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ABSTRACT

T h i s  is the &econ~1 of t..’o~~’eucral  c1.~’r sus  of n o d ei s  f o r
g t i id i n~, EFO 1r.nnir~ in t h e  u . S .  ~ ,i v’’ ’ s c i vi  !i : :n ~-. o r I ~fo rc e .  The f i r s t~~• ~
called the  ; ; - (I ’ ]e : : ib l  J~~u:~1 L T ; 1 o y ; c~u t  O;~p o r t u n i t ’, ) o~f e 1 ; . j r c ’~IJes
overal l  gu ~~: I / C t -  fo r  such p l a n s :  T~i~ r~~L s en t  onc , cn11~-d t i e  Co~:e;~ flee ‘

Model ,~ is dc~;i~-n e d  f o r  snr - d c ta i l  a p p l i c d t i c n  in u~ ya w h i c h  t ie into
ELLO . T o - ~~~~r they  t l ’ r & f o r e ~ p r e : i de  a ~ u 1Li  —3 e . e i  a p p r o a c h .

Both models  uti 1i:~e, a ~on1 p r o gr ~~~’;:in~ appr o .~ch ~ i th  c:.~~L d : c d  ‘

Mark o f f  p ro  ;~-;e~;. ILe C oh er e a ce  ~~~~e] e:- .boc~ics  a ~~~ u / a f ; e of p i~~e~~—
wise l i n ea r  goal f I ! n c t i  cn a l s  w i t t ~, “a i - L i  1~~t~~~5~~15~r to ap ;~ro:-:i:: -~te t h e
• t ran sit  ion  re1, t~~~ns ~ t he  - -~r c ~~~ p r o c e s .~ .s .  O i ~~i~ r e lat i on s  or
C o l l s t r a i n t d  as wai l  ~~~ ~b j e ct  iv~~ ~aa be t r (  a t~~J in  t~~i ,  :m~~- C to  t h er eb y
o b t a I n  a d i~ r L 1 u t i c n f - ~u :~. t - -:i th a n on l i n ear  fu n c  t : c : , a  1 ( wi th  11
equh ’a lca t  ) fo r  c :hich ::va i i  ;/ b1  a cu r r e n t  a1~~e rit I . : . ; ~u a r n n t e e  in t o ~~ - n

~oiu L i o n s .  Th~ i t I :e: : . .~ t I c al  d~~ve Ioa :~~n t  nc~ - i ed  to  ach i c v c  th i s  r i n c  ii
is p r o v i J e d  a l  on ’~ w i t  a nn - . :r i ca i  ( n : o — p c r  ic . )  ~-y ,; :;a i a wh i c h  ii lu~ ~r - t es
the d yn:a. . I c  ~‘-n1 t i — p er  . J )  a c n ~’c a t h :~ t r e e~i to  be co: :-n J-: r~-i in such
pi n c~~. T h i S  i~ f o l  1 . :  :1 by d~ c u a n i o n  cxs ~~~ Las of th e  k i n d ; of
n e at  r e p o r t ]  n~ s~~ ;t .a :  tha t mt~ ht  be ut i i i n e J . T~~e n~et  a cc
are  ~~~r i~~ - r lv  r-n ’~~l , of co : : rsa , and ~a O~~~~~ ci  -~1t~tc~nr i ai  a~~;/ 1 ~ca t  I ] CL

t h i s  ,~.Jc i  ~ ~~ C~~~~:S lihe  pcr~ enuci  I re ; . j t i  Ca p l a nn i n ;~, etc . , a re  ci n o •

b r ie f l y  i : cLed .
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I .  IN Tr~OIuc r IoN

An earlier p ap er  [7) set f o r t h  an Equa l  E:np loym ent  O p p o r t u n i t y

(FF0) ~Jodel fo r ~ in p o u c r  P la :mi  ag in the U . S .  Navy . Consi sLia~; of Na r h of f

process e lenents  ( : h c d d e d  in a goal progra mming f ram ew ork , t h i s  ni~) ;t

b ct tc r  be called a Flexib le  Fqual Enp loyncnt  O p p o r t un i t y  (FELO) ~oJel

beca use of t h e  way in which  t h e  e lem ent s  are a l te red  to p rov ide  f l e x i b i l i t y

for ach iev ing  d a y — t o — d a y  manpower goals of the o rganiza t ion .  The lattei: ,

i .e . ,  the s h o r t  r an~~c goa l s , a re to be r .let “as close ly as possible , ” in t he

sen se of “g c/a l  p r (~~ra::m ;in~~. ” —~~ llh ile this  is bei n g done , howeve r , the

t r ans i t i on  p r o b a b i l i u i e :  of p r o r ot i o n , t r a n s f e r , et c . ,  a r e a lso to be

a l t e red  so t h a t , in  t m a , th e  “cor r ect ” m i x e s  of I ) e r s o n n e l — — n ~~le , fc : aic ,

minorl  ty ,  n o n — r . i i n c r i  ty , et c . — — w i l  .1 ho ach i~~”ed (~~].ro  as closel y as

but in w a y s  which are  cons i a t eat  w i t h  a c c c m p ] i s h i i n c - ~ t he  f i r s t  sc- i of

( d a y — t o — d a y )  w c r k i n ç gca ls in the  host po~ : i b 1  e ma nn er .

The mod e l  we have  j u s t  described is i n t e n d e d  f- - .r comprehensive

guidance  a t  a c - ’ r ~ ‘ a t  r ic -~vr l  n th e  ci ’.’iij aa m c a ; - c c . e r  pl .a- .airn  e f f a r~~a of

the Navy .  Scc~c t l a  n~ f u r t l c r is requi red , however , when d ea l i n g  w i t h

i n d i v i du a l  or ‘ a l m ~ :;t in d i v i L ~na l” a s signm en t s  at the  micro levels of

local i n s t ; 1 l a t i o n . a n i  o p Y I I ; t i o I n ;  —— suc h as sh ipyards , labo rato r ies ,

etc .  —— and Lit I a ; is the purpose  of  the  present  pape r .

The mode 1 we u~ a ll new d e s c r ib e  is d i r ec ted to th e se  ends , but

in ways w h i c h  a r e  c u h u r e n t  w i t h  t h e  ear l ier  a g gr L ~~at i ve r; -dc l .  As we shall

see , t h i s  in-~-u 1ve~ the developm ent  of a ncw nonlinear m o d - - i .  The latter in

t u r n  is t r an sfo rmed  in a way which provide s  access to tho ex t r ao rd ina r i l y

fast  and e f f i c ien t  a lgo r i th m: :  that. are now availa ble f o r  cap ac it at ed
r. 

-

See [2] .
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d i st r ib u t i o n— a a : ; i g n ~~cn t  m o d e l s .  This , we may observ e , opens the- way f o r

d ev elep ing in t e r a c t i v e  or cc n v a r n a t i o n a l  c o m pu t e r  c ap a b i l i t ie s  for  use

by m a n a g c : a e a t  iii gu i d i t i g  m a n j C~wa r  p ianni  ng e f f o r t s  at  both micro  and

m acro leveis. -~-”

II. h~OTATIo ~ Ahi ~lODLI. h~ 1’AILS -

Leaving as ide , at  least  for  the mon:cntf~~ the  ways in which  the

~~cro and m ic ro  mcde l s  ar e  t ied in t o  each o ther , we tu rn  to t h e d e t a i ls of

the l a t t e r  in th e  d e ve lop : a n t  t h a t  we now in t roduce .  We are look ing  a t  a

coherent  t r an s i t ion  f rom an aggre ga t ive  dynamic model .  Our r equi rements

for  personnel of each ca tegory  ~~~~
- (e . g . ,  black m a l e , wh i te  female) in  job

I In p er iod  t are  here  derived by p r o p o r t ion a l i t y  f ac to r s  ~ fo r  ca tego ry ~~

In job I of the  n a cu n t  a . ( t )  dc-ta iled by the agct repa te  model .  T h e  mad i l.

st r u c t u r e  we a rc  about  to Oct  down app lies to any det~ rn i i n ct e  node of

der iva t ion  of these  personnel  rc -qu ir eacnt s  f rom the aggre ga t ive  da ta .  The

f u r th e r  i n ter n a l  ~a r k o f f  t r a n s i ti o n s  f rom job to job  will not appear

exp l i c i t l y  in the  model  s t r u c t u r e .  Instead they wil . ] he ar r~nrunt ~
-
~~ ‘- ‘~ th in

the f o rm a t  of a capac i t a t ed  d i s t r i b u t i o n  model by means of “a r t i f a c t goals ”

and nonl inear  convex goal f u r c t i o na l s .

