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PREFACE

Work on this paper has been supported by the m dc; ‘-ndent

Research Program of IDA . The paper is one of a continuing

series of papers treating the current generation of’ theater—

level ground—air simulation model3. The papers are nostly

critical reviews and comments on the models. Also underway is

research on combat attrition processcs , the nature of which is

Interdependent with the identification of’ Important problems in
the critiques.
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1 . I N T R O D U C T I O N

The purposes o~
’ thL; ~aper are

(1) to correct an err )neous “counterexam; le” ir. ¶- he authnr ’s

critique [2] of the Lulej ian—I theater—level conl it m~dc~l , which

nurported to show that the attrit 1.ri/FEBA m vement equ:t’.icn3 ur;ed

In the model need riot have a solution ; and

(2) to provide further comments concerning log~ca1 and

plausibility aspects of the methodoloiy used in the ~ul ’1u~ -I

model for ,~oint calculation of’ FEBA movemen ’ and pr~ncipal conL-~
losses.

It was asserted in [2] that the set of simult~in’ ous equations

used In Lulejian—I to represent relations among maneuver ~nIt
losses and FEBA movement need not have a solut~~un. Tb counter—

example presented in [2] in support of this as~;~-rtion is incor-

rect , but the assertion itself Is true , as Is demonstrated I;y the

correct counterexample given in Section 2 of’ this p~ip er. Inci-

dentally, the statement and example in [2] concernin~- possible

nonun iqueness of solution s are , strictly speakin~~, corr ect , but
are Irre levan t In prac tic al terms . The computat ional st ruc ture
of the model would leave unspecified separation distances at the

previous valu es , which is entirely reasonable.

Although the counterexample in Section 2 is artificial both

structurally and in terms of parameter values , and although it Is

easy to conjecture that solutions exist and are unique In all

situations where the model has been applied , th is conjec ture
remains unverified and , in the author ’s opinion , the prudent

potent ial user of t he model must regard It wit h skept ic ism.

1
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Independent of’ questlonru involving exist s-ri ce and uniqueness

of solutions to the attritlon/FEBA movement equations (which many

will view as inessential technical objections) are iuesti~ ris in-

volving the logical and phys1ca~ bases of’ these equations and

whether they represent at all tb. underlying physical process of’

combat . The author bell .ves that it can be convincingly argued

that the equations do not constitute even a plausible (let alone

realistic) description of’ combat and makes this argument In

Section 3. While the argument is in part sut~~ect~ ve , It is bot h

cogent and coherent and the potential model user at least &h uld

be aware of it.

Although this paper is self’—contiined in the sense that

notations and necessary equations are presented in full , the

reader is urged to study It only In c njunction wltb the more

complete analysis [2].

2



2. THE COUNTEREXAMPLE

C n sider  a f ! l a ’  ~-r a l  ‘omba ’ H:twee r .  at’ ac.~iro  arA l -ief’end —
Ing sides , each of which has Inf’intry , tan.~~, and armored per-

sonnel. carriers (hereafter APCs). Le ’

= rA urnf~~r of infao ’ ry on - I ’ : - - r J i r i r side ,

td ,.. = losses of ’ inf’antry on defend~~ g

TD 
= nurter of’ t a n k s  on de: -rid ~ n~ side ,

= losses of’ tank s on ~et”~nding side ,

= nur’uher of A P-~s on lefenc: n~ si i~~~~,

~
r D 

= losses of APCs on ~‘
‘.-ndiru ~ side ,

and let ‘A’ ~~ A ’  TA’ t~T , ,  A ’  ~~ A d en o t e  a n a i - , o sl:i I . V t n . - i
quan t i t i e s  for the  a t t a c k i n g  s I - i s ~. Fur~~hsi r’ , 1.- ’

R ( U ,V) = average separa ’i-:ri -tistance ~s~~ween el .- ’- 

of type  U on de fend ing  side and e1~- r ’ - r . t ~ of
type  V on a t t a c k i n g  side ( I  = Inf’antr:.~, T =

tanks , P = AP Cs) ,

cD(u) maximum acceptable attrition rate for units of

type U on defending side ,

and

cA (U) maximum acceptable attrition rate for units of

type U on attacking side.

