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These estir~la.tor's .are shc,~.,.~'n to be consistent ~#ith data obtai'ned F'rc, r~ 
the s. ir f'or'ce Rome lir deve Iop ment ce'nter., the "naval research 
iaborltory.~ ..~rmd Fu.jitsu. c:c, rporatio~. It is suggested here that. more 
data is needed to re÷"i'ne these estimators t"urther. 

I N T R 0 D I_I C: T I 0 N 

Thi:=. p.!per presents several prc, mi$i~,g estimators f'or $c,4't,#are 
prc, b!er~l reports. (demoted by B) collected during z $o+'t.~are developme'nt 
prc ,  j e , = t .  T h e s e  e s t i m . i t o r s  a r e  e x t e ' r ,  s i o ~ s ,  c,f" t h e  H . i l s t e a d  Sc, f ' t L ~ a r e  
' . 3c ie r~ce  e s t i m a t o r s  [ 1 ] ,  i ~  t h a t  t h e y  u.s:e s .o tz . . - ' ,are n l e t . r i c s  rnnr-# ~.~-~.~- ~ .... 
o b t a i n #  th. i~# t h o s e  i 'n t h e  o r i g i n a l  H i ! s t e a d  v e r s i o r . , :  

~s  .i f " i r s t  e : :< . imple  o f  t h i s  r e c a s t i n 9  p r o c e s s ;  H.il.s.t.e.~.d f o u . n d  
t h a t  h i s  rne . i su . re  ,:,f" p r o g r a r n  l e n g t h  ( N )  c. i 'n b e  a p p r o x i r t l a t . e d  I:,y t h e  
e m p i r i c a l l y  d e r i v e d  c o ' n v e r s i o ~ :  

I-I = 75,:)0S (I) 
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with S .; "n t.ho~Is.inds c,{" sc, u.rce .stateme'nts ~ ~,i'nu.s c,:,r,~.me,.c,t ]. ]. r..,e:~: : 
F . r t h e r m z r e . .  t h e  v a l u . e  0£  ~]. .  t h e  H a l s t e a d  c , : , ~ t ,  o£  d i _ ~ t . i ~ c t  o p e r ~ . t o r ~  
. !nd  o p e r a ' n d s  i 'n  . i F'rc, g r a m ,  :..~n be  o b t . a i n e d  £ r o m  t h e  a p p r - o : : - : : i m a t i , : , n  [ 2 ] :  

(') ":, 0 

Ic,,~._,-~ = N ,:'.2, 

which holds true £or 50 2 N 2 500~ the ravage o£ subprogram sizes. 

Since the val~es o£ N and io9~ appear i~ many o£ the basic Haistead 
estimators, approximations (I) and (2) ca# be substituted into the 
Haistead estimators, leadi~9 to: 

E = _=~8 .~ S ,:' 3 " , .  
i=l i 

where the S .ire the (£ractional) cou'nts o£ thou.sa~d:~ o£ s,:,~irce 

I angu.age statements. Re£erence [2] reports a _<tILdy o{ 2i large 
so£tware projects, in which estimator (:B) yielded :~: i 9'n i £ i car~t 
correlatio'ns between estimated and reported e££orts, r~'n approximation 
to (3): that u.su.aily yields estimates within 25% o£  m o r e  care£,.,.l 
estimates: assu.mes that varia'nce o£ s~.~bprogr.im sizes is "small".. a'nd 
is 9ive'n by: 

".2 
98 S 

E ::-': . . . . . .  
]] 

" 4 > 

w i t. h 

"N 

S = ~ '.E; ( 5 :, 
~ = i  i 

T h e  b a s i c  H a ! s t e a d  s c , £ t . w a r e  e r r o r  r a r e  e s t i m a t . c , r  i s  9 i v e n  b y :  

2 .." :2, 
B ,>- E ( 6 ) 

with B the expected co~T~t o£ so£tware problem reports collected du.rin9 
the codi'ng., integration: and £inai, t.estin9 phases o£ a so£tware 
deveiopme~-~t project whose reported e£{'ort is E. Halstead calibrated 

(6) u.s in9 data £rom Fu.j itsu. Corp orat io'n [3] a'nd obtai~led 9ood 

agreement between his estimates and that data. 

