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S ince th e fa m ou s B la ck, S ch oles, M erton form u la  su bsta ntia l progress h a s been m a de in th e 

option pricing th eory. T h e a im  of th is pa per is to ev a lu a te th e difference betw een th e ra th er 

sim ple bu t rev olu tion a ry B la ck-S ch oles m odel a nd one of th e m ore com plex tech n iqu es (neu ra l 

netw orks) on th e Eu ropea n-style S &P Index ca ll a nd pu t options ov er th e period of 1.6.20 0 4  till 

8.6.20 0 7. Ou r resu lts on ca ll options sh ow  th a t genera lly B la ck-S ch oles m odel w ith  h istorica l  

v ola tility perform s better th a n sim ple genera lized feed-forw a rd netw orks. On th e oth er h a nd 

neu ra l netw orks perform a nce is im prov ing a s th e option goes deep in th e m oney a nd a s da ys to 

expira tion increa se, com pa red to th e w orsening perform a nce of th e B S  m odel. Neu ra l netw orks 

seem  to correct for th e w ell-know n B la ck-S ch oles m odel m oneyness a nd m a tu rity bia ses. B oth  

m odels h a v e m u ch  low er expla n a tory pow er for pu t options com pa red to ca lls. S ince options a re 

rea l indica tors of th e m a rket m ov em ents w e a ssign th is fa ct to th e expecta tions of th e m a rket 

pa rticipa nts a bou t th e m a rket grow th  du ring th e ev a lu a ted period. 

 
Introdu ction 
 
O ption s h ave  b e e n  trad e d  for  ce n turie s. Th e  first option  con tract th at r e s e m b le s  tod ay option  

con tracts d ate s  b ack to th e  s e ve n te e n th  ce n tury (se e  e .g . Gibson (1991)). H ow e ve r  th e  option  

m arke ts w e r e  n ot r e g ulate d  an d  as  such  w e r e  ofte n  m an ipulate d  un till th e  e stab ilish m e n t of th e  

first liste d  option  e xch an g e  (Ch cag o Board  O ption s Exch an g e ; CBO E) in  1 973. Sin ce  th e n  th e  

option  trad in g  r e cord e d  un usual e xpan sion  in  trad in g  volum e ; varie ty of option  con tracts; an d  

g e og raph ical cove rag e . Th e  d e ve lopm e n t of option  m arke ts in  90́ s  is con sid e r e d  to b e  a “m ost 

striking fin a ncia l innov a tion”1 .   

                                                           
1  G ib son ,R. (1 991 ): Option v a lu a tion. An a lyzing a nd Pricing S ta nda rdized Option Contra ct, G e or g  Ed ite ur, G e n e va, 
Sw itze rlan d , pr e face . 
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Th e  in cr e ase  in  popularity of option  trad in g  g ave  rise  to th e  im m e n s e  volum e  of lite ratur e  on  th e  

option  pricin g  th e ory – s e e  B a tes (20 0 3) am on g st oth e r s  for  com pr e h e n sive  r e vie w  an d  d iscussion  

on  option  pricin g  te ch n ique s  an d  th e ir  e m pirical te stin g . For g r e at e vid e n ce  on  th e  m ore  r e ce n t 

con trib ution s se e  e .g . Ga rcia , Gh ysels a nd Rena u lt (20 0 4 ).  Th e  option  pricin g  th e ory d e fin e s th e  

r e lation s b e tw e e n  th e  factors  th at in flue n ce  th e  option  price  an d  th e  option  price  itse lf in  ord e r 

to form alize  th e  option  pricin g  form ulae  or  m e ch an ism . Th e  th e ory d ate s  b ack to th e  ve ry 

b e g in n in g  of th e  20-th  ce n tury, w h e n  th e  Fr e n ch  m ath e m atician  Lou is B a ch elier (1990 ) d e d uce d  

an  option  pricin g  form ula. It w as b ase d  on  th e  assum ption  th at th e  stock price  follow s a Brow n ian  

m otion  w ith  ze ro d rift. How e ve r , th e  g r e ate st im prove m e n t w as trig g e r e d  b y th e  w ork of Robert 

C. M erton (1973) a nd F.B la ck a nd M .S ch oles (1973) in  1 970́ s. Th e  auth ors  pr e s e n te d  th e  first 

com ple te  e quilib rium  option  pricin g  m od e l un d e r  th e  assum ption  of risk-n e utrality. Alth oug h  

th e ir  form ula violate s  th e  r e ality in  n um b e r  of w ays (se e  th e  d iscussion  late r  in  th e  pape r ), it is 

still th e  m ost w e ll-kn ow n  option  pricin g  m od e l. It is w id e ly use d  in  practice  an d  con stitute s  th e  

fun d am e n tals for  m an y sub s e que n t acad e m ic re s e arch e s. Sin ce  Black, Sch ole s  an d  M e rton ś  w ork 

m an y e xte n sion s  of th e  m od e l an d  vast n um b e r  of oth e r  pricin g  an d  h e d g in g  te ch n ique s  h ave  

b e e n  d e ve lope d  (ag ain , s e e  B a tes (1995) or Ga rcia , Gh ysels a nd Rena u lt (20 0 4 ) am on g st oth e r s ). 

Th e  th e ory of option  pricin g  is use ful n ot on ly in  th e  risk m an ag e m e n t b ut in  th e  th e or e th ical 

un d e r stan d in g  of th e  fin an cial m arke ts.  

Th e  aim  of th is w ork is to te st e m pirically th e  r e volution ary Black-Sch ole s  m od e l an d  th e  m od e r n  

m e th od  of g e n e ralize d  fe e d -forw ard  n e tw orks on  th e  S& P 500 In d e x option s d urin g  th e  pe riod  of 

1 .6.2004 to 8 .6.2007. Th e  use  of th e  n e ural n e tw orks in  fin an ce  m od e lin g  is g row in g  in  th e  last 

d e cad e s  (lookin g  at th e  Cze ch  lite ratur e , s e e  e .g . B a ru n ik (20 0 8)). W e  aim  to com par e  th e  pricin g  

pe rform an ce  of th e se  m e th od s w ith  e m ph asis on  th e  m oney ness  a nd da y s  to expira tion 

stru ctu re of the options. W e  use  th e  S&P 500 In d e x option s cove rin g  th e  pe riod  from  1 .6.2006 to 

8 .6.2007 for  th e  out-of-sam ple  pe rform an ce . In  th e  Bla ck Scholes  m od e l w e  r e lax assum ption s of 

con stan t volatility an d  in te r e st rate . W e  use  th e  3-m on th  in te r e st rate  an d  th e  h istorical volatility 

as th e  in puts for  th e  m od e l. Both  in puts ar e  use d  on  purpose  as  th e y are  like ly to b e  availab le  in  

th e  d aily trad in g  situation . W e com pa re the BS m odel to the sim ple genera lized feed-forw a rd 

netw orks  w ith one hidden la y er a nd ta nh tra nsform a tion fu nction. Th e  spot price  to strike  price  

ration  an d  tim e  to m aturity e n te r  th e  n e tw orks as  in puts. W e  d o n ot use  volatility in put on  

purpose  as  w e  suppose  th e  n e ural n e tw orks w ill b e  ab le  to approxim ate  ar b itraly w e ll on  th e ir 

ow n . O ur  first h ypoth e sis is th at th e  BS m odel w ill in  genera l ou tperform  the neu ra l netw orks  
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sin ce  th e  S&P option  in d e x m arke t is said  to b e  th e  h om e -g roun d  of th e  Black-Sch ole s m od e l (se e  

e .g . Corra do, S u  (1997)); an d  th e  BS m od e l use s  th e  in puts (h istorical volatility ab ove  all) th at 

r e fle ct th e  r e al situation  in  th e  m arke ts pre tty w e ll. O n the other ha nd w e believe tha t neu ra l 

netw orks  w ill be a ble to correct for som e w ell-know n m a tu rity  a nd m oney ness  bia ses of the BS 

m odel. W e  suppose  th at th e  BS m od e l w ill h ave  prob le m  to price  corr e ctly th e  d e e p ITM  or  O TM  

option s w ith  in cre asin g  d ays to e xpiration . W e  are  furth e r  in te r e ste d  in  th e  r e lative  pe rform an ce  

of th e  m od e ls on  th e  calls an d  puts. 

