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Abstract: I n  th i s p ap e r,  w e  an al y z e  th e  m ai n  i ssu e s o f  trace abi l i ty  al o n g  th e  su p p l y  
ch ai n : arch i te ctu ral  so l u ti o n s,  bu si n e ss p ro ce ss i n te racti o n ,  l o t i d e n ti f i cati o n ,  
trace abi l i ty  i n f o rm ati o n  m an ag e m e n t,  an d  co m m u n i cati o n  stan d ard s. I n  
p arti cu l ar,  th e  e m p l o y m e n t i n  th i s se tti n g  o f  tw o  d i f f e re n t stan d ard s f o r i n te r-
e n te rp ri se  bu si n e ss co l l abo rati o n  ( as e bX M L  an d  W e b S e rv i ce s)  i s d i scu sse d . 
M o re o v e r,  d i f f e re n t stan d ard s f o r l o t i d e n ti f i cati o n  an d  d ata cap tu re ,  as E P C  
f o r R F I D  an d  E AN / U C C  f o r bar co d e  are  tak e n  i n to  acco u n t,  u n co v e ri n g  th e i r 
p o te n ti al  co n tri bu ti o n s i n  re d u ci n g  th e  co st o f  p ro ce d u re s f o r track i n g  g o o d s. 
T h e  C e re re  p ro j e ct e x p e ri e n ce  i s f i n al l y  re p o rte d : i t i s sh o w n  th at th e  
arch i te ctu re  o f  a W e b I n f o rm ati o n  S y ste m  f ram e w o rk  ( d e v e l o p e d  to  asse ss 
f o o d  su p p l y  re q u i re m e n ts)  w i tn e sse s th e  actu al  p o ssi bi l i ty  to  su p p o rt p ro ce ss 
i n te g rati o n  an d  se m an ti c i n te ro p e rabi l i ty  v i a X M L -base d  te ch n o l o g i e s. 

K e y  w o rd s: T race abi l i ty ,  I n f o rm ati o n  S y ste m s,  W e b S e rv i ce s,  e bX M L . 

1. I N T R O D U C T I O N  

Tr aceab il it y  may  b e d ef ined  in g ener al  as t he “ ab il it y  t o t r ace and  f ol l ow  
any  p r od u ct  t hr ou g h al l  st ag es of  p r od u ct ion, p r ocessing  and  d ist r ib u t ion” 1. 
Tr aceab il it y  sy st ems ar e const it u t ed  b y  t hr ee b asic el ement s2: i)  u niv ocal  
id ent if icat ion of  u nit s/ b at ches ( d enot ed  as lots in t he f ol l ow ing )  of  ev er y  
p r od u ct  comp onent s, ii)  inf or mat ion col l ect ion ab ou t  t ime and  l ocat ion f or  
ev er y  l ot  t r ansf er / t r ansf or mat ion, and  iii)  a met hod  t o r el at e t his k ind  of  d at a. 
I n p r act ice, t r aceab il it y  sy st ems ar e r ecor d -k eep ing  p r oced u r es t hat  st or e 
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inf or mat ion ab ou t  and  show  t he p at h of  a p ar t icu l ar  p r od u ct / comp onent  f r om 
t he su p p l ier ( s)  int o t he b u siness, t hr ou g hou t  al l  t he int er med iat e st ep s ( w hich 
p r ocess and  comb ine comp onent s int o new  p r od u ct s)  and  al l  t hr ou g h t he 
su p p l y  chain t o t he end  consu mer s.  

Ther ef or e, b ot h p r od u ct s and  p r ocesses f or m k ey  comp onent s in a 
t r aceab il it y  sy st em, w hich is in char g e of  st or ing  inf or mat ion ab ou t  t hem. 
I nf or mat ion r ep r esent at ion and  d at a f l ow s may  b e d issimil ar  in d ist inct  
act u al  t r aceab il it y  sy st ems, d ep end ing  on t he p ar t icu l ar  f u nct ional  
sp ecif icat ions coming  f r om l eg al  r eq u ir ement s, cer t if icat ion need s f or  t he 
t ar g et  sy st em, incid ent s p r ev ent ion p ol icies or  p r act ices f or  q u al it y  
imp r ov ement . The av ail ab il it y  of  ex ist ing  inf or mat ion sy st ems al ong  t he 
su p p l y  chain st ag es hav e t o b e t ak en int o accou nt , b ot h in t he d ef init ion of  
t he d at a mod el  and  in t he imp l ement at ion of  t he messag e int er act ions, as 
w el l  as in t he choice of  t he commu nicat ion st r u ct u r e and  p r ot ocol s. 

