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A b s tr a c t  

Th e  W e b  S e r v ic e s  R e s o u r c e  F r a m e w o r k  d e fin e s  
c o n v e n tio n s  fo r  m a n a g in g  s ta te  in  d is tr ib u te d  s y s te m s  
b a s e d  o n  W e b  s e r v ic e s , a n d  W S - N o tific a tio n  d e fin e s  
to p ic - b a s e d  p u b lis h /s u b s c r ib e  m e c h a n is m s . W e  
a n a ly z e  fiv e  in d e p e n d e n t a n d  q u ite  d iffe r e n t 
im p le m e n ta tio n s  o f th e s e  s p e c ific a tio n s  fr o m  th e  
p e r s p e c tiv e s  o f a r c h ite c tu r e , fu n c tio n a lity , s ta n d a r d s  
c o m p lia n c e , p e r fo r m a n c e , a n d  in te r o p e r a b ility . W e  
id e n tify  b o th  c o m m o n a litie s  a m o n g  th e  d iffe r e n t 
s y s te m s  ( e .g ., s im ila r  d is p a tc h in g  a n d  S O A P  
p r o c e s s in g  m e c h a n is m s ) a n d  d iffe r e n c e s  ( e .g ., 
s e c u r ity , p r o g r a m m in g  m o d e ls , a n d  p e r fo r m a n c e ). 
O u r  r e s u lts  p r o v id e  in s ig h ts  in to  e ffe c tiv e  
im p le m e n ta tio n  a p p r o a c h e s . O u r  r e s u lts  m a y  a ls o  
p r o v id e  a p p lic a tio n  d e v e lo p e r s , s y s te m  a r c h ite c ts , a n d  
d e p lo y e r s  w ith  g u id a n c e  in  id e n tify in g  th e  r ig h t 
im p le m e n ta tio n  fo r  th e ir  r e q u ir e m e n ts  a n d  in  
d e te r m in in g  h o w  b e s t to  u s e  th a t im p le m e n ta tio n  a n d  
w h a t to  e x p e c t w ith  r e g a r d  to  p e r fo r m a n c e  a n d  
in te r o p e r a b ility . 

1 . I n t r o d u c tio n  

A n  a ir lin e  r e s e r v a tio n  s y s te m , a  C P U  m a n a g e m e n t 
s y s te m , a n d  a  w o r k flo w  s y s te m  a ll h a v e  in  c o m m o n  
th a t th e y  p r o v id e  th e ir  c lie n ts  w ith  a c c e s s  to  s o m e  
( ty p ic a lly  a b s tr a c te d )  v ie w  o f  th e ir  in te r n a l “ s ta te .”  I n  
v a r y in g  w a y s , e a c h  s u c h  s y s te m  a llo w s  its  c lie n ts  to  
r e fe r  to  s ta te f u l e n titie s  ( r e s e r v a tio n s , C P U s , jo b s ) , to  
a c c e s s  th o s e  e n titie s ’  p r o p e r tie s , a n d  ( a t le a s t in  th e  

c a s e  o f th e  r e s e r v a tio n  a n d  w o r k flo w  s y s te m s )  to  
m a n a g e  th e ir  lif e tim e . T h is  c o m m o n a lity  o f  p u r p o s e  
h a s  m o tiv a te d  th e  O p e n  G r id  S e r v ic e s  A r c h ite c tu r e  
( O G S A  [ 1 ] )  to  id e n tif y  s ta te  m o d e lin g  a n d  
m a n a g e m e n t a s  a  f u n d a m e n ta l r e q u ir e m e n t f o r  
s e r v ic e -o r ie n te d  a r c h ite c tu r e s . 

S u c h  c o n s id e r a tio n s  h a v e  le d  to  th e  d e v e lo p m e n t 
o f  fo u r  s p e c ific a tio n s  k n o w n  c o lle c tiv e ly  a s  th e  W e b  
S e r v ic e s  R e s o u r c e  F r a m e w o r k  ( W S R F  [ 2 ] ) , w h ic h  
d e fin e  c o n v e n tio n a l in te r fa c e s  a n d  b e h a v io r s  fo r  
r e p r e s e n tin g , a b s tr a c tin g , a n d  m a n ip u la tin g  s ta te  in  a  
W e b  s e r v ic e s  fr a m e w o r k . T h r e e  r e la te d  W S -
N o tif ic a tio n  ( W S N  [ 3 ] )  s p e c if ic a tio n s  d e f in e  in te r fa c e s  
a n d  b e h a v io r s  th a t a llo w  c lie n ts  to  s u b s c r ib e  to  
c h a n g e s  in  s ta te , th u s  p r o v id in g  f o r  p u s h - m o d e  a c c e s s  
to  s ta te  c o m p o n e n ts . 

W h ile  f in a l W S R F  a n d  W S N  s p e c if ic a tio n s  w e r e  
s till b e in g  fin a liz e d  a t th e  tim e  o f w r itin g  w ith in  
O A S I S , th e  im p o r ta n c e  o f th e s e  s p e c ific a tio n s  h a s  
m o tiv a te d  m u ltip le  g r o u p s  to  d e v e lo p  
im p le m e n ta tio n s . T h e  a v a ila b ility  o f  th e s e  
im p le m e n ta tio n s  o f fe r s  th e  o p p o r tu n ity  to  g a in  in s ig h ts  
in to  th e  m e r its  o f th e s e  s p e c ific a tio n s  a n d  d if f e r e n t 
im p le m e n ta tio n  a p p r o a c h e s .  

T o  th is  e n d , w e  r e p o r t h e r e  o n  a  s tu d y  in  w h ic h  
w e  c o m p a r e d  a n d  c o n tr a s te d  th e  f o llo w in g  fiv e  
im p le m e n ta tio n s  fr o m  th e  p e r s p e c tiv e s  o f a r c h ite c tu r e , 
fu n c tio n a lity , p e r fo r m a n c e , a n d  s ta n d a r d s  c o m p lia n c e : 
• G T 4 - J a v a , th e  J a v a  W e b  S e r v ic e s  C o r e  o f th e  

G lo b u s  T o o lk it v 4  [ 4 ] ;  
• G T 4 - C , th e  C  W e b  S e r v ic e s  C o r e  o f  th e  G lo b u s  

T o o lk it v 4  [ 4 ] ;  

1 4 th  I E E E  I n te r n a tio n a l S y m p o s iu m  o n  H ig h  P e r fo r m a n c e  D is tr ib u te d  C o m p u tin g  ( H P D C - 1 4 ) , 
R e s e a r c h  T r ia n g le  P a r k , N C , 2 4 -2 7  J u ly  2 0 0 5 . 



  

• p y G r id W a r e , a  P y th o n  W S R F  im p le m e n ta tio n  
[ 5 ] , w h ic h  is  a ls o  d is tr ib u te d  w ith  G T 4  a s  its  
P y th o n  W e b  s e r v ic e s  C o r e  ( “ G T 4 - P y th o n ” ) ;  

• th e  P e r l- b a s e d  W SR F : : L it e  [ 6 ] ; a n d   
• W SR F .N E T , a n  im p le m e n ta tio n  o f W S R F  a n d  

W S -N o tif ic a tio n  o n  th e  .N E T  F r a m e w o r k  [ 7 ] .  
T h e s e  s y s te m s  a r e  d e v e lo p e d  b y  d if f e r e n t te a m s  

a n d  d if fe r  in  te r m s  o f  im p le m e n ta tio n  la n g u a g e , 
p r o g r a m m in g  m o d e l, a n d , in  s e v e r a l r e g a r d s , o v e r a ll 
g o a ls . T h u s , w e  b e lie v e  th a t th e y  p r o v id e  a  g o o d  b a s is  
fo r  s tu d y in g  g e n e r a l W S R F /W S N  im p le m e n ta tio n  
a p p r o a c h e s . 

W e  fin d  th a t, b e c a u s e  W S R F /W S N  is  c o n s is te n t 
w ith  th e  r e c o m m e n d a tio n s  o f  th e  W S -I n te r o p e r a b ility  
B a s ic  P r o file , th e  f iv e  s y s te m s  a c h ie v e  a  b a s e  le v e l o f  
in te r o p e r a b ility  w ith  r e g a r d  to  X M L , H T T P , S O A P , 
a n d  W S D L . W e  a ls o  s e e  s ig n if ic a n t c o m m o n a litie s  
w ith  r e g a r d  to  d is p a tc h in g  a n d  S O A P  p r o c e s s in g  
te c h n iq u e s . O n  th e  o th e r  h a n d , w e  s e e  s ig n if ic a n t 
d iff e r e n c e s  in  s e c u r ity , p r o g r a m m in g  m o d e ls , a n d  
p e r f o r m a n c e . W e  d e s c r ib e  th e s e  d iff e r e n c e s  a n d  r e la te  
th e m  to  d e s ig n  g o a ls  a n d  p e r f o r m a n c e  m e a s u r e d  in  a  
s e t o f b e n c h m a r k  e x p e r im e n ts . 

W e  o r g a n iz e  th e  r e s t o f th is  p a p e r  a s  f o llo w s . I n  
S e c tio n s  2  a n d  3 , w e  in tr o d u c e  th e  s p e c ific a tio n s  a n d  
d e s c r ib e  b a s ic  W S R F /W S N  im p le m e n ta tio n  
te c h n iq u e s , r e s p e c tiv e ly . I n  S e c tio n  4 , w e  c o m p a r e  a n d  
c o n tr a s t th e  f iv e  s y s te m s . I n  S e c tio n  5 , w e  p r e s e n t a n d  
d is c u s s  th e  r e s u lts  o f o u r  p e r f o r m a n c e  e x p e r im e n ts  a n d  
in  S e c tio n  6  w e  d is c u s s  in te r o p e r a b ility . W e  c o n c lu d e  
in  S e c tio n  7 .  

2 . W SR F  a n d  W SN  B a c k g r o u n d  

T h e  W S R F  a n d  W S N  s p e c ific a tio n s  w e r e  in tr o d u c e d  
in  J a n u a r y  2 0 0 4 , b u ild in g  o n  e x p e r ie n c e  g a in e d  w ith  
th e  O p e n  G r id  S e r v ic e s  I n fr a s tr u c tu r e  ( O G S I  [ 8 ] ) . 

T h e  W S R F  s p e c ific a tio n s  d e fin e  th e  W S -R e s o u r c e  
c o n s tr u c t, a  “ c o m p o s itio n  o f  a  W e b  s e r v ic e  a n d  a  
s ta te f u l r e s o u r c e ”  d e s c r ib e d  b y  a n  X M L  d o c u m e n t 
( w ith  k n o w n  s c h e m a )  th a t is  a s s o c ia te d  w ith  th e  W e b  
s e r v ic e ’ s  p o r t ty p e  a n d  a d d r e s s e d  b y  a  W S - A d d r e s s in g  
E n d p o in t R e fe r e n c e  ( E P R )  [ 9 ] . T h e  fo u r  W S R F  
s p e c if ic a tio n s  b e in g  s ta n d a r d iz e d  in  O A S I S  [ 1 0 ]  
d e fin e  h o w  to  r e p r e s e n t, a c c e s s , m a n a g e , a n d  g r o u p  
W S -R e s o u r c e s : 
• W S-R e s o u r c e P r o p e r t ie s  [ 1 1 ]  d e f in e s  h o w  W S -

R e s o u r c e s  a r e  d e s c r ib e d  b y  X M L  “ R e s o u r c e  
P r o p e r ty ”  d o c u m e n ts  th a t c a n  b e  q u e r ie d  a n d  
m o d if ie d . A  R e s o u r c e  P r o p e r ty  d o c u m e n t is  a  v ie w  
o r  p ro je c tio n  o f  th e  s ta te  o f  th e  W S - R e s o u r c e , b u t 
is  n o t e q u iv a le n t to  th e  s ta te . 