1.1. B la ck, S ch oles a nd M erton m odel 

 

BS m od e l is ofte n  s e t as  a b e n ch m ark m od e l for  th e  e m pirical com parison  in  th e  option  pricin g  

lite ratur e  (se e  e .g . D u m a s, Flem m ing, W h a ley (1997), B a ksh i, Ca o, Ch en (1997) or Am ilon (20 0 3) 

am on g st m an y oth e rs ). W e set the BS form u la  a s  the reference m odel a s  w ell. How ever w e rela x 

the ba s ic  a ss u m ptions  tha t a re know n to viola te the rea l conditions  in  the fina nc ia l m a rkets  – 

the consta nt vola tility  a nd consta nt risk-free interest ra te. 

Rob e rt M e rton , Fisch e r  Black ad  M yron  Sch ole s2 d e rive d  th e  first sim ple  close d -form  solution  for  

pricin g  of th e  Eu ropea n-sty le call option s on  n on -d ivid e n d  payin g  stock. Th e ir form ula ob tain s 

on ly five  variab le s  (th e  spot price  of th e  un d e rlyin g , th e  e xe rcise  price  of th e  option , th e  risk-fr e e  

in te r e st rate , th e  volatility an d  th e  tim e  to m aturity). Th e  m od e l b e lon g s  to th e  fam ily of th e  

pa ra m etric  continu ou s -tim e m odels w ith closed form  solu tion. Th e  stock price  is assum e d  to 

follow  th e  g e om e tric Brow n ian  m otion  an d  it is b ase d  on  th e  follow in g  assum ption s: th e  stock 

price  follow s W ie n e r  proce ss  such  th at: dS Sdt Sdzµ σ= + ;w h e r e  an d   ar e  con stan t (th e  ch an g e  

in   is n orm ally d istrib ute d  w ith  th e  m e an   an d  th e  varian ce  , e .i. th e  r e tur n s  ar e  

assum e d  to b e  log -n orm ally d istrib ute d .); th e  s h ort se llin g  of s e curitie s w ith  full use  of proce e d s  is 

pe rm itte d ; th e r e  ar e  n o tran saction  costs or  taxe s; all s e curitie s ar e  pe rfe ctly d ivisib le ; th e r e  ar e  

n o d ivid e n d s  d urin g  th e  life  of th e  d e rivative  an d  th e r e  ar e  n o riskle ss  ar b itrag e  opportun itie s; 

s e curity trad in g  is con tin uous; th e  risk-fr e e  rate  of in te r e st ( ) is con stan t an d  th e  sam e  for  all 

m aturitie s. 

 

                                                           
2 Se e  M erton (1973) a nd B la ck a nd S ch oles (1973). 
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U sin g  Itó s le m m a; th e  n o-arb itrag e  con d ition  an d  th e  r e plicatin g  portfolio auth ors  d e rive d  

follow in g  partial d iffe re n tial e quation : 

2
2 2

2

1
2

f f frS S rf
t S S

σ
∂ ∂ ∂

+ + =
∂ ∂ ∂     (1 .1 .1 ) 

Th e  BS pricin g  form ula is th e  solution  of th e  BS PD E un d e r  th e  b oun d ary con d ition s  

 for  call an d   for  put w h e n   an d  it is th e n  d e fin e d  as  

follow s: 

  (1 .1 .2) 

 (1 .1 .3) 

w h e r e  , .  is th e  cum ulative  prob ab ility 

d istrib ution  fun ction  for  a stan d ard ize d  n orm al d istrib ution ,   an d   ar e  th e  Europe an -style  call 

an d  put price s  an d  oth e r  variab le s  ar e  fam iliar.  

In  our  w ork w e  use  th e  historic a l vola tility  a s  a n  inpu t into the form u la e (se e  e .g . Am ilon (20 0 3)). 

W e  calculate  th e  volatility from  h istorical S& P In d e x r e tur n s  r e tur n s  such  th at: 

  (1 .1 .4) 

w h e r e   is n um b e r  of ob se rvation s,  is th e  n atural log arith m  of th e  stock r e turn ,  is th e  

le n g th  of in te rval in  ye ars. To e ase  th e  com putation al b urd e n  w e  s e t n  to 21 .It w ould  b e  m ore  

accurate  to se t  e qual to th e  d ays to m aturity of e ach  option . For 3 m onths  risk free interest 

ra te proxy w e  use  th e  ave rag e  of th e  an n ualize d  7 to 500 d ays con tin uously-com poun d e d  in te r e st 

rate s  for  th e  option s w ith  th e  m aturity le ss  th an  500; an d  500 to 1 000 d ays con tin uously-

com poun d e d  in te r e st rate s  for th e  option s w ith  m ore  th an  500 d ays to e xpiration . W e ha ve to 

point ou t tha t the BS m odel is  ba sed on the da ta  a re tha t likely  to be a va ila ble in  a  tra ding 

s itu a tion a nd a s  s u ch is  believed to predict the option prices  w ith s u ffic ient a c c u ra c y .  

Eve n  th oug h  th e  BS m od e l an d  its various e xte n sion s ar e  w id e ly use d  am on g st practition e r s , it is 

g e n e rally assum e d  th at th e  BS m od e l lie s  on  s e ve ral h ig h ly que stion ab le  asum ption s. Assets 
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retu rns  a re a s s u m ed to be log-norm a lly  distribu ted a nd the stock price follow s continu ou s  pa th 

throu gh tim e. In  practice  th e  e vid e n ce  (se e  e .g . B a tes (1998) ) s h ow s th at r e tur n s  follow  

le ptokurtic d istrib ution . Base d  on  th e  e m pirical te sts  (se e  M a cbeth  a nd M erv ille (1979) or  D u m a s, 

Flem m ing, W h a ley (1996) am on g st oth e r s ) th e  cross-se ction al prope rtie s  of option  price s  in d icate  

an oth e r  w e akn e ss  of th e  m od e l – the insta nta neou s  vola tility  is  not identic a l a cross  the strike 

prices  (m oney ness) a nd the m a tu rities. Th e r e  is ab un d an t e m pirical e vid e n ce  th at th e  BS m od e l 

e xh ib its stron g  pricin g  b iase s  across  b oth  m on e yn e ss an d  m aturity – vola tility  sm iles, skew s  or 

sm irks. Volatility sm ile  is an om alous patte r n  th at can  b e  d e rive d  b y calculatin g  im plie d  volatility 

of th e  option  across a ran g e  of strike  price s. Th e  sm ile  is r e late d  to th e  d e g r e e  to w h ich  th e  option  

is ITM  or  O TM . Typically th e  ste e pn e ss  of th e  ske w  d e cr e ase s  w ith  th e  in cr e asin g  d ays to 

e xpiration . It is g e n e rally ag r e e d  on  th at th e  volatility sm ile  is th e  con se que n ce  of e m pirical 

violation s of th e  BS m od e l assum ption s of con stan t volatility an d  n orm ality of log -price s. Such  

e vid e n ce  is cle arly in d icative  of im plicit stock r e tur n  d istrib ution s th at ar e  n e g ative ly ske w e d  w ith  

h ig h e r  kurtosis. Th e  s h ape  of th e  sm ile  d iffe r s  accord in g  to th e  un d e rlyin g  ass e t. For th e  

d iscussion  on  volatility sm ile s  s e e  M a cbeth  a nd M erv ille (1979), Ru bin stein (1985), D u m m a s, 

Flem m ing a nd W h a ley (1996) or Corra do a nd S u  (1997) am on g st oth e r s. 

M an y g e n e ralization s an d  e xte n sion s  of th e  BS pricin g  m od e l h ave  e m e r g e d  sin ce  its pub lication ; 

atte m ptin g  to corre ct for th e  im pe rfe ction s. Th e s e  ar e  b ase d  on  r e laxin g  of th e  BS m od e ĺs m ost 

strin g e n t assum ption s as d e scrib e d  ab ove . Th e  g roup of th e  m od e ls in clud e s  th e  con stan t 

e lasticity of varian ce  m od e ls, stoch astic volatility m od e ls, G ARCH  m od e ls an d  jum p d iffusion  

m od e ls am on g st oth e r s. Se e  e .g . H u ll(20 0 6), M erton(1975), H u ll a nd W h ite (1987), H eston (1993), 

H eston a nd Na ndi (20 0 0 ) or B a ksh i, Ca o, Ch en (1997) for  furth e r  e vid e n ce . 