Rcter  now to the 2 ~. 2 table represented In Figure  1. The cells

are intended to r epr esen t  blocks of cells with  d i s t r ibu t ions  being made

from typ ica l  i~-~ jobs In one period to typ ical job s in the next  period . ~Ther e one

has the “same ” period represented in row and column , we are  emp ha siz i ng  the

For f u r t h e r  d i s c u s s i o n  of t he  uses of i n ter a c t  i v e — c o n v e r n a t i o n n i  c o n p u t o r
cap abi  l i tic s  In  manpower  p l an n i n g  and r e l at e d  ac t  i v i t  cc , see Nic ’h iau ~~,
Sholtz , and Th ompson [8] and~ also Albanene , N ichaus , and l’adal ino [1].

3/
— Sec below.
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so—c a lle d “ir anshi i pr:cnt ” device whic hi Is used to go fro m network to

d i s t r i b u t i o n  m o d e l  f o r m a t .~~’

One further c .at:p le r .ay serve to c l a r i f y  the  general  no ta t ion

and st r u c t ir c  we a re  about to i n t roduce .  In Fi gu r e 2 we i n d ic a t e

q u a n t i t i c ’~ on t h e  r i m s  of a 3—p er iod  model in  wh ic h  a typical  d i s t r i b u t i o na l

variable is e-nter e-J into  each unshad ed  cell block.  The cell blocks which

are sli t -dod  are ex c l u d e d  f r om  r e ce i v i ng  ai iy  en t r i e s .

To u n d e r s t a n d  the  en t r ies  in Fi gure  2 and  to deal w i th  the

general case as ~a l l  we let

x~~ (t— l , t) = numb er of per sonnc l of cat :c-gory ~~ . t r ar s f ~ r r in g
from job I in per iod  t—l to job j in per iod  1.

x°~~. (t , t) = the “ t r an s i t  i~ n e n t ” amo u n ts , e . g . ,  th e  nuahe r  of
personnel in o nt o -g o r y  ~~ n o t  t r a i ) a it ~~i;g in t o
job j in period t .

We comp l e t e  the definition of 4~(t 1, t
2
) for arbitrary time pe r iod t 1 and

t2 by setting

ro io r  t 1~~ t ,—].

(1.2) x1.( t1, t 2
) =-

~
.

Lo for t 1=t 2, i~j.

In thIs way we have provided the notation for the general dyad ic format

that we now develop.  In this development only the diagonal arid immediate

sub—diagonal blocks of cells can contain non—zero entries.

We are now in a position to present the structure for our genera l

dyadic format over N periods as In FIgure 3, bel ow. h ere we have omitted

the shadings since t he  possible non—zero variables have already been

expla ined . Ob serve t h a t , as be f ore , only the diagonal and ir.sa df a rcly sub—

tT, d ia r on a l cells can receIve non—zero entries.
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For c l a r i t y ,  Fi gure 3 omi t s  r - n  and co l t i - n s  vii Ich  w i l l  be tt ( - i de -d

(cf.  Figure  12 )  to aecc: : ncidat e r an i e r ;  to n n i  f m .  t h e  “ - u t  a i d i
’ a: ; no- li

as r edun dan t  r im da ta  which w i l l  be n~~. -~~ to  acco~ - - t t - the- Io n] j I:~- .- L r

goal f u n c t i o n s  when we f i na l l y p roc eed  to our  d i s t i  [~~; : t i u : i  f o r :  a t .

t)In the mod e l  no- ar e  d e v e l o p i n g ,  t i - c  t r aa : fe rs x .~ ( t — l  , t )  a re  to

conform “as cloncly as possible ” to ,-III o r g a n i n a t i o n ’s p r c n o t i o i i  t r a n s it i o n

expericn.-e (or policy) —— here  re p r esen ted  by the  ~ a rk o f f  transition matri:-:

(2) N =

where 
~

- equa ls the p r op o r t i o n  in job I in period t—l t r a n s i t i n g  to job j

in period t .  To develop our “a r t i f ac t  goa ls ,~t which must  he i n  te rms o f

numbers of r- r son ;ic l , we e r g - b y

~~~

, 

(3) g~~. ( t - 1 , t )  = a .(t - l) M
u >  

-to gu iee  our choice for X
jj  

( t — l , t )  where  a ; -pr opr l a t e .— He re the n o t a t  t o n

mean s  t he snsl lest  in t e g c r  not  less t i :~tn  u.

We shall  ge : IL -r a l ly  be conc ern ed  v i i i  conv ex ar ~~i 1 ic t  goal

funct iona l s .  The st r u c t u r e  and al ; n r i t i - ;. i :  s o l u L i e~i proc i  - l u r e :  ~b ich i  we

shall be u t i l i z i n g  rust guarantee inic~ er solution;: for the x~*(t—l , t) and

x~~~~(t , t ) .  T lat r e fo re  we oh~ l1 emp loy a:; our convex goal f u n e t  ions c o n t i n i c a . ;

piecewise  l inea r fu n ct i on a l s  ;:ith changes of slope on ly a t  in~~ - :- - r  p o in t s .

Thus using results f r o m  some of our past  work ,~’ we ca t ;  se t  up an e ; u i v : : l L n t

(but la rger) ordi n ary  d i s t r i b u t i o n  model t h er eby pr ene r ’ ’ing  a~~1 of t h e

advanta ges that such mod els now provide .

For cxanplc , except for those variables not  c o r r r s p o n d i n g  to ~‘ i r ’-~~f f
tra iu~i l i o n s .

See f 3 J ~~~ C h a p t e r  XV I1 .
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It may he h e l p f u l  hcrc  to con s ider  t i le  model forna t in Fi gure  12.

Because of I t s  s m a l l- s i ze , J e t t c r s  0 , C , T , A r a t h e r  th in n u m b e r s  arc

employ ed to t ;a ; n on i c a l .]  y desi g nat e  the “job ; ” as f o l l ow s : 0 = ou ts i d e ,

C = c l e r i ca l , T = t e chn ica l , A = admi.nistr;ttine . The cells c or r o~~~o n i i n g

to M ar k o f f  t r c ns it io a s  b-ave t he i r  “a r t i f a c t  go a l s ” (as in ( 3))  do-: ; L n a t e d

wi th~ u tb :  doub le  l ine s  in the n - r t b e a s t  corner  of th e- ce l l .  T r a n  i~

cells O p ; n -  ar  in the so u th w e s t  r ex  t i on  of th o -  a r ray  an d  the nor t1~ n o t  (~~ 
a d :  

~ )

po r t i o n  ex~ : p L f i e s  the f i rst  r e st r i c t i o n  of equat ion  1.2 , n am e l y, t b st  no

t r a nsit i~~;s  are p e r m i t t e d  f r a n  one per iod  to •a period b~ ~or ; J t he  nex t .

To simpl i f y th~ p r e x - o u t  d iscussion , we shall  om i t  t he  ~~.r h o f f

t r an s i ti n elc :. :nr-i t :  to 0 f rom C , T or A. h’e shall al no (m-7 10y o n l y two

p ieces in our  p 1 e c c~~ico l inear  goal f un c t in a il. h’e sh al l tha t ’. c : h i L i t  cna r

p r o c e du r e  f or  a 2 x 2 ( t w o  o r i g hi — two de .  : ;n t f o n )  d i a t r i h u t i c o  o :-:nplc.

The cx t c -n : ; i nnn  to  th~ g c - t ; . -r :.l r .: x n ca :;e wil l  then be c lea r .

FI gure  4 below pr o - ’~ dc -a such  a 2 x 2 e :-:anp i c.  I t  h as L~f t  r .otx-:- rh

rcprc sc n t a t en shown in Fi gu r e  5. As shown in  [3] ~~~ to a~~c cn :  a h .  t L -  a t w o —

p iece  l i nc a r  ( c o n v i :: )  f u n c t i o n a l  on t h e  b ran ches  f r c ; ; :  and to