In the LulejIan—I model all these quantities , except for input

Initial values, are dynamic variables whose values change as

the combat evolves. For example , the max imum acceptable

3
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a ’ t r~~t ion rates are ~.ctio na of he su r v i v i n g  fa ’ I on  of a
un i t  ‘ S or gIna 1 ~ t rs ’r: ~~t h  , .-v ~-u tho ugh re~.l ac . - r . • r ~t ~ may hav~
been r e c e l v t - i .  Nonetheless , from the s tandpoint  ~~ s tt’ rI’. 1or~/
FEBA m~ vement comput 1 r i , the  “ m a x i m u m  ac 

~ ‘-; t ab l e ” at’ n t  f or ,
ra tes  may t e  t r ~- a t s - i as c r .~~ ants , Wu ’. -h we d o in the d i3~ u s—
sion : e low.  Also , th e a * t r ~~ i n  eq ua t ions  In ’. lye var ious

~iil ~otentIal~ (details of their computatl n are n c ’  r ’-levan~
he r e ) ,  so s imply 1~ - ’

k D (U ,V) ~ k i l l  ;o ’ ’ -n ’ a l  of’ one ype ~ unit on :.f.~n-f’ .r.g

side against :,‘; ‘-  V ~n~~’ :; ri at’ a~ k 1r.~ :;f - i . - ,

and l~- k i l l  pc en t i als  k A (U , :) f’o r ‘he  ~~t acr:~ ng :Jde he

ana l ~gous.

Then the attrit fon ~ ro~ become 
* h~- li w n ~”:

/ ;-: (r ,r) r k (T ,:)T. ,-: .(  ,~~) P , \
( 1) 

~‘D = ~

,•

i_ * X r {_  

~~~ 
+ 

~~
7

~:,T)

/ 1 k ( : ,T ) I .  k . ( T , : ) T .  r: ( P , T ) F -  \
( 2 )  LtT D = TD ~~~~~~ 

~~

_ 

~~(—~~~
- ,-- :-~

‘- + 
~~~~~~~ 

+ - 
: :• ‘~~~

-
~~~~ )])

arid

/ i k~~(I , P ) I  k (T , P ) T .  r.A (L ‘~~~~A \
~~ ~~D 

= 

~D ~l_eXP [_ 

~
( R ( P I )  + 

A + R ( P P) )] ) ‘
to~r’:ther wi~ h three analogous equ’t~ ~.s hat repr~~;ent losses

to the attacking side. We should note at this point ‘hat (1—3)

above omit certain details and modifica ‘.ns that appear in the

Lulej ian—I model; however the omisshns do not ~han~~- th e  d u b —
stance of our argument . To the extent that we can determine

from the model documentation , (1—3) represent the correct

functional form of’ the dependence of attrition calculations on

numbers of resources , kill potentials , and separation distances.

- - —a- ~i.-I ~~ 
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W .’r” th . -  se -p a : ’ . ’ f i n  di tance~ revious .iy computed , th’:

e’.iuation~
; (1—3 ) W -~~~ I -

- 

~ffice o dc- fine at~ r f t  I on to various

u n i t s  on the ie~f’end1ng side . Ho~~- .- -r , a h.~u1c premise: of ‘-he

Lule j  i an— I  model ‘.5 ‘ hat sepa r-at  i c r .  :istanc ~-r ~ ur l (1  l rne ~-u ar’-

f u n c t i o n s  of’ one too ’ h’ :’ ; tb ’ purpo~ ’- Is t o  r’-~ resent a t rad(- —
o f f  betw ’- ’o.  1- :ses of’ r - - - .; -a r ’ ye-s and ‘~err 1t c- r :,’ l(~:; ’ . mat
such t r ’a l e— of ’ f ’ s ~r~~ur ’ I n  combat , at  lear~t In - n.- f’~ rr-., seems
certa n , Lu ’ the ex ’en ’ ‘ o wh~ ch ‘ b -  Lu t ’- , ’ ‘.an—I m .- -i’-l rei r -~- :;o n t  S

t hem a~ ‘ - i rs quso ; I .nah  le.  F nr  f - u - t n ’ - r -  : ,:- .n e n t r  o, t n ’ s

th e  “C~x l e r -  Is re fe r-re  I o ~e ~~
‘ u r .  3 - - b y  an -i al:; o to  ‘ect ‘.n r I  7

of [2] .

:‘. is t h~-re f -  re f ’ur ‘ assumed I n  t b . - lel  hat . novem -n ’
of each t yj - c -  of u n it  Is  a I ‘.nea ’-’ func ~n of be rat b of ’ ac~t u a l
at t  r I t i  n t o ~a x I m u n  ace” ; o: le a~ t n ’ . Ion .  Thu s , r- e x - e - .r le ,
forward movement of’ Infantry n the attar~k’.n, :~ 1--  I~ ~~ veru L v

(~4 )  M , (T )  = 0(1 — 
~~~~~~