The t r aceab il it y  inf or mat ion f l ow  can f ol l ow  t he p r od u ct  f l ow  al ong  t he 
su p p l y  chain, emb ed d ed  in it , or  can b e p assed  t hr ou g h d at a r ep osit or ies of  
any  k ind , ex t er nal  t o t he su p p l y  chain. The t r aceab il it y  inf or mat ion f l ow  can 
b e d ir ect l y  l ink ed  t o t he p r od u ct  f l ow  b y  l ev er ag ing  a p r op er  l ot  
id ent if icat ion mechanism. The mor e st r aig ht f or w ar d  f or m of  id ent if icat ion is 
b ased  on t he assig nment  of  a nu mer ic or  al p hanu mer ic st r ing  t o ev er y  l ot . 
S u ch a st r ing  act u al l y  g iv es no inf or mat ion ab ou t  t he l ot , b u t  it  is int end ed  t o 
p r ov id e a u niv ocal  k ey  t o r et r iev e t r aceab il it y  d at a st or ed  el sew her e. To 
g u ar ant ee t he u niq u eness of  t his st r ing , st and ar d  sy st ems hav e b een 
int r od u ced , as w il l  b e d iscu ssed  in sect . 3. 

O nce t he l ot  id ent if icat ion has b een p er f or med  in some w ay , t he r et r iev al  
of  inf or mat ion cr u cial  t o t r aceab il it y  ask s f or  est ab l ished  st and ar d s f or  t he 
el icit at ion, r ep r esent at ion, and  st or ag e of  t he r eq u ir ed  d at a. Consid er ing  t hat  
a l ar g e nu mb er  of  comp anies al ong  a t ar g et  su p p l y  chain mig ht  hol d  t heir  
ow n inf or mat ion sy st ems, p ossib l y  cont aining  d at a r el ev ant  t o t r aceab il it y  as 
w el l , t he cr u cial  r ol e p l ay ed  b y  commu nicat ion and  inf or mat ion ex chang e 
f acil it ies b ecomes p ar t icu l ar l y  ev id ent : in t his set t ing , t he commu nicat ion 
inf r ast r u ct u r e is t hu s r eq u ir ed  t o ov er come t he het er og eneit y  of  t he inv ol v ed  
inf or mat ion sy st ems. Technol og ies f or  X ML -b ased  b u siness int er chang es2,4 
can ser v e as t he f r amew or k  f or  d ef ining  new  p r ocess coop er at ion p ar ad ig ms. 
Among  su ch p ar ad ig ms, eb X ML 5,6,7 enab l es ent er p r ises t o cond u ct  b u siness 
ov er  t he I nt er net  in mor e st r aig ht f or w ar d  and  ef f icient  w ay s. The eb X ML  
mod u l ar  su it e of  sp ecif icat ions p r ov id es or g aniz at ions w it h a common, 
au t omat ed  met hod  of  ex chang ing  b u siness messag es, cond u ct ing  t r ad ing  
r el at ionship s, commu nicat ing  d at a u sing  common t er ms, and  d ef ining  and  
r eg ist er ing  b u siness p r ocesses — su ch as or d er ing , ship p ing , and  inv oicing 8. 
The eb X ML  Messag e S er v ice ( eb MS )  d ef ines t he messag e env el op ing  and  
head er  d ocu ment  schema u sed  t o t r ansf er  eb X ML  messag es ov er  a 
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commu nicat ion p r ot ocol  su ch as H TTP  or  S MTP , and  t he b ehav ior  of  
sof t w ar e send ing  and  r eceiv ing  eb X ML  messag es. The u se of  eb X ML -
r el at ed  sol u t ions can b e ev al u at ed  b y  comp ar ison w it h ot her  t echnol og ical  
ap p r oaches, i.e. b ased  on t he W eb  S er v ices st ack , f acing  w it h int eg r at ion and  
int er op er ab il it y  r eq u ir ement s. A d iscu ssion on t hese t op ics is p r esent ed  in 
sect . 3 and  sect . 4. 