I s , . b s e q u . e n t ,  l y  w r o t e  t o  F .  #Jk iya t~ la  o £  F u . j i t s , l  a s k i ' n 9  i £  h e  h a d  
~~ dat.._~, o n  e { £ o r t  a s s o c i . ~ t e d  w i t h  s , ibmc,  du. l e s  0£  t h e  -= .o f t - .ware  s'.,:st.er,1 

r e p o r t e d  i n  h i s  p a p e r  [ 3 ] . .  a 'nd w a s  s e n t ,  t h e  d a t a  p r e s e ~ t . e d  i ~  T a b l e  1 
b e l = , w  [ 4 ] .  Ern r - e v i e w i n 9  t h i s  d a t a ,  I d i s c o v e r e d  t h a t  t h e  e~ t .  i m a t , : , r :  

:) = 6 6 7 ,:). :B :q 3 
B = 7 .  K E S ( 7 )  
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i n  a d d i t ,  i o n  t o  t . h e  F~ j i t s ~  d a t a . ,  t h e r e  i s a s o £ t w . ~ . r e  

e r r o r  da.t.._=, b a . s e  o b t . . i i r , . ~ h i e  C r c ,  m t h e  R o m e  . :a i r -  d e v e l o p m e n t  c e ~ l t . e r  < R f i D C >  

[ 5 ] . .  -..=-,-, . . . .  i - , - , d i v i d u . . ~ . i  p r o j e c t ,  r e p o r t . e d  o' "r W. .~_ iss  [ 7 ]  a n c t  - i n  e a r - i i e r  s t . u . d y  

b ",-" E', e i i ..~ "n J S u. i i i v ...=, "o [ 8 ' J ,  H c,, e ~,' e r ,  o "n 1 y t- h e H e i :~. ~: s t. u. d'.r" ! i s. t - ~  

i ; - , d - ; - , . . . , i d u . ~ l  s u . b p r o g t - a m  s i z e  [ 9 ] ,  a ~ l d  t h e  R R D C  d a t a  ] . i s t . . , s  o ~ ! y  o v e r a l l  

s o u . r - c e  s , . a ~ . ~ _ m e ~ t  c o J ~ t . s  a n d  e r r o r s .  I l l  , . , . , ha t  t : ' o l l , : , t ~ , s ,  e s t i m a t o r s  ( 7 )  

a. -.q d " :-' " . " • . , :  .... . i r e  r e c a s t  t o  s h c ,  t~ t h e i r  c o ~ $ i _ ~ t . e ~ c y  ~ , i t . h  t h e s e  $ o ~ r ~ . : ~ $  o ~  

d.~. t--~. o 

-~ .~. £ i r s t- e x a m P I e ,  W e i .=. ~: ' .=. d -~. t .! c o n t a. i n s r e p c, r t. e d s c, ¢ t: .., a. r e 

p r o b l e m  c o u . n t s  ,:iE:::,, o ' . . ; e r w ,  l t c o , . v n t  o { "  s o u y c e  s t a t e m e ~ l t . s  < S ) . ,  a n d  t h e  

-_q.t~m::c, e r  ,---# E . u . b P r - o . - ~ a m E .  , ' d e , , o ~ . e J  b y  " n ) .  S L L b _ ~ t i t . L t t .  i~ '~9 a p p r o × i m a t i o / 1  ( ~ J  

i~to estimator <7> 9ires ,is: 
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F r o m  Neiss~s d.~.ta.-, t,.:e h a v e  
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B :z: 253 

-" ", i ,  6 6 7  
' O.  0 3 6  

0 .  0 4 7  
\ .  ..." 

= 162 

~Jhich compares tn .:~ reported vale,re o£ i25. 

NeJs~,:s data also lists overall project e££ort as "!92 ma'~ 
~,..~-eks" [£] which, s~.tbstitu.ted ir~to (7), yields 

0,667 0 ° 3 oo"""' 
B :::: (7.6)(48) (9.108) = 210. 

fis a seco'nd ex.ir~Ip!e:, the RRDC o~toa' ' [5] has a'n Ltpper botcnd 
-~.p p.rox i taste i y 

o£ 

B :z: 70 S (I0) 
u.b 

By su.bstitu.tin9 the RfiDC tipper boLtnd oa sof'tware project e.Ffort [5]: 

E s 40 S <i!) 

f'ror~ ( i 0 > i r~to (7) :, we obta i'n a'n eat i a~ate o£ the clp per boc,c~.d 
-=.n.__f't,~.~are problem reports in the R~DC data base: 

oY/ 

0 = 6 6 7  0 = 3 3 3  
B :::: 7 . 6 , : ' . 4 0  ...... ':::", S . . . . . . . . . . . . .  ''"". . . . . . .  < 1 2 }  

There are 30 points i~l the R~DC so£tware error data bas:e=. .~c'nd (7©> is 

o e i '  ~ i n e a t e d  b y  f ' o u . r  o f  t h e s e  p o i n t s  [ 5 ] , ,  H o w e v e r ,  t h e  RADC s o £ t w a r e  
e r r o r " -  t d a t a  b a s e  h a s  4 0 0  p o i ' n t s . ~  a n c i  ( I ! . : ,  i s  c l e a r l y  i t s  u . p p e r  boEr~d.~  
~#hi, : : ;h m.~.J.::es ( i 2 ; : ,  a n  i n t : . e r e s t i r ~ 9  re ;~ :u . i L -o  

