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1 I n t r o d u c t i o n  

Equily-indexed anrmities (EIA's) are the fastest growing annui ty products. An appealing 

ti,a~nre of an E1A to ils holder is that  it contains path-dependenl  options which allow 

the policyholder to t)articipate in favorable investment  performance while mainta ining a 

ininimum guarantee on the benefit level. Studying the valuation problem of pa th-dependent  

opt, ions enables us to provide needed information to insurance companies on the costs of 

these options as well as investnmnt strate.gy for their  portfolios. For details, see Bacinello 

and Ortu (1993, 199,1), attd Bensman (1996). 

Valuation of such options nsnally involves analysis of Brownian motion, which requires 

a good knowledge of stochastic processes theory and stochastic calculus. The mart.ingale 

approach I) 5 ' ( ; e ther  and Shiu (199l, 1996) enables us to solve some valuation probhmls in 

option pricing without knowing deep results in stochastic calculus such as the Reflection 

Principle and Girsanov Theorem. Wha t  is needed is the Laplace t ransform of certain 

distr ibuti(ms known by act, uaries. 

In this paper, we show how to use Gerber  and Shiu's approach to compute  two defective 

density time(ions related to double barrier hi t t ing probabili t ies of a geome(ric Hrownian 

motion. The approach used here is simple and straightforward, and purely analytical.  

W e  t, hell apply t, he f()rinulas to value some exotic options whose payoffs are eontingei/! on 
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barrier h i t t ing  time. 

We begin with the basic properties of the Inverse Gaussian and the one-sided stable 

dist ribut icm. We then compute  two double barrie~ hi t t ing t ime dis t r ibut ions for a Brownian 

motion using the Gerber  and Shiu m e t h o d  The corresponding double barrier hi t t ing time 

dis t r ibut ions are then derived for a geometric Brownian motion with drift. In the remaiJJi~Jg 

sections we apply our results t.o various exotic options. 

2 I n v e r s e  G a u s s i a n  d i s t r i b u t i o n s  

( 'entra l  to our discussion are two distr ibutions:  Inverse Gaussian dis t r ibut ion and one-sided 

stable dis t r ibut ion of index ~. The first dis tr ibut ion has been used widely by actuaries to 

model clainl distr ibutions.  The second distr ibution,  a l though less familiar, is a limiting 

dis t r ibut ion of Inverse Gaussian distr ibut ions and well known as the first passage t ime 

of a s tandard  Brownian motion. As we will see in later sections, certain barrier  hi t t ing 

time dis t r ibut ions can be decomposed into a series of Inverse Gaussian distr ibut ions and 

the price of certain pa th-dependent  options can be expressed as a linear eoinbination of 

om,-sided stable dis t r ibut ion functions of index ½. 

The density flmction of an Inverse Gaussian distr ibut ion with shape parameter  (t > 0 

and st'ale parameter  ,~ > 0 is given by 

/ , . ( 0 -  v%~Tt ~' 

Let F)(;(t) = .J}~ f l a ( y ) d g  be its dis tr ibut ion function (see Bower, et al. 1997, p. 39, and 

Panjer  and WilhntJt, 1992, p. 114). Tilen 

where N(~:) is the standard norma] distribution flmetion. The Laplace transform of the 
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hlvms~' G a u s s i a n  d i s t r i b u t i o n  is 

o ~e ztft(;(t)dt = e <1 ~ 1 ,  z > 0. (3) 

T h e  dens i ty  func t ion  of a one-s ided s tab le  d i s t r i bu t ion  of index ½ is 

a a 2 

/(t; a ) = - - c  ~ t > 0 ,  (4) 
v S ~ F  ' 

where p a r a m e t e r  a > 0 (see Feller, 1971, p. 52). A compar i son  wi th  (1) indica tes  t ha t  

this  d i s t r ibmi (m is the  l imit  of cer ta in  Inverse Gauss ian  d i s t r ibu t ions ,  if c, = a ~  and  

;t ~ 0. Tak ing  this  l imit  in (3) we o b t a i n  the  Laplace t r ans fo rm of the  one-s ided s tab le  

d i s t r i bu t ion  of index ~: 

fo'~e a)dt = z (5) c-aV/~z O, 

For va lua t ion  purl)oses , we arc also in te res ted  in 

fo"" ¢~-~'f(t a)dt, some > for T 0. 