Ar t icl e 3 of  t he E U  Gener al  F ood  R eg u l at ion ( 178/ 20 0 2) , w hich is in 
ap p l iance since 1 J anu ar y  20 0 5, f or ces t r aceab il it y  concer ns t o t he f ood  
su p p l y 1. A g ener ic su p p l y  chain t echnical  d iscip l inar y  hav e t o accu r at el y  set  
t he r u l es f or  each cer t if ied  f ood  su p p l y  chain, w it h r eg ar d  t o mat er ial  f l ow , 
p r od u ct ion p r ocess manag ement  and  ex ecu t ion, d ocu ment  f l ow  and  b u siness 
p r ocess col l ab or at ion t hr ou g h p ar t ner s ag r eement , and  r esp onsib il it y  
assu mp t ions. Tr aceab il it y  r eq u ir ement s ar e st at ed  as w el l  as q u al it y  and  
saf et y  g oal s. 

N ev er t hel ess, a p r el iminar y  anal y sis of  ex ist ing  t r aceab il it y  sy st ems 
r ev eal s some op en p r ob l ems9,10 . F or  inst ance, t y p ical l y  onl y  a f ew  st ag es of  a 
su p p l y  chain ar e su p p or t ed  b y  a t r aceab il it y  inf or mat ion sy st em, and  in many  
cases no k ind  of  inf or mat ion sy st em is u sed  at  al l . W henev er  p r esent , of t en 
t he inf or mat ion sy st em is a l eg acy  one, hamp er ing  b ot h int eg r at ion and  
int er op er ab il it y . Answ er ing  t o many  of  t he ab ov e-ment ioned  issu es, t he main 
g oal  of  t he p r oj ect  named  C e r e r e  at  t he U niv er sit y  of  P isa is t he 
d ev el op ment  of  a r ob u st  and  ef f icient  t r aceab il it y  f r amew or k , imp l ement ing  
a W eb  I nf or mat ion S y st em ap p l ied  t o t he f ood  su p p l y . The ov er al l  
ar chit ect u r e of  t he u nd er l y ing  d at a r ep osit or ies is d iscu ssed  in t he nex t  
sect ion, and  t he Cer er e Tr aceab il it y  W I S  is b r ief l y  d ep ict ed  in sect . 5. 

2 . T R A C E A B I L I T Y  I N F O R M A T I O N  
M A N A G E M E N T  O N  T H E  S U P P L Y  C H A I N   

An ab st r act ion of  t r aceab il it y  inf or mat ion sy st ems can env ision a 
massiv e, cent r al iz ed  d at ab ase cap t u r ing  in a sing l e l ocat ion al l  t he 
inf or mat ion ab ou t  each l ot  at  each st ag e of  t he su p p l y  chain. The l og ical  
v iew  of  a l ot  cont ains at t r ib u t es f or  each f eat u r e of  ev er y  p r od u ct  and  it s 
comp onent s, as w el l  as d et ail s of  t he p r ocessing  p hases. Any  act u al  
t r aceab il it y  sy st em ad op t ing  a cent r al iz ed  sol u t ion can b e r eg ar d ed  as an 
imp l ement at ion of  t he so-cal l ed  p u sh  mod el 11. Accor d ing  t o t his p ar ad ig m, 
as soon as each act or  in t he su p p l y  chain col l ect s t r aceab il it y  d at a, it  p u shes 
t hese d at a int o t he cent r al iz ed  t r aceab il it y  d at ab ase;  each sing l e d at a 
r ecor d ing  t hat  is r el ev ant  t o t r aceab il it y  is comp l et el y  t r ansf er r ed  f r om t he 
act or  t o t he cent r al  d at ab ase. H ow ev er , t he imp l ement at ion of  a cent r al iz ed  
t r aceab il it y  d at ab ase is neit her  r eal ist ic nor  ef f icient  in most  act u al  set t ing s. 
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I n f act , w e shou l d  k eep  l og ical l y  sep ar at ed  t he t r aceab il it y  inf or mat ion 
( r el at ed  t o p r od u ct  t r ansf or mat ions and  f l ow s on t he chain)  and  ot her  k ind s 
of  p r od u ct  char act er ist ics ( eit her  const ant  or  v ar iab l e ov er  t ime) : w hil e t he 
f or mer  can b e manag ed  t hr ou g h a cent r al iz ed  sy st em, t he l at t er  ar e su it ab l e 
t o b e st or ed  j u st  once at  t he sou r ce sit e. Mor eov er , t he inv ol v ed  d at a 
r ep osit or ies can b e p r of icient l y  associat ed  w it h d if f er ent  st ag es or  w it h 
ex t er nal  d at a t r u st ees, t hu s ob t aining  a p hy sical l y  d ist r ib u t ed  ar chit ect u r e 
encomp assing  d if f er ent  nod es, each of  t hem p ossib l y  ad d r essing  l ocal  
sp ecif ic imp l ement at ion p r ob l ems. 