• W S-R e s o u r c e L if e t im e  [ 1 2 ]  d e f in e s  m e c h a n is m s  
fo r  b o th  e x p lic it d e s tr u c tio n  a n d  im p lic it ( le a s e -

b a s e d )  d e s tr u c tio n  o f W S - R e s o u r c e s . ( T h e r e  is  n o  
d e fin e d  c r e a tio n  m e c h a n is m .)   

• W S-Se r v ic e G r o u p  [ 1 3 ]  d e s c r ib e s  h o w  c o lle c tio n s  
o f  W e b  s e r v ic e s  a n d /o r  W S - R e s o u r c e s  c a n  b e  
r e p r e s e n te d  a n d  m a n a g e d .  

• W S-B a s e F a u lt s  [ 1 4 ]  d e f in e s  a  s ta n d a r d  e x c e p tio n  
r e p o r tin g  fo r m a t.  
T h e  fiv e  W S R F  s p e c ific a tio n s  a r e  c o m p lia n t w ith  

th e  W S - I n te r o p e r a b ility  ( W S - I )  B a s ic  P r o file  [ 1 5 ] , 
m e a n in g  th a t a n y  W S - I - c o m p lia n t W e b  s e r v ic e s  c lie n t 
c a n  in te r a c t w ith  a n y  s e r v ic e  th a t s u p p o r ts  W S R F  
s p e c ific a tio n s . F r o m  th e  c lie n t’ s  p e r s p e c tiv e , W S R F  
s im p ly  d e f in e s  c o n v e n tio n s  fo r  th e  m e s s a g e  e x c h a n g e s  
u s e d  to  in te r a c t w ith  s ta te , th u s  m a k in g  s e r v ic e s  th a t 
fo llo w  th e s e  c o n v e n tio n s  e a s ie r  to  u s e  a n d  m a n a g e . 

N o tif ic a tio n  is  n o t p a r t o f  W S R F , b u t s e v e r a l 
W S R F  s p e c ific a tio n s  r e f e r e n c e  n o tif ic a tio n  in  a  
g e n e r ic  m a n n e r . T h u s , a  W S R F  im p le m e n ta tio n  
ty p ic a lly  a ls o  im p le m e n ts  a t le a s t s o m e  f u n c tio n a lity  
d e fin e d  in  th e  th r e e  “ W S -N o tif ic a tio n ”  ( W S N )  
s p e c ific a tio n s : W S -B a s e N o tific a tio n  [ 1 6 ] , th e  s im p le s t 
fo r m  o f n o tif ic a tio n  p o s s ib le ; W S -
B r o k e r e d N o tific a tio n  [ 1 7 ] , w h ic h  a llo w s  fo r  
in te r m e d ia r ie s  a n d  a n  e x tr a  le v e l o f  a b s tr a c tio n  
b e tw e e n  p r o d u c e r s  a n d  c o n s u m e r s ; a n d  W S -T o p ic s  
[ 1 8 ] , a  d e s c r ip tio n  o f th e  ty p e s  o f  to p ic s  th a t c a n  b e  
c o n s id e r e d  p a r t o f n o tif ic a tio n . W S N  is  a ls o  b e in g  
s ta n d a r d iz e d  in  O A S I S  [ 1 9 ] . 

W e  u s e  a  s im p le  e x a m p le  to  illu s tr a te  h o w  th e  
in te r f a c e s  a n d  b e h a v io r s  d e fin e d  in  W S R F  a n d  W S N  
c a n  b e  u s e d  to  a d v a n ta g e  w h e n  d e v e lo p in g  s e r v ic e -
o r ie n te d  a r c h ite c tu r e s .  

I n  th is  e x a m p le , a  “ jo b  fa c to r y ”  th a t s u p p o r ts  
r e q u e s ts  to  c r e a te  c o m p u ta tio n a l ta s k s  d e fin e s  a n  
in te r f a c e  v ia  w h ic h  e a c h  jo b  is  m o d e le d  a s  a  W S -
R e s o u r c e . C r e a tio n  o f  a  jo b  re tu r n s  a n  E P R  to  a  W S -
R e s o u r c e  c o r r e s p o n d in g  to  th e  jo b ’s  s ta tu s ; s u b s e q u e n t 
r e q u e s ts  to  m o n ito r  jo b  s ta tu s  c a n  th e n  b e  h a n d le d  v ia  
W S -R e s o u r c e P r o p e r tie s  m e c h a n is m s , w h ile  jo b  
life tim e  c a n  b e  m a n a g e d  v ia  W S -R e s o u r c e L if e tim e  
m e c h a n is m s .  

I n  a  d if fe r e n t c o n te x t, th e  s a m e  m e c h a n is m s  m ig h t 
b e  u s e d  to  m a n a g e  r e s o u r c e  r e s e r v a tio n s  o r  d a ta  
tr a n s f e r s . T h is  u n ifo r m  tr e a tm e n t o f  s im ila r  c o n c e p ts  
in  d if fe r e n t c o n te x ts  c a n  s im p lif y  im p le m e n ta tio n  o f  
b o th  c lie n ts  a n d  s e r v ic e s .    

3 . I m p le m e n t in g  W SR F  a n d  W SN  

W e  p r e s e n t a  c a n o n ic a l im p le m e n ta tio n  a r c h ite c tu r e  
th a t illu s tr a te s  th e  b a s ic  s tr u c tu r e  a d o p te d  in  a ll fiv e  
W S R F /W S N  im p le m e n ta tio n s . F ig u r e  1  illu s tr a te s  th is  
a r c h ite c tu r e . T h e  la r g e  b o x  r e p r e s e n ts  th e  Se r v ic e  
H o s t in g  E n v ir o n m e n t . T h is  “ W S - R e s o u r c e -a w a r e  
c o n ta in e r ”  c o n s is ts  o f  o n e  o r  m o r e  W S R F -c o m p lia n t 



  

u s e r -s u p p lie d  s e r v ic e s , ty p ic a lly  b a s e d  in  p a r t o n  c o d e  
th a t th e  W S R F /W S N  im p le m e n ta tio n  p r o v id e s  to  
fa c ilita te  s e r v ic e  d e v e lo p m e n t a n d  d e p lo y m e n t. W e  
in tr o d u c e  its  v a r io u s  c o m p o n e n ts  b y  s te p p in g  th r o u g h  
th e  s ta g e s  in v o lv e d  in  p r o c e s s in g  a  c lie n t r e q u e s t. 

 
F ig u r e  1 . G e n e r ic  s e r v ic e  h o s t in g  e n v ir o n m e n t  

a r c h it e c t u r e  

A  r e q u e s t f r o m  a  W S R F -c o m p lia n t C lie n t  
g e n e r a lly  e n te r s  th e  s e r v ic e  h o s tin g  e n v ir o n m e n t ( 1 ) , 
w h e r e  th e  Se c u r it y  H a n d le r  e x a m in e s  th e  r e q u e s t a n d  
s e le c ts  th e  p r o to c o l th a t w ill b e  u s e d , a u th e n tic a te s  th e  
c lie n t, a n d  if n e c e s s a r y  c r e a te s  a  s e c u r ity  c o n te x t. 
( S o m e  im p le m e n ta tio n s  p e r fo r m  d is p a tc h in g  b e fo r e  a ll 
s e c u r ity  p r o c e s s in g  is  c o m p le te d — e .g ., to  a llo w  p e r -
s e r v ic e  a u th o r iz a tio n s .)   

F o r  m e s s a g e - le v e l s e c u r ity  p r o to c o ls , th e  S e c u r ity  
H a n d le r  v e r if ie s  r e q u e s ts  a n d  s ig n s  r e s p o n s e s . I f  
s e c u r ity  r e q u ir e m e n ts  a r e  s a tis f ie d , th e  m e s s a g e  is  
g e n e r a lly  p a s s e d  to  a  D is p a t c h  m e c h a n is m  ( 2 )  th a t 
r o u te s  th e  m e s s a g e  to  th e  c o r r e c t W S - R e s o u r c e  ( 3 ) . 
T h is  W S - R e s o u r c e  is , a g a in , a  c o m b in a tio n  o f  “ s ta tic ”  
s e r v ic e  f u n c tio n a lity  a n d  W S -R e s o u r c e - s p e c if ic  s ta te . 
T h e  a s s o c ia te d  s ta te  is  ty p ic a lly  r e tr ie v e d  fr o m  
“ s to r a g e ”  fo r  th e  in v o c a tio n  ( 4 )  a n d  p la c e d  b a c k  in to  
s to r a g e  o n c e  th e  r e q u e s t is  s a tis f ie d  ( 5 ) . O n c e  th e  
s e r v ic e  f u n c tio n a lity  is  c o m p le te  ( 6 ) , th e  m e s s a g e  
g e n e r a lly  p a s s e s  b a c k  th r o u g h  th e  s e c u r ity  h a n d le r  ( 7 ) , 
fo r  e x a m p le  to  d ig ita lly  s ig n  th e  r e s p o n s e . 

T a b le  1 :  Su m m a r y  o f  k e y  f e a t u r e s  o f  t h e  f iv e  W SR F /W SN  im p le m e n t a t io n s  

 G T 4 - J a v a  G T 4 - C  p y G r id W a r e  W SR F : : L it e  W SR F .N E T  

L a n g u a g e s  s u p p o r te d  J a v a  C  P y th o n  P e r l 
C #  / C + +  / 

V B a s ic  / e tc . 
W S -S e c u r ity  p a s s w o r d  
p r o f ile  

Y e s  N o  I n  p r o g r e s s  I n  p r o g r e s s  Y e s  

W S -S e c u r ity  X .5 0 9  p r o file  Y e s  I n  p r o g r e s s  Y e s  I n  p r o g r e s s  Y e s  
W S -S e c u r e C o n v e r s a tio n  Y e s  N o  Y e s  N o  Y e s  
T L S /S S L  Y e s  Y e s  Y e s  Y e s  Y e s  
A u th o r iz a tio n  M u ltip le  M u ltip le  C a llo u t N o n e  C a llo u t 
P e r s is te n c e  o f  W S - R e s o u r c e s  Y e s  Y e s  Y e s  Y e s  Y e s  

M e m o r y  F o o tp r in t J V M  +  1 0 M B  2 2  K B  1 2  M B  1 2  M B  
D e p e n d s  o n  
p e r s is te n c e   
m e c h a n is m  

W o r k s  w ith  u n m o d ifie d  
h o s tin g  e n v ir o n m e n t 

Y e s   
( A p a c h e )  

N /A  
Y e s   

( T w is te d )  
Y e s   

( A p a c h e )  
Y e s  

( A S P .N E T )  
S u p p o r ts  W S - I  B a s ic  P r o f ile  Y e s  Y e s  Y e s  I n  p r o g r e s s  Y e s  
S u p p o r ts  
W S -I  B a s ic  S e c u r ity  P r o f ile  

Y e s  Y e s  Y e s  N o  Y e s  

L o g g in g  
Y e s   

( L o g 4 J )  
Y e s  Y e s  Y e s  

Y e s  ( W S E  
d ia g n o s tic s )  

W S -R e s o u r c e L if e tim e  Y e s  Y e s  Y e s  Y e s  Y e s  
W S -R e s o u r c e P r o p e r tie s  Y e s  Y e s  Y e s  Y e s  Y e s  
W S -S e r v ic e G r o u p  Y e s  Y e s  Y e s  Y e s  Y e s  
W S -B a s e F a u lts  Y e s  Y e s  Y e s  Y e s  Y e s  
W S -B a s e N o tific a tio n  Y e s  C o n s u m e r  Y e s  N o  Y e s  
W S -B r o k e r e d N o tif ic a tio n  P a r tia l N o  N o  N o  Y e s  
W S -T o p ic s  P a r tia l P a r tia l P a r tia l N o  P a r tia l 
C V S  a c c e s s  Y e s  Y e s  Y e s  R e a d  o n ly  I n  p r o g r e s s  
B u g  tr a c k in g  ( e .g ., b u g z illa )  Y e s  Y e s  Y e s  Y e s  Y e s  

U s e r  C o d e / 
G e n e ra te d  
C o d e  

L if e tim e  
M a n a g e m e n t 
 

N o tific a tio n  
P ro d u c e r / C o n s u m e r  

R e q u e s t 

C lie n t 
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8  

D is p a tc h  
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T h e  L if e t im e  M a n a g e m e n t  c o m p o n e n t k e e p s  

tr a c k  o f th e  W S - R e s o u r c e s  c r e a te d  b y  th e  c lie n t 
r e q u e s ts . I t m o n ito r s  e a c h  W S -R e s o u r c e  P r o p e r ty  a n d  
u p d a te s  th e  R e s o u r c e  P r o p e r ty  s ta te  fo llo w in g  a  s e t 
R e s o u r c e  P r o p e r ty  r e q u e s t. T h is  c o m p o n e n t is  a ls o  
r e s p o n s ib le  f o r  c le a n in g  u p  W S - R e s o u r c e s  w h e n  th e ir  
te r m in a tio n  tim e  h a s  e x p ir e d . 