To ca lcula te  this  integral ,  we wri te  the  in t eg rand  as 

~ e 4 z t  

T h a t  is, the  in teg rand  is e - ~ ' / ~  t imes  the  Inverse Gauss ian  dens i ty  with p a r a m e t e r s  (~ -- 

~z~2z, i~ = 2z. From this  and  (2) it follows t h a t  

f 0 T e - ~ ' f ( t ;  a)dt : "-"'/;~¥( v /~T  - a )  e , , / ~ N  ( v ' 2 7 T  + a ) .  (6) 

Finally,  we ex tend  the  func t ion  (4) to nega t ive  a. For a < 0, we define f,,(t) -fl,l(t). 

Thus,  for a < O~ 

foTe ~tf(t; a)dt - " \ vrT } -  e "~TN( v~eT ua)x/T 1 (')" 
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3 D o u b l e  Barrier Hi t t ing  Time  Dis tr ibut ions  

In t h i s  sect i lm we begin  wi th  th ree  barr ier  hit.ting t i nms  o[' a [h 'ownian  mol ion .  We D~SS;lllllO 

t h a t  the re  is an  uppe r  barr ier  and  a h)wer barrier .  Tti(' first [litt.ing l ime  is dt ' l inrd a.~ the  

tii~,t t ime  (h(' Ih'()wnian mo t i on  }dis (m(' of the  lw~ barr iers ,  the  sl ' ((md one is the  tirsl t iuw 

lh(' lhL)wmal~ in~ltiOll }ills ill(' ]llw('r [)arlil,t w i t hou t  h i l l i ng  tlw ut)l)('~ harr ier  earlil 'r, and  

Iht, 1bird on(' i~ Ih, '  first t im('  t lw Bi()wnian mot i (m tilts ttie ul)l)('r barr ier  wi thout  h i l t in~  

~h(' lowe~ barri( ' r  ea,li , ,r .  

I,rt { W ( t ) . !  > (t} lie a man( l a rd  13rownian mo t i on  and  X(I )  b(' a Brownian  m(/ti(/n 

wi th  drift p a r a m e t e r  # and  ([ifftlsion paramet .cr  a ,  i.(!., .\ '(t) /~ t÷oIV( t ) .  Ih(, t)a.raInl%l.rs 

/~ and  c~ are a s s m n e d  h,  b(, a rb i t r a ry  nonnega t i ve  cons la l l t s .  Let. a < 0 < b. Dcl'in(' 

li,.~, = / m f { h  . \ ( t )  = (,, i,r .\'(t) = b}, if sucll a t ex is ts  
(S) 

t x ,  i f  . \ ' ( t )  m 'v l ' r  h i t s  thl ,  bmr i ( , r~ .  

[]rre I'~,.t, is t h r  l i tst  t ime  the  B lownian  m o t i o n  {X( t ) }  }tits one of two baHie r s  J: -- a and  

.r : t~. t " ,a ' lh, , r ,  define 

"li,  - .  7i,,~, if . \ ' ( ' I ; , . ~ )  ¢ t,; 7; -- ~/',,.~,, if .\'(~,.~) ¢ ~. (9) 

T h e n ,  7~, is the  tirsl t i m e  { X ( t ) }  hit.s t im lower barr ier  :c = a wi thout  h i t t i n g  ~: - b ('arlier, 

whih '  ~/'~ is the  first t.ime {X( t ) }  h i t s  the  uppe r  barr ier  z = b w i thou t  h i t t i ng  ~ = a (,arli,,r. 

In the  fl)llowing, we will identil 'y the  defectiv(~ dens i t ies  of T,, and  T~. T h e  dens i ty  (if 

T,,,b t h en  is the  s tun  of thes(~ two. 

We first ( '()mtlute the  Laplac, '  I ['ktll,S['Ol'lIlS of T,  and  7~ us ing  tim Gl ' rber-St i iu  Techniqu( ' .  

\Ve t h e n  express  t twm as a series of t.he Laplace t r ans fo rn l s  of stabl( '  d is t r i l )u t ions .  