~~~ and ~~~~ , we double  t h e  nu:nber of b r a t i c i x -os and p lac e  an m d  i ; i d o - :l

upper bo un d  (ir ,dica - d  by I I ) on the f l a w  in h a l f  of t h i c r a .  T h i n  , ;O V C S

us f rom F ig~ re 5 to Fi gure  6.

We n e xt  reduce  the nc ’t. . -~ rk in F igure  6 to an e q u i v a l e n t  t r . : m n h i ; u mt

form , a s in Fi gu re 7 w h o - r e  the  tI - u : i o l i i p n c n t  modes  a r c r ep r e s e n t ed  by

and . The c o r r e sp o n d i n g  d y n - J i c  f o r m  it ;  th~;n shown in Fi gure  S. The

Indiv idual  bound ’; which  were r ep i -c scntc d  by J J in the network are  non

ind ica ted  by N in the  co r re spond ing  cel l .  T i o -  cells (3’ , 3 ’ )  and (4 ’ , I i ’ )

C f .  Chapter  X V I I I .
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arc t i e  corr~ h oed i ng t r an s h i pm c n t  ce l l s .  In t h i n  rn -ann e - s  we h ave  mov e :1

i re - a l i gu r e  4 to F i g u r e  8 wh ich  it : a lso in d i  st r i  b u t i u n  f o r m a t .  The

cap ;i c i  La t i  and  t r a n s ij i - it  c e l l s  in  t h e  lot t o  ~i gu re now accort ~~odo Le

the non i  inc -an t i -s in a way wh ich  guaran t ees i nt e g er  so lu t ion: ;  f r om

intc -g -r r i m s .

The genera l  r u l e -  is now c lea r .  We eug- :~~nt  each d a n t i n o t i  . ; i

wh i c h  is to r e c e i v e  t w o — p  cc’ n o nL i nea r  ( b u t  p i ccv i  cc- l i ne a r )  fur ’  t ia: :a1

flows by i n t r o d u c i n g  a “pni : a -d’ ’ d e n t  inat ion  and we a u g ; : c n t  t h e  on g in s

one f o r  each ; - r i -  ed d e s t i na t i o n .  The a va ilab i l i t i e s  a t  the  p r i m e d

ori g~ o :- are  t ’ : O O e  of the o r i g i n a l  d _ : : t i n at i o r i n ;  t i n -  recei [) t ;; a t  the

pr i r . .-- : ] d e n t  h u n t  i ons  ar e  th ~~oi- a t  t h e  ori g i n a l  d~~: . t i u o t i c - n a . We allow

flow in on].:-’ t wa  c e l l s  of e a c h  p r i ; . .cd o r i g in  ro w :  the ( p r i : - a -d , or i g i n a l )

cell  and the  (~‘r 1n- e~-i , p r h - u - . i )  c e l l .

If our d y c id i c  1 ( r m  is m x ii , then  the  n : .-; cl y a d f c  form wi l l  1:-u

(m + Ii ) a (i i  + I:) , wh ere  hi is the  r:u: : :ln -r of p r i : : . 1 o r ig ins  or d o - :- t i f ld t  ~~ - T nS

~- e  01-ac- ! ye t i it  on “ac t  i ye  basis” ca n e lva .; be t e i : L -n to cc-ntain a l l  the

(p~ ir.a-d , pr~ :- ;- : d ) cc] is arid all the (pri :  cd , or i g i n a l )  c e l l s ,  in this

dcsl gn~i t i c  of a ce l l , the  f i r s t  c l e w .  et of t he 1:; i n  d~~n ot  en row (or o r g in)

and t h e  so -ce -r id d e n o t e s  co lumn  (or d e s t i n a t i o n ) .

To es tab li sh w h i t  we have j u s t  said , n a t e  f i r s t  t l , a t  an ac t i ve

ba si s f or t h e  o r i g ina l  f o r m  has  in 1- n — 1 mem bers  ~ oJ one for  t h e  n ew for :- :

has l.~ ~~
- n — 1 + 2h ! enbc-r :. . This ;: c n i o - ;  t h a t  th or -a are 2h of (p r i n ed  , pn i  m a d )

and (pr  i: - :cn h , or gi  n i l )  ce lls.

Observe ’ t h a t  i1 there  a re  no (ori g ina l , p rimed) cells in the

a c t i v e  basi s , it  r ep r o- s t-n t : ;  a s o l u t i on  f o r  the  o r i g ina l d y a d i c  fo rm , hence

See [ 3) ,  Chap t er s  XV and XVI.
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it c o n t a i n - :  an a c t i v e  b a s in  of in + n — 1 r n cn b e r : ;  of (o r ig ina l , o r i g ina l)

cell t y p e .  The 21r ce-li : ;  of (pr i : :~~i , o r i g in a l )  , ( p r i :  . .! , p r i m :  1) th en

connect p r o p e r l y  v ia  or I gin- : ] 00 1 :. mm - : t o  t:, :i~~~- up an ac t ive  bas i s  for  the

new d y a d i c  fo r m si nce  the  n u r o h e r  of r e - t u b e r ;  i s  no;; mu 4- n — 1 + 2h.

Ob servc f u ~ t h er  t hat  s i n c e  thea f u n c t i o n a l  s are  cc -r i ve t - : , an

(o r i g in a l , o r i g i n a l )  cel l is a lmcg - c; b e t t e r  t i t a n  an ( o r i g in a l  , p r i m c d )  ccl]

Thus , an (or i 1-, i n-i l , p -a i ::c d ) c-a Li need  be- ct - ,p i o y t d  onl g- if i t s  c o r r e s p on d  t ag

(or i g i t e a L , o r i g in a l )  cc-il  is a t  i t s  upp e r  bound and h ence  no t  in  t h e

activ e bu: -ic . T h e r e f o r e , t i tO t c t a l  nor .dn-r  of (ori g ina l , ori gi n a l )  and

(ori g in a l , p r i m e d )  cc -u s in  the  3 c - i I V C  b a s i s  re -m ain s  a t  in + n — 1. The

cozu icet  ion  t ic  edo- i  f o r  h - a s5  S sp - 0 t0 i  m g  is st i l l  a t  han-I w i t h  the 2h cells

of (on ~yi 0 : 1  - ori~- i i : !  1) . (p r ir - c- i , ori g in a l )  ta -p c but:  i t ;  t he  Scq scnm

(ori g inal , p r im ed)  , (pa ~~cd , pr I - . -.d) , (pr i-- ad , ori g i n al )  in p lace  of

( on i f-. i n- i l , on i g i i n j)  , (p r i e a a i , oci ginal) , (primed , gr it . :1)

These l as t  r e :  ;lni:c ; ge- n c r at e  a new r : o d i f i c a t  ion of a lgor i  t ion ic

p rocc- dur e  ( e . g .  , spec i a l  pr i m a l ;- . o t h a d s )  wh ich  can ~~~ ni cor . : pu t at ions

su b s t an t i a l ly.  Etc -re , l-io wcvL-r , mc - d i re c t  our a t t en l i e ; :  only  to th e  FEPO

)I’ode l w h i c h , as noted  in sec t ion I , is i1~~ foc i ’:  f o r th i s  paper .