‘
T

A )

where m is t h e  maximum rat-: o m -v-: ’- - - n ’. ,  Wh -h I s a~ L I ’ - ’.’ed

only  in unoppos ed advance .  Thserve ‘h a ’ .:I nce T~os.~s-s .t:A ~~~[O ~ *ii

on the  mat r ix  R of separation l l s t a n c e s , so does the movement
M A ( I ) .  Analogous equa t ions  represent  m o v e m en t s  • J T )  and ~- , ( F )
of tanks and APC s on the a t t a c k t n .t  r e , wh i l e  rn- D y e -:: ’ c f ’  in-
f a n t r y  on the  dt - fenr l ing  si-i c is ~:Iv ’u :  l y

/ AT
(5) M (‘) = m( ~~~ — 11D 

\
c D D /

where posit ive movement s t i l l  represent s an advance of’ the

a t tack ing  side. Movements of tanks and APCs on the  de fend ing
side are obtained analogously.

In order that  there be a wel l—def ined  “FEBA movement , ” the
model pos tula tes  that  the ma t r ix  R of separat ion d i s tances  must

- - 
~~~~~~~~~~ 

- .



be chosen so that all six movements defined above are identical ,
i.e., the d i s t ances  R(U ,V ) ,  munt be chosen so tha t

(6) . A
( I ) — M \ ( T )  = .A

( P )  = D(1) — 
~b

(T)

Implications of (14_6) are dIscussed in Section 3 of’ this paper

and also In [2] .

The problem therefore is the fo l l o w i n g :  w i th  p-lven values

of resource levels , maximum acceptable casualty levels , and
ki l l  po ten t ia l s , choobe R so that (6) 15 s a t i s f i ed , where the
quan t i t i e s  involved are computed us ing  ( 1— 5 )  and om i t t e d  analo-
gous equations. Since five properly chosen separation distances

def ine  the  other four , the equa t ion  (6) can be regarded as a
system of f ive simul tan eou s nonl inear  equa t ions  In f i ve  unknowns .
Especial ly  since the equa t ions  are n o n l in e a r , q u e s t i o n s  of
exis tence and uniqueness  of so lu t ions  cannot  be I.~’-nored . It was
wi th  the  problem of ex i s t ence  tb~ t the  erroneo~ o counterexample
In [2] was supposed to deal.

Spe c i f i c a l l y ,  consider the fo l lowing  special  case : the
defending side possesses only t anks  and ‘he attackin,- side only

tanks and APCs. We further assume that tanks on the defending

side are invulnerable to APCs on the attacki ru~ side. The rele-
vant attrition equations are therefore

I kD (T ,T)T D 1\
(7a )  AT A = TA~

l_exP [_ TA
R ( T ,T) J)

k (T,P ) T i \
(7b) 

~~~ 
P
A (

l_exP [_ PA
R(T,P)j)’

and

kA
(T ,T)T A(7c) ATD TD(l_exP{_ TD
R(T,T)

6
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Without  loss of’ gene ra l i ty  we may assume that  m 1, in which
case the  movement equa t ions  and the sys tem (6) reduce to the
two equa t ions

8 
AT A - 

AP A( a) c A (T )T A 
- c A ( P ) P A

and

AT D 1 - 1  
AT A( 8b)  c D (T )T D 

— - — c A (T)T A

One wants to choose R (T ,T) and R ( T ,P) such that  (8) holds ,
subject  to ( 7 ) .