 

1.2. Genera lized feed-forw a rd netw orks 

 

Sin ce  m ost fin an cial th e ore tical m od e ls r e m ain  in  spite  of th e ir  com ple xity m isspe cifie d , sem i-

pa ra m etric  m e th od s se e m  to b e  prom isin g  tool for  pricin g  an d  h e d g in g  of d e rivative s.  Neu ra l 

netw ork (NN) is d ata-d rive n , s e m i-param e tric pricin g  m e th od  in  w h ich  da ta  is  a llow ed to 

determ ine both the dy na m ic s  of the price of the u nderly ing a s set a nd its  rela tion to the price of 
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the deriva tives. Th is m e th od  im pose s  m in im al assum ption s on  th e  price  d yn am ics of th e  

un d e rlyin g  ass e t as  com pare d  to th e  b e n ch m ark BS m od e l. Th e  option  pricin g  form ula is b e lie ve d  

to b e  e m b e d d e d  in  th e  n oisy m arke t price s. N N  is statistic m od e l b ase d  on  th e  d ata proce ssin g  

un its. Th roug h  proce ssin g  in form ation  in  cur r e n tly availab le  d ata N N  m ake  g e n e ralization s for  th e  

futur e  e ve n ts. N N  ar e  r e ce n tly b e com in g  m ore  an d  m ore  popular  w ith  practition e r s  in  fin an cial 

m arke ts. 

 

W e  w ill r e sort ourse lve s  to th e  d e scription  an d  use  of th e  m u ltila y er perceptrons  (M LP or  fe e d -

forw ard ) n e ural n e tw orks, w h ich  is m ost w id e ly popular  in  fin an ce  (se e  e .g . Anders et a l. (1998)). 

R a dia l ba s is  fu nctions, projection pu rs u it regression, proba bilistic  a nd genera lized regression  

an d  oth e r s  (se e  e .g . H u tch in son, Lo a nd Poggio (1994 )) ar e  th e  oth e r  com m on  m e th od s use d  for  

d e rivative s pricin g  am on g st oth e r s.  

 

Th e  neu ra l netw orks stru ctu re is d e scrib e d  as follow s. Th e  a ctiva tion fu nctions  (n e uron s or th e  

tran sform ation  fun ction s) ar e  or g an ize d  in  laye rs. Inpu t la y er con tain s  th e  in puts. O u tpu t la y er 

con tain  outputs. Th e r e  can  b e  a n um b e r  of hidden la y ers  b e tw e e n  th e  in put an d  th e  output laye r. 

Base d  on  th e  n um b e r  of h id d e n  laye r s  th e  n e tw ork is single la y er or m u ltila y er. In  th e  h id d e n  

laye r s  th e  in put variab le s ar e  tran sform e d  b y a spe cial activation  fun ction . H ow e ve r, fin d in g  th e  

n um b e r  of h id d e n  laye r s  is m ore  art of e xpe rim e n t th an  a scie n ce . O n e  h as  to fin d  th e  corre ct 

n um b e r  of h id d e n  laye r s  so th at th e  fun ction  is w e ll approxim ate d  an d  on e  r e frain s  ove r-fittin g .  

Th e  activation  fun ction s proce ss  in puts b y form in g  lin e ar  com b in ation s of th e  n e uron s  an d  th e n  

tran sform  th e m  th roug h  log sig m oid ; tan h  h ype r b olic tan g e n t; G aussian  or  oth e r  tran sform ation  

fun ction s. W e  use  h ype r b olic tan g e n t activation  fun ction  in  th is pape r.  
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Figu re 1 –Feed-forw a rd neu ra l netw ork w ith one hidden la y er 

 Inpu ts   H idden la yer 
  Neu ron s (n) Ou tpu t – y  
 

 

 

 

Th e  n e ural n e tw ork is th an  d e scrib e d  b y th e  follow in g  e quation s: 

 (1 .2.1 ) 

 (1 .2.2) 

 (1 .2.3) 

Th e r e  ar e   in put variab le s  an d   n e uron s;  is th e  w e ig h t (coe fficie n t) ve ctor. In  th e  n e ural 

n e tw ork parlan ce , th e  variab le   is tran sform e d  b y th e  tran sform ation  fun ction  an d  b e com e s  a 

n e uron   at tim e  t. Th e  se t of n e uron s  ar e  th e n  com b in e d  lin e arly w ith  th e  coe fficie n t ve ctor 

 an d  form  th e  fin al fore cast of th e  output.  

G ive n  th e  n e tw ork structur e  an d  th e  fun ction al form s for  th e  activation  fun ction s th e  un kn ow n  

param e te r s   ar e  e stim ate d  th roug h  various te ch n ique s, calle d  “lea rning a lgorithm s”. Th e  

w e ig h ts (or  coe fficie n t) are  ad juste d  d urin g  th e  proce ss  of th e  le ar n in g . Th e r e  e xist for  e xam ple  

stocha stic  gra dient descent ba ckpropa ga tion, conju ga te gra dient or Levenberg-M a rqu a rdt 

lea rning alg orith m s3. W e  use  con jug ate  g rad ie n t le ar n in g  alg orith m  in  th is pape r  (for  m ore  d e tails 

s e e  e .g . P.D .M cNelis (1995)).  

 

Accord in g  to H u tch in son,Lo a nd Poggio (1994 ) am on g st oth e r s  th e  m ain  ad van tag e s  of NN 

a pproa ch over the tra ditiona l pa ra m etric  m odels a re a s  follow s. N N  m od e ls do not rely  on 

restrictive pa ra m etric  a s s u m ptions  like  th e  log n orm ality of th e  un d e rlyin g  r e tur n s, th e  sam ple -

path  con tin uity or  th e  con stan t volatility. Th e y are  robu st to the specific a tion errors  th at are  

                                                           
3 Se e  for  e xam ple  P.D .M cNelis (1995). 

X1  

X2 

X3 

n 1  

y 

n 2 
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com m on  for th e  param e tric m od e ls. Th e y are  fle xib le  to encom pa ss  a  w ide ra nge of deriva tive 

sec u rities. Th e y h ave  g ood  out-of-sam plin g  an d  d e lta-h e d g in g  pe rform an ce . O n  th e  oth e r  h an d  

th e  n on param e tric pricin g  m e th od s are  highly  (historic a l) da ta -intensive. Th e s e  m od e ls ar e  th us 

n ot appropriate  for n e w ly-cr e ate d  d e rivative s  (in  case  th e y h ave  n o sim ilar coun te rparts am on g  

e xistin g  s e curitie s or  can n ot b e  r e plicate d  b y a com b in ation  of e xistin g  d e rivative s) or  th in ly-

trad e d  d e rivative s. Th e  “bla ck-box” critic ism  of th e  n e ural n e tw ork approach  is ofte n  b ase d  on  

th e  fact th at usin g  th is approach  r e s e arch e s  le t th e  d ata d e te rm in e  th e  r e lation sh ips in ste ad  of 

spe cifyin g  h ow  th e  in puts affe ct th e  price s  an d  supportin g  th e  r e sults w ith  th e  th e or e th ical 

fun d am e n tal. An oth e r  prob le m  is th at sin ce  e r rors in  fittin g  th e  option  price s ar e  like ly to b e  

corr e late d  across option s an d  ove r  tim e  th e  sta tistic a l tests  a re diffic u lt to form u la te (s e e  e .g . 

Am ilon (20 0 3) or H u tch in son et a l. (1994 )). Gra dojev ic et a l. (20 0 7) furth e r  poin ts out th at N N  m ay 

fe atur e  th e  “recency  effect” w h e r e  param e te r s  ar e  un d uly ad opte d  in  favor of th e  m ost r e ce n t 

trad in g  d ata. Th e  crucial que stion  w ith  th e  N N  te ch n ique  is to spec ify  the netw ork correctly . 

Som e  auth ors  follow  rath e r  h e uristic approach  to b uild  th e  arch ite ctur e , h ow e ve r, Anders a nd 

K orn (1999) am on g st oth e rs  provid e  th e  r e ad e r  w ith  th e  sim ple  g uid e  h ow  to spe cify th e  n e tw ork 

arch ite cture . Auth ors  propose  se le ction  strate g ie s  th at com b in e  a top-d ow n  (irr e le van t in put 

con n e ction s are  r e m ove d ) an d  b ottom -up (th e  n um b e r  of h id d e n  un its is d e te rm in e d ) approach . 

In  ord e r  to id e n tify th e  type  of n e ural n e tw orks w e  sh ould  apply on  our  d ata w e  first perform ed 

prelim ina ry  a n a ly sis. W e  furth e r  r e port on ly on  th e  b e st pe rform in g  n e ural n e tw ork. Th e  

pr e lim in ary an alysis sh ow e d  th at Genera lized feed-forw a rd netw orks4 (GFN herea fter) w ith 1 

la y er, ta nh hy perbolic  ta ngent tra nsform a tion fu nction a nd the conju ga te gra dient lea rning 

a lgorithm  fits  the da ta  best. H u tch in son, Lo a nd Poggio (1994 ), Am ilon (20 0 3), Anders, K orn, 

S ch m itt (1998) am on g st oth e r s  te ste d  th e  sam e  type  of n e tw orks on  th e  option  d ata. It h as  b e e n  

s h ow e d  (se e  e .g . Anders, K orn, S ch m itt (1998)) th at sim ple  n e tw orks can  approxim ate  th e  

un kn ow n  fun ction s ar b itrary w e ll. 