III. NU~-1i R ICA L r-;x:g : hE

We shall consider two c a t c g or i e sc -~. 1, 2 , ( e . g . ,  f e males and

males) and t = 0,1,2. For job  ca tego r ies m e let  i , j  0 ,1, 2 , 3 , wh a re the

last  t h ree  ind ices  cor z - i- :;p o nd to Cler ical , I cch n ica l , and A d m i n i : ;t r c t  ive

and 0 corre spon d s to O u t s i d e -  ( t h e o r g a n i z a t i o n )  . For ease of coa.p r c-hre n ai on

In our s i r - p i e  example , w~- shal l  use C , T, A , and 0, however , inste ad of

t h e  numer ica l  Ind i c es .
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Figure 9 p rov id e -: ; t he p er t i n e n t :  n u m o r i c c i l va lues  fu r  the e1~ ae ;it s

of N , the  ~~l r r l : n f f  r - : i tr i x  cc  shal l  u s e  i a t h i s  e :-:a: p i e .  Fi gu re  10 supj - l  ic-s

the p~ 
v a l ue s .  Fi gure 11 t -rov i d e s t i e  a~ (t) for each of the i n d i c a t e d  j eLs

and period s . F i na l l y ,  Fi gu re  12 d e s i gn a t e s  the n c ; : i l in e c r r goal gro gr a ;- . ing

mode ] wi th c o t i at r a in t s  r cpr - - - c - : ; t e d  in d i s t r i U u t i . u n— a s s i ~-, t : m o -u t  f o rm a t .

Th e d e t a i l s  in Fi gur e  9 conior :a to t i e  c h a r a c ter i s t i c  M a r k o f f

m atrix oct - i -. ;  a t  ic -n :  in  whi  c1 each  row c-on :: i n t  ;; of n o n — n e g a t i v e  el c-:.;e-nts t ha t

sum to c m i  t y ~~~’ The ic - t i e r  ‘ II ” d c n i g~ a t~ :; t he colur an  of t r a n : i t i e -n  r at es

for  “na t u r a l at t r i t i o n .” ~-.‘e d i s t i m i g u i  rh  between t i i i  am i d “ f o r c e d  a t tn  L i o n , ”

the latter bc - lo g d e s i g n n t ~~d L-y “0. ” A s noted ahove , t h e  s-yr.L ol “ 0” st a nd s

for  “outs ide  t i r e  or ga t - t i z a t  i o n . ”

In Figure 10 t he  a c m -ti ~~ p r e p on t i o a~ a re oh t a i r . a J  f rc : a  the-

“on—board”  s t ;r r t i ; -~ popu la t ion .  ‘ihe cT C5 ir~ d p p .rc -~- - c n i i -on~ r o -p i  c -n~~n t  p c i i cy

Sta t e men t s  co ;lce - r n i n g  d c - s i r e d  r:r i :-:e- s of p c - r : ;o r n o --l f o r  t h -  f ut u r e .

The a~ (t) in Fi guaci 11 are  o b t a i n e d  f r o m  t i e  a g g r (  g ; - t e  FEEO :.nm’el ,

where , as a l r c . : l v  no ted , i i t t - i c -xe - s  t i r e -  job  Ly p e  in C , T , or A , while I

desig n at e s  t he  p e r i o d  desi~ n at cd fo r  the  aggr . -c ;n L c d  w o r l : f o r c c -  g o a l s  —— i . e . .

the p e r s o n n e l  goa ls cs tabl iehcd  by r e f e r e n c e -  to the t~a- ; ks to be pc - r fo r a - .1 in

each relevant  category and p e r i o d . Com binin g t h o s e  a . ( t )  v alu es  wi th  the

cJ ~~ . . .
p .  f r et :  }igurc-. 10 produces the amounts shown on t i r e  lenes of Fi gure  l~~ -—-

The locat ion  of non l ine a r goal f u n c t i on a l  clc -r :c -nt s  is i n d i c a t e d  in the i : t t or

f i gure by t i r e  cel ls  wi th  numer ica l  e n t r i e s  reprc t - ; ; .r t i n g  goal va lues  cn c l c ’r -  ~i

in doub le  l ines in  the u p p e r  ri ght  hand c o r n e r .

In t i in  way we- dep .- r r t  f rom the  c o n ven t i o n s  -map l o yc -d i n  sein e of our
e a r l i e r  r e - p o r t s .  Sc- c , e . g . ,  [ 4 ] .

E . g . ,  525 . 75 ( 7 0 0)  is t h e  goal  for f o - r : : ’ l & -:: i n t i m e  C l e n c h  c a t e orv

L 

for  period 1. 35 e st a b l  ; :: 11 -d by r~ f t - r - -; ; - ( -  t O  t n -  p e r t i n e n t  c el ls of
FI gur e s  10 tan -i 11, c i ;  1] 1 5 - - . 3 5 ( f i Y ) ) rt -

~
-r  r i  t ir e goal t : : rgc i  t - d

for  lean -i l a; I T !  t h e  i t o - i t : :  i c r l  c . t t c e r ’m
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Recall that these n o n l i n e a r  f u i r o t  ional c - Ic - nc  nt : ;  were i n t r o d u c e d

[or the purp o: ;c-  of prod -c in g  a chrun ~
- ( -  of f e - r u s t t f ro m one: w i t h  a co n - p I cx

m a t r i x  s t r u c t u r e to one wi iii the s ir:: p 1 s t r u c t u r e  of a d y a d i c  o r

dis tr ib ut ion ma: t r l .  ‘y e -  t h e reb y rc~- L c c d  tire ori ginal constraining rc’3.~tior-io

by “a r t  i f a c t  gc : :I s ” i n  i to nl in e ar  goal  f u n c t i o ns  to secure ap p ro : - : imo te

equ iva l enc e  i - e t m e c - n  il -c In - - r e  co :-rp l -:-: e r : ; b e . d — d  ~l ;r l-:off c o n s t ra in t  s t r u c t u r e

in our o r ig i n a l  n. c ial  p r  o g r 2 : : : : ; ] I r g  FI.  ) n o l ~1-l , and t I t t -  sin~ lc-r constr . :  m t
s t r u c t u r e s  of our ne~; d .i s t  r i b u ti n t y p e  moe - del . .

To b e t t e r  unders t a in ci  the  s i g n i  : !e :r n r e  o f t h ese “a r t i f a c t  goals ”

we refer to th num: tber r  t h at  are  r c-h r scn tc -d  as e n t r i e s  w i th ia  the double

l ine s in t i e  mr ~- : t -r  r i~~h i— 1;o ; :~ cornea - s c -f  c c :  c- of t he  cell: ;  in Fi gure  12.