I nd eed , f ood  su p p l y  chain is char act er iz ed  b y  a nu mb er  of  p ecu l iar it ies 
t hat  can b e su mmar iz ed  as f ol l ow s12: 

i )  H e te r og e n e ou s S tr u c tu r e  a n d  N a m i n g  of  D a ta . F or  sev er al  y ear s, 
imp or t ant  ag r icu l t u r al  commu nit ies hav e w r est l ed  w it h t he t ask  of  
id ent if y ing  t he r el ev ant  inf or mat ion t o b e cap t u r ed  and  st or ed  in an 
ag r icu l t u r al  d at ab ase f or  a g iv en p r od u ct , and  d ev el op ing  a st and ar d  naming  
conv ent ion f or  each d at a el ement  in t hat  d at ab ase. P r od u cer s hav e f ail ed  in 
b u il d ing  consensu s f or  any  sing l e st and ar d  f or  any  sing l e commod it y , and  
t her e is no r eason t o b el iev e t hat  consensu s w il l  ev er  b e r eached . 

i i )  C on f i d e n ti a li ty  a n d  C on tr ol of  D a ta . F ood  chain p ar t icip ant s, at  al l  
seg ment s of  p r od u ct ion, ar e of t en hig hl y  p r ot ect iv e of  t heir  ow n d at a, t hu s 
t hey  w ou l d  not  ag r ee on shar ing  t heir  comp any ’ s d at a. The ind u st r y  is 
concer ned  t hat  a cent r al iz ed  d at ab ase w ou l d  cr eat e issu es of  d at a 
conf id ent ial it y  and  t r ad e d isr u p t ion. O w ner ship , mov ement , and  l ocat ion 
d at a, mig ht  b e u sed  f or  p u r p ose ot her  t han t he g oal  of  t r aceab il it y . F u r t her , 
t her e ar e p ot ent ial  d at a int eg r it y  issu es. 

Giv en t he ob v iou s b enef it s f r om v al u e t r aceab il it y  f or  incr easing  
cor p or at e p r of it ab il it y , t he imp l ement at ion of  a l og ical l y  cent r al iz ed  d at ab ase 
shou l d  consid er  p ossib l e al t er nat iv es. The ar chit ect u r al  sol u t ion t hat  is 
achiev ing  w id esp r ead  consensu s accou nt s f or  t he d ist r ib u t ion of  t r aceab il it y  
inf or mat ion among  d if f er ent  r ob u st  d at ab ases al ong  t he su p p l y  chain, and  
al l ow  f or  a connect iv it y  b ack b one b et w een su ch d at ab ases. Act u al l y , t he 
sy st em is not  r eq u ir ed  t o op er at e w it h const ant  connect iv it y . D at a may  b e 
hel d  l ocal l y  eit her  w it hin t he manag ement  sy st em of  each act or  of  t he su p p l y  
chain or  associat ed  w it h t he l ot  it sel f . W hen connect iv it y  is achiev ed  at  a k ey  
p oint  of  t he chain, t he cache of  inf or mat ion on t he l ot  is u p d at ed . Thu s, 
d if f er ent  act or s can u se d if f er ent  st r u ct u r e and  naming  of  d at a and  ag r ee on a 
common v ocab u l ar y  onl y  w hen int er act ion is r eq u ir ed . F u r t her , each act or  is 
r esp onsib l e f or  conf id ent ial it y  of  it s d at a and  w il l  p r ov id e t he ot her  act or s 
w it h onl y  t he inf or mat ion concer ning  t he t r aceab il it y . Ty p ical l y , t he 
d ist r ib u t ed  ar chit ect u r e u ses int er med iat e d at a t r u st ee. A d at a t r u st ee is a 
p r iv at e, t hir d  p ar t y  int er med iar y  b et w een t he r esp onsib il it y  act or s each t o 
ot her  and  w it h ot her  ent it ies: comp anies, g ov er nment , ind iv id u al s, or  
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associat ed  consu mer s. E ach act or  t r ansf er s it s l ocat ion and  ow ner ship  d at a t o 
a d at a t r u st ee. The d at a t r u st ee act s l ik e an escr ow  ag ent , hol d ing  t he act or ’ s 
d at a u nt il  a l eg it imat e p r od u ct  heal t h inv est ig at ion need  w ou l d  b e 
est ab l ished . 