It is shown in [2]  that  there is a unique value of R ( T ,T)
such t hat ( 8 b ) ,  which does not involve R ( T ,P ) ,  is s a t i s f i e d .
One must then f ind R (T ,P) such that (8a)  holds.  A f t e r  s impl i—
ficatlons , (8a) becomes

_ _ _ _  

/ r k (T ,T)T1\ 1 1 k (T,P)T I?

cA (T) 
~ —~~P[— TA

R ( T ,T) 
J )  

— c A ( P )  c A (P)  a

where R ( T ,T) is fixed by (8b) and where we have put

a = exp[—l/R(T,P ) ]

It is further shown in [2] that there exists a solution to (9)

that lies in (0,1), whlc t’ corresponds to 0 < R ( T ,P) < ~~~~, if

and only if

k ( T ,T)T \
( 10) CA

(T) 
(
i_exP [_ TA

R ( T ,T1 ]~ 
- 

cA n 
~ 0

The alleged counterexample in [2, p.50] gave parameter

values for which (10) faIls, but which f’all to satisfy (8b)

and hence do not represent a counterexample to the existence

of solutions to (8 ) .
7
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However , the fo l lowing  parameter va lues  do c o n s t i t u t e  a
legi t imate  counterexample .  Let

TA 
= TD

k D (T ,T) = kD (T , P ) = k A (T ,T) = 1

R(T ,T) = 1

c A (T)  = .6

- —l3 — 3e
c D ( T)  = ________  — .657

1 + 5e

and

c A ( P )  = 1

First , we verify that these parameters satisfy (8b); that

equation can be wr i t t en  as

1 / 1 k D (T ,T ) T D(11) 2 — c A (T) (~~~~L ~~~~~T ,T)

i / 1 k A (T ,T)T A]\
— 

c
D

(T)
k I 

TDR(T ,T) j) 0

Subs t i tu t ion  of the values above for k A (T ,T ) ,  k D (T ,T ) ,  R ( T ,T ) ,
TA and TD chan ges the le f t—hand side of (11) to

2 — (l_e
~~ )[c (T) 

+ e cT ) ] = 2 — ( l_ e _ l
) [~. + ~ ÷

= 2 — ( l_ e~~~)[ 
18 

i9(1—e )

= 0
.
~

and consequently (8b) is satisfied .

8
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However , (10) failu for thes’- parameter values sInce

i / 1 k D (T ,T)T D1\ 
_____  

r

C A (TD ~l_ex~ L TA R ( T ,T) j) - C~~(J 
= (l-e ) - 1 — .05

which  is pos i t ive .  Therefore , for these given paramet -r val’ies ,
the  a t t r i t i on /FEBA movement equat ions of the  Lu lej  I a n — I  model
do not have a so lu t i cn .

We emphasize that our coun te rexample , a l though  mathemat-
ically correct , is artifical in two respects:

(1) Tanks on the defending side are invulnerabl e- to APCs
on the a t t ack ing  side;

( 2 )  The acceptable  casua l ty  ra tes  are ex t r em e l y  high.

The author ’s intuitive belief is that  the former is rn re im-

portant to the counterexample Riven above . Indeed , a p lausible

conjecture is that  there ex i s t s  a un ique  so lu t i on  to  ( 6 )
provided that  no class of u n i t s  on e i ther  side be i n v u l n e r a b l e
to any class of u n i t s  on the  other and that  al l  t yp e 3  of’ - i r i t s
be present on eac h side , both of which  are reasonab lo-  a ssu mp —
t ions In terms of the phys ics  of the  combat being represented .

However , and th i s  is an impor tant  point , the  burden now
rests wi th  the  developers and proponents  of the  model to pro-

vide a rigorous identification of those cases in which the

at t r i t ion/FEBA movement equat ions  do not have a un ique  so lu t ion ,
since we have shown that a solution need not alwa~ a exist .

Until this is done , we believe that the model must be viewed

with a great deal of skepticism and verb little confidence.

IncIdenta l ly ,  it would be a ra ther  Eirn p l e  j ob  to modi fy
the Lulejlan—I computer programs to check by simple substitu-

tion whether the iteratively calculated solution to ( 6 )  in fact
does satisfy (6). The user who Insisted on emplo ,tng the model

could then at least be alerted if’ a solution were no~ obtained .