O ur  option  pricin g  form ula is th e n  d e fin e d  (sim ilarly as e .g . Gra dojev ic, Genca y, K u kolj (20 0 7)) as: 

 (1 .2.4) 

                                                           
4 M LP is a spe cial case  of G FN .  
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w h e r e   is th e  price  of th e  option , oth e r  in puts ar e  fam iliar.  is th e  d ays to e xpiration . Assum in g  

th e  h om og e n e ity of d e g r e e  on e  of th e  option  pricin g  form ula w e  furth e r  sam ple  th e  d ata in  ord e r  

to capture  th e  lar g e  d iffe r e n ce s  in  th e  value s  of th e  in puts an d  d e cr e ase  th e  n um b e r  of in puts5 

an d  th e  com ple xity of th e  n e tw ork, th e  fun ction  is th an  as  follow s: 

 (1 .2.5) 

For th e  e m pirical com parison  w e  need to split the da ta  in  order to tra in  the neu ra l netw orks .  

1.3. D a ta  description 

 

In  th is pape r  w e  te st th e  pe rform an ce  of th e  Black-Sch ole s  an d  M e rton  option  pricin g  m od e l  an d  

th e  g e n e ralize d  fe e d -forw ard  n e tw orks w ith  1  laye r  an d  tan h  tran sform ation  fun ction . W e  te st 

th e  Europe an -style  S&P In d e x call an d  put option s from  th e  pe riod  from  1 .6.2004 till 8 .6.2007 

w ith  e m ph asis on  th e  m on e yn e ss an d  d ays to e xpiration  cate g orie s. 

Th e  S&P 500 In d e x is a capitalization -w e ig h te d  in d e x of 500 stocks from  a b road  ran g e  of 

in d ustrie s. Th e  com pon e n t stocks are  w e ig h te d  accord in g  to th e  total m arke t value  of th e ir 

outstan d in g  sh ar e s. Th e  S& P In d e x option 6 m arke t is on e  of th e  m ost liquid  an d  active  option  

m arke ts in  th e  U n ite d  State s.  M an y fin an cial e con om ists h ave  th e r e fore  use d  option s on  th e  S& P 

500 In d e x for th e ir  e m pirical an alysis (le t us  m e n tion  B a ksh i, Ca o, Ch en (1997); H eston a nd Na ndi 

(20 0 0 ), D u m m a s, Flem m ing a nd W h a ley (1996) or Ga rcia  a nd Genca y (1998) am on g st m an y 

oth e r s).  

Th e  d ata ar e  ob tain e d  from  th e  IvyDB O ption m e trics d atab ase . It con sists  of th e  d aily close  S& P 

500 In d e x price  ad juste d  for  d ivid e n d s, th e  d ate , th e  total con tract volum e  an d  th e  call/put flag , 

th e  option  ID , th e  option  e xpiration  d ate , th e  d aily b e st b id  an d  b e st offe r. Th e  sam ple  con tain s 

491  8 1 9 un ique  option  price s  an d  761  un ique  in d e x price s  in  th e  pe riod  from  1 .6.2004 till 

8 .6.2007. Follow in g  th e  e m pirical practice  w e  use  th e  m id poin t of th e  b id -offe r  as  th e  option  

price . W e  furth e r  use  th e  con tin uously-com poun d e d  in te r e st rate  from  th e  IvyD B th at is 

                                                           
5 W e  as w e ll d id  n ot in clud e  th e  in te r e st rate  in  th e  n e tw ork as it w ors e n e d  its pe rform an ce  d ue  to its com ple xity 
6 For m ore  in form ation  ab out th e  S&P 500 In d e x option  visit th e  CBO E w e b pag e  (w w w .cb oe .com ). 
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calculate d  from  th e  con tin uously-com poun d e d  ze ro-coupon  in te r e st rate s at various m aturitie s. 

Th e  ze ro-coupon  curve  is d e rive d  from  BBA LIBO R rate s  an d  s e ttle m e n t price s  of CM E Eurod ollar 

futur e s. 

Figu re 2 – The Index S& P spot retu rns  
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Th e  figu re 1 s h ow s th e  S&P Index retu rns  (calculate d  as  th e  d iffe r e n ce  of th e  n atural log arith m  of 

th e  spot price  b e tw e e n  th e  d ays an d  ). Th e  figu re 2 s h ow s th e  h istog ram  of th e  r e tur n s 

cove rin g  th e  w h ole  pe riod . Com par e d  to th e  n orm al d istrib ution  th e  r e tur n s ar e  le ptokurtics w ith  

n e g ative  ske w n e ss; h ave  h ig h e r  pe ak an d  ar e  ske w e d  to th e  rig h t – th e  sig n  of th e  fr e que n t 

occur r e n ce  of lar g e r  an d  m ore  positive  price  m ove m e n ts. Th e  ye arly sub sam ple s  sh ow e d  sim ilar 

sh ape . 

Figu re 3 – The distribu tion of S&P 500 retu rns  

T h e index retu rn s a re ca lcu la ted a s follow s: .T h e bla ck line indica tes th e norm a l 
distribu tion. Actu a l distribu tion h a s h igh er pea k; sligh tly h ea v ier ta il a nd is a  bit skew ed to th e righ t. T h e 

w h ole period is cov ered. 
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W e  follow  th e  w ork of B a ksh i, Ca o, Ch en (1997)7 to apply th e  e xclusion  filte r s  on  th e  d atase t.  

First, option s w ith  le ss tha n s ix da y s  to expira tion  ar e  e xclud e d  in  ord e r  to pr e ve n t th e  liquid ity-

re late d  b iase s. Se con d , price  qu otes  low er tha n  0,375 $  ar e  e xclud e d  in  ord e r  to m itig ate  th e  

im pact of price  d iscr e te n e s s  on  option  valuation . Th ird , th e  quote s  th at d o n ot satisfy th e  n o-

arb itrag e  con d ition :  for c a lls  a nd   for pu ts  ar e  take n  

out of th e  sam ple . As w e  h ave  th e  in d e x close  price  ad juste d  for d ivid e n d s, w e  d o n ot n e e d  to 

ad just th e  S& P 500 spot price  s e rie s  for  d ivid e n d s.  Th e  n e xt tab le  sh ow s th e  nu m ber a nd ty pe of 

exclu ded qu ota tions; alm ost 30 %  of th e  d ata w e r e  e xclud e d . Th e  b ig g e st im pact h as  h ad  th e  

quote s-re late d  filte r  (1 1 .8 4% ). Th e  fin al d atase t con sist of 57.56%  calls an d  44.44%  puts. In  

r e lative  te rm s  puts d o n ot m e e t th e  n o-arb itrag e  con d ition  an d  quote  filte r  m ore  ofte n  th an  calls. 

G e n e rally option s th at d o n ot satisfy th e  n o-arb itrag e  con d ition  ar e  m ostly ITM . 

                                                           
7 Th e ir  w ork is follow e d  b y m an y sub se que n t r e s e arch e s  an d  th e ir  crite rion s ar e  r e ason ab le . 
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Tab le  1  – Th e  d atase t of th e  S& P  In d e x option s  
 
T h e reported v a lu es a re respectiv ely th e nu m ber of th e ca lls a nd th e pu ts in th e origin a l da ta sed, exclu ded du e to th e 
exclu sion filters a nd th e a fter-filter da ta set. T h e first colu m n is m ea su red in th e u n its of qu ota tion s. T h e second sta tes 
th e sh a re of th e ca lls a nd th e pu ts w ith in ea ch  ca tegory. T h e th ird a nd fou rth  colu m n s a lw a ys com pa re th e exclu ded 
qu ote to th e origin a l da ta set w ith  rega rd to th e type of th e option (ca lls or pu t option s). T h e sa m ple period extends from  
1.6.20 0 4  till 8.6.20 0 7. 