Fu.rthermore., there ix an i~]du.stry average o{ approxi~lately ~,?0 

so£tware problem reports per thoLtsa~'~d stateme'nts.~ arid, su, bstitcttin9 
tt~e RADC regressior~ i i~-~e for the so£tware ef'£ort data 

O o 976 
E :::: 4 , 9  £ (13) 

25 Performance Evaluation Review Vol. 16 #2-4 February 1989 



0 .  _978 ", • 6 6 7  ,", o.. 3 : 3 3  ('.,. .:.~'-' o'-' 
B :~: 7 A , : 4  9 o "; S = "~  9 S  ( ' ~4" ,  

T h e  e s t i m a t . e  o f  , : i i 4 )  i s  r e s l : , e c t a b l " , -  c l o s e  to ,  t h i s  i ' n d u . : ~ : ; t : . r i a !  a v e r - - a g e  
~.nc.: t o  t h e  r e g r e s s i o ' n  e r r o r  r a t e . s  o b t a i n e d  b y  R ~ D C .  

O E ~ i Y ' E R E D  ERRORA iN T E S T E D  P R O G R A M S  

B ~ i  i . a ' n , ]  S u . ! i i v a ' n : s :  =. t .ao~-  ,:,£ " p u b ~  i c  a l g o r i t h m s "  t h a t  , e r e  
-~,ub, l i -=. i - , .~.d i ' n  t h e  Cc, mmu.~-~icat ,  i o ' n s  o f  t . h e  f:~CM [ 8 ]  i n d i c a t e s  t h a t  H a l : ~ : t . e a d  
p, o g r a m  i : = - i - , ~ t h  ~ , i r , r k s  ~=. a ,- i i  s , c r - i  r r~ i 'n .3 . t .o r  < , - , r  - ' -  ' i v e r e d  e r r o r s  :i'n :~:m.:~.i t 

a i q o r i '  ~ . . . .  . H a ~ . . . ~ a o  i e ' n g t h  a l c , ' n e  a p p e a r s  t.,-, ar~ p s~ ..,~=. .. b e  e x c e  1 1 e ' n t  r e d  i , : : -  

$ .c , r  ,-,£ , x c r r e c t l ~ e s . s .  N o  correct p r o g r . . i m  h a d  ( N )  9 r e . ~ . t e r  t h a n  2 3 7 ~  
- -  , .  ~ 0 " ~  0 7 a c : d  ,-'"-,-"'T o n e  e r r o n e o ~ I s ,  p r o g r a m . = ° h a d  ( N )  i e . ~ s  t . h a n  2 8 4  .... " [p . . . . . . . . . . . .  

T h e y  f u . r t h . ~ r  < t ~ t e  .t. ~,~a,.~ . . . . . .  N = 2 6 7  i s  t h e  l e ~ g t . h  a b o v e ,  w h i c h  a p r o g r . ~ . r ~ l  i s  
al.-s--]ost, c e r t a i n  t o  c o n t . a i n  a'n e r r z ,  r [~:,~ 7 6 ] :  N = t 6 2  i -s  t .he.  a v e r a g e  
i e t : : g t . h  , : , i  a l l  c o r r e , z t  p r o g r a m : ~ :  i n  t h e i r  s , i r v e y  [ g ' .  7 2 ] ,  a ' n d  N = 5 1 5  i s  

t h e  a v e r a g e  ie-.,-,gth ,::,f a l l  p t - o 9 r a m - ~  w i t h  a d e l i v e r e d  e r r o r .  
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I . 6 e] 7 
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0 !'- 

S = ( : - . ' .3 i  ( o r  3 1  s o u r c e  s t . a t . e m e ' n t s i : ,  

-~. "r! ,J 

k-' = ?(5( : ,0S = 2 3 4  

T h u . s ,  ( 8 )  p r e d i c t s  a H . ~ i s t e a d .  _. l e ' n , L ~ t h  of . . . .  co'"~4 f o r  

w i t - h  a n  exF,  e c t . e d  e r r o r  c o [ t ' n t  o £  1 . . "2 .  

b { : 

F-u.r t . h e r  m : , r e  .. 

.-" .- i  ~ i |£" 0 ,'E" 
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1 = 6~-'; 7 

S = 0 . 0 2 i  r : , r  2 i  s t a t e m e r ,  t s )  

3. ".q d 

O n e  i n t e r p r e t ~ t i c ,  r, c,£ t h i s  c o n s i s t e r ,  c~- t e s t  i s  t h a t :  f o r  

s L ~ [ : , p  r o g r . ~ . m  o- - f  2 i : ~ { . . ~ . t - e m e r ~  ~- -=- 
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3, 
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