5  Il fk,«SY  XL ZEPC HEAT
C I+4'hx«l 19<'Ll<>5 C< Hfl  lf Lfsft><  f'i>k PLEI I StZF, RANG ><G FRO«NO TO NHAX< 300
c nlr,« L-hr v alki<a«fklC �8EL f tS i<ED 10 DESEX I EE IPE CL<kR NT woDEI.
C ><I =«141>u" 1 «F VESSELS CF Ihtlw Sf

,!I I T h=14<. Pr «I NTAL Li>hxf. E th t CI YEsSFLS
k=k> Ll <,I ><i< '<T  XUP i>.k C<' I I92i<1
Ti f;4: Pi«>. !Hlr i>r  i lr I AL l!hvs I. ISi< r, Dfvdrf0 TO CAPTURE UF 5k EC ES tf> QUEST IQ

f, f.-i< ~ I Ii! <n r i,i< Ir;4: L'f f 5 T  C 5>ih<i  5
C 4i«,"-'«0<' , <  I L'4 CF r <.><f twh C 4 T '>. tl'<'>.'< T EC PY U ~ 5 ~

Li A< 4 I >=Pa<I «i» Cn>Ci< CAPAC I r Y cf. 4 vEssEL oF CL ASS 1
C 0  J! = TCTAI Uhv5 I I5>'t>J dv h vE45 L < F IHE J> Th CLASS
C d  >! =«hfti' cf' xiii'i i><  '4- 'YE5'92f'>5 l>4 THF J>TH CLA55 TCI IUTAL NUKdcR OF VCSStLS
C lii fii- <>C«ESTIC  Li-Ll
c DC<3!=nskunL okir'krur lrv CCSr5 DF 4 vfSSEL UF THE 3 TH CLa55
C C U> =VARIARLF  CSIS Pfk Chv >ISHEc Fck A vEssEL CF T< 6 J>TH CLaSS

Ik -> 4'<I'<u« ' I lfsr  'I 4 RE<» SEX  AT IYE FISH
C Zk«3 1 ri« i'hr sar L IC CCFf F ICIEi4 
f. Ln« iiih-> Is ihi<tf I, It!

92 4 'i,,' li:4 4 I >i 'i h < « ' w I h L I 1 Y C C E I f. I C I E >< f
C IU< C; '. I   kli > '. I ~ i>T
<.  >iii<!I'=h. r h'I   XFLL I f4 ICX
C Ti«>v'>"I. <I f i< f<iv I  f !SF IVG <kr ux05

C<i"' I"'i' «hx > I >>ff k« ' iif
f. PIC<=i'<I«' � <l furl!Y >L>x SILI v  fr if ICIE>T
C Px. ><U>v >4 i'i'i'iil h I � 4 I.'4 < i i. P hkx. I ~ Ewh'40 RL ; <1>f
f. PP i-»k I .i � Pk r > 55 th< vl I LU I Ll x I»I LI Tv LCf Fr IC IE>'T
c UPc I K u 'I'f k Li Kl T i '4 Fili US> 0 IN I fckAT I v<= >LOUR tTHH To FsttkhTE FtsH NG
C Pi!<TFLI TY ASS'ic I hr' > W�> CSF V>xSFL L'PLRhr IXG 41CXE TN THE F  SHEAY
 . Lnl f'<L'!w>k Llsl! Lh >< I UP<>fk RCUS'! ANALOGUE CF UP> IH
C fili<,>k � P k<'I SSh<>l F I ilkuk I r< >Sf IHAI  'kn FU

1 r= ri: Ih<. Yl f Lu I X wE Iu«T
C h<tax< "AXI «UK l> CF SI SSFLS GF INT I PFST I
C hrhx=ifu «>f k UF I <YCHL < Ef<T hl. I XCkf >SES � FLEFT St ZC
0 Yc«AAXUAL YAPI APL . ccSTs cF T> w cckfsr IC FLEET
C PC=AX>>UAL F IXFI! COST 5 CF THE DOKE Sf�  C FL EET
r; ht <ui><',9<.S It f FL'E I Sl  E
f C T= IL'I AL hinithL CC 15 rF I< 6 Ou«l ST I C FL EFT
C 1 X4= TU Thl Y I ELi> 14 h<l»«E PS
C VU4= .<'.P 'il IC YIELD I X XUPRFR5
C wa 4'< li!Pi>55  'F 1><E I XPLUT I EC PH45E
C Yu*lif Xr ST IC Yl EL 0 lh wf ICHT
r AL�!=a< Ii!AL Chrfi< CF 4 XErfESEHTATIVE YFSSEL OF TIE J ~ TH CL455
C VHP= <><',«< ST I C IVV< ii f < la XLUXU Wr I< i'I LOU VALENT 5
C V .rNS«C<>45ir«P! fifa IN kCUIU Wl- <!HT E<!u VhLf YT5
  92i t prhs wflu'4l Ilk I IS><
C vti>=ikOCF SS!>0 YIELD: If
. Pkr i!UCT FCu!vnLlN15 PIR FISH PROCESSED

Yi.;i ~ DI Pr5TI 0 i Cr 5< «PT  CA tf> hut'UEPS ~ CF F 15H
YPt'>u-Df «I ill . < r'4!UPPTI<.'4 Ih Pki'U<>CT Ew >lvhLENT5

C >i=> x � v< 5 l <Pk>l <
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