S im ila r ly , th e  N o t if ic a t io n  P r o d u c e r /C o n s u m e r  
c a n  b e  v ie w e d  a s  a n  in d e p e n d e n t a c tiv ity  w ith in  th e  
s e r v ic e  h o s tin g  e n v ir o n m e n t. T h e  W S -
B a s e N o tific a tio n  c o m p o n e n t h a n d le s  s u b s c r ip tio n  
r e q u e s ts  to  m o n ito r  a  p a r tic u la r  r e s o u r c e ’ s  s ta te . 
W h e n  a  r e s o u r c e  c h a n g e s  to  a  s ta te  th a t m a tc h e s  a  
s u b s c r ip tio n  r e q u e s t, a  N o tific a tio n  r e s p o n s e  is  
r e tu r n e d  to  th e  c lie n t ( 8 ) . 

4 . T h e  F iv e  Sy s te m s  D e s c r ib e d  

W e  n o w  d e s c r ib e  th e  fiv e  s y s te m s , f o c u s in g  in  
p a r tic u la r  o n  n o ta b le  d if fe r e n c e s  in  f u n c tio n a lity  
p r o v id e d  a n d  im p le m e n ta tio n  a p p r o a c h . T a b le  1  
s u m m a r iz e s  th e  k e y  fe a tu r e s  th a t w e  e x a m in e  in  th is  
d is c u s s io n . 

4 .1 . T r a n s p o r t  a n d  SO A P  P r o c e s s in g  

E a c h  s y s te m  r e q u ir e s  m a c h in e r y  fo r  p r o c e s s in g  th e  
H T T P  p r o to c o l m e s s a g e s  u s e d  to  tr a n s p o r t r e q u e s ts  
( a n d  r e s p o n s e s )  a n d  f o r  d e s e r ia liz in g  ( a n d  s e r ia liz in g )  
th e  S O A P  m e s s a g e s  c a r r ie d  o n  th a t tr a n s p o r t.  

W ith  th e  e x c e p tio n  o f  G T 4 - C , e a c h  s y s te m  u s e s  
e x is tin g  c o d e  fo r  th is  p u r p o s e : A p a c h e  A x is  in  th e  
c a s e  o f G T 4 -J a v a , Z o le r a  S O A P  I n f r a s tr u c tu r e  ( Z S I )  
fo r  p y G r id w a r e , S O A P ::L ite  f o r  W S R F ::L ite , a n d  
M ic r o s o ft I n te r n e t I n fo r m a tio n  S e r v ic e s  ( I I S )  a n d  th e  
W e b  S e r v ic e s  E n h a n c e m e n ts  ( W S E )  f o r  W S R F .N E T .  
G T 4 -C  b u ild s  o n  lib x m l2  f o r  X M L  p a r s in g  b u t 
o th e r w is e  p r o v id e s  its  o w n  im p le m e n ta tio n  o f  S O A P  
a n d  H T T P  p r o c e s s in g , v ia  a n  H T T P  d r iv e r  th a t p lu g s  
in to  th e  X I O  tr a n s p o r t s ta c k  [ 2 3 ] . 

T h e s e  d iff e r e n t tr a n s p o r t a n d  S O A P  p r o c e s s in g  
s y s te m s  d if fe r  in  th e ir  p e r fo rm a n c e  a n d  r o b u s tn e s s , 
b u t a ll o f f e r  s im ila r  c a p a b ilitie s . 

4 .2 . Se c u r it y  I s s u e s   

T h e  S e c u r ity  H a n d le r  o f F ig u r e  1  c a n  p r o v id e  f o r  
c lie n t a u th e n tic a tio n  a n d  a ls o  f o r  m e s s a g e  in te g r ity  
a n d  m e s s a g e  p r iv a c y . ( W e  d is c u s s  a u th o r iz a tio n  in  
S e c tio n  4 .8  b e lo w .)  T h e s e  th r e e  f u n c tio n s  c a n  b e  
p r o v id e d  a t e ith e r  th e  m e s s a g e  le v e l o r  th e  c o n n e c tio n  
le v e l, w ith  d iff e r e n t p e r f o r m a n c e  c h a r a c te r is tic s . ( W e  
e x a m in e  p e r f o r m a n c e  in  d e ta il in  S e c tio n  4 .)  
M e s s a g e - le v e l s e c u r ity  is  m a n d a te d  b y  th e  W S -I  

B a s ic  S e c u r ity  P r o file  [ 2 0 ]  a n d  h a s  a d v a n ta g e s  w h e n  
r o u tin g  in d iv id u a l m e s s a g e s ; tr a n s p o r t-le v e l s e c u r ity  
c a n  p r o v id e  h ig h e r  p e r fo r m a n c e  w h e n  m a n y  
m e s s a g e s  m u s t b e  d is p a tc h e d  b e tw e e n  a  c lie n t a n d  a  
s e r v e r .  

W e  e n c o u n te r  th r e e  s e c u r ity  p r o to c o ls  in  th e  
s y s te m s  s tu d ie d  h e r e : tw o  m e s s a g e -le v e l p r o to c o ls , 
S e c u r e C o n v e r s a tio n  a n d  S e c u r e M e s s a g e , a n d  th e  
T L S /S S L  tr a n s p o r t- le v e l s e c u r ity  p r o to c o l. 

S e c u r e C o n v e r s a tio n  is  b a s e d  o n  th e  W S - S e c u r e  
C o n v e r s a tio n  s p e c ific a tio n  [ 2 1 ]  a n d  c r e a te s  a  s e c u r ity  
c o n te x t u s in g  th e  X .5 0 9  p ro x y  c e r tif ic a te s  o f th e  
c lie n t a n d  c o n ta in e r . T h e  s e c u r ity  c o n te x t is  u s e d  to  
s ig n  a n d  v e r if y  th e  b o d y  a n d  n e c e s s a r y  h e a d e r  
e le m e n ts  in  e a c h  o f  th e  m e s s a g e s . D e p e n d in g  o n  th e  
im p le m e n ta tio n , c r e a tin g  a  c o n te x t r e q u ir e s  a n  in itia l 
c o s t o f  a t le a s t th r e e  r e q u e s t/r e s p o n s e  m e s s a g e s .  

S e c u r e M e s s a g e  d o e s  n o t c r e a te  a  s e c u r ity  c o n te x t 
a n d  in c u r  th is  c o s t; in s te a d , n e c e s s a r y  e le m e n ts  a r e  
s ig n e d  in  e a c h  m e th o d  in  c o n f o r m a n c e  w ith  th e  
O A S I S  s ta n d a r d  fo r  S O A P  M e s s a g e  S e c u r ity  [ 2 2 ]  b y  
u s in g  e ith e r  th e  X .5 0 9  T o k e n  P r o f ile  o r  th e  U s e r n a m e  
T o k e n  P r o file . S e c u r e M e s s a g e  is  u s e fu l fo r  s in g le  
r e q u e s t/r e s p o n s e  in te r a c tio n s , a s  th e  c lie n t d o e s  n o t 
h a v e  th e  c o s t o f  c r e a tin g  th e  s e c u r ity  c o n te x t. 

G T 4 -J a v a , G T 4 -C , p y G r id W a r e , a n d  
W S R F .N E T  s u p p o r t a ll th r e e  s e c u r ity  p r o to c o ls . 
H o w e v e r , W S R F .N E T ’ s  im p le m e n ta tio n  o f S e c u r e  
C o n v e r s a tio n  w ill n o t in te r o p e r a te  w ith  th e  o th e r  
th r e e  s y s te m s ’ S e c u r e C o n v e r s a tio n  im p le m e n ta tio n s  
b e c a u s e  W S R F .N E T  in h e r its  its  S e c u r e C o n v e r s a tio n  
fr o m  W S E . W h ile  th e  S e c u r e C o n v e r s a tio n  s p e c  
d e fin e s  m e s s a g e  fo r m a ts  f o r  th e  e x c h a n g e  o f  
c r y p to g r a p h ic  d a ta  n e c e s s a r y  to  e s ta b lis h  a  s e c u r e  
s e s s io n , it d o e s  n o t d e fin e  a  s in g le  a lg o r ith m  fo r  
c o m p u tin g  th a t d a ta , a n d  W S E  a n d  G T 4 /p y G r id W a r e  
im p le m e n t d if fe r e n t a lg o r ith m s . W S R F ::L ite  o n ly  
s u p p o r ts  tr a n s p o r t-le v e l s e c u r ity .  

4 .3 . W e b  Se r v ic e  D is p a t c h  a n d  C o n t a in e r  

H a v in g  r e c e iv e d  a  S O A P  r e q u e s t a n d  p e r fo r m e d  
s e c u r ity  p r o c e s s in g , th e  r e le v a n t o p e r a tio n  m u s t b e  
id e n tifie d  a n d  d is p a tc h e d , w ith  m e s s a g e  c o n te n ts  
p a s s e d  in  a n  a p p r o p r ia te  m a n n e r . T h e n , a n y  r e p ly  is  
c o n s tr u c te d  a n d  r e tu r n e d  f o r  S O A P  p r o c e s s in g  a n d  
tr a n s p o r t.  

E a c h  s y s te m ’ s  W S - R e s o u r c e s  e x is t in s id e  a  
c o n ta in e r  p r o c e s s  w ith in  w h ic h  th e s e  o p e r a tio n s  ta k e  
p la c e . E a c h  s y s te m  h a s  s im ila r  f u n c tio n a lity  in  th is  
la y e r . W S R F .N E T  u s e s  A S P .N E T , G T 4 -J a v a  c a n  u s e  
T o m c a t/A x is , a n d  p y G r id W a r e  u s e s  T w is te d . S o m e  
s y s te m s  p r o v id e  th e ir  o w n  c o n ta in e r s : G T 4 - J a v a  a n d  
p y G r id W a r e  c a n  r u n  s ta n d - a lo n e , G T 4 - C  h a s  its  o w n  
c o n ta in e r , a n d  W S R F ::L ite  p r o v id e s  tw o  “ C o n ta in e r ”  



  

s c r ip ts  to  h o s t W S - R e s o u r c e s : a  s ta n d a r d  C o n ta in e r  
a n d  a  s e c u r e  C o n ta in e r  th a t u s e s  S S L .  