It is well know tha t  tilt" any  real X, tilt' [ 'xpon(!ntial 
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i sa  martingale. For an ai'})ilrary z > O, let A~ and A2 be the negative root and the positive 

root of the quadratic equation 

-la2A2 + ttA - z = O, 
2 

respectively. Then, 

- ,  ~ - ,  + 
,\E - - c ~  , A~--  o2 (10) 

\Ve obtain two mar|ingales: 

} , l l  (t) = Z~, (t) = e "~''x(t) ~' (11) 

~lIl([ 

M 2 ( f )  = Z ~ ( t )  = d '~':(n ~~ (12) 

By the optional sampling theorem, we have 

FpI,(T,,,b)] i ,  ~ = a ,  2 .  

It t'ollows from the law of to ta l  p robab i l i t y  that 

EO' r1:')e"~ + E(e  -rr~ d'*" - 1. 

Solving, lhe l inear equat ions above yields the Laplace t ransforms 

cbAa _ f,6AI 

;~dld 

Since 

caAI __ caA2 
£ ( c  ~"n,) = e ' a '  +b~,~ _ e~:,, ~ ,,A~' 

[ ~ f! aM -t~A2 £ ~! n(tJ -~O(A2 AI} 
(/~AI +hA2 obAl 4 hA2 t 

(14) 
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WU hav( '  

~L 0 yz=l)  

O ff-rt(b a ) ~ 2 - . \  ) b>,z -_ ~-~. .  (,,+1 ,b. a)(.k2 )%) b~l t:'(c (16) Z__, Z_., 

\Ve now i(hmt ify the d(!fectiv(' (hmsit.y funct ions  of T,, and 7}, th rough  l}w l~apla(:(! t ransforms 

(15) and (16). To do so, we first identify funct ions  t ha t  cor respond 1o the  terms of the 

s,'ri,'s i,, (15) and (16). L,,I ,,,, = } [2 , r ib  - a) - a] and g, }12,,(t, ~,) + hi, for 1, = 

. . . , - ' 2 , - 1 . 0 ,  1 , 2 , . . - ,  and let  g~(t) and g~(t) represent the defect ive dens i ty  func t ion  of  

7',, and 7},, respectively. From (1(1) tim te rms  of the  first series in (15) can be rmvri~ten as 

Th( '  second fa('l or  above is lhe Lap lace t rans fo rn l  ()f the hpcerse Gaussian d is t r i l )u t  ion wit  h 

pa ranwte rs  ¢~ ,,,,e ;:~ = ~2 Thus.  i t  f i ) l lows f rom (1) and (3) t ha t  the cor respond ing  ¢/ ~ 02 ,  

funct.ioll to this  express ion is 

~/2nta e . . . . . .  -~(o) t f ( t ;  ,z,,}, n = 0 , 1 , - . . .  (17) 

For expr~,ssions c U,~}{~ ~)(},a .x,) -~,a n = 11, 1 , . - . ,  let m . . . . .  r~ 1. Then  m = 1, '2 , . . .  

a r id  ' , V ( '  hav(' 

Thus,  tho fum't i~ms correspondh~g to the terms is the second series in (15) are 

., _ > , .,7; = - , '>  '-'i~-i~'~f(t; ,.,,,). m = 1 . - 2 , . . .  (18) 
v,'27t:~ 

"I'og,,ther with (17) aim (18), we obta in  the densi ty  of T,,: 

g , , ( t ) = e ~  - } (e ' y '  £ f ( t ;  a,,), (19) 
rt = o o  

170 



wh~,~v j i t l  . . )  is defined in (4). 

A similar  a rgument  yiehts 

b I a 2 

.qb(t) = e ~  ~(-)' ~ f(t; b,,). (2o) 
t z =  o c  

To apply the  above results to opt ion  pricing, we consider a geometr ic  Brownian  mot.ion 

as the price of a stock under  the  r isk-neutral  probabi l i ty  measure.  Under  a Black-Scholes 

ec(mmuy with  one stock wi th  price process  {S(t)} and one riskfree b o n d  wi th  cons tan t  

t\)rce of interest  r ,  it, is well know tha t ,  if the  s tock pays no dividends ,  the price process 

{S{t)} under  the  r isk-neutral  probabi l i ty  measure  follows a geometr ic  Brownian  mot ion  

s(t)  = Se(~-~ ~)'+~w('l, (21) 

where S is the initial  stock price at t.ime 0 and {W(t)}  is a s t anda rd  Brownian  motion.  In 

this case, 5'(t) = Se x(t), X( t )  is a Brownian mot ion  with drift  p a r a m e t e r  

I*= r -  ~o 2 (22) 

and diffusion p a r a m e t e r  o-. 