  In units % within each 
category 

% of excluded 
dataset 

% of the original 
dataset 

Original dataset 

 Calls 24578 3 49.97%  - - 

 Puts 246036 50.03%  - - 

 Total 491819 100.00% - - 

Exclusion filters 

TM <6       

 Calls 1 1 261  50.1 2%  8 .1 6%  4.58 %  

 Put 1 1 206 49.8 8 %  8 .1 2%  4.55%  

 su btota l 224 67 10 0 .0 0 %  16.29%  4 .57%  

qu ote <0.375     

 Calls 1 8 402 31 .61 %  1 3.34%  7.49%  

 Puts 398 1 4 68 .39%  28 .8 6%  1 6.1 8 %  

 su btota l 58216 10 0 .0 0 %  4 2.20 %  11.84 %  

no a rbitra ge     

 Calls 1 2446 21 .73%  9.02%  5.06%  

 d e e p ITM  calls 1 21 8 6 21 .28 %  8 .8 3%  4.96%  

 Puts 448 29 78 .27%  32.49%  1 8 .22%  

 d e e p ITM  puts 348 61  60.8 7%  25.27%  1 4.1 7%  

 su btota l 57275 10 0 .0 0 %  4 1.52%  11.65%  

 Total 137958 - 100.00% 28.05% 

Modified dataset 

 Calls 203674 57.56%  - 8 2.8 7%  

 Puts 1 501 8 7 44.44%  - 61 .04%  

 Total 353861 100.00% - 71.95% 

 
W e  furth e r  d ivid e  th e  d atase t in to th e  cate g orie s  accord in g  to th e  m oney ness a nd the tim e to 

m a tu rity . W e  ag ain  follow  th e  w ork of B a ksh i, Ca o, Ch en (1997) an d  d e fin e  th e  m on e yn e ss  an d  

tim e  to m aturity as follow s; the c a ll (pu t) is  said  to b e  ITM  (O TM ) if the spot price of the 

u nderly ing to strike price ra tio ; ATM  if the ra tio  an d  O TM  (ITM ) if  

. Th e  short – term  m a tu rity  option  e xpire s  in  le ss  th an  60 d ays; long-term  in  m ore  th an  
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1 8 0 d ays an d  m id-term  h as  m ore  th an  or  e qual to 60 an d  le ss  th an  1 8 0 d ays to e xpiration . Th e  

follow in g  tab le  sh ow s th e  sam ple  prope rtie s  of th e  option s. 

Ta ble 2 – The s a m ple properties  of the S&P Index options. 

T h e reported v a lu es a re respectiv ely th e dolla r v a lu e of th e a v era ge bid-offer m id–point price a nd th e 
n u m ber of observ a tion s w ith in ea ch  ca tegory defined a ccording to th e m oneyness a nd th e da ys to 
expira tion.  

Ca lls  Pu ts  

M oney ness, S/ X Da y s  to expira tion   Da y s  to expira tion  

     S u btotal     S u btotal 

 de e p 
O TM 

$ 0.96 $ 3.69 $ 23.57  de e p ITM $ 1 40.01  $ 1 20.54 $ 1 23.52  

  753 4937 21 467 27157  1 497 1 462 38 8 7 684 6 

 O TM  $ 2.52 $ 1 1 .30 $ 61 .21   ITM  $ 53.72 $ 59.97 $ 8 3.35  

  5750 461 5 4936 1530 1  2639 271 4 4751  10 10 4  

 ATM  $ 9.51  $ 26.05 $ 8 6.70  ATM  $ 25.48  $ 36.8 9 $ 67.05  

  9767 5608  5504 20 879  8 8 75 558 3 5500 19958 

 ATM  $ 30.70 $ 48 .93 $ 1 1 0.56  ATM  $ 9.78  $ 22.49 $ 53.92  

  9330 4963 5543 19836  9334 4963 5536 19833 

 ITM  $ 61 .71  $ 78 .33 $ 1 33.20  O TM  $ 4.35 $ 1 4.91  $ 43.1 3  

  7942 398 0 51 05 170 27  771 1  398 0 51 05 16796 

 de e p ITM $ 221 .67 $ 272.46 $ 333.07  de e p 
O TM 

$ 1 .8 6 $ 4.8 2 $ 1 4.99  

  31 38 6 25272 468 1 6 10 34 74   1 3560 1 7929 451 61  76650  

 S u btotal 64 928 4 9375 89371 20 3674  S u btotal 4 3616 36631 6994 0  150 187 

 
Th e  sum m ary statistics is ob tain e d  for  th e  da ily  a vera ge bid-a sk m id-point option price. N ote  

th at the price of the option is  increa sing w ith the deepness  of the option being in  the m oney  (as  

th e r e  is h ig h e r  ch an ce  for th e  spot to m ove  in  d e sirab le  d ir e ction ) a nd increa sing da y s  to the 

expira tion  (as its tim e  value  in cr e ase s ). Th e  price  of call g oe s  from  0.96 $  for  sh ort-te rm  d e e p 

O TM  call to 333.07$  for  lon g -te rm  d e e p ITM  call. Put h as  n ar row e r  b oun d arie s; it g oe s  from  1 .8 6$  

to 1 40$ . 

To g e t a s e n se  of th e  fr e que n tly d iscusse d  m oney ness  a nd tim e to m a tu rity  bia ses  th e  follow in g  

tab le  sh ow s th e  BS im plie d  volatility w ith in  e ach  cate g ory of th e  S& P In d e x option s sam ple . W e  

use  th e  im plie d  volatility ob tain e d  from  th e  Ivy D B as it use s  th e  stan d ard  proce d ure  for  

calculatin g  th e  im plie d  volatility; th e  th e or e tical BS price  is s e t e qual to th e  ave rag e d  b e st b id -

offe r  m id -poin t option  price  an d  th e  form ula is in ve rte d  usin g  th e  n um e rical s e arch  te ch n ique . 
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Ta ble 3 – The BS im plied vola tility  

T h e reported v a lu es a re th e a v era ged im plied v ola tilities for ea ch  of th e m oneyness a nd tie to m a tu rity 
ca tegories for both  ca lls a nd pu ts.  

Ca lls  Pu ts  

M oney ness, S/ X Da y s  to expira tion   Da y s  to expira tion  

           

 de e p O TM 1 1 ,041 %  1 0,905%  1 2,035%   de e p ITM 29,437% 1 4,98 0% 1 4,340%  

 O TM  1 0,274%  1 1 ,1 38 %  1 3,51 6%   ITM  1 4,242% 1 2,351 % 1 3,8 91 %  

 ATM  1 0,974%  1 2,1 00%  1 4,343%   ATM  1 1 ,298 % 1 2,1 69% 1 4,622%  

 ATM  1 3,002%  1 3,396%  1 4,931 %   ATM  1 2,942% 1 3,446% 1 5,21 7%  

 ITM  1 5,956%  1 4,976%  1 5,633%   O TM  1 5,527% 1 5,038 % 1 5,924%  

 de e p ITM 37,606%  23,8 94%  1 9,1 29%   de e p O TM 20,1 8 1 % 20,304% 20,076%  

 

Th e  e qually w e ig h te d  ave rag e d  im plie d  volatility is calculate d  for  e ach  sub sam ple  w ith  r e g ard  to 

m on e yn e ss  an d  d ays to e xpiration . Th e  r e sults con firm s th e  w e ll-kn ow n  BS b ias – rega rdless  the 

term  to expira tion the im plied vola tility  exhibits  U -sha ped pa ttern a cross  the m oney ness  a s  the 

option goes from  deep O TM  to deep ITM . Calls e xh ib its rath e r  “s n e e r-like ” patte r n , w h ile  puts 

follow  th e  trad ition al sm ile . Th e se  fin d in g s  in d icate  th e  m ost s e ve r e  BS m isspricin g  for  th e  d e e p 

ITM  option . H ow e ve r  th e  m aturity-re late d  b ias is n ot so cle ar, prob ab ly b e cause  th e  lon g -te rm  

option  cate g ory con tain s  rath e r  n on h om og e n ous option  sam ple  from  1 8 0 to m ore  th an  500 d ays 

to e xpiration . Th e  follow in g  sim ple  g raph s  d isplay th e  patte r n s. Th e  sub sam ple  ye arly pe riod s 

sh ow e d  sim ilar  patte r n s. 

Figu re 4 – The vola tility  sm irk a nd sm ile for c a ll a nd pu t options  

T h e green figu re sh ow s th e v ola tility sm irk for th e ca ll option a nd th e pu rple one th e v ola tility sm ile for th e pu t option s. 
M oneyness is on th e h orizonta l a xis, th e v ola tility on th e v ertica l a xis a nd th e da ys to m a tu rity on th e deepness a xis. 
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Th e  pe riod  from  th e  1 .6.2004 to 1 .6.2006 is use d  for train in g  of th e  n e ural n e tw orks. Th e  pe riod  

from  1 .6.2006 to 8 .6.2007 is use d  for  th e  m od e l com parison . W e  h ave  57 702 un ique  put price s  

an d  8 3 71 6 call price s  w ith  6 to 1 094 d ays to e xpiration  an d  1 41  strike  price s  ran g in g  from  500 to 

2000 in  257 trad in g  d ays. W h e n  w e  look at th e  d ays to e xpiration , th e  m ost fr e que n tly occur r e d  

ar e  short-term  options  w ith  m od e  e qual to 30. W h e n  w e  look at th e  m on e yn e ss, th e  trad in g  

activity occurs m ost for  a rou nd ATM  option s an d  th e  d istrib ution  is le ptokurtic w ith  positive  

ske w n e ss  (lon g  rig h t tail). Th e  g raph  cove r s puts as calls h ave  ve ry sim ilar ch aracte ristics.  