4 .4 . P e r s is t e n c e   

O n c e  c r e a te d , a  W S - R e s o u r c e  m u s t p e r s is t b e tw e e n  
s e r v ic e  in v o c a tio n s  u n til th e  e n d  o f  its  lif e tim e , 
m e a n in g  th a t th e  “ s ta te ”  o f  a  W S -R e s o u r c e  a f te r  o n e  
in v o c a tio n  s h o u ld  b e  th e  s a m e  a s  its  s ta te  b e fo r e  th e  
n e x t. P e r s is te n c e  c a n  b e  a c h ie v e d  b y  h o ld in g  th e  
r e s o u r c e  in  m e m o r y , w r itin g  it to  d is k , o r  s to r in g  it in  
a  d a ta b a s e . E a c h  s y s te m  p r o v id e s  a n  in te r f a c e  th a t 
a llo w s  s e r v ic e  a u th o r s  to  u s e  c u s to m  ( o r  p r e - e x is tin g )  
p e r s is te n c e  m e c h a n is m s , b u t e a c h  s y s te m  a ls o  
p r o v id e s  a  d if fe r e n t d e f a u lt c o n f ig u r a tio n . 

G T 4 -J a v a , G T 4 -C , W S R F ::L ite  a n d  p y G r id w a r e  
a ll p e r s is t W S - R e s o u r c e s  in  m e m o r y  b y  d e fa u lt. T h is  
a p p r o a c h  p r o v id e s  th e  b e s t r e s p o n s e -tim e  
p e r f o r m a n c e  b u t is  th e  le a s t fa u lt- to le r a n t. T h e s e  
s y s te m s  a ls o  c o m e  w ith  m o d u le s  th a t a llo w  r e s o u r c e s  
to  b e  s a v e d  to  d is k , p r o v id in g  th e  a b ility  to  s u r v iv e  
s e r v e r  fa ilu r e  a t th e  c o s t o f s o m e  p e r fo r m a n c e . 

W S R F .N E T  u s e s  a  d a ta b a s e  b y  d e fa u lt. T h is  
a p p r o a c h  is  s lo w e r  th a n  in - m e m o r y  s to r a g e  ( a lth o u g h  
w r ite - th r o u g h  c a c h in g  m a k e s  it c o m p e titiv e ) , b u t 
p r o v id e s  fa u lt-to le r a n c e  a n d  a c c e s s  to  p o w e r f u l 
q u e r y /d is c o v e r  m e c h a n is m s  th a t a r e  n o t p r e s e n t in  th e  
file  s y s te m  a p p r o a c h .  

4 .5 . F in d in g  / D is c o v e r in g  W S-R e s o u r c e s  

M o s t r e q u e s ts  to  a  W S -R e s o u r c e  r e q u ir e  a c c e s s  to  th e  
r e s o u r c e ’ s  s ta te . T h e  fiv e  s y s te m s  d if fe r  in  h o w  
r e s o u r c e s  a r e  in d e x e d  a n d  r e tr ie v e d .  

G T 4 -J a v a  a n d  p y G r id W a r e  im p le m e n t a  
R e s o u r c e H o m e  in te r f a c e , w h ic h  a llo w s  p lu g g a b le  
d is c o v e r y  m e c h a n is m s . T h is  in te r f a c e  c o n ta in s  th e  
fin d ( )  m e th o d , w h ic h  d is c o v e r s  r e s o u r c e s  b a s e d  o n  a  
s u p p lie d  k e y , s u c h  a s  th e  r e s o u r c e  n a m e .  

W S R F .N E T  u s e s  a  d a ta b a s e  q u e r y  to  f in d  
r e q u e s te d  r e s o u r c e ( s ) . T h is  q u e r y  m e c h a n is m  m a k e s  
it e a s y  f o r  s e r v ic e s  to  p r o v id e  f u n c tio n s  th a t a c c e s s  
m u ltip le  r e s o u r c e s , s u c h  a s  m a n a g e m e n t f u n c tio n s . I n  
o th e r  w o r d s , q u e r ie s  c a n  n o t o n ly  lo o k u p  r e s o u r c e s  
b a s e d  o n  u n iq u e  k e y  v a lu e s , b u t a ls o  b a s e d  o n  th e  
d a ta  c o n ta in e d  w ith in  th e  r e s o u r c e , f o r  e x a m p le  “ f in d  
a ll W S -R e s o u r c e s  o w n e d  b y  B o b .”   

G T 4 -C  d e fin e s  in te r f a c e s  fo r  m a n ip u la tin g  
r e s o u r c e s  a n d  p r o v id e s  a  d e f a u lt im p le m e n ta tio n  o f  
th o s e  in te r fa c e s . A lte r n a tiv e  im p le m e n ta tio n s  c a n  b e  
p r o v id e d  th a t, fo r  e x a m p le , d o  n o t r e q u ir e  th a t a n y  
r e s o u r c e  a n d  s ta te  in fo r m a tio n  b e  m a in ta in e d  w ith in  
th e  h o s tin g  e n v ir o n m e n t.  

W S R F ::L ite  p r o v id e s  a  n u m b e r  o f w a y s  fo r  a  
W S -R e s o u r c e  to  fin d  its  s ta te . I n  s o m e  c a s e s , th e  s ta te  

is  im p lic itly  in  th e  s e r v ic e s  e x e c u tio n  c o n te x t, w h ile  
in  o th e r  c a s e s  th e  C o n ta in e r  p r o v id e s  a  k e y  to  th e  
d e v e lo p e r  w h ic h  h e  u s e s  to  fin d  th e  s ta te : f o r  
e x a m p le , th e  k e y  c o u ld  b e  a  d a ta b a s e  in d e x . 

4 .6 . L if e t im e  M a n a g e m e n t  

L ife tim e  m a n a g e m e n t f o r  W S -R e s o u r c e s  in c lu d e s  
b o th  r e s o u r c e  c r e a tio n  a n d  r e s o u r c e  d e s tr u c tio n . 
C r e a tio n  in v o lv e s  a d d in g  a  n e w  r e s o u r c e  to  th e  
r e s o u r c e  s to r a g e  s y s te m , w h ile  d e s tr u c tio n  in v o lv e s  
r e m o v in g  r e s o u r c e s  in  r e s p o n s e  to  im m e d ia te  
d e s tr u c tio n  r e q u e s ts  a s  w e ll a s  lif e tim e  e x p ir a tio n .  

S e v e r a l s y s te m s  h a n d le  c r e a tio n  s im ila r ly , 
p r o v id in g  a  c r e a te ( )  m e th o d  th a t a  s e r v ic e  c a n  c a ll to  
p la c e  a  n e w  W S - R e s o u r c e  in  th e  s e r v ic e ’ s  c h o s e n  
s to r e . F o r  e x a m p le , G T 4 -C ’ s  c r e a te ( )  m e th o d  a d d s  a  
n e w  r e s o u r c e  to  w h ic h e v e r  s to r e  is  u s e d  b y  th e  
s e r v ic e ’ s  R e s o u r c e H o m e , w h ile  W S R F .N E T ’ s  
c r e a te ( )  a d d s  th e  n e w  r e s o u r c e  s ta te  to  a  d a ta b a s e . 
G T 4 -J a v a  d o e s  n o t d e fin e  a  s p e c ific  c r e a te ( ) 
o p e r a tio n  s in c e  c r e a tio n  b e h a v io r  c a n  b e  d iff e r e n t 
a m o n g  v a r io u s  W S - R e s o u r c e s . F o r  e x a m p le , a  
r e s o u r c e  c a n  b e  c r e a te d  b y  s o m e  o u t- o f -b a n d  p r o c e s s  
in s te a d  o f th r o u g h  a n  e x p lic it c r e a te ( )  o p e r a tio n .  

D if f e r e n t im p le m e n ta tio n s  r e m o v e  e x p ir e d  
r e s o u r c e s  v ia  d if fe r e n t m e c h a n is m s . G T 4 - J a v a  a n d  
p y G r id w a r e  le v e r a g e  tim in g  m e c h a n is m s  in  th e ir  
c o n ta in e r  e n v ir o n m e n ts  to  s c h e d u le  p e r io d ic  r e s o u r c e  
d e le tio n  ta s k s . T h is  a p p r o a c h  e x p lo its  th e  c o n ta in e r ’s  
a b ility  to  m a n a g e  m e m o r y  f o o tp r in t a n d  n o t in s p e c t 
r e s o u r c e s  th a t a r e  n o t r e s id e n t in  m e m o r y . I n  G T 4 -
J a v a , a  u s e r  c a n  a ls o  p r o v id e  its  o w n  m e th o d  o f  
r e m o v in g  e x p ir e d  r e s o u r c e s . W S R F .N E T  u s e s  a  
s e p a r a te  W in d o w s  s e r v ic e  ( n o t W e b  s e r v ic e )  to  r u n  
th r o u g h  th e  d a ta b a s e  p e r io d ic a lly , b e c a u s e  A S P .N E T  
d o e s  n o t e a s ily  h a n d le  th is  p e r io d ic  s c h e d u lin g . T h is  
a p p r o a c h  c a n  b e  c o m p u ta tio n a lly  e f fic ie n t b e c a u s e  it 
c a n  b e  p e r fo r m e d  w ith  a  d a ta b a s e  u p d a te , a n d  s o  d o e s  
n o t r e q u ir e  th e  lo a d in g  o f  r e s o u r c e s  in to  m e m o r y  to  
c h e c k  if th e y  a r e  e x p ir e d .  

W S R F ::L ite  d e a ls  w ith  life tim e  in  d iff e r e n t w a y s  
d e p e n d in g  o n  h o w  th e  s e r v ic e  d e v e lo p e r  h a s  c h o s e n  
to  im p le m e n t th e  W S -R e s o u r c e . I n  s o m e  c a s e s , th e  
W S -R e s o u r c e s  r e ly  o n  th e  tim in g  m e c h a n is m  o f th e  
u n d e r ly in g  o p e r a tin g  s y s te m . I n  o th e r  c a s e s , fo r  
e x a m p le  w h e n  th e  s ta te  is  s to r e d  in  a  file  o r  d a ta b a s e , 
th e  s ta te  is  o n ly  g a r b a g e  c o lle c te d  if s o m e o n e  tr ie s  to  
a c c e s s  a  s ta le  W S - R e s o u r c e . A  d is a d v a n ta g e  o f th is  
a p p r o a c h  is  o f c o u r s e  th a t r e s o u r c e s  th a t a r e  n e v e r  
a c c e s s e d  a r e  n e v e r  d is c a r d e d . 

G T 4 -C  u s e s  th e  e v e n t- h a n d lin g  a r c h ite c tu r e  b u ilt 
in to  th e  G lo b u s  T o o lk it’ s  C  c o m m o n  lib r a r ie s , w h ic h  
p r o v id e  tim e - b a s e d  e v e n t tr ig g e r in g  a n d  p o llin g . 
C a llb a c k s  a r e  u s e d  to  m a n a g e  th e  life tim e  o f  a  g iv e n  
r e s o u r c e . 



  

4 .7 . P r o g r a m m in g  a n d  T o o lin g  

A  W S R F /W S N  im p le m e n ta tio n ’ s  p r o g r a m m in g  
m o d e l d e fin e s  th e  in te r fa c e  s e e n  b y  d e v e lo p e r s  o f  
s e r v ic e s  th a t im p le m e n t W S R F /W S N  in te r fa c e s . T h e  
p r im a r y  is s u e  h e r e  is  h o w  th e  c o r r e s p o n d in g  W e b  
s e r v ic e  im p le m e n ta tio n  is  c o n s tr u c te d , w h ic h  
in v o lv e s  b o th  a r c h ite c tu r e  a n d  to o lin g . T h e  f iv e  
im p le m e n ta tio n s  d if fe r  g r e a tly  in  th e ir  a p p r o a c h e s . 