9
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We feel that possible difficulties with the iteration scheme
itself are minor , however , compared to the other shortcomings
discussed in this paper.
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3.  SOME FURTHER COMMENTS

In this Section we amplify and extend some of’ the comments

appearing in Sections 7 and 8 of [2] concerning the methodology
used in the Lulej  ian—I model for attrition/FEBA movement com-
putation. The tone of [2] and possibly also the second section

of this paper may indicate to some readers that our principal
cr i t ic i sms  of th i s  methodology are based on the existence of
artificial and unrealistic counterexamples rather than (in the

opinion of such readers)  grounds of substance in the  con t ex t  of

computerized simulation of military combat . On the cont ra ry ,
although we believe that the existence of any counterexample

constitutes a significant weakness of the methodology , we also

believe several other aspects of it to be considerably less than

satisfactory , even assuming there were no problems with existence

and uniqueness of solutions to the equations. It is these criti-

cisms that the comments below are intended to present .

1) No doubt there occurs during combat some trade—off on

the part of commanders between losses of territory and losses

of’ resources (i.e., casualties). We question , however , whether
the Lulejian—I model contains any representation of a trade—off

in the usual sense that some quantity is to be optimized subject

to constraints on other quantities. It seems to us that the

system (6) does not represent a trade—off’ at all but simply

attempts to choose separation distances that equate , within each

aide , the ratio of’ actual to “maximum acceptable” losses for all

types of’ units (ef’. (12) below ) and also attempt s to relate

these ratios for the two sides in a manner discussed In 2) below.

There is no physical basis for assuming that all units on a given
-
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side should incur the  same ra t io  of a c tua l  to acceptable losses;
indeed our intuition (which , of course, may be faulty) is that
an important reason for having several types of units available

in combat Is the flexibility attainable by allowing them t.o

sustain (over relatively short periods of time ) rather different

rates of attrition even though the maximum acceptable long tern

loss rate may be the same for all. Consequently, the Lulejlan—I

model appears not to represent a significant property of diversi-

fied forces; indeed it is constructed so that It c~a rzno t  repre-
sent this property. We believe this is a major and unalterable

shortcoming of the model.

2) Let us consider in somewhat greater detail the assumptions

Implicit in equation (6). Within one side , say the attacking side ,
(6) implies that

Al A - 

AT A — _______(12) cA
(I)IA 

- 

cA (T)TA 
- 

cA
( P ) P

A

the effect of which has been discussed in 1) above : all types

of u n i t s  s u f f e r  the same ra t io  of actual to maximum acceptable
casualt ’~es. Even if d i f f e r e n t  types  of u n i t s  had d i f f e r e n t
maximum rates of advance , ( 6 )  would not admit a p h y s i c a l l y
plausible foundation , even though (12) would be modified .

The relation of these ratios on the two sides is even less

defensible. It follows from (6) that if we put

Al A I ATA — 

AP A
CA (I)IA cA (T)TA 

— 

cA (P)PA

and 

AID _ 
ATD - 

APDLD cD(I)ID 
~\ 

CD
(T)TD cD(P)PD

_ _ _ _- 
- 
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p

which are the ratios of’ actual o maximum accept- tt -~ e casual ’ ies
for the  a t t ack i n g  and d e f e n d in g  ~;1-i(e; , : - e - r ~ • - - - ‘  ~v e - l y  ,

(13)  — 

~‘A ~D 
— 1

This assumed re la t ion between th e two sides ’ loss ra tes  has
no phys ica l  basis and also several ra ther  s trange t m : i i c a t l o n s .

First , note that  (13)  cannot be s a t i s f i ed  unless  exac t ly
one of the quan t i t i e s  L A and L D exceeds one and the ot h e r -  l i e s
in the in terva l  (0 ,1),  unless  = = 1. H ow ’- -;’~r s I n - ’e Ly
equa t ion  (5 )  FEBA movement M is given by

M = m ( l _ Z A ) = m ( L D
_ l )

in order that  M not exceed m in absolute  value , one m u s t  have
L A < 2 and < 2. There is , howe ver , no assurance that the
system (6), even if it does have a solution , has a solution
sa t i s fy ing  these addit ional  cons t ra in t s .  Hence there  are s t i l l
f u r t h e r  unresolved exis tence  d i f f i c u l t i e s .

It is the physical  d i f f i c u l t i e s  wi th  ( 13 ) ,  t hough , that
are most s ign i f icant . There is no phys ica l  basis , since In
general either L A or L D exceeds 1, for the assumptions tha t
L A < 2 and £D < 2. Why can actual  casual t ies  exceed acceptable
casualt ies, but not by a fac tor  of more than 2? We can th ink
of no physical  justification for th is  assumption.