For ::pt C: i f  ic rc fer e - sce  we o:y t , : e  t i t -  vol  t ie  42~ wi n ch ap p e a r s  w i t h i n  th e

C ler i c al  (C) cc1l~ g .  leg f i  e : :  t :_ 0 t o  t~ l. To eh t: ;  l:i th is  value we pru ~~e - d

as f u 1 l o .~t ; .  V ~~i Jr~ t i i  L u f f  m : . t I  .1 : - . ot  i g u r e  9 we f i rst  olao:er\- e t h at  70d

of a l l  Cl  - r i  ~- - i  ;~~r:;~ : .ne  I ‘ci I rt- , i l l )  in t i n t  c - n m  gory  f ron t  one I)eri cd to

tinot  i c r .  ~ ur  -y’ -~~ , th  - c i -  i s  i a  ir.f - - -~~ i n t o  CL - s  i cj ] .  f ron t  either t h e

Te ch: ; ~cu1 or ~.d . - i-~i -- t r o t  l~. -c ca t  ege r c - : . .  h I d - I l - a C , C’O ap p ]) th e  p e r t i n e n t

t r a n s i t i on  p r u i - n i fl i t i t : i i  ~ v er ~’ r i o  p i e  m ay to t h e  1-er ;~~ 0 total  of 675

persons In th  i:; ca t e~p - r y  f r o m  Fi g u r e  11 to ch i t  sin 4 7 2 . 5 = . 7 ( 6 7 5 ) .  Then to

o b t a in  the e::p - c t c - .l Lie.: uf f o : 2 ’ l * -  p .  r : o r ;n : - l  in t h i s  ca t ego ry , we rc-fer to

Fi gure 10 , ~- ‘ o-r we o b : c r v c ;  t h a t  .89 is t h e  r e ] i - v a ~~t p r o p o r t i o n  to use.

Hence , we s e c u r e -  t ine  w a n t  c-t i 4 2 0 — . 8 9 (4 7 2 .5 ) as t a - a  p e r t  m e r i t value for

en try wit hi n L i i . - d o ub l e ’  li ’:c:; of this cell just to:  in FIgure 12.

This 420 is. t ine  “ai- t i fa c t  goal” and it is emp loy ed , as previously

e la l t o r a t c - d , in  t i r e  f o r m  of an i n d i vid u a l  upper  hound In  accordan c e wi th  our

p r or t  ; !ur o - ; [er h an d l i n g  p ic - cc - wi  t o  i i  it -sr  convey : fu i r c  L i  ‘ : m a i  a in d i s t r i b u t i o n
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prob lemir -. In th i s care th e- a rt i fact go -ni c e - r ue - : ~~c i  i :  to  t b -a  i: ) :  :::: l f l o w

v a l ue  b e t w e en  t b -  pc- u lcd : ;  t . 0  ..; n-I  t~-~l lot  f a - : s n j  c- a. :~~le ,5- n:- j; t i t ;  t h e -

Cleric ::] c a t e g o r y .  1leu ~- t h e  a r t i f a c t  go ;1 r e - : r c - - -. - t  s t i t i  norm-i l f l o w  of

female p e -r u o n i r e l  i i m t c -  t h is  c ;r ie - go r ’ ’ . T h is  d c - - i c c -  F - a ,’ a l s o  be u : : - - d  to

project c - i n s g - a : - - r ; t  r ’- ~u i r : : - c m i t - : a . - x i l i c i  t ly  f o r  o th e r  J lu -o r es  a-s  well , of

cour se , 1s t at tho-- e - :-s : - s : :e  of e n i ar g i :;~ the  el y a d i c  f o r t - n t  . On the o t h e r

h an- I , r e -c e at  d cv - : ] o p o o n t s  ill f l i~~’)51 t l ; u i c  cc-: ;d i na t i e ; :; arsi c omp u t er  codes

maLe t l~~ c c: . p:r ~ a t  ~.n s l  ce-s u s c f  su ch  e] t b  -r a t ion s  relative-i y ine :- :pcrinivo ,

and so c e - ta-ny r e  ~-~~r d t i l l s -  L i m i c’f r ; e - d e l i : g  st r a t e gy  as su lt c - d also to tb 

p 0551 L i e -  f u r  t b .  r u s ~ m :d cot  curios : :

Tine a r ray  c- f  Fi g u r e  12 m a st  be t r a n t : f o r : e :1 , in a ; O 1 i S 5 t i i i - : i e g o - i ~

to our c t-: - J c t  i n  go i n g ;  fro ::; ~~J g ; m r 1 -  4 t:o Fi gu r e  8 , is o rde r  to oh t a g 1  (ill

eqti~ v a i c - ..t d~ t i T h i t  i o n  - : i g - : : e : i t  f e - r t o- m L  th  l in e ar  f u n c r i e r t a l a .  Th i s  is

do n e in i g ; tm - e  l 3 .  l o t e  t I n e -  use of t i~. “ i~ coiu : .n u ’’ J~ t b -  l a t t e r

to d i s t i n  i : l n  ‘‘ V~~;L u r a l  (o r  r h u f f )  a t t r i t i on ’’ f i - o :n  he ‘ ‘ forced a t t r i t io n ’’

wh ic h  I : .  dc - t i gi - cal in t i i ; -  ‘‘0 ce-i i r : : : :i.-; . ’’ ‘f ire  de ai 1 n: ; t i  -n of 0 for  rowe ;

co r r e :  p on d s  to “cu t s~~dc- ” s o u r c es  for  adPt t : i on- i l ~-c r : - c lome l .

IV • soLuTlo:; ;g;p gig-h gThr  1 C~

As inc -n t  i o t a - -.1 i n i t i a l l y ,  one of t I r e  mrr ~ or r easons  fo r  dc-velop ing

— 
this  model in the  f er n  of a di . ; t u 5 b u t i o m : — a : : ; L ;mm -- - c u L  t y p e  was  to gu ar an ice

that so lu t ions  c ou ld be in is t r u .  I t  fo llows  t h a t  .iny ex t re m e poi St

method of s.olution will p r o d i m ac  i n t o g ~- r rc - smi l  t : ;  . For t h is  e x a m - j r l c  we kn a ve

employ ed  the  ‘‘ s tepp i ng  St One i ::c-t i r ( I ~~l” a l o n g  t i  ti n t he ro w—colu mns  marche r

procedur e . ;  d1~ sc r ib d in C l i a p t o - i- X i ’.’ in [33 , which in turn have bc-en

incorpo m - a  t e d  as p ar t s .  of t h e  h i  gia spec-il  r e  pa  ter  co-irs  tic-me -i opc i i  i n  [6]  c r t t d

V i
~ 

[7). 
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‘I h a c  I ;o ,a r i c a ]  t i i t r i ~ -s in  t i r e  c - l i r -: of l i p i t r i -  I i  C e - I r e  ~~5 l  t i  ci

so l u t i on , as m: ; .iv 1 0  v e i - 1 1 1 a .  I 1y  : :e :a . i : g;  to  t i r e  r : : .: t o t : ) : .  T i r e -  r e t — c u ] : : . :i : 1 ; :

a r e  r c i - r : a - n t t - 3  i - u  t ie -  l e f t  an a t  t ir e ’ top c - i  F - g : r r ~- 13 v i a  t is-

~ y - d ol I c  c - : : lm n ~ -s 01 0 , fl , - -~~-~b i — i , e t c . ,  as di : ;r tt : : : : e- -i s l :o -a - . C r c - c h i m p  1) 5 -Sc - v: J :-:

ag a in :  t t h e -  \5.c :;t ce- i l : ;  ad tho se -  i n ~~5 : a t~ -i m u m  b a r s  ;‘bov e- t I e - a r  —— t o  1 ; ; J i c a m

tha t  l i r e  a rc -  c i t  t h e i r  c :;h c - r - 1~ou n d ; —— w i l l  c n i r f i m : :  t l a ; : t  t i n i s  t r c ~~r: ::: 1: ; c g t  1 -  :1.