  
F igure 1. “ P ull”  model: in th is  paradigm, th e actor is  ex pected to s end all th e req uired 

data tow ards  a certified data trus tee. 
 
F ig u r e 1 int r od u ces t he “ p u l l ”  mod el  b y  means of  an U ML  seq u ence 

d iag r am, w her e t he d at a f l ow  is hand l ed  in a f iv e-st ep  p r ocess. F ir st , t he 
act or  inp u t s d at a int o it s p r iv at e sof t w ar e sy st em nor mal l y  u sed  t o manag e 
t he op er at ion. S econd , t his sof t w ar e sy st em is l ink ed  t o a d at a t r u st ee chosen 
b y  t he act or . O b v iou sl y  t he t w o init ial  p hases can b e accomp l ished  manu al l y  
if  t her e is not  an inf or mat ion sy st em. Thir d , mand at ed  d at a ( no commer cial  
or  p r od u ct ion d at a)  ar e p u shed  t o t he d at a t r u st ee, w ho ex p oses onl y  t he 
p r od u ct ’ s id ent if icat ion nu mb er  t o ex t er nal  d at ab ases. N o ot her  ow ner ship , 
l ocat ion or  mov ement  inf or mat ion is sent  at  t his p oint . F ou r t h, au t hor iz ed  
u ser s or  g ov er nment  of f icial s r eq u est  inf or mat ion on t he f ood , as in t he case 
of  d et ect ing  a consu mer ’ s heal t h incid ent . F if t h, t he d at a t r u st ee p u b l ishes t o 
t he r eq u est er  t he mand at ed  d at a f or  su sp ect  f ood  onl y . 

W e ant icip at e t hat  t her e w ou l d  b e mu l t ip l e d at a t r u st ees, and  t hese 
t r u st ees w ou l d  b e cer t if ied  and  au d it ed  b y  t he g ov er nment  or  t he 
g ov er nment ’ s ap p oint ed  ag ency , su ch as a t r ad e associat ion of  a cer t ain cl ass 
of  f ood  p r od u ct . Act or s ar e f r ee t o choose w hich d at a t r u st ees t hey  w ish t o 
col l ect  and  st or e t heir  d at a. L ar g er  act or s mig ht  ev en choose t o ap p l y  f or  
cer t if icat ion as a d at a t r u st ee simil ar  t o t he sel f -insu r ance ap p r oach many  
l ar g e cor p or at ions u se f or  r isk  manag ement . 

I n t he “ p u l l ”  ar chit ect u r e, t her e can b e st il l  a sing l e, cent r al  d at ab ase. 
H ow ev er , t his d at ab ase w ou l d  st or e onl y  t he id ent if ier s of  t he p r od u ct  and  of  
t he d at a t r u st ees w her e t he l ocat ion, ow ner ship , and  mov ement  of  t he 
p r od u ct  w er e st or ed . I nf or mat ion on a p r od u ct  mig ht  b e st or ed  at  mor e t han 
one d at a t r u st ee. The id ent if ier  can al l ow  t o k now  w her e t he d at a on each 
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p r od u ct  w er e st or ed , t hu s saf eg u ar d ing  b u siness inf or mat ion. O f  cou r se, t he 
sy st em cou l d  b e check ed  t o d et er mine t hat  each d at a t r u st ee is p er f or ming  it s 
ob l ig at ions. 