Ta ble 4 – M oney ness  s a m ple sta tistic s  for c a lls  a nd pu ts  

T h e m oneyness sa m ple sta tistics for th e testing period from  1.6.20 0 6 till 8.6.20 0 7. 

 Ca lls  Pu ts  

M ea n  1 ,1 438 34 1 ,1 27632 

Sta nda rd Error 0,0008 74 0,00078 4 

M edia n  1 ,073549 1 ,069571  

M ode 0,9908 36 0,9908 36 

Sta nda rd Devia tion  0,252947 0,1 8 8 291  

Sa m ple Va ria n ce 0,06398 2 0,035453 

Ku rtosis  5,8 1 8 722 8 ,597069 

Skew ness  2,08 8 777 2,533901  

M inim u m  0,644047 0,78 268 8  

M a xim u m  2,90004 2,5653 
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Figu re 5 – M oney ness  histogra m  for pu ts  

 

1.4 . Perform a nce ev a lu a tion 

 

For  th e  in te rpr e tation  of th e  in d ivid ual m od e l w e  use  th e  com m on ly use d  statistical crite ria as 

d e scrib e d  in  th e  tab le . Th e y ar e  b ase d  on  th e  com parison  of th e  m od e l e r rors - th e  d iffe r e n ce  

b e tw e e n  th e  actual value s of th e  pr e d icte d  variab le  an d  th e ir  e stim ate s.  

Ta ble 5 – Criteria  for the m odels com pa rison  

N is th e n u m ber of observ a tion, is th e estim a ted v a ria ble,   is th e estim a te of th e v a ria ble, w  is th e 
n u m ber of m odel pa ra m eters a nd  is th e a v era ge of th e estim a ted v a ria ble.. 

Mean squared error (MSE) 
 

R  – squ a red 
 

R oot M ea n  Squ a re Error (R M SE) 

 

Schw a rtz Inform a tion Criterion (SIC) , 

M ea n  Absolu te Percenta ge Error (M APE) 
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To asse ss  th e  out-of-sam ple  pe rform an ce  of th e  tw o n on -n e ste d  m od e ls w e  use  th e  Diebold-

M a ria no (DM ) test8 . It te lls us  h ow  w e  sh ould  d e te rm in e  th at th e  out-of-sam ple  fit of on e  m od e l 

is sig n ifican tly b e tte r  th an  th e  oth e r. The sta tistic s  tests  for the n u ll hy pothesis  of equ a l 

predictive a bility  a ga inst the a lterna tive of the non equ a l predictive a bility  for the tw o 

nonnested m odels. 

Th e  statistics is as follow s: 

  (1 .3.1 ) 

w h e r e ,  an d   ar e  h -ste p ah e ad  pr e d iction  e r rors;  

,  is th e  lag  w in d ow ,  is th e  trun cation  lag , 

 an d   is th e  positive  loss fun ction . 

1.5. T h e em pirica l resu lts 

 

Le t us  d e n ote  th e  G e n e ralize d  fe e d -forw ard  n e ural n e tw orks as  N N (1 ); an d  th e  Black Sch ole s 

m od e l BS(H IS). 

Le t as  first look at th e  Diebold-M a ria no test. Sin ce  th e  p-v a lu es  ar e  ve ry sm all, w e reject the n u ll 

hy pothesis  of equ a l predictive a c c u ra c y  of the neu ra l netw orks  a nd BS m od e ls. As  th e  statistics 

for  c a lls  ar e  positive  for all quad ran ts  w e  can  say tha t the overa ll predictive a bility  of BS m odel is  

better tha n  for the neu ra l netw ork m odel. Th is con firm s our  first h ypoth e sis state d  in  th e  

in trod uction  th at BS w ill outpe rform  th e  n e ural n e tw orks sin ce  th e  S&P In d e x option  m arke t is 

b ase d  on  th e  BS valuation . H ow e ve r  as  th e  te st statistics ar e  b e low  th e  critical value  of -1 .69 at 

th e  5 %  critical le ve l for  th e  BS(H IS) m od e l for  puts. For the pu ts  NN(1) produ ces  predictive errors 

tha t a re s ignific a ntly  low er tha n  those of BS(HIS) m od e l.  

                                                           
8  For m ore  d e tails s e e  for  e xam ple  M cN e lis (2005), pg .97. 
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Ta ble 6   The Diebold-M a ria no Test 

T h e D iebold-M a ria no sta tistics for ca lls a nd pu ts betw een th e neu ra l netw orks a nd B la ck S ch oles, p-v a lu e is in 
pa renth esis 

Calls Puts  
BS(H IS) BS(H IS) 

D M (0) 331 .8 0 (0.000) -7.1 2 (0.000) 
D M (1 ) 321 .30 (0.000) -6.78  (0.000) 
D M (2) 31 3.30 (0.000) -6.47 (0.000) 
D M (3) 304.21  (0.000) -6.23 (0.000) 

NN(1) 

D M (4) 298 .33 (0.000) -6.00 (0.000) 

 

 

Th e  tab le  7 sh ow s th e  ove rall ou t-of-s a m ple perform a nce of ou r m odels for the w hole testing 

da ta set u s ing the com m on sta tistic a l m ea s u res. For c a lls  th e  m od e ls fit th e  d ata ve ry w e ll 

accord in g  to R-squar e d  statistics (as R2 approach e s on e ). H ow e ve r , BS m odel ha s  better res u lts  in  

a lm ost a ll c a tegories , h avin g  low e r  Sch w arz In form ation  Crite rion  an d  root-m e an  squar e  e r ror. 

W ith  m e an  ab solute  pe rce n tag e  e r ror  n e ural n e tw orks outpe rform  BS m od e l.  

Ta ble 7 – The overa ll ou t-of-s a m ple perform a nce of the  exa m ined m odel on the option prices. 

Av era ge sta nds for th e a v era ge of th e estim a ted ou tpu t, oth er sa m ple sta tistics a re defined a s a bov e. 

 Ca ll options  Pu t options  
 Ave rag e  M APE RM SE SIC R2 Ave rag e  M APE RM SE SIC R2 

NN(1) $ 1 92.39 1 91 .39 $ 40.1 0 7.38  96.79%  $ 26.20 232.68  $ 1 4.45 5.34 65.43%  
BS(HIS) $ 1 90.52 223.51  $ 1 4.60 5.36 99.35%  $ 1 0.1 3 73.02 $ 1 8 .78  5.8 7 41 .58 %  
Sa m ple $ 1 8 5.22     $ 21 .64     

 

M ore  in te r e stin g  is th e  pu t option s pe rform an ce . Th is tim e  BS(HIS) fails to fit th e  d ata at all (R2 =  

41 .58 % ) an d  n e ural n e tw orks outpe rform  th e  BS(H IS). Com pare d  to call price s, th e  pu t options 

ha ve m u ch w orse res u lts. W e a s s ign this  fea tu re to the fa ct, tha t du ring the testing period 

m a rket pa rtic ipa nts  ha ve been very  positive a bou t the grow th of the fina ncia l m a rkets . W e  

ag ain  m ust to poin t out, th at ve ry g ood  pe rform an ce  of th e  BS m od e l is d ue  to th e  use d  in puts of 

volatility an d  in te r e st rate . 