That is- , n - i ; ’ -  of t i e -  ma c r u t  cell:; c.: rt i - a  a u g a e . I t a -  to  a ~-osi  i ’.a- r - r o~. m ci - ;

~ itd  nu .s  of t i e  I a r t a . v~~1ca r C : 5  be r - - . i :c - V I m i t - -u:t  i n c r e a s i n g  the  t o t a l  of t h e

- . - 11/dev~~.t i c n ; ;  f ;  os t h e  t i e  c r r 1 ~~J g o a l s .  -

The avai l :. :L L a  of t i ; e :  o n o ; — o l I ; ; ; : : : ns V~~~ , r et  r - , - ;icL ma th e L - r i n  f r

the u s u a l  “du:r i - - ; s h r a t c - r :  . ; a 3 y s i e , ” .1 , SS in  ~ eh l  knc-a : ; ,~~~
1 t i r e - s c  d s l

c - v a l u a t o r :  ~- r c t - i ie -  a con ’. c : n i - - m n t  u t y  c-f s t u d - 1- i : - ; ~~~t -  at  i c ~1 p r c -  ; : . r : ;  r e s ; c - e s c m ;  t o

cha r g L -s in  the  :;o t1 ; or o L b ; r ~ol l e o  c- - e g i t i o n : . T~~~t e - od  of f c - 1ew ~ :p  t h e -c c--

kn o-.- -n p : t s s , I n - - . - - ‘• e  r , i .e  t a r n  r t t b : I r 1-a c~ coI z s i d c - l- - a t f o r t  - I f  t i r e -  L i r - d ~ c-f  atom -c - : .. to t

r I p e - :  t o t : -  ; t  m - i g ; ; r _ iu ~- p r e - p : t ~e : I i r e - : :  t l e : e r c- : - , J m

In ti n :- c - n e c , 1 . e . , Fig: :  - - 1 ‘- , me !i~ vc- P 1 p m ; -  ted u- ac- r i  c: 1 ~~ ] c~ - ,  f c c

t h e  f u n c t i o n - r i  c e - e f f i c i e - r ; ’.t. cL-  i c  t h e - :  c;p ’: 1::r  in t h e -  u~-p -r l e f t — I s : ]  ccr : cr  of

the i - ° ~ t i n e  a t ce - l i  a o n l y Ic- : si c-cL or t r c o n m ; h f g’ e : ; t  e e l ]  is t a - r e -  ~ad as — l  f o r

t in e cells  c o r r e  p s i n ; ; 1 - -  1 i sp  u n t i c - c  ( i . e . ,  i a -h - -. or qua l  t ) t i e  goal v a l u e~~.

l i e - r e -  t h e -  p u t ]  o : : 1 n I r a s r - ~ t h e :  i n  l i v i d u s  I i l j ) pCr  l ;o s n - i -  , as d i e t  it :gsh;la -i f r o : -  t : :-r

use of d o -ab l e  I in to : ;  f o r  t h e -  1;uund l i m p ,  va l  ue- s in N g n i c e  12 wi i c l r  mec - ; : e: a O s c - c  i~ t ed

wi th  t I n -  n o n l  in .  or  n a t u r e  of the  goal f u n c t i o n a l .

The c o o - f i l e :  - ; c “ F ” correspond to L i n C ; - e -  p e n a l  L i t - s  c - I : i c i r  a re  ; S o c i - l t t J

w i t h  
~
, - ]  i c ~ i i r t - - : t e  1 Lsrg ~ ; in  t i c  l l - iP w - f f  L r :n n : ; i t i - o r i  r at e s  t h a t

p e r m i t  n i l  I t i n ; e i  r : n m r  i c - u , or r c - t c - n t i e : r : :  of p051 t~ onls  be yond those w h i c h

I. e- . , ; t ; - r r  t f r : ; - .: t I n - - c e l l  :10505 1s t  - :1 ;,i t h r  T — i ’ i nn  g o i ng  f r om p e r l e - -I t - -
~~

to t—- 1, w hile - i n I i i : -  th e.- c-u t m y  ‘1A ’’ to i n d i c a t e  nu n t n t  e i i m u t e . -  o p t ; o u m  is
rIriIn l c th- : r c-

Sec [3].
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w ou l d  l i e - r u : - ; ]  I t  Ia: I n _ b e - i - i  b y t he  c l ! p : ; t n i O a t  in S .  IL t (:, fe-c l l n : : t t I : 1 0 0 - , t I :-~ t

/420 in  t h e  e-~~I l  C in g o i n g  f i - c - rm t - 3 t a  t~~]~ I:: 1- : o n : ; t h a t  t h i s  ( I n c - e r -i  f J e - . : )

v a l u e -  1:: c a t  i t : ;  u j - p ~ - r h ; ; m : ; . I mo o t h a t  i h i  :: a r t  i f a c t  p 0 m 1  is  z m c i ; i ’  o-e~: . An

a d d i t i o n  c~f f e - c r  ‘tar e f - : :; :les , h-:mc -r :-r , f •  i h : s - - d  c i t  a p e n a l t y  r o l e -  of

“P ” per u n i t  v a - n  L I c - t l a  C to C ’ in t m ; -  c sS:. ;-C ) a r i  is in  c- r dc - r , t l a - C O b y .

to s. Ima ~. t i e- d e . i : ; t v m - - foe ’- : t I~~ r e a l . ~ 
;~ ] y~~~j_~~ t 1 1:: n o t  a c - l ; i e ’:ed .

The c e - c f  I Ic  I c  :;‘_ s  ‘‘ i~’’ i n  I i i : : r  - 13 r e - f o r  to  h i gh I t:ii51 tiL~ f o r

0 1: ba ~~ cc ( i . e . , f o r c e - I  a t t; - i t j - - n ;)  n n a ~l t i n e  c o e f f i c i e n t s  “ Ii ” r e f e r

to n :::ci: ;: .o ._ 1  r ~~~~ a - .] t i e  . ; a u r o c i  b y h i  i n . - f r ~ t i re :  ou t s i d e - . For t i n ]  a

It- . :: :- i e -  c~ - :- ~~~~- a i f i c i l l y  a~~ec:ac - ; i . ot  P 1 : i s .  t L  s [.:. , - - a ; : : l : i ;na t  i o n ;  of U

and P .  V
In o ;d c r  to 2 :-r o l e  t h a t  t I~~ - --; p ;  a l t  : :a tu : - _ .] a t t i ~i t i c a  a l l -n e d

fo :  , t i l l  C c -  f i c i ; : : t : ;  ar e  C o n : ; i c - : .  I to ) :e cnn c - r i - r of - a p n i t  a t e  I 

t i ~ i - t I ; ~~ - d - t  In~ S t I - -  c- nt : - r :  t i e  U c:t _ _- L e - a .: ; ;  cu ;a i . -- ; - ~~~y ,  mc

i _ I .  - Ia - i i - :  f o e . ;  l i t h e  r C C : l 1 i - - r ; a l i C ,  Ia t i ;  C e .  : - u t n t ~~onc ; I t ’

of tln c- ] i ;~ i n t o- .; f r ; : t 1 :  L—- s~~r 1 e . f r  t .Cc t h e  u 1 - n - :  r i Lt  I e :a !  cc-no r of

t i~~- e. col t s r  . ;0 t :5;t - 1  c o o l . In th is  c- :- . n : - ~-li- the  ‘~~~~~~~~~~~‘ in u - s t  m i e - -  P a l

and I . - : n c : -  i s  C. : - i t t . :)  c-~F. i r c 1 y .

V .  ~~~~~ - : upgp :~: ;  I Fn ; L f ; . P  S : h ; : P ]

— 
Onci u: - . ’ of 1:5.1 ;- ) :  1 11w t I c - a bove  I ; : in  f o r : : m l ; ; t  i n ;  p l a n s  CL 1

or c - t i e r , 1 c m .  I a  in m _ y s  t I  a t  a lso  t i c  i n t o  c:-; m- . ; i l  p l a n : -  su e i r  as t I e: c-

p r o m ; ; !  1 Ic y L i e  I - moe -ic- i d I : ;c u s o c - i eanu l icr (in tt e-c tio rr 1) in th i : ;  j . :j - : r .