This “ p u l l ”  ar chit ect u r e has p r ov ed  t o b e ef f ect iv e in ot her  f iel d s su ch as 
t he g l ob al  cr ed it  car d  or g aniz at ion. Cr ed it  car d  t r ansact ions can occu r  w it hin 
a mat t er  of  second s ev en t hou g h t he t echnol og y  mu st  seaml essl y  l ink  a l ar g e 
nu mb er  of  sep ar at e d at ab ases. This is al so t he ar chit ect u r e u sed  in t he 
Br az il ian nat ional  animal  id ent if icat ion p r og r am, w hich cov er s a nat ional  
her d  r ou g hl y  t w ice t he siz e of  t hat  in t he U nit ed  S t at es13 . 

A “ p u l l ”  d at ab ase st r at eg y  can al so eq u al l y  meet  or  ex ceed  t he t r ace-b ack  
st and ar d  and  ad d r ess t he p r iv acy  and  d at a mining  concer ns r aised  ab ov e. 
S ome p r od u cer s and  p r ocessor s may  st il l  op t  t o “ p u sh”  t heir  d at a in a g l ob al  
p u b l ic d at ab ase, e.g . f or  enhancing  t he v al u e of  t heir  p r od u ct s b y  inf or mat ion 
ab ou t  t he sou r ce or ig in, or  ab ou t  p ar t icu l ar  q u al it y  f eat u r es, or  ab ou t  t he 
id ent if icat ion w it h a v al u ab l e b r and . H ow ev er , t he u se of  a d at a t r u st ee w il l  
p r ov id e an al t er nat iv e, hel p ing  act or s p r ot ect  t he conf id ent ial it y  of  t heir  d at a, 
p r ot ect  t he int eg r it y  of  t heir  ex ist ing  t r ad ing  r el at ionship s, and  incr ease d at a 
int eg r it y  w it hin t he sy st em. 

3 . B U S I N E S S  P R O C E S S  I N T E G R A T I O N  
I N F R A S T R U C T U R E  

R et ail er s ar e not  g oing  t o b e w il l ing  t o hav e int er connect ions w it h a hu g e 
nu mb er  of  d isp ar at e t r aceab il it y  sy st ems. A f ast  f ood  ou t l et , f or  ex amp l e, 
w ou l d  not  l ik e t o u se a sep ar at e sy st em f or  t heir  meat , t heir  b ak ed  g ood s, 
t heir  d air y  p r od u ct s, t heir  l et t u ce, t heir  t omat oes, t heir  cat su p , and  so f or t h. 
They  w ou l d  p r ef er  t o access a sing l e sy st em ab l e t o p r ov id e al l  t he necessar y  
inf or mat ion.  

The b est  sol u t ion is t o b u il d  ind ep end ent , p r iv at e d at a shar ing  net w or k s 
t hat  ar e v er y  l oosel y  int er connect ed . A p r iv at e d at a shar ing  net w or k 12 b eg ins 
w it h one sp onsor ing  comp any  at  any  seg ment  of  p r od u ct ion, and  p r oceed s 
l ink ing  t o ind iv id u al  su p p l ier  and  cu st omer  comp anies, int er -connect ing  w it h 
each t o ex p and  t he init ial  net w or k . 