Lot L and /~ be a lower barrier and an upper  barrier for {S(t)} with 0 < L < S < U. 

Denote  % and %, as the first hit.ting t ime to the  lower barrier  wi thout  h i t t ing  the  upper  

barrier  earlier and the  first, h i t t ing  t, ime to the upper  barr ier  wi thou t  h i t t ing  the  lower 

barrier  earlier,  respectively, i.e., 

rl, inf{t; S'(t) = L , L <  de(s) < U for a l l s  C [O,t)}, 

TU = i n f { t ;  S(t)  = U , L < S ( s )  < U for a l l s  E [0, t)}. 

To lind the  densi ty  for 7-1, and vv', let 

171 



Thus, the (h,,siry :b.(t: 5") ()t vl. is g~,(t). It fi}llows from (1.9) and (22) that 

IL l  (~" "~)e._~(~,,, ½.)h £ g . , ( t ; S )  [~ f(t; 0,,). 
u -  ~., 

Simila:ly,  it follmv from (20) alld (22) tha t  lhe  densi ty :/t,(t; ,55 of vl  is 

2 

- :<~)' f ( t ;  b . ) .  .qv(/;£') c-:,0~' ' : 2 

[ to re  :~,~ : In ~ '""; -! I l l  : 2 . + :  I r:~:, and b,, , ) ) g .  

(2s) 

4 Pricing Single Barrier Options 

In t lli'~ se('(ion Wo ('on,'-;idel" (,xot, ic opt ions  wh()se payoffs dep(,nd on th(' h i | l i ng  tim0 dis- 

t r ibut ion  of their  under ly ing  asset i)ri(:e to a single barrier.  Al though l'h(' single barrier 

h i t t ing  probabi l i t ies  can be derived by the rtffh,('t,ioil prin('il)h:, they are simply a Sl)(:t'ial 

c a s e  o f  o u r  F t ' S l l I | , ~  i [ l  t h e  l a s t  s 0 ( ' t i o n .  

T w .  cas('~ m(' (':)nsid(ued: tit(: t/aIrier level is loss than  lh(' init, ial pti('e of the und('rlying 

asn('~, i.[,., L < ,~,'. and the barrier  h,vel is g:eat( ' r  than  the initial l)ri('(' ()f the underlying,  

5; <: U. \Ve deno|( ,  .ql(t) for Ihe densi ty  of the former and g,,(t) fi)r the dens i ty  of t,h(' latter.  

It is o|)vi(ms lhat  

.q~(t;.%') = lira q~(t:5"), and :/,,(t;,S ~) - lira q , ( t ;5 ) ,  
t,' +?c "  L *l"  

where :/tr(t; 5) and .qj.(t; S) are giw, n in (24) and (25). Note tha t  for i1 > 0, 

l i m a , ,  - ~c,, l imb,,  - ,~,; 
U ~,?c L ~O 

for n < 0. 

aI:d 

l i m a .  :-,~. lim b. 7~; 

(10 ~ - ~II , b 0 = - - I l l  . 
O ,'7 
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'}lms, w*' }'~:-r,.,l' 
[L]/~,, ~ 31 . . . . .  

.qdt; S) LSJ ~~ ¢~'~ -~") t f ( t ;  el0), (20) 

alld 

[u l~ ,~  ~ 3) ½(~ ~ ½°):~f(t; be), (27) 

In the following we use the density flmetions obtained above to ~waluat.e continuous 

lookback options. Lookbaek options have been used in several equity-indexed annuities. 

For example, an EIA which indexes on highest daily point of S&P 500 over 6 years cont.ains 

a h~okback option with fixed strike price over 6 years. 

In this section, we always assume the Black-Seholes economy with one stock aim one 

riskfre~ bond as discussed in section 3. The stock pays no dividends. Consider a European 

lookback call which pays at, maturit.y T 

,,,,x - t, o]. (2sl 

The price of this lookback option is 

The ~'xpeclat.ion is taken under the risk-neutral probabili ty measure. To evaluate w~ n~ed 

to identify the dis t r ibut ion of max0<.s,!t)<~, S(t). Define 

G~(U) I ]~rq"(t; S)dt, i f  L r > X (30 

( 1, i f U < S  

Tht, n (;l(~r) __ i~r{maxa<s(t)<r S(t)  > U} is the survival flmetion of maxo<x(0<1 S(t). 