Equation (13) has even worse impl ica t ions .  E x a c t l y  one
of the fol lowing must occur :

a) LA < 1, L D > 1 and the  attacking side advances;

b) LA 
> 1, L D < 1 and the attacking side withdraws;

c)  L
A 

= L D 
= 1. and the FEBA does not move .

While it is unreal is t ic  t hat the FEBA cannot move unless  one

side exceeds i ts  acceptable casual ty  rate , it is u t t e r ly

13
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unbe l i evab le  that  the only  way the  FEBA can fa i l  to move is if
both sides s u f f e r  precise ly  t he i r  max imum acceptable  levels
( i n  terms of surv iv ing  in i t i a l  s t r e n g t h s )  of losses. This  is
unbelievable for two reasons : first , there seems to he a range
of force levels , capabilities , and losses over whi ’th neIther

side generates s u f f i c i e n t  momentum to move the FEBA; second ,
many combat s i tua t ions  where the FEBA f a l l s  to move Involve

only very l ight  losses. The Lu l eJ ian—I  model seems incapable
of represent ing e i ther  of these important  e f f e ct s .

We should point  out that  there are other  c irc u m r t an c e s
when the FEBA in the L u l e j i a n —I  model can f a l l  to move . For
example , on the day fol lowing an “ u n s u c c e s s f u l ”  a t t ack , In
which the attacking side fails to advance according to ‘h’

attrition calculations , the situation in a sector is dt~~lar~--i

“semiactive ” and no FEBA movemen t oc curs. Th is is somew hat ,
but not unquestionably, reasonable. However , this semiactive

state can be entered , it seems , only if condition c) above
obtains  on the  preceding day .

Observe , moreover , that  ( 13) implies t ha t  tb ’ - s ide t h at

incurs more than its maximum acceptable losses also loses

t e r r i t o ry . This means that  whatever “ t r a d e — o f f ”  b e t w e~- : . ‘ e r r i—
tory and losses the model represents  is pure ly  nega t ive : a side
withdraws in order to reduce i ts  casual t ies  and cari n -c t su. ;ta in
higher than acceptable casual t ies  in order t o  gain t e r r i t o ry
(which  may clearly happen in r e a l i t y) .

Final ly ,  (13) imposes a symmetry on the a t t ack ing  and
defending sides that probably does not exist in combat : by

(13) each side reacts , in the LulejIan—I model , in prec isely
the same manner to unacceptably high losses. As ment ioned
above , in reality the attacking side in particular may choose

to Incur momentarily higher than acceptable casualties In order

to keep the FEBA moving. Furt her , the defending side in reality
may not seek to move the FEBA even if’ its casualties are very
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low; it may s imply be content  w i th  m a i n t a i n i n g  i t s  current
pos i t ion  and low losses. Represen ta t ion  of’ these phenomena
is not simply omitted from the Lule j  ian-I model—-i t  is ex-
p l i c i t l y  excluded and cannot be added to the  mode l .

3) The Inverse exponent ia l  dependence of losses on separ - -
ation distances that appears in equations (1—3) above is without

physical justification or plausibility and seems t n  have been
chosen only because near ly all a t t rI t i o n  equat ions  in the  model
are exponential in form . Research efforts by the developers of

the Vector-I model (cf. El] for a review by the author) indicate

tha t  dependenc e of a t t r i t i o n  on d i s t ance  is a s u b t l e  and corn-
p l ica ted  phenomenom that , even in a theater-level model , cannot

be represented by simple equa t ions .  Whi le  it may be possible

to derive a l te rna t ive  equa t ions , we quest ion whether , in view
of the conceptual and physical inadequacies of the entire metho-

dology , to do so would be worth the effort .

L~) In the same way , the assumed dependence of rn~vement on

the ratio of actual to acceptable losses that appears In (5)

has neither physical nor mathematical just ification or plau~ i—

bility.

To summar ize , we believe that the assumptions inherent In
the a t t rlt ion /FEBA computat ions  appearing in the  :~~lej  i an— I
model are so incompatible w i t h  phys ica l  r e a l i t y  that  they
render the model s i gn i f i can t ly  and u n p r e d i c t a b l y  inaccura te
as a representation of combat . Together with the mathematical

d i f f i c u l t i e s  discussed in Sect ion 2 , the  c r i t i c i s m s  given here
constitute strong grounds for not using the model.
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