T h e  G T 4 - J a v a  p r o g r a m m in g  m o d e l d e c o u p le s  
th e  W e b  s e r v ic e  ( b u s in e s s  lo g ic )  f r o m  th e  r e s o u r c e  
( s ta te ) . T h e  W e b  s e r v ic e  im p le m e n ta tio n  is  u s u a lly  a  
p la in , s ta te le s s  J a v a  o b je c t. A  s e r v ic e  c a n  b e  
c o m p o s e d  fr o m  s e v e r a l in d e p e n d e n t “ o p e r a tio n  
p r o v id e r s ,”  th u s  e n a b lin g  r e u s e  o f  c o m m o n  W e b  
s e r v ic e  o p e r a tio n s  a m o n g  s e r v ic e s . F o r  e x a m p le , a  
s in g le  im p le m e n ta tio n  o f  th e  W S - R e s o u r c e L if e tim e  
e x p lic it d e s tr u c tio n  o p e r a tio n  c a n  b e  r e u s e d  in  a n y  
s e r v ic e . T h e  r e s o u r c e  im p le m e n ta tio n  is  a  J a v a  o b je c t 
th a t im p le m e n ts  a  s e t o f  a p p ro p r ia te  c a llb a c k  
in te r f a c e s . F o r  e x a m p le , a  r e s o u r c e  c a n  c h o o s e  to  
im p le m e n t a  R e s o u r c e L ife tim e  in te r fa c e  to  e n a b le  its  
d e s tr u c tio n  th r o u g h  s o ft s ta te .  

R e s o u r c e s  a r e  m a n a g e d  b y  a  R e s o u r c e H o m e , 
w h ic h  is  r e s p o n s ib le  f o r  r e s o u r c e  d is c o v e r y , 
d e s tr u c tio n , a n d /o r  c r e a tio n . T h e  G T 4 - J a v a  d e s ig n  
a d d r e s s e s  f le x ib ility  a n d  s c a la b ility  a s  fo llo w s . T h e  
c o r e  fu n c tio n a lity  is  d e f in e d  a s  in te r f a c e s  o r  a b s tr a c t 
c la s s e s  s o  th a t c u s to m  a n d  m o r e  o p tim iz e d  
im p le m e n ta tio n s  o f th e s e  in te r fa c e s  c a n  b e  p lu g g e d  
in . F o r  e x a m p le , a  c u s to m  R e s o u r c e H o m e  
im p le m e n ta tio n  c o u ld  o f flo a d  m o s t o r  a ll o f its  
o p e r a tio n s  to  a  d a ta b a s e , m in im iz in g  th e  o v e r h e a d  o f  
k e e p in g  th e  r e s o u r c e  r e p r e s e n ta tio n  in  m e m o r y .  

G T 4 -J a v a  p r o v id e s  tw o  b a s ic  R e s o u r c e H o m e  
im p le m e n ta tio n s . O n e , fo r  p e r s is te n t r e s o u r c e s , r e lie s  
o n  th e  J V M  g a r b a g e  c o lle c to r  a n d  a  c a c h in g  
a lg o r ith m  ( e .g ., le a s t-r e c e n tly -u s e d )  to  r e m o v e  
u n u s e d  r e s o u r c e  o b je c ts  f r o m  m e m o r y . T h e  o th e r  
p r o v id e s  a  b a s ic  p e r s is te n c e  h e lp e r  A P I  fo r  s e r ia liz in g  
a n d  d e s e r ia liz in g  r e s o u r c e s  to  a n d  f r o m  a  f ile  u s in g  
J a v a  a n d  X M L  s e r ia liz a tio n  m e th o d s . A  r e s o u r c e  c a n  
o f  c o u r s e  c h o o s e  to  p r o v id e  its  o w n  w a y  o f s to r in g  
a n d  r e tr ie v in g  its  s ta te . 

G T 4 - C  g e n e r a te s  C - la n g u a g e  s tu b s  fo r  a  W S R F -
e n a b le d  s e r v ic e  th a t im p le m e n t fu n c tio n s  f o r  e a c h  
o p e r a tio n  d e fin e d  in  th e  s e r v ic e  s c h e m a , a n d  th a t 
s u p p o r t E P R  e n c a p s u la tio n  b y  a llo w in g  E P R  h a n d le s  
to  b e  p a s s e d  d ir e c tly  to  e a c h  s tu b . T h u s , fo r  e x a m p le , 
th e  c r e a te C o u n te r  o p e r a tio n  o f  th e  C o u n te r S e r v ic e  is  
u s u a lly  c a lle d  w ith  ju s t th e  s e r v ic e  e n d p o in t: e .g ., 
“ h ttp ://.../C o u n te r S e r v ic e ”  in  F ig u r e  2 . 

 

 
F ig u r e  2 . C r e a t in g  a  G T 4 - C  s e r v ic e  e n d p o in t  

 
O n  th e  o th e r  h a n d , th e  p r e fe r r e d  fu n c tio n  c a ll fo r  

th e  a d d  o p e r a tio n  ta k e s  a  h a n d le  to  th e  
E n d p o in tR e fe r e n c e , th u s  u s in g  th e  E P R  a s  a n  o p a q u e  
r e fe r e n c e  to  th e  W S -R e s o u r c e  ( F ig u r e  3 ) . 
 

 
F ig u r e  3 . C lie n t  s a ll f o r  G T 4 - C  A d d  o p e r a t io n  

 
T h e  C  b in d in g s  g e n e r a te d  in c lu d e  b o th  b lo c k in g  

c lie n t s tu b s  a n d  a ls o  a s y n c h r o n o u s  e v e n t-d r iv e n  
fu n c tio n s  th a t a llo w  c lie n t im p le m e n ta tio n s  to  
p e r f o r m  m a n y  in v o c a tio n s  a t o n c e , in s te a d  o f w a itin g  
fo r  e a c h  r e s p o n s e . T h is  m a c h in e r y  a llo w s  th e  
u n d e r ly in g  b in d in g s  to  ta k e  a d v a n ta g e  o f  
m u ltith r e a d in g  o n  S M P  a rc h ite c tu r e s , a n d  a ls o  
p r o v id e s  a  s im p le  m e c h a n is m  f o r  p e r f o r m in g  m a n y  
o p e r a tio n s  a s y n c h r o n o u s ly .  
 

 

F ig u r e  4 . G T 4 - C  s e r v ic e  s k e le t o n  b in d in g  

T h e  p a s s e d -in  c a llb a c k  fo r  th e  a s y n c h r o n o u s  s tu b  
o n ly  g e ts  c a lle d  w h e n  th e  r e s p o n s e  h a s  b e e n  r e c e iv e d  
a n d  d e s e r ia liz e d .  T h e  s e r v ic e  s k e le to n  b in d in g s  
( F ig u r e  4 )  c o n s is t o f  a  fu n c tio n  p e r  o p e r a tio n  th a t 
m u s t b e  fille d  in  b y  th e  s e r v ic e  im p le m e n to r . O n c e  
th e s e  s e r v ic e  im p le m e n ta tio n  fu n c tio n s  a r e  f ille d  in , 
th e  s e r v ic e  c a n  b e  c o n s id e r e d  im p le m e n te d . I n s te a d  
o f  c a r r y in g  s ta te  v ia  o b je c t e n c a p s u la tio n  a s  m a n y  
o th e r  la n g u a g e s  c h o o s e  to  d o , a n y  s ta te  in fo r m a tio n  is  
m a in ta in e d  b y  th e  p a r a m e te r s  p a s s e d  to  th e  f u n c tio n . 

p y G r id W a r e  s e e k s  to  p r o v id e  a s  s im p le  a n  
in te r f a c e  a s  p o s s ib le  w h ile  s till e x p o s in g  f u ll 
W S R F /W S N  f u n c tio n a lity . T h e  c o m b in a tio n  o f th e  
q u ic k  d e v e lo p m e n t tim e  o f  P y th o n  a n d  th e  e a s e  o f  
u s e  o f  p y G r id W a r e  m a k e  it a n  id e a l p la tf o r m  fo r  

result = CounterPortType_add_epr(  
    client_handle,     
    createCounterResponse-> 
            EndpointReference, 
    add_value, &add_response, 
    &fault_type, &fault_value); 
 

result = CounterPortType_createCounter( 
    client_handle,  
    "http://.../CounterService",  
    createCounterInput,  
    &createCounterResponse, 
    &fault_type, &fault_value); 

globus_result_t  
CounterPortType_add_impl(  
    globus_service_engine_t engine,  
    globus_soap_message_handle_t message,  
    globus_service_descriptor_t *        
        service,  
    xsd_int * add,  
    xsd_int * addResponse,  
    const char ** fault_name,  
    void ** fault); 



  

r a p id  p r o to ty p in g . F ig u r e  5  s h o w s  th e  s im p le s t 
p o s s ib le  c lie n t. F ir s t th e  g e n e r a te d  C o u n te r  S e r v ic e  
c o d e  is  im p o r te d . A  lo c a to r  a n d  a  p o r t a r e  in s ta n tia te d  
a n d  u s e d  to  lo c a te  th e  s e r v ic e  a n d  c r e a te  a n  in s ta n c e . 
F r o m  th e  c r e a te  r e s p o n s e  w e  g e t th e  E P R , w h ic h  is  
u s e d  to  a c c e s s  o u r  n e w ly  c r e a te d  c o u n te r  s e r v ic e  
in s ta n c e . N e x t a n  a d d  r e q u e s t is  in s ta n tia te d  u s in g  th e  
g e n e r a te d  C o u n te r  S e r v ic e  c o d e . W e  g e t a  n e w  p o r t 
o b je c t f r o m  th e  lo c a to r  o b je c t u s in g  th e  E P R ; th e  n e w  
p o r t c o r r e s p o n d s  to  th e  c o u n te r  s e r v ic e  in s ta n c e  
p r e v io u s ly  c r e a te d . U s in g  th e  p o r t o b je c t w e  s e n d  o u r  
a d d  r e q u e s t to  th e  C o u n te r  S e r v ic e . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F ig u r e  5 . p y G r id W a r e  c o u n t e r  c lie n t  

O n  th e  s e r v e r  s id e , th e  d e v e lo p e r  m u s t e d it tw o  
a u to m a tic a lly  g e n e r a te d  file s  to  im p le m e n t th e ir  
s e r v ic e . T h e  s e r v e r  file  c o n ta in s  th e  im p le m e n ta tio n  
o f  th e  s e r v ic e  lo g ic , a n d  th e  p r o p e r tie s  file  c o n ta in s  
th e  a s s o c ia te d  R e s o u r c e  P r o p e r tie s . T h is  d iv is io n  
a llo w s  f o r  a  c le a n  s e p a r a tio n  b e tw e e n  th e  s e r v ic e  
s ta te  a s  r e p r e s e n te d  b y  th e  R e s o u r c e  P r o p e r tie s  a n d  
th e  s ta te le s s  s e r v ic e . 

T h e  g o a l o f  W SR F .N E T  is  to  m a k e  
p r o g r a m m in g  a  W S R F .N E T  s e r v ic e  a s  e a s y  a s  
p r o g r a m m in g  a n y  o th e r  W e b  s e r v ic e . W S R F .N E T  
p r o v id e s  a n  a ttr ib u te -b a s e d  p r o g r a m m in g  m o d e l th a t 
a llo w s  s e r v ic e  a u th o r s  e a s ily  to  d e f in e  b o th  th e  
s ta te f u l r e s o u r c e s  a n d  th e  R e s o u r c e  P r o p e r tie s  u s e d  
b y  th e ir  s e r v ic e s . T h is  m o d e l a ls o  a llo w s  
p r o g r a m m e r s  to  e a s ily  “ im p o r t”  fu n c tio n a lity  d e fin e d  
in  th e  W S R F  o r  W S N  s p e c if ic a tio n s .  