Ano i ’ 1:; iu~ t e l  c; of I c - i t - i n n ; ;  to n : t m u c t  t i r e  :1 s y ; ; t c : . m  of r a - -~-c ’r t s  i.- I n i : I ;  can

be- u se- i  ci:; g u i d e -:;  to  e l o n n u — t h c — l i n n c  r e ; m l , ’r : - ._ rO a n d  (:- i : . : c u l t r n t : c -: c n : ] ’ : ) tn :  a b _ ; o i : :

f o r  dca -  i s  l o i n :  i -y  Li n e pc-1 501a o r e : .p o n  i b a l o  for ovor ; : l.l i l ; r m r ; m  c a i n - i  g e l d

F l n . i l I y ,  t i n i - ,- can h a -  moa d to  j— rov ide ra l-~~~
t:; to o t h - : :; , includ i ng p c .or: c :o r;
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a l — a  . - e . . , , ; i . . L - _ : , - - : i c_ a t  I - -  - - - - t -  1 ~~;‘. . - ( . .  - u t h  - ; )  e n

p e i ; -  - - S~- 1 1) 1 51 : m a  imp; .

L v i d e i r t ] y t 1 e ~ t o p i c  of  r~ - p o r L  pr .  ~-- c i r 2 t i  e n  so::! it : ;  r c l ; n t i ~- n to p l : a n : ; : n g ,

ctc ., is a br oci d cu:: i n  it : :  0 . - a l  ! i g i n t  . ~?; do n -a. t. p r - a ; - - .~;:- t o  Co ca S t i : i O  t o ; - i c