Thus. 

which is analogous to the formula for the stop-loss premium in insurance. 
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It follov,'s fi 'oni (6) that 

£ r  .q (t; Skit  

D e n o t e  

<t(~., y) : av~ 
Then, i f  K > S, the hitegra, tiori of the first term on the r ight hand side of (32) yields 

/~7' N ( d(:r, S) )d:r 

(32) 

(33) 

= i~'ia(~:,sl 1 ~2 gh- ~ ,  , ¢ r ~  e ~ d~ldz 

d ( K , S )  Se  "'¢w~+{~- ½o~}1 
f f 1 ,2 = - ~__e ~v dm&l 
a - o c  J tl' ~ / 2 7 f  ' 

.,. . l , ,  ,~ + (,- + .' y ) r ]  . l ,  ,+ + (,. ~ ,~ ) r  
: <' s: ' r t  ~ k ~ '  , s " x t  ~ ~77'  ), (34) 

and the integration of the second term of (32) yields 

- , ,  s x ~  x~ + + ,'~ ~ s , _ ~  ~ x t  ~ ~ ) r  
2,, , ~ v m  ) '~,,, ;¢s~ ) 

Together with 3 [ and (35), we have from (29) that the price of this lookback is 

1 + 7,,. s i n (  h ' ~  ~ , / 7  " 

~ : 2 r ~  - 2  -1 l I 2 

(35 ̧  
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If Ix < >;, the price is 

,' ' " '£7~~l ( , r )d :L"  = (' "'1(5'-- IX')+e "J'.LTG',(x)d:r. 

The second term on the right hand side of (37) is given by (36) with K S. 

(37) 

5 Pric ing D o u b l e  Barrier Options 

In this section, we consid(!r a double lookback option whose payoff is contingent on the. 

spread between lhe maximum and the minimum of a sto(k. It. t)ays 

I l l ' lax S ( t )  -- l l l in S( * )  -- t ( ,  O] max 
L05t57 0<J<T ] 

at matur i ty  T. The value of this option is 

e "TE max S(,)  /<, 01"~ (38) { [max  S(t)  ,,,in - JJ  , LO<t~T O<L<T 

where h" is the s l r ike price. 

l )emm' 

L) = / j  v,.(t s)dt +/o' oLU; s)d,, g'(u, 

Then 

Thus, 

L < S < U .  

C,(U,L) Pr{ max S(~) > U or rain S(t) < L}. 
05)<T - -  05t<T - -  

0]} 

~" . . ,  a ~ O ( . ,  : , t ) . .  
max(S, y+K) 
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If 5 < t'(, in tegra t i (m by pa r t s  and  the  favt tha t  (;~(!/)  : lim~ ~.~ (:(:r  ,/) yield 

LI/- {l<t~ J 

/ ' / , ' ~  i'(~2('G)L . (~'(;/'.1,)1 , = _  ± (LZ (/Jj 

• i • ,,,, Oy 

~ ' "  ': ~ ° I c ~ ( u ) b u c ( ~  ~J)}@4,. ~- " 
. . . . .  i~ v "' &lll,r 

/, F "~"I(Ti( , , '}  k ( : 2 ( : r - -  A') - U(,r , : r  Ix')}(/,: ~ Gl(: r )d: r  
x ~h 

- - , { "  ( ; , , . r )d . r+  £ s G = , ( y ) d y -  ~ s G ( : r  .~ t,,:r)d:r. (39) 

l f 5  > L', 

Ut.- tv I (>' * 5 ' 1  
. , ) 7 ,  

.x f, (.r ~,t A )  - ~ - - d . r d ~ /  + (:r - ! t  t '~)--7, :q . . . .  d:rd~/ 
, . O . v o l q  " h ~ h' Uil:(>'!] ' 

£ ,  ,, o~;:[ , / ) ,  .s ~,f~.o{g~{u)_~;{.,::u)]4,.,~ u 
: . {5 .u h )  - O ! / - - , , / + . ~  .1,. 0y ' 

- £ / , i  ' ' -" 
. I~ . + A ( / ~ I  

. if, £., oil,<,,)--c:(,:.,:)!,,,,.,. 
.~, ,, O q " " . .s'~ A *, O!t 

: :  , ~  (~'1( '1 ' )¢1"l '@ (-/2 ('t/ )d'~/ " /x" U( . I '  _.L A'.:I')(LI?. ('10 

,All the  in tegra ls  above  can l)e evah la ted  eXl){icil y. 