W h e n  w e  h ave  a close r  look at th e  r e sults w ith in  th e  cate g orie s  w e  g e t m ore  d e taile d  pictur e  

ab out th e  pe rform an ce  of th e  m od e ls. Th e  tab le  8  s h ow s th e  statistics for  th e  c a ll options. Th e  

ove rall pe rform an ce  of b oth  m od e ls w ith  r e g ard  to th e  R2 h as quite  h ig h  e xplan atory pow e r  w ith  

all value s  b e in g  h ig h e r  th an  95 %  . The perform a nce of neu ra l netw ork m odel is  im proving a s  the 

da y s  to the expira tion increa se a nd a s  option goes ITM ; com pa red to the w orsening 

perform a nce of the BS m odel.  Short-term  a nd m id-term  options a re priced best w ith BS m odel 
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in  a ll m oney ness  c a tegories  w ith  r e g ard  to all crite ria. Th e  r e sult is quite  n atural as th e  h istorical 

volatility is m on th ly volatility an d  m atch e s th e  s h ort te rm  option s quite  w e ll. For m id-term  option  

th e  BS m od e l still outpe rform s th e  n e ural n e tw ork m od e l e ve n  th oug h  BS m od e l pe rform an ce  is 

w orse n in g  (se e  Fig ur e  6). For long-term  options evidence is  ra ther m ixed, depending on the 

criterion. N e ural n e tw orks h ave  b e tte r  SIC an d  R2 crite ria as option  g oe s from  ATM  to d e e p ITM  

com par e d  to BS m od e l. W h e n  w e  look in  m ore  d e tails on  M E, NN(1) fits  the da ta  best com par e d  

BS m od e l in  the ATM  a nd deep ITM  c a tegory  respectively . W e ha ve to point ou t a ga in  tha t the 

rela tively  good perform a nce of the BS m odels is  c a u sed by  the a c c u ra c y  of vola tility  a nd 

interest ra te inpu ts tha t reflect the rea l condition in  the m a rkets  a nd by  the fa ct tha t S& P 

options m a rket is  s a id to be the hom e-grou nd of BS.  

BS(HIS) over prices  the option  w h e n  it is d e e p O TM , O TM  an d  d e e p ITM , oth e r  option s ar e  

un d e rprice d . O n  th e  oth e r  h an d , N N  ove rprice  all option s e xce pt for d e e p ITM . 

W ith in  th e  put options w e c a n  see different pa tterns  (s e e  th e  tab le  9). The best perform ing 

m odel ba sed on the goodness  of fit sta tistic s, M E, R M SE a nd SIC criterions is  a lw a y s  NN(1). 

BS(HIS) m od e l se e m s  to fail to pr e d ict th e  option  price s  corr e ctly. R ega rdless  the da y s  to 

expira tion BS m odel u nder-price the options w hile NN over prices the options  (se e  Fig ur e  8 ). 

Both  m od e ls sh ow  pr e tty sm all g ood n e ss of fit statistics (low e r  th an  75 % ). As state d  e arlie r, th e  

w orse  put r e sults com pare d  to call outcom e s m ay b e  th e  r e sult of th e  e xpe ctation s of th e  m arke t 

participan ts ab out th e  g row th  of th e  fin an cial m arke ts.  
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Ta ble 8  – The neu ra l netw ork a nd BS m odel perform a nce a c cording to the m oney ness  a nd m a tu rity  on the S& P Index Ca ll options. 

M oneyness a nd da ys to m a tu rity ca tegories a re defined a s a bov e, 1 sta nds for sh ort-term , 2 for m id-term  a nd 3 for longer option, a v  is th e a v era e price a nd M E sta nds for m ea n 
error. Oth er sta tistics a re defined a bov e. 

  Deep  OTM  OTM  ATM  ATM  ITM  Deep ITM 

  1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

 av $ 0.96 $ 3.68  $ 29.17 $ 2.63 $ 11.98  $ 70.15 $ 10.54 $ 29.43 $ 98.98 $ 34.26 $ 54.61 $ 126.02 $ 67.89 $ 85.52 $ 151.47 $ 226.99 $ 291.18  $ 376.61 

NN(1) av $ 45.22 $ 43.51 $ 62.75 $ 58.37 $ 62.26 $ 99.50 $ 72.32 $ 77.41 $ 119.52 $ 87.83 $ 93.06 $ 138.08 $ 104.30 $ 110.34 $ 153.50 $ 209.06 $ 269.04 $ 357.53 

BS(HIS) av $ 2.62 $ 6.48  $ 31.25 $ 4.13 $ 12.87 $ 69.20 $ 10.46 $ 27.71 $ 97.80 $ 32.67 $ 51.25 $ 125.29 $ 67.07 $ 82.92 $ 153.03 $ 228.41 $ 295.72 $ 397.48 

NN(1) ME -$ 44.26 -$ 39.82 -$ 33.58 -$ 55.74 -$ 50.28 -$ 29.35 -$ 61.78 -$ 47.99 -$ 20.54 -$ 53.57 -$ 38.46 -$ 12.07 -$ 36.40 -$ 24.82 -$ 2.03 $ 17.93 $ 22.14 $ 19.09 

BS(HIS) ME -$ 1.65 -$ 2.80 -$ 2.08 -$ 1.49 -$ 0.89 $ 0.95 $ 0.08 $ 1.72 $ 1.18  $ 1.60 $ 3.35 $ 0.73 $ 0.82 $ 2.60 -$ 1.56 -$ 1.42 -$ 4.54 -$ 20.87 

NN(1) RMSE $ 44.66 $ 40.69 $ 35.38 $ 56.00 $ 50.71 $ 31.04 $ 62.13 $ 48.75 $ 23.11 $ 54.19 $ 39.35 $ 15.16 $ 37.09 $ 25.99 $ 8.02 $ 35.04 $ 40.03 $ 40.65 

BS(HIS) RMSE $ 2.96 $ 6.06 $ 16.73 $ 3.85 $ 6.86 $ 18.06 $ 2.96 $ 7.73 $ 17.05 $ 3.90 $ 7.20 $ 14.91 $ 2.39 $ 4.94 $ 11.61 $ 2.24 $ 5.93 $ 26.52 

NN(1) SIC 7.64 7.42 7.13 8.06 7.86 6.88  8.26 7.78 6.29 7.99 7.35 5.44 7.23 6.52 4.17 7.11 7.38 7.41 

BS(HIS) SIC 2.28 3.63 5.64 2.71 3.87 5.81 2.86 4.11 5.69 2.73 3.97 5.64 1.76 3.21 4.92 1.62 3.56 6.56 

NN(1) Rsqr 94.13%  94.98%  95.02%  94.13%  91.45%  93.40%  87.37%  90.26%  94.06%  87.19%  91.01%  95.38%  90.11%  93.33%  97.27%  93.88%  95.79%  97.54%  

BS(HIS) Rsqr 99.97%  99.89%  98.89%  99.96%  99.84%  97.77%  99.94%  99.75%  96.77%  99.93%  99.70%  95.53%  99.96%  99.76%  94.28%  99.97%  99.91%  98.95%  
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Ta ble 9 - The neu ra l netw ork a nd BS m odel perform a nce a c cording to the m oney ness  a nd m a tu rity  on the S& P Index Pu t options. 

M oneyness a nd da ys to m a tu rity ca tegories a re defined a s a bov e, 1 sta nds for sh ort-term , 2 for m id-term  a nd 3 for longer option, a v  is th e a v era ge price a nd M E is th e m ea n 
error, oth er m ea su res a re expla ined ea rlier in th e ch a pter. 

  Deep  ITM ITM  ATM  ATM  OTM  Deep OTM 

  1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

 av $ 23.17 $ 22.63 $ 21.49 $ 23.01 $ 22.01 $ 21.64 $ 22.49 $ 21.16 $ 22.28 $ 21.46 $ 21.10 $ 22.29 $ 21.40 $ 21.78 $ 20.69 $ 21.40 $ 21.48  $ 21.69 

NN(1) av $ 24.85 $ 26.97 $ 25.51 $ 27.70 $ 26.14 $ 25.29 $ 27.36 $ 26.13 $ 26.57 $ 25.42 $ 24.81 $ 26.89 $ 25.97 $ 26.88  $ 25.04 $ 26.18  $ 26.41 $ 26.32 

BS(HIS) av $ 13.71 $ 11.20 $ 10.34 $ 11.21 $ 11.61 $ 10.42 $ 10.58 $ 10.35 $ 10.63 $ 9.95 $ 10.25 $ 10.35 $ 9.99 $ 10.78 $ 10.08 $ 9.42 $ 10.26 $ 9.93 

NN(1) ME -$ 1.67 -$ 4.34 -$ 4.03 -$ 4.69 -$ 4.12 -$ 3.66 -$ 4.87 -$ 4.97 -$ 4.29 -$ 3.96 -$ 3.71 -$ 4.60 -$ 4.57 -$ 5.09 -$ 4.36 -$ 4.78 -$ 4.94 -$ 4.63 

BS(HIS) ME $ 9.47 $ 11.43 $ 11.15 $ 11.80 $ 10.40 $ 11.22 $ 11.91 $ 10.81 $ 11.65 $ 11.51 $ 10.85 $ 11.94 $ 11.42 $ 11.00 $ 10.61 $ 11.98  $ 11.22 $ 11.76 