C ( - . : p r e i ; e ’it n -
~~~ l y m e n . . last - -~l i i -  n- - h e - i l l  p r o :  1:10 :0::: ~u g g e - : ; t i v e  i I 1 .uat r a m t i c : a . ;

which  ca n r e -  r ye onc- c- n r o u -~- of ‘ a :- ~-c ; n : - : ; ( - s  in di cated in t i -: - ~~i~~: r n: ;

I.e r i i s l .l d- ~ so , :.~- r c : - : e -r , i n  a ‘. y  t b - a t c O m a  ci:;-: hel p to p r o v i d e  f t u r t i a : r i ] i u . i n . : —

t i c - n  f c-r  t b . .  ale -v a l.e-~- - - n t : .  cot- c _ u -  P 1:. t I e  ; - : c _ - c o - !i s g n c C t i c - : n .

Fi gur ~~~3/ r , 15 . 0 1  16 p r e - i d c -  :. I- .~~ 11 0 0 0 i t : i L I L - l S d r a m a :  I r a - .; t I c: r e : ,a i ts

po r t  re;e in F ig s : :-  lit . ‘floe f I r s t  ~~ t i o : :~ . , 1 . c- . ,  J i c_ -~re  14 , r ej- rc o. nts the-

“o p t i o n ] ” 1 - ~ ;::. A n  d r - -n-t n ir s-:. ; 1- i g ur e  3 3 , L I n e - t o  r e - f o r  to tI n. . -  I -1~~t:j , i r . c l m n - i i n g  t h e

p r o j e c t e d  t r : ; f e r e , c - ic . ,  min i :- b~ ‘ cv :- . - -  c i c o a s t  to u : e c - t i i p ;  t ln - o  g o a l . : ” S et  f c a n t i o  in

t h e  Si :  s c~T h i s - u s e  13 .  B~ -~~:.oa - c t i n - t e a -  P s i an  r e - I cr  to -, - o c - ~~ ct  i c m : 5  ( v I a  t i r e  ~I

t sane. I t  i - : - :  - :) ~~s —. - I. ‘. s  a f l :1: : :  - l i e - 
, et c . , we h av e  r e - f t  r r cc l  t o  t b e t .  t .  - 

~~
- !00~ cC t e l

p c r - .~~~ :~- i  t r a n s - f e -  n - i : ’ . ~~i : - ’ S :  li, .  Ob :o e - v~- , fca r in . :t a o n c e - , t lcet  tb- : al :  t a  f - - c  the -

C l e - r i c . i , C , ; c _ _ - .. a t  t i ; - t~ ;- oc i g n r c o  111 e r a -  i- e . - c i _~ a~~ t i i L;i e i  Ir  t I m e  f~~r.; t e o n  of

I- i p .ure Ii ’; .  a : -  e c t . .  i i i  t i n  L i t  C I e - ~~i e - ; a 3  , C , co lu : 0n  c f  Fi g e re  13 ar e . -  else-

r c - c a j - i t u l  i n  t b r e - i  a : : : : ;  In - b - - i  h e r :  s - I  ± Fica ib I- ” U: :  i o n  t h e  C l e r i c a l

cute.-g ccry in t h e  t i - ] ;  - t t i n e - t o ,  of F i g u r e -  14.  I . e . ,  t i c  ; - i n n i n c - c I  v ; a i ; i s -  of 4 2 ’.

fc- nail cs e:n - r 1bh nm :1 t Fl :-: P. l e . ” i o n  the Cic-ai cci catege-cy Ie; co.:;- escd of 41P)

n o r m a l  t r . n ; f c .- r s  f- l i : : ;  -‘. - - l i e -  f . .mai~ -o; a :; pa r t  of a s p c i c l f f c  m - a n ~:p,~~r ln . 1  p l an  t o

alter t i n ;  ) - n c - . — an t. :;t : .t c -  of t i c _ i - : ; - . - t t i  a d d i t i o n  of 9~ p. V r u : c : ; ;  f ie- : - :  o u t . : : i i a --

r c~c r n i i t: . -a: t  ~~~~ t - °° - b i n - a c t-; a toi jl of 522 p. r : o ll s  —— h a l e - u  i o : - ; ;I :y  of tI ; - 525 I l e r r  n : :

goa l n o t -  a t  t i .  - 1 e - t . t~~..: c- f t I : : f i r s t  C colu: . :r ion i i g n n i e -  13.

h e . .  t i ta  ( i s o  p c - r i  ocI . : a i r . -  i n; ’.’af l  - . - e - l , 1 1 ; - u r c m  ] I -  u t  i l l  i ::e.-s t in’ s e p ar a t e -

t a b u l a t  H;. - t n t  ei e- d r . n v n  n ro an t i e- c e - n e o n : :  - n - t i m ; ; J u n  b - i n s  of Fi pn :i c  13. T i : - :

f l o a t  t a l 1 b n  , 11 i a n l - o l b , h ’ r o v i i  L - : :  .1 t e d yr . . t h an  ci ’: no n e - nm for  c - a c i r  r e - i  c e - O U t

I~~- r i c i . 1P : 0 ; , in pt -rh - i  1 t h e - n - c .  i t u 1 ; u t i ; - i  f r . . ::; h i g;i r _ ’ 13 now d i . ~~~~::s L I - c:

d i e o - r , - 1 a . n n - - - ,- h - - t n - -a i m p i r a n ~nd g a o l —~~~ i . e . ,  t i c’ proj ect ;_ 1 vu . ‘~ur LI - ad

r oqu I ; - . - - - - u n i t  a — —  d i  c _ i  f ; - I I:  - - e - i i  _~ 1 a- “ I r a - i c_ n ‘ n o t  ~~ - 1  I ’’ a ’;: i :; P
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Thc --re is t aut - c to U - c i . :  i cc - - I  in  t1u ~ V a ’ ;  (C~~ irm t~~p n - a i t P i- c- p a s t : :

for L h i  s k i n d  of o i l  I ~‘1 . . j . ’ r  i l  c l a n : : : :  I n ; ; .  I l - _ n - a ..- , ~~‘ c 1-rovide na -n ny- ; 1 e

of w h a t  c i st -: ra i p l n t  l~c~ U t  i. 1 i : : m - .l f c - r  t l ; c ’.,e - p u r ~~aasc-: ;  Lu i I : m r e  1~~. Thc- i d e - a

in ~ ny co n e  i - ;  to c - r c - -.’f dc  :t : I c - - a - ’ a ’ t c- d i .- t : -  L i  on t h ~ p1 o n - . - ,  t he  po - ] , - t C .

in c - o u c h  ~- . t i - a P  1- u t  in a ~- : y  t h - c _ t  a l so  ;- . : -~ i :- c - :  t1~~~ a n oi l L- : n- :~ t . i an  i n

an ’.’ on ’- p - - s  l ed  (of p 1 , . r n ~ c r  1 :,:I J a)  al so  laa ’ e -  cc ::- - a -  n~ n , ’ a  i- ;  f~ r (H -  o t l . a -  r

I UPS

Thc;-e t aL -aTh’.. ions sod fi res O c _ a - c -  i i -c_ tc-n d nt on l y to 13

the  1:1 of c c m b i - .c - n a t . c o m n . .; t h a t  nc- cd to  c c t c - r  i nt o  t i a  d . . - : : : : o n  c-f a sy  a n _ l u

~ yr. t c- : : of r . . p( - r t s .  . .dn ~;n o t i ’  dc~~j i1 i s  c i c - ; n ~ y ::C - L -  H I  f - ..r : . : . c _ :  -~p - - . . f l t  L U

r~ t ad f u]  ly isP. :: i s  p l i s n o n i  P f a r  ccc..-. -p3  oh -  .~~ n o t  s n - i  1:: - -.~‘ tH- : a - I l : : ’.- ;

rc-lo~ c- t o)  tl .~ c; u n i : :  f a r  ac- h p a r i s - a l . Pro : ~-ss t a. .: ; ad  s V i po a ’~. a t c  I 

over a n : - p : : n c c  of p c : - i : d a -  a l s o  m a c P s  to H d c l i m : c - a - t  - 1 .  l i e - r e -  i s :-  : i ; c - S i :  : 1 :- -

i 1 l r - s tr ~~~n-~ a t -  H :- l . .:! no. ..- f a - :- f c - a ~~ .~ c- ~~l y .  TL ;.  e - J  f - - ns  c . • ;~~~d : ~~;

th is t o  c-~~~~c_ - o ~ ; . : ; ;- . c s  c - f  PLO ;- 3 c _ a ; i n . ;  a - n I  t c r  r c c c - , - a - I . : t _ i : - . ’ ~
- . :- . s j y - : -~ ;

(i.e., ~-m c-:. a~ :~uy . )  f rc - : ;  one - j cili I c - V t  1 t o  ..a-v.- . . . . .-r  -
- .. t I -  bu  c - ac  In i -e -  n m - . - o n

c a t (p c _ : ; in  h-u v i d c n t .  1’~ ..r p~- I r c _ a - 5 p ]c s  o.’ : l I  o p p l y , c -f co u r m...o , hu ..

t her e -  i n  a l a - - c -  son .nP . l i tj c c; .:i m:: -:P to  t - n . nar - t i n ~ t :  e- r u : l t  i c _ n p  : ;  _ - r : ’;  a re-

s u f ( i c i c n L l y  n i . . p i’ - -  s-a t i m . . t  t I i L -~ c - : : r~n I n -  c o m s i l , - u ; !. n o ; :  - - - I , . : . I u : -  P l~ n ’a— 0

who a re  i u : t c- n - c s t c d  i n  t in e  d c t . n  i ~n . of m—.ucb jrc ~~:;.

V v~• St. b:b.h Y c _ . H i  c- :b . L U h l p : d ~

~-~e h ave - in.. -.: cov~ r n - i  t l : c _ - m . - n ; t  m n - . . o o t in a : i - -s o~ r & - n m

dca li: .p w i t lu r : odc - l  i n : for EPO ~- 1:m;: wh ichi n o n ;  be ::u,:c i : o . ’t  l y  a ~e i a - t i  a~

followu . Fir: :t , we prov i ded  a a- - - a l e - I , c a n l i c - a l  F~ t , u P u i c l a  c a n - n I a  u - - i fer

ov -r ;nl  1 Li.L ) j-~l : - . ;  I _ i~ - . ~~..-x t , a n- c! ; ;..- mis - P i n  I a a p . ~ 
- - , one 1 - 0 ’ .. -a u uv 1 P. .  1

a n-nodc- l for r . .orc’ d e t a i l e d  app i i c - o n t l o n , e - .~~. , a t I n n s ’ ..‘r ot he r li v e - h;, ~. l a L ( h&
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I-.’..- h av e -  I n~l i c - a t  c-cl t a n a o n  t h u  i n ;  -aPe - i  cain bc U t ill z c-P a n . ;  p a r t  of cml in t t -gr o  t a - P

p 1 0 0 : 1 1 : 1  na ny: t a - : ;  . . - : :  em ; I I  mop ov ..-r  01 n ; . .’~, m u c  a c of pc - r i  (m n ;  . I-h~ h : a : c -  a -a lso

Int l i c - o t  c_ -P hsw i n  c a n o n  U.. - u :; -J .as a gu I d a  fc . r u su i t  aL a -  sys t e- ;n c - f  n - sn: , ~ p a -  - - n t

r ep or t : ; .

This  d c - c - a  usi t : - : ( - ; n m i  t h a t  t i . - :a! - ’v c -  m : :- de - 1i :s : ;  e f f o r t  is m t . .  ; :de-d

an  tin. - ( - n : - a ; 10 o ppr o ; ’c i a  t - - l l n s ca; :~ l ; : : cr i c - a of p rob ] c - u m s  c-v a-i i n  a

si n ’ ;l a -  On p -J . a .  t j t ; ; • I t  can  bc - nu~-j ~ 1-. : - . : s . . : c _  I or r i - p l a ce d  in a v a r ie t y  ef

1- . . - y i n n - L a n c e - , n ;:e ~-:ould mo ot  w o n ,  t_ to u se  i t  in  a : .  :11

i ; ; : ;t a l I a - , t Ic- :;.. c- tn i n  ~: r L u - : . t  C -i1 o ~. ; u e - re a pa - c -a t dea l  c -f  L u i r h u l - - m n ; ’ .  i : .l : a L .;

t h a t  tina tr an sit i on p r c - U i n L l i t i c o s , en c. , anne 1fl:ei’. t - c La w o o  t o i l . .  a - . : : - sI

hence u - s t  to be r L l  i n - P  on L a - n  tl:.:~ j - r c .J c c t  i - a n n  : r I - e - d .I. .  i n  t I n -  - -

On the o L I n (  t l a n m o o l  , ii ...-s .e ; a d  ‘.1:; can U.. - U: c - i in a v a - ari a t y of

a d c ! i t i a : . . l  w a y s .  For i u u s t a .  cc , L h i c - ’,- n . i a I ; t  bc un - -. ]  as - - n j i i c - - n f -- n pi: - ;:; or

f o r  r~~~ — a - ’  - .  n ’ - - a- a c..’ l i c c ~~la : :  of a n a l ;  a . .  .11 u:s i L: . . ‘ ] I . c_ :~ C O m O  ;:l: .- . 1-’ .-

a: L j - n t -  I t c -  p r e - P l a :  -s l i h - .- ; :er ao : -n: - ]  pa-c ’ - : t c : i  i lo s . ’ac : p, , L I _ C . ,  z n: ; ’ I

o t h er  n ; .  f u : : n t .  i D a  ni  p a r t s  of a’ t o t a l  p c I  as - ann i e --i 1 1 3 - 1 : : ;  l i s p  ay . ;t  sn. l io n :  and

in  y h.; t I c - n .  t I n .  a- . ’.- n i . . h I I t 5 o ; n a ’ 1  a-a~ - p l  i c : 5 t .  I ; ’- ; : ; or u s e ;  TJ P h n . be 0 :_t i e 1:- ; it o ; c - ]

a m . u I t j c - no~ ef  f u c _ - t I ’  r c o n t . i u : t ; l r- p r i - s c - a r c h  ~P n i c l n  ~-:n- a . i c _ r o l l  r c -por t  on a t  oth - i~

occat - i c-o s .
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