F o r  e x a m p le , c o n s id e r  th e  c o d e  fr a g m e n t s h o w n  
in  F ig u r e  6 . T h e  [ R e s o u r c e ]  a ttr ib u te  a n n o ta te s  c la s s -
le v e l d a ta  m e m b e r s  w h o s e  v a lu e s  s h o u ld  b e  p e r s is te d  
in  th e  d a ta b a s e  a s  p a r t o f a  W S - R e s o u r c e . T h is  m e a n s  
th a t a  u n iq u e  v a lu e  o f “ v ”  w ill b e  lo a d e d , b a s e d  o n  
th e  E P R  in  th e  r e q u e s t h e a d e r s , fo r  e a c h  m e th o d  
in v o c a tio n . T h e  m e th o d  m a y  u s e /m a n ip u la te  th is  
v a lu e  a s  a n y  o th e r  d a ta  m e m b e r . W h e n  th e  in v o k e d  
m e th o d  c o m p le te s , v  w ill b e  s a v e d  b a c k  to  th e  
d a ta b a s e . T h e  [ R e s o u r c e P r o p e r ty ]  a ttr ib u te  a n n o ta te s  

a  C #  P ro p e r ty  w h o s e  “ g e t”  m e th o d  w ill b e  c a lle d  
w h e n e v e r  a  c lie n t u s e s  o n e  o f  th e  W S -
R e s o u r c e P r o p e r ty  f u n c tio n s  f o r  r e tr ie v in g  r e s o u r c e  
p r o p e r ty  v a lu e s  ( a  s im ila r  “ s e t”  m e th o d  c a n  b e  
d e fin e d  f o r  c lie n t in v o c a tio n s  o f th e  
S e tR e s o u r c e P r o p e r tie s  m e th o d ) . 

 

 

F ig u r e  6 . W SR F .N E T  s e r v ic e  c o d e  

N o te  th a t th e  R e s o u r c e P r o p e r ty  v a lu e  c a n  b e  
c o m p u te d  d y n a m ic a lly , u s in g  a  p o r tio n  o f th e  W S -
R e s o u r c e  s ta te  if  r e q u ir e d . F in a lly , th e  
[ W S R F P o r tT y p e ]  a ttr ib u te  m a k e s  it s tr a ig h tf o r w a r d  
fo r  th e  s e r v ic e  a u th o r  to  a llo w  th e  s e r v ic e  to  s u p p o r t 
th e  W S - R e s o u r c e P r o p e r ty  m e th o d  
G e tR e s o u r c e P r o p e r ty . A ll p o r t ty p e s  d e fin e d  in  a ll 
th e  W S R F  a n d  W S N  s p e c ific a tio n s  c a n  b e  s im ila r ly  
im p o r te d , c a u s in g  th e  im p o r tin g  s e r v ic e  to  e x p o r t 
b o th  th e ir  m e th o d s  a n d  th e ir  R e s o u r c e P r o p e r tie s . A  
to o l c a lle d  th e  P o r tT y p e A g g r e g a to r  ta k e s  th e  u s e r -
d e fin e d  s e r v ic e  a n d  c r e a te s  th e  d e p lo y a b le  s e r v ic e  
b a s e d  o n  th e s e  a ttr ib u te s . 

F in a lly , P e r l’s  ty p e - le s s  n a tu r e , s tr o n g  s u p p o r t 
fo r  te x t m a n ip u la tio n , a n d  d y n a m ic  n a tu r e  m a k e  
W SR F : : L it e  u s e f u l fo r  r a p id  p r o to ty p in g  o f W e b  
s e r v ic e s . O n  th e  m in u s  s id e , th e r e  is  little  s u p p o r t fo r  
a u to m a tic  W S D L  g e n e r a tio n , a n d  P e r l 
im p le m e n ta tio n s  o f c e r ta in  im p o r ta n t W e b  s e r v ic e  
s p e c if ic a tio n s  s u c h  a s  W S - S e c u r ity  [ 2 2 ]  a r e  la c k in g  
a s  o f  M a y  2 0 0 5 . F ig u r e  7  s h o w s  a  s a m p le  P e r l 
m o d u le  th a t p r o v id e s  a  c o u n te r  W S -R e s o u r c e . 
 

[WSRFPortType(typeof(GetResourcePropertyPo
rtType))]  
public class MyService : ServiceSkeleton  
{  
    [Resource]  
    int v;  
  
    [ResourceProperty]  
    public int DoubleValue  
    {  
       get { return v * 2; }  
    }  
  
    public MyService() { // constructor }  
  
    [WebMethod]  
    public int MyMethod()  
    { // service's methods }  
}  

 

import Counter_Service as COUNTER_SERVICE  
  
locator =  
   COUNTER_SERVICE.CounterServiceLocator()  
port =  
   locator.getCounterPortType( 
                         portAddress=url)  
request =  
   COUNTER_SERVICE.CreateCounterRequest()  
response = port.createCounter(request)  
epr = response._EndPointReference    
request =  
    COUNTER_SERVICE.AddInputMessage(10)  
port = locator.getCounterPortType( 
      portAddress=url,  
      endPointReference=epr)    
response = port.add(request)  

 



  

 

F ig u r e  7 . W SR F : : L it e  c o u n t e r  s e r v ic e  c o d e  

4 .8 . W S-N o tif ic a t io n  

A  s y s te m  th a t s u p p o r ts  W S - B a s e N o tific a tio n  m u s t 
p r o v id e  fo r  th e  r e g is tr a tio n  a n d  p r o c e s s in g  o f  
s u b s c r ip tio n s . T h e  im p le m e n ta tio n s  s u p p o r t 
n o tif ic a tio n  to  v a r y in g  d e g r e e s . W S R F .N E T  
im p le m e n ts  a ll th r e e  W S -N o tific a tio n  s p e c if ic a tio n s . 
G T 4 -J a v a  a n d  p y G r id W a r e  d o  n o t im p le m e n t W S -
B r o k e r e d N o tific a tio n  a n d  o n ly  s u p p o r t fla t to p ic  
s p a c e s  a n d  b a s ic  s u b s c r ip tio n s : th e  p r e c o n d itio n , 
s e le c to r , a n d  th e  s u b s c r ip tio n  p o lic y  e le m e n ts  o f th e  
s u b s c r ip tio n  a r e  ig n o r e d . G T 4 -C  d o e s  n o t im p le m e n t 
p r o d u c e r - s id e  n o tif ic a tio n  ( N o tific a tio n P r o d u c e r , 
S u b s c r ip tio n M a n a g e r ) . W S R F ::L ite  d o e s  n o t s u p p o r t 
a n y  N o tific a tio n  s p e c if ic a tio n s .  

4 .9 . A u t h o r iz a t io n  

T h e  s y s te m s  d if fe r  s ig n ific a n tly  in  th e  s o p h is tic a tio n  
o f  th e  a u th o r iz a tio n  m e c h a n is m s  p r o v id e d . I n  b r ie f , 
G T 4 -J a v a , p y G r id W a r e , a n d  W S R F .N E T  d e fin e  a n  
a u th o r iz a tio n  c a llo u t th a t a llo w s  th e  s e r v ic e  
d e v e lo p e r  to  p r o v id e  c u s to m  a u th o r iz a tio n  b e h a v io r .; 
G T 4 -J a v a  a ls o  p r o v id e s  s e v e r a l b u ild -in  
im p le m e n ta tio n s  f o r  th is  c a llo u t. G T 4 -C  im p le m e n ts  
th r e e  b u ilt-in  m e c h a n is m s , w h ile  W S R F ::L ite  c lie n t 
s e c u r ity  in fo r m a tio n  to  th e  W S - R e s o u r c e  th r o u g h  
e n v ir o n m e n t v a r ia b le s  in  a  s im ila r  m a n n e r  to  C G I  
s c r ip ts  in  A p a c h e , le a v in g  th e  W S - R e s o u r c e  
im p le m e n ta tio n  to  im p le m e n t its  o w n  a u th o r iz a tio n  if  
d e s ir e d . 

p y G r id W a r e ’ s  c a llo u t in te r f a c e  p r o v id e s  th e  u s e r  
fu n c tio n  w ith  th e  s e c u r ity  c o n te x t a n d  r e q u e s te d  
o p e r a tio n  n a m e ; th e  u s e r  f u n c tio n  r e tu r n s  tr u e  o r  f a ls e  
d e p e n d in g  o n  w h e th e r  th e  r e q u e s te r  is  a u th o r iz e d  to  
c a ll th e  o p e r a tio n . T h is  in te r fa c e  c a n  b e  u s e d  to  
im p le m e n t a  s im p le  A C L  lis t o r  to  in te r a c t w ith  a  
p o lic y  d e c is io n  p o in t ( P D P ) . N o  d e fa u lt 
im p le m e n ta tio n  is  p r o v id e d , b u t a n  a u th o r iz a tio n  
m o d u le  th a t c a n  p a r s e  S A M L  to k e n s  is  p la n n e d . 
W S R F .N E T  is  s im ila r  to  p y G r id W a r e  w ith  r e g a r d  to  
its  a u th o r iz a tio n  s u p p o r t. 

G T 4 -J a v a  p r o v id e s  a  f le x ib le  in fr a s tr u c tu r e  le v e l 
fr a m e w o r k  fo r  m a k in g  a u th o r iz a tio n  d e c is io n s . T h is  
fr a m e w o r k  d e f in e s  a  P D P  in te r fa c e , w h ic h  P D P s  
im p le m e n t to  p r o v id e  th e  fr a m e w o r k  w ith  
a u th o r iz a tio n  d e c is io n s . P D P s  m a y  b e  c h a in e d  to  
a r r iv e  a t a  fin a l a u th o r iz a tio n  d e c is io n . T h e  
e v a lu a tio n  is  p e r fo r m e d  in  a  “ p e r m it o v e r r id e s ”  
fa s h io n , i.e ., if a n y  P D P  in  th e  c h a in  r e tu r n s  d e n ie d  
th e  w h o le  c h a in  e v a lu a te s  to  d e n ie d . G T 4 - J a v a  a ls o  
p r o v id e s  f o u r  d if f e r e n t P D P  im p le m e n ta tio n s : ( a )  s e lf  
a u th o r iz a tio n , w h ic h  e v a lu a te s  to  p e r m it if  th e  c lie n t 
id e n tity  a n d  th e  id e n tity  o f  th e  ta r g e t m a tc h ; ( b )  
id e n tity  a u th o r iz a tio n , w h ic h  e v a lu a te s  to  p e r m it if  
th e  c lie n t id e n tity  m a tc h e s  th e  id e n tity  s p e c ifie d  w h e n  
th e  P D P  w a s  c r e a te d ; ( c )  g r id m a p  a u th o r iz a tio n , 
w h ic h  e v a lu a te s  to  p e r m it if  th e  c lie n t id e n tity  is  
fo u n d  in  a  A C L  ( a n d  a ls o  r e tu r n s  a  lo c a l id e n tity  fo r  
th e  c lie n t, s u c h  a s  a  lo c a l U N I X  u s e r  n a m e ) , a n d  ( d ) 
O G S A  S A M L - b a s e d  a u th o r iz a tio n  c a llo u t, w h ic h  
e v a lu a te s  to  p e r m it if  th e  a u th o r iz a tio n  s e r v ic e  th a t 
th is  P D P  in te r a c ts  w ith  a u th o r iz e s  th e  c lie n t. 