R e f e r e n c e s  

ill [ ~ a c i m , l l . .  A . f ~ .  a n d  ( ) r t u ,  F .  (1993). Pr iuing i ,( luitydinked life insurance  wi'~h  ('n 

d<)genous m i n i m u m  guarantees .  I ~ s u r a n c e :  5 l a t h e m a t i c . s  and  l~(:ofloltl.i(::~ 12, 2.15-257: 

(?orr i~ondum 13 (lf)93). 303-304. 

1 7 6  



('2] [:laciuellu, A, and F. ()rtu (19941. Single and periodic pleltliull:l,~ fi)r guaranteedequity- 

link+'d lif~' insurance under illterest,-rat(! risk: the "lognormal + Vasicek" case. In 

FZmmicia/M()dcling: t~e(:e~/ /~eseur(:h, Peccati, L. and M. Viren ed., Physica-V(!rlag. 

Berlin. 

(3i [~(msman, M.. (19961. Insurers play the equity-indexed game. De:'ivatiz,::,s Strat~:9j! 

1 I-1,5. 

!1! I{bwk. 1:. m~d M.J. Scholes (1973). The pricing of options and corporale liahililies. 

,]our'~al vf l>oliti+ al Economy 81, 637-654. 

[sJ Boyle, P.P. and X.S. Lin (1997). Bounds on contingeilt claims based on several assets. 

,Ioltrrtal of t+'imuicial Eco~iomics, 46, 383-400.  

[61 D,ller, W. (1!t71). ,4~ b~/roductioT, to Probability] Thcor:q and Its Atq:lications, Vol 2, 

2nd Editiott. ,Iohn \Viley New 't2)rk. 

[7] (lerher, t[.U. and E.S.W. Shiu (19941. Mart.ingMe approach t,o pricing perpetual Amm- 

icau options ASTIN l?ldl+tt~ 2,1, 195-220. 

[8] (h,rbor, |[.[L and E.S.W. Shiu (1996). Martingale approach to pricing perpetual Amer-  

ican options on t.wo stocks. Matt+ematical FinaT+ce 6, 303-322.  

f9] Harrison .J.M. (1985). groumian Motion and Stochastic Flo~, S:q.~t+:Tr~s. John \Vih T, 

New York Reprinted by Krieger Publishing Company Malabar, FI,. 

[10 i [h,. 11., W.P. Keirste+ul and J. Rebholz (19971. Doubh' lookbacks. Forthcoming in 

I111 llull, .l. (1997). Optiorts, l'?+,iure:< a++d Other Deriv:zti+,e.s. 3rd ed. Ptatice-HalI, En#,h,- 

wood Cliffs. N..I. 

177 



{12 i IAn. X . S  (l!)!)S). De,utile barrior  h i t t ing  t ime dist.ributitms with al)l~lic;~ti~ms l i~ exotic 

<~ptious, lzt.~*~rt~tcc: M~tthezzttz~{c,s et~r~(t /~cozto~ztZc,s, in press. 

i l 3] ( )ksendal ,  1~. (1985'). ~,'tochctst~c {)~l~r~'ritict{ Eq~t~itZo~ls. Spvin~er- \:'erlag, P, erli,~. 

]?t.',~ll't~lt~'t' ¢l]~d [)~'ILS~O;LS. I~?olt}lUOHliIlg. 

il.5] Pail i¢'t', II . t t .  ;ti,d (LE.  \VilhHot ¢1992). /~s~zr'¢t~tc:c t~isk Models. So('i(!tv of Actuaries ,  

Schannlburg.  I1. 

!l(i] Rich, 1).I~. (l(.)!)5). The  mat| te,lmt.ical fo,tndati¢ms c~f barr ier  ¢)pli(m pri(:in~ lh,',)ry. 

Ad~,'t~rtccs ~r~ F~d~l~'c!.s' ~zT~d ()ptio~t.s' Research 7, 267-312. 

178 