NN(1) RMSE $ 11.91 $ 11.99 $ 11.91 $ 11.55 $ 11.84 $ 11.39 $ 12.41 $ 11.81 $ 11.43 $ 12.21 $ 12.21 $ 11.72 $ 11.86 $ 12.13 $ 11.39 $ 12.20 $ 12.44 $ 11.75 

BS(HIS) RMSE $ 12.44 $ 15.47 $ 15.46 $ 15.57 $ 14.28 $ 13.98 $ 12.44 $ 15.08 $ 14.71 $ 15.84 $ 15.76 $ 15.71 $ 15.64 $ 15.25 $ 13.78 $ 16.02 $ 15.90 $ 15.65 

NN(1) SIC 5.00 4.98 4.96 4.90 4.95 4.87 5.04 4.94 4.88  5.01 5.01 4.93 4.95 5.00 4.87 5.00 5.04 4.93 

BS(HIS) SIC 5.15 5.50 5.48  5.51 5.34 5.29 5.55 5.44 5.39 5.54 5.53 5.48  5.51 5.47 5.26 5.55 5.54 5.50 

NN(1) Rsqr 73.43%  66.66%  68.45%  73.43%  67.84%  66.99%  65.72%  61.96%  68.22%  67.91%  69.33%  66.97%  63.89%  65.80%  63.36%  63.41%  63.65%  65.16%  

BS(HIS) Rsqr 71.04%  44.48%  46.79%  41.43%  53.23%  50.31%  43.22%  38.00%  47.38%  46.07%  48.92%  40.70%  37.24%  45.95%  46.42%  36.95%  40.59%  38.20%  



 

 

 

Figu re 6  – The a ctu a l a nd m odels  predicted prices  for the deep in -the-m oney  c a ll option 

T h e gra ph  sh ow s th e a ctu a l a nd m odels predicted prices for th e deep IT M  (w ith  m oneyness a rou nd 1,6) ca ll option. As 
th e da ys go from  60  (m id-term  option) to 193 (long term  option) th e predictiv e ca pa bility of th e neu ra l netw orks is 
im prov ing w h ile th e B S  m odel perform a nce is w orsen ing. 

 

  

 

Figu re 7 - The a ctu a l a nd m odels predicted prices  for the deep ITM  short-term  c a ll option 

T h e gra ph  sh ow s th e a ctu a l a nd m odels predicted prices for th e deep IT M  (w ith  m oneyness a rou nd 1,74 ) a nd 
sh ort-term  (9 to 4 0  da ys to expira tion) ca ll option. B S  m odel predicts th e a ctu a l prices v ery w ell, w h ile neu ra l 
netw orks ov er-price th e option. 
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Figu re 8  – The Actu a l a nd m odel predicted prices  for the ATM  long-term  pu t option 

T h e gra ph  sh ow s th e a ctu a l a nd m odels predicted prices for th e AT M  (w ith  m oneyness a rou nd 1,0 2) a nd long-
term  (379-4 70 ) pu t option. B S  m odel u nder-prices th e option a nd neu ra l netw ork ov erprices it. 

 

 

 

 

Th e  ab ove  m e n tion e d  r e sults con firm  th e  con clusion s d e rive d  b y Corra do a nd S u  (1997) am on g st 

oth e r s ab out th e  existence of m oney ness a nd m a tu rity  bia ses  of the BS m odel.  BS m odels 

perform a nce is  w orsening a s  tim e to m a tu rity  increa ses  a nd the m oney ness  deepens  com pa red 

to the im proving NN perform a nce on c a ll options . To corr e ct for  th e  w e akn e ss e s  of th e  n e tw orks 

an d  to im prove  th e ir ove rall pe rform an ce  w e  sh ould  use  b e tte r  volatility e stim ate  as in put; for 

e xam ple  G ARCH  m od e l as propose d  am on g st oth e r  b y Ritch ken a nd T rev or (1999) or  to sim ple  

use  th e  BS im plie d  volatility pe r  e ach  d ay an d  m on e yn e ss  care g ory from  th e  pr e vious d ay. 

M ore ove r  w e  can  use  m ore  com ple x Le ve n b e r g -M arquart le ar n in g  alg orith m  or  train  n e tw orks 

s e parate ly in  e ach  cate g ory.   

There a re m a ny  other cha llenges  for the fu tu re w ork. W e  can  com par e  th e  pe rform an ce  of th e  

m ore  ch alle n g in g  GAR CH or stocha stic  vola tility  m odels or w ork on the better neu ra l netw orks 

identific a tion. W e  h ave  om itte d  th e  hedging a na ly sis  in  th is w ork as  h e d g in g  an d  pricin g  

pe rform an ce  m ay d iffe r  sub stan tially in  th e  m od e l com parison . Sin ce  th e  Am eric a n-sty le 

d e rivative s  ar e  m ore  fr e que n tly trad e d  th an  Europe an -style  d e rivative s  on e  s h ould  com par e  th e  

pe rform an ce  of th e  n e ural n e tw orks an d  te ch n ique s  for  pricin g  th e  Am e rican -style  option s. 
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1.6 . Conclu sion 

 

Sin ce  fam ous Black-Sch ole s  option  pricin g  form ula im m e n s e  volum e  of lite ratur e  on  th e  option  

pricin g  w as issue d . Soon  afte r  th e  m od e l w as propose d  it w as r e alize d  th at it lie s  on  th e  h ig h ly 

un r e alistic assum ption s like  th e  log n orm ality of th e  ass e t r e tur n s  an d  con stan t volatility or 

in te r e st rate .  It th e r e fore  e xh ib its stron g  pricin g  b iase s. It m ore ove r  can n ot price  m ore  com ple x 

con tin g e n t claim s (e .g . Am e rican -style  d e rivative s).  

Th e  pape r  is d e vote d  to th e  em piric a l com pa rison  of th e  com ple x n e ural n e tw orks an d  sim ple  

Black-Sch ole s  m od e l.  W e eva lu a te the perform a nce of the genera lized feed-forw a rd neu ra l 

netw orks  a nd Bla ck-Scholes  m odel on the Eu ropea n-sty le S&P Index c a ll a nd pu t options  

covering the ou t-of-s a m ple period 1.6 .2006  till 8 .6 .2007. W e  use  th e  h istorical volatility as an  

in put to th e  BS m od e l. In  ord e r  to m ake  th e  BS m od e l m ore  com pe titive  w e  use  th e  d ata th at are  

like ly to b e  availab le  in  com m on  trad in g  situation  in ste ad  of th e  con stan t volatility an d  in te r e st 

rate  sin ce  th e se  assum ption s ar e  kn ow n  to violate  th e  r e al situation  in  th e  m arke t. W e  com par e  

th e m  to the Genera lized feed-forw a rd netw orks  w ith 1 la y er, ta nh hy perbolic  ta ngent 

tra nsform a tion fu nction a nd the conju ga te gra dient lea rning a lgorithm  m odel.  

Th e  e xplan atory pow e r  of b oth  m od e ls is sufficie n tly h ig h  for  th e  c a ll options. The overa ll 

perform a nce of the Bla ck-Scholes  m odel w ith historic a l vola tility  dom ina tes  the neu ra l 

netw orks. How ever a s  the option goes long-term  a nd deep in-the-m oney  the neu ra l netw orks  

im prove their perform a nce. Th e se  r e sults ackn ow le d g e  th e  w e ll-kn ow n  BS m aturity an d  

m on e yn e ss  b iase s  (kn ow n  as  volatility sm ile s).  

For pu t options the expla na tory  pow er of the option pric ing m odels is  ra ther low , how ever  the 

neu ra l netw orks  a lw a y s  perform  better tha n  BS m odel. Re g ard le ss  th e  d ays to e xpiration  BS 

m od e l un d e r-price s  th e  option s w h ile  n e ural n e tw orks ove r-price  th e  option s. W e  assig n  th e  

w orse  r e sults of m od e ls pe rform an ce  for  puts (com par e d  to calls) to th e  e xpe ctation s of th e  

m arke t participan ts ab out th e  futur e  g row th  of th e  m arke ts d urin g  th e  e valuate d  pe riod . 

 For th e  futur e  w ork th e  e m pirical issue s  ad d r e sse d  in  th is pape r  can  also b e  r e e xam in e d  usin g  

d ata from  Am e rican -style  option s, in d ivid ual stock option s or  oth e r  m ore  com ple x d e rivative s. 

M ore ove r, h e d g in g  pe rform an ce  m ay b e  e valuate d  w ith  r e spe ct to e ach  m od e l. 
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