G T 4 -C  s u p p o r ts  b a s ic  h o s t, id e n tity , a n d  s e lf  
a u th o r iz a tio n . T h e  in te g r a tio n  o f  a n  a u th o r iz a tio n  
c a llo u t in te r fa c e  is  p la n n e d . 

5 . P e r f o r m a n c e  E v a lu a t io n  

T o  c o m p a r e  th e  p e r fo r m a n c e  o f  th e  fiv e  s y s te m s , w e  
d e fin e d  W S D L  fo r  a  “ c o u n te r  s e r v ic e ”  a n d  c r e a te d  
fiv e  s e r v ic e /c lie n t im p le m e n ta tio n s  b a s e d  o n  th is  
W S D L . U s in g  th is  s e r v ic e  w e  th e n  c o m p a r e d  r o u n d -
tr ip  tim e s  fo r  c o m m o n  W S R F /W S N  o p e r a tio n s .  

T h e  e x a m p le  c o u n te r  s e r v ic e  h a s  a  s in g le  
r e s o u r c e  p r o p e r ty  w h ic h  e x p r e s s e s  th e  v a lu e  o f th e  
c o u n te r . T h e  p r o p e r ty  c a n  b e  s e t a n d  r e tr ie v e d  u s in g  
s ta n d a r d  W S R F  f u n c tio n s  ( G e tR e s o u r c e P r o p e r ty  a n d  
S e tR e s o u r c e P r o p e r ty ) . O n c e  c r e a te d , c o u n te r s  c a n  b e  
d e s tr o y e d  b y  u s in g  W S - R e s o u r c e L ife tim e  f u n c tio n s . 
I n te r e s te d  p a r tie s  c a n  a ls o  b e  n o tif ie d  o f  c h a n g e s  in  
th e  c o u n te r ’ s  v a lu e  u s in g  W S - N o tif ic a tio n .  

W e  d e fin e d  fiv e  p e r f o r m a n c e  te s ts : f o u r  th a t 
e v a lu a te  k e y  p r im itiv e  o p e r a tio n s , a n d  o n e  th a t 
e v a lu a te s  W S - N o tif ic a tio n . 
1 . G e t R P : T h e  a v e r a g e  d u r a tio n  o v e r  1 0 0 0 0  

in v o c a tio n s  f o r  c lie n t to  in v o k e  

package Counter;  
use strict;  
use vars qw(@ISA);  
use WSRF::Lite;  
  
@ISA = qw(WSRF::WSRL); #inherit WS-RF ops 
  
# Declare our ResourceProperty count  
$WSRF::WSRP::ResourceProperties{count} = 
0;  
  
#add operation  
sub add {  
    my ($class, $val, $envelope ) = @_;  
   
 #increment counter  
  $WSRF::WSRP::ResourceProperties{count} =  
    $WSRF::WSRP::ResourceProperties{count}  
       + $val;  
  
 #return a SOAP Header and the new value  
 #for count  
 return WSRF::Header::header($envelope),                  
   $WSRF::WSRP::ResourceProperties{count};  
}  
  
1;      #end of module  



  

G e tR e s o u r c e P r o p e r ty  ( g e ttin g  th e  v a lu e  o f  th e  
c o u n te r ) . 

2 . Se tR P : T h e  a v e r a g e  d u r a tio n  o v e r  1 0 0 0 0  
in v o c a tio n s  f o r  c lie n t to  in v o k e  
S e tR e s o u r c e P r o p e r ty  ( s e ttin g  th e  v a lu e  o f  th e  
c o u n te r ) . 

3 . C r e a t e R : T h e  a v e r a g e  d u r a tio n  o v e r  1 0 0 0  
in v o c a tio n s  fo r  c lie n t to  c r e a te  a  c o u n te r  a s  a  
W S -R e s o u r c e . W e  u s e  1 0 0 0  in v o c a tio n s  in  th is  
te s t a n d  th e  n e x t to  a c h ie v e  a  m a n a g e a b le  
d u r a tio n . 

4 . D e s t r o y R : T h e  a v e r a g e  d u r a tio n  o v e r  1 0 0 0  
in v o c a tio n s  fo r  c lie n t to  d e s tr o y  a  W S - R e s o u r c e  
c o u n te r .  

5 . N o t if y : A  c lie n t f ir s t s u b s c r ib e s  to  th e  
“ R e s o u r c e P r o p e r ty V a lu e C h a n g e d ”  e v e n t fo r  a  
p a r tic u la r  c o u n te r . T h e n , w e  m e a s u r e  th e  a v e r a g e  
o v e r  1 0 0  tim e s  o f  fir s t s e ttin g  th e  c o u n te r  to  a  
n e w  v a lu e  ( v ia  S e tR e s o u r c e P r o p e r ty )  a n d  th e n  
w a itin g  f o r  th e  n o tif ic a tio n  to  a r r iv e .  

  
W e  r a n  e a c h  o f th e s e  fiv e  te s ts  in  s ix  s c e n a r io s : 
1 . N o  s e c u r ity ; c lie n t a n d  s e r v ic e  o n  s a m e  m a c h in e  
2 . X .5 0 9 - b a s e d  s ig n in g  o f r e q u e s t a n d  r e s p o n s e ; 

c lie n t a n d  s e r v ic e  o n  s a m e  m a c h in e  
3 . h ttp s ; c lie n t a n d  s e r v ic e  o n  s a m e  m a c h in e  

4 . N o  s e c u r ity ; c lie n t a n d  s e r v ic e  o n  d if f e r e n t 
m a c h in e s  

5 . X .5 0 9 - b a s e d  s ig n in g  o f r e q u e s t a n d  r e s p o n s e ; 
c lie n t a n d  s e r v ic e  o n  d iffe r e n t m a c h in e s  

6 . h ttp s ; c lie n t a n d  s e r v ic e  o n  d if f e r e n t m a c h in e s  
 

W e  u s e d  fo u r  id e n tic a lly  c o n f ig u r e d  m a c h in e s : 
D u a l ( 2 x )  A M D  O p te r o n  2 4 0  - 1 .4 G H z  w /1 M B  L 2  
C a c h e , 2 G B  ( 4 x 5 1 2 M B )  P C 2 7 0 0  D D R 3 3 3  R e g . 
E C C , 1 x  S e a g a te  1 2 0 G B  E I D E  7 2 0 0  R P M , 8 M B  
c a c h e . T w o  m a c h in e s  r a n  W in d o w s  S e r v e r  2 0 0 3  a n d  
w e r e  u s e d  o n ly  fo r  th e  W S R F .N E T  te s ts . T h e  o th e r  
tw o  m a c h in e s  r a n  r e d h a t 8 .0  ( L in u x  k e r n e l 2 .6 .9 -
1 .6 6 7 s m p )  a n d  w e r e  u s e d  b y  e v e r y  o th e r  p r o je c t. F o r 
th e  G T -4  J a v a  te s ts , S u n  J V M  1 .4 .2 _ 0 4 - b 0 5  w a s  
u s e d . T h e  J V M  w a s  s ta r te d  w ith  " – X m s 6 4 m  –
X m x 2 5 6 M ”  o p tio n s . ( S c e n a r io s  3  a n d  6  w e r e  te s te d  
w ith  G T  4 .0 .1 , w ith  c o n n e c tio n  p e r s is te n c e ; 
S c e n a r io s  1 , 2 , 4 , a n d  5  w e r e  te s te d  w ith  G T  4 .0 , 
w ith o u t c o n n e c tio n  p e r s is te n c e ) . I n  th e  C  te s ts , th e  
g c c  c o m p ile r  w a s  u s e d  w ith  – O 3  o p tim iz a tio n s . 

T a b le s  2 - 4  p r e s e n t th e  r e s u lts  in  p a ir s , w ith  e a c h  
“ p a ir ”  c o m p r is in g  a  p a r tic u la r  n o n -d is tr ib u te d  
s c e n a r io  a lo n g  w ith  its  d is tr ib u te d  c o u n te r p a r t. A ll 
n u m b e r s  a r e  in  m illis e c o n d s  f o r  a  s in g le  r e q u e s t. 

T a b le  2 :  N o  s e c u r it y  ( c o - lo c a t e d /d is t r ib u t e d ) . Se e  t e x t  f o r  d e t a ils . 

 G T 4  J a v a  G T 4  C  p y G r id W a r e  W SR F : : L it e  W SR F .N E T  
G e tR P  1 0 .0 5  / 1 0 .0 5  m s  2 .2 4  / 2 .3 4  m s  2 5 .6 5  / 2 5 .5 7  m s  1 7 .6  / 1 7 .1  m s  8 .8 7  / 8 .2 3  m s  
S e tR P  1 0 .0 6  / 1 0 .1 2  2 .2 6  / 2 .3 4  2 6 .1 7  / 2 5 .8 3  2 0 .4  / 1 9 .5  8 .9 1  / 8 .9 5  
C r e a te R  1 6 .3 4  / 1 5 .8 2  2 .2 2  / 2 .2 9  2 8 .5 0  / 2 7 .8 6  1 5 .0  / 1 5 .0   1 7 .6 8  / 1 7 .9 1  
D e s tr o y R  1 4 .0 4  / 1 3 .9 7  2 .1 5  / 2 .2 1   2 4 .6 5  / 2 4 .2 4  1 8 .0  / 1 7 .0  1 3 .2 2  / 1 3 .1 3  
N o tif y  2 7 .8 3  / 2 6 .2 5  8 .7 8  / 9 .0 3  4 6 .5 2  / 4 7 .3 8  N /A  3 3 .8 5  / 4 3 .1 2  
 

T a b le  3 :  X .5 0 9  s ig n in g  o f  r e q u e s t  a n d  r e s p o n s e  ( c o - lo c a t e d /d is t r ib u t e d ) . Se e  t e x t  f o r  d e t a ils . 

 G T 4  J a v a  G T 4  C  p y G r id W a r e  W SR F : : L it e  W SR F .N E T  
G e tR P  1 8 2 .6 6  / 1 8 1 .9 6  m s  1 5 .7 7 /1 4 .7 7  m s  1 3 9 .6 5 /1 4 0 .5 0  m s  N /A  8 2 .4  / 8 1 .3 9  m s  
S e tR P  1 8 2 .4 7  / 1 8 2 .0 4  1 5 .8 8 /1 4 .9 9  1 4 0 .7 4 /1 4 2 .2 1  N /A  8 1 .8 4  / 8 2 .4 8  
C r e a te R  1 8 8 .2 1  / 1 8 8 .4 6  1 5 .9 5 /1 4 .9 8  1 3 3 .4 1 /1 3 2 .2 6  N /A  9 6 .8 8  / 9 6 .2 2  
D e s tr o y R  1 8 2 .4 7  / 1 8 2 .0 3  1 7 .1 0 /1 5 .7 6  1 3 7 .1 2 1 3 6 .1 2  N /A  8 6 .4 2  / 8 6 .8 9  
N o tif y  2 2 1 .2 8  / 2 1 9 .5 1  N /A  1 5 2 .1 0 /2 4 4 .9 3  N /A  1 0 0 .0 1  / 1 0 1 .5 7  
 

T a b le  4 :  H T T P S ( c o - lo c a t e d /d is t r ib u t e d ) . Se e  t e x t  f o r  d e t a ils . 

 G T 4  J a v a  G T 4  C  p y G r id W a r e  W SR F : : L it e  W SR F .N E T  
g e tR P  1 1 .8 1  / 1 1 .4 6  m s  2 .7 5  / 2 .8 5  m s  1 5 1 .3 5 /1 4 9 .6 7  m s  8 0 .7  / 5 5 .6  m s  9 .3 7  / 1 2 .9 1  m s  
s e tR P  1 1 .8 0  / 1 1 .4 7  2 .7 7  / 2 .8 6  1 5 2 .2 7 /1 5 0 .7 9  8 1 .7  / 9 6 .9  9 .7 6  / 1 2 .3  
c r e a te R  1 8 .3 5  / 1 8 .0 0  2 .7 4  / 2 .8 2  1 5 8 .3 3 /1 3 2 .6 0  7 8 .0  / 5 3 .0  1 8 .1 7  / 2 0 .8 4  
d e s tr o y R  1 5 .4 8  / 1 4 .9 2  2 .6 3  / 2 .7 1  1 5 1 .3 3 /1 4 9 .2 1  8 1 .0  / 5 6 .0   1 4 .5 5  / 1 6 .0 5  
N o tif y  3 1 .2 2  / 2 9 .2 6  9 .2 6  / 9 .6 7  1 7 2 .6 0 /1 6 9 .0 7  N /A  3 5 .8 4  / 4 5 .0  

 



  

A s  m ig h t b e  e x p e c te d , G T 4 -C  w a s  th e  fa s te s t in  
e v e r y  te s t. W S R F .N E T  a n d  G T 4 - J a v a  w e r e  
c o m p a r a b le  w ith  “ n o  s e c u r ity .”  W S R F .N E T  is  fa s te r  
w ith  h ttp s  b e c a u s e  th e  M ic r o s o ft I I S  u s e d  b y  
W S R F .N E T  im p le m e n ts  T L S  s e s s io n  c a c h in g , 
a llo w in g  a  n e w  c o n n e c tio n  to  r e -u s e  a  p r e v io u s ly -
e s ta b lis h e d  T L S  s e s s io n  k e y  f o r  th e  c lie n t/s e r v e r —
th u s  a v o id in g  th e  e x p e n s iv e  s e s s io n  s e t- u p  v ia  th e  
T L S  h a n d s h a k e  p r o to c o l. G T 4 -J a v a  a n d  G T 4 -C  a ls o  
im p le m e n ts  H T T P  c o n n e c tio n  c a c h in g , b u t 
p y G r id W a r e  d id  n o t a t th e  tim e  o f th is  w r itin g  
( a lth o u g h  th e y  a r e  c u r r e n tly  im p le m e n tin g  it) . O n e  
in te r e s tin g  e ff e c t, p a r tic u la r ly  o b s e r v a b le  w ith  
p y G r id W a r e , is  th a t a  c lie n t a n d  a  s e r v ic e  s o m e tim e s  
r u n  f a s te r  w h e n  o n  d iff e r e n t m a c h in e s  th a n  w h e n  c o -
lo c a te d , b e c a u s e  o f th e  C P U - in te n s iv e  n a tu r e  o f s o m e  
o f  th e  te s ts . T h e  d a ta  c o lle c tiv e ly  p r o v id e  a  n ic e  
a s s e s s m e n t o f th e  s ta te  o f th e  a r t w ith  r e g a r d  to  W S -
S e c u r ity  a n d  T L S  im p le m e n ta tio n s  - -  m e s s a g e -le v e l 
s e c u r ity  w ith  X .5 0 9  s ig n in g  is  a n  o r d e r  o f  m a g n itu d e  
s lo w e r  th a n  tr a n s p o r t-le v e l s e c u r ity  v ia  T L S . 

6 . I n t e r o p e r a b ilit y  

O n e  im p o r ta n t a s p e c t o f  th e  W S R F /W S N  
s p e c if ic a tio n s  is  th a t th e y  p r o v id e  in te r o p e r a b le  
fo r m a ts  fo r  c o m m o n  m e s s a g e  e x c h a n g e s  b e tw e e n  
c lie n ts  a n d  s e r v ic e s . I n  a s s e s s in g  th e  in te r o p e r a b ility  
o f  th e  fiv e  s y s te m s , w e  u s e d  e a c h  p r o je c t’s  
p e r f o r m a n c e  te s t c lie n t a g a in s t th e  o th e r  p r o je c ts ’  
p e r f o r m a n c e  te s t s e r v ic e s  in  th e  “ n o  s e c u r ity ”  
s c e n a r io . G iv e n  th e  s ig n ific a n t p r o g r e s s  a n d  e f fo r t 
th a t e a c h  p r o je c t c o n tin u e s  to  m a k e  w ith  r e g a r d  to  
in te r o p e r a b ility , th e r e  a r e  r e la tiv e ly  m in o r  is s u e s  
in v o lv in g  a ll o f th e  W S R F /W S N  im p le m e n ta tio n s . 
M o s t im p o r ta n tly , o u r  o b s e r v a tio n s  to  d a te  r e in fo r c e  
th a t in te r o p e r a b ility  is  n o t n e c e s s a r ily  a  tr iv ia l 
c o n c e r n  fo r  to d a y  a s  w e ll a s  fo r  th e  fu tu r e  ( a s  is  th e  
c a s e  fo r  a ll W e b  s e r v ic e s  s p e c ific a tio n s ) . 
         W h ile  th e  s ta te  o f in te r o p e r a b ility  is  n o t w h a t 
w a s  n a iv e ly  h o p e d  f o r  ( if e v e r y o n e  im p le m e n ts  th e  
s a m e  s p e c if ic a tio n s , th e y  w ill in te r o p e r a te  b y  
d e fa u lt) , it is  in te r e s tin g  to  e x a m in e  th e  r e a s o n s  fo r  
fa ilu r e . I n  s o m e  c a s e s , H T T P  h e a d e r s  ( i.e . tr a n s p o r t-
s p e c if ic  d e ta ils  o u ts id e  th e  W S R F /W S N  
s p e c if ic a tio n s )  w e r e  a t is s u e . I n  o th e r  c a s e s , 
a p p lic a tio n -s p e c ific  p o r tio n s  o f m e s s a g e s  ( a g a in , 
o u ts id e  th e  s c o p e  o f W S R F /W S N )  c a u s e d  p r o b le m s . 
N a m e s p a c e  in c o m p a tib ilitie s  w e r e  th e  k e y  
in te r o p e r a b ility  c o n c e r n  th a t d o e s  fa ll w ith in  th e  
s c o p e  o f th e  s p e c s . H o w e v e r , s o m e  o f th e s e  
in c o m p a tib ilitie s  a r is e  fr o m  d if fe r e n t v e r s io n s  o f th e  
e v o lv in g  W S R F /W S N  s p e c s  h a v in g  d if f e r e n t 
n a m e s p a c e s  ( O A S I S  u s e s  r e le a s e  d a te s  in  th e  
n a m e s p a c e s  fo r  e x a m p le ) . W h ile  m o r e  w o r k  is  
n e e d e d  in  o r d e r  to  h a v e  e n d -to -e n d  in te r o p e r a b ility  

b e tw e e n  th e  fiv e  s y s te m s , it is  e n c o u r a g in g  th a t m a n y  
o f  th e  in te r o p e r a b ility  is s u e s  a r e  n o t d u e  to  th e  
s p e c if ic a tio n s  th e m s e lv e s , b u t r a th e r  id io s y n c r a s ie s  o f  
th e  p r o je c ts ’  to o lk its .  

7 . Su m m a r y  a n d  F u t u r e  D ir e c t io n s  

W e  h a v e  p r e s e n te d  a  d e ta ile d  a n a ly s is  o f fiv e  
d iff e r e n t im p le m e n ta tio n s  o f W S R F  a n d  W S N , 
n o tin g  n u m e r o u s  a r e a s  o f  c o m m o n a lity  a n d  a ls o  
s ig n if ic a n t d if f e r e n c e s  o f  a p p r o a c h  in  s o m e  k e y  a r e a s . 
W e  h a v e  n o te d , in  p a r tic u la r , d if f e r e n c e s  in  
p r o g r a m m in g  m o d e l a n d  in  o v e r a ll p e r fo r m a n c e . 

T h e  fiv e  te a m s  a ls o  a ll p la n  fu r th e r  d e v e lo p m e n t, 
a s  w e  n o w  r e v ie w . I n  a d d itio n  to  th e s e  s p e c if ic  ta s k s , 
e a c h  te a m  in te n d s  to  u p d a te  th e ir  im p le m e n ta tio n s  to  
m e e t th e  fin a l W S R F  a n d  W S N  s p e c ific a tio n s .  

T h e  G T 4 - J a v a  te a m  w ill in tr o d u c e  a d v a n c e d  
s e r v ic e  m a n a g e m e n t fu n c tio n s  s u c h  a s  s e r v ic e  
is o la tio n  a n d  h o t d e p lo y m e n t, c o n tin u e  to  in c r e a s e  
p e r f o r m a n c e , a n d  im p r o v e  h a n d lin g  o f lo w  m e m o r y  
c o n d itio n s . T h e  b u lk  o f  J a v a  W S  C o r e ’ s  fu n c tio n a lity  
w a s  s u b m itte d  to  th e  A p a c h e  S o f tw a r e  F o u n d a tio n ’ s  
n e w  A p o llo  a n d  H e r m e s  p r o je c ts , w h ic h  a r e  n o w  
u n d e r g o in g  th e  in c u b a tio n  p r o c e s s . F u tu r e  J a v a  W S  
C o r e  d e v e lo p m e n t w ill o c c u r  w ith in  th e s e  p r o je c ts .  

T h e  p y G r id W a r e  te a m  w ill im p le m e n t S S L  
s e s s io n  c a c h in g  a n d  H T T P  c o n n e c tio n  c a c h in g  in  
p y G r id W a r e  to  in c r e a s e  p e r fo r m a n c e , a n d  p r o v id e  
to o ls  to  a u to m a te  w r a p p in g  c o m m a n d  lin e  
a p p lic a tio n s  a n d  le g a c y  c o d e s  a s  W S R F -c o m p lia n t 
W e b  s e r v ic e s .  

T h e  G T 4 - C  te a m  w ill fill o u t W S R F /W S N  
s u p p o r t b y  a d d in g  p r o d u c e r -s id e  N o tific a tio n  s u p p o r t 
fo r  C o n c r e te T o p ic P a th  a n d  F u llT o p ic P a th  
e x p r e s s io n s  ( o n ly  S im p le T o p ic s  a r e  c u r r e n tly  
s u p p o r te d )  a n d  c o m p le te  s u p p o r t f o r  W S -
R e s o u r c e P r o p e r tie s : s p e c if ic a lly , " Q u e r y  R e s o u r c e  
P r o p e r tie s " . T h e y  a r e  a ls o  w o r k in g  to  im p r o v e  th e  
p e r f o r m a n c e  o f  th e ir  m a r s h a llin g  in f r a s tr u c tu r e  a n d  
o n  in fr a s tr u c tu r e  a n d  u s a b ility  im p r o v e m e n ts , 
in c lu d in g  m o r e  r o b u s t a u th o r iz a tio n  m e c h a n is m s  a n d  
b e tte r  r u n tim e  d e p lo y m e n t.  

T h e  W SR F : : L it e  te a m  is  f o c u s e d  o n  W S -
S e c u r ity , a f te r  w h ic h  th e y  w ill a d d r e s s  is s u e s  o f  
u s a b ility , in te r o p e r a b ility  w ith  o th e r  W S R F  
im p le m e n ta tio n s , a n d  n o tific a tio n .  

T h e  W SR F .N E T  te a m  w ill f u r th e r  d e v e lo p  th e  
p r o g r a m m in g  m o d e l fo r  W e b  a n d  G r id  s e r v ic e s , a n d  
fo c u s  o n  th e  u s e  o f  W S R F .N E T  fo r  b u ild in g  h ig h e r -
le v e l s e r v ic e s  s u c h  a s  s e c u r ity  s e r v ic e s . 
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