Ty p ical l y , p r iv at e d at a shar ing  net w or k s f ocu s on a cer t ain cl ass of  f ood  
p r od u ct . I n an id eal  f u t u r e, t her e w ou l d  b e many  su ch p r iv at e d at a shar ing  
net w or k s f or  each commod it y . O nce b u il t , each ind ep end ent , p r iv at e d at a 
shar ing  net w or k  cou l d  op er at e au t onomou sl y  and  al so b e l oosel y  l ink ed  w it h 
ot her  su ch ind ep end ent  net w or k s v ia t echnol og y  t hat  mak es t he sy st em 
ap p ear  a sing l e t o a d ow nst r eam cu st omer  w it hou t  ex p osing  t he d at a f r om 
one ind ep end ent  sy st em t o anot her . 
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To r aise t he op t imal  w ay  f or  d esig ning  a g iv en ind ep end ent  p r iv at e d at a-
shar ing  net w or k , f ir st  of  al l  one mu st  av oid  p oint -t o-p oint  connect ions. A 
st r ong  t emp t at ion is t o b eg in f r om connect ing  one ap p l icat ion t o anot her  
u sing  st and ar d  ap p l icat ion p r og r am int er f aces ( AP I ’ s) , X ML  d at a st r u ct u r es 
and  S O AP  ( S imp l e O b j ect  Access P r ot ocol ) . H ow ev er , t his r oad  l ead s t o 
sig nif icant  p r ob l ems. W hen t her e ar e onl y  t w o ap p l icat ions t o b e connect ed , 
t her e is onl y  one int er f ace t hat  need s t o b e b u il t , b u t  as nu mb er  of  
p ar t icip ant s incr eases t o n, al l  t he n w ou l d  need  t o w r it e sof t w ar e int er f aces 
w it h each ot her  so t hat  l ead ing  t o a t ot al  of  n x  n int er f aces. The p r ob l em 
g et s ev en w or se if  at  each seg ment  of  p r od u ct ion t her e is mor e t han one p r e-
ex ist ing  ap p l icat ion p r og r am t hat  w il l  need  t o b e int er connect ed  ( e.g ., 
p r ocu r ement  sy st em and  sep ar at e manu f act u r ing  sy st em) . The b ot t om l ine is 
t hat  t he p oint -t o-p oint  met hod  of  connect ion j u st  is not  su st ainab l e.  

This inst ab il it y  b ecomes ev en mor e ap p ar ent  w hen one of  t he 
p ar t icip at ing  ap p l icat ions chang es. A sing l e chang e in t he ap p l icat ion 
r eq u ir es t hat  al l  p oint -t o-p oint  int er f aces f r om t hat  ap p l icat ion b e chang ed . 
The cost  of  maint aining  su ch a sy st em is st ag g er ing . 

A mu ch b et t er  ap p r oach is t o connect  each connect ion of  t hir d -p ar t y  
ap p l icat ions in a p r iv at e d at a-shar ing  net w or k  t o an E nt er p r ise S er v ice Bu s 
( E S B) , an int eg r at ion mid d l ew ar e, st and ar d s-b ased , ser v ice-or ient ed  
b ack b one cap ab l e of  connect ing  hu nd r ed s of  ap p l icat ion end p oint s. E S Bs 
comb ine messag ing , W eb  ser v ices, X ML , d at a t r ansf or mat ion and  
manag ement  t o r el iab l y  connect  and  coor d inat e ap p l icat ion int er act ion. I n 
ou r  scenar io, E S B w ou l d  t r ansl at e d at a f r om one t hir d -p ar t y  sy st em ( say  a 
p r od u cer  sy st em)  t o an int er nal  “ d at a b u s”  f or mat , and  t hen r et r ansl at e t his 
inf or mat ion t o anot her  t hir d -p ar t y  sy st em, su ch as t he f ir st  st ag e p r ocessor ’ s 
sy st em. The “ d at a b u s”  ap p r oach r eq u ir es d ev el op ing  onl y  an int er f ace 
b et w een each t hir d -p ar t y  ap p l icat ion and  t he “ d at a b u s” , t hu s r ed u cing  t he 
comp l ex it y  of  t he int eg r at ion. F u r t her , t he inf r ast r u ct u r e is mor e r esil ient  t o 
ap p l icat ion and  b u siness chang es.  

Theor et ical l y , each comp any  p u b l ishing  it s d at a in a common l ang u ag e 
( e.g ., X ML )  u sing  t he same d at a t ag  names w ou l d  accomp l ish t he t ask  of  
b u il d ing  a p r iv at e d at a shar ing  net w or k . H ow ev er , su ch an ap p r oach w ou l d  
st il l  r esu l t  in some ser iou s p r ob l ems. The f ir st  p r ob l em is t hat  each 
p ar t icip ant  in t he chain has t o ag r ee on t he naming  conv ent ion f or  each d at a 
el ement  in t he X ML  st r u ct u r e. And  w hen t he su p p l y  chain cr osses nat ional  
b ou nd ar ies, t he int r od u ct ion of  a d if f er ent  l ang u ag e ad d s ev en mor e 
comp l ex it y . These ob ser v at ions su g g est  t hat  t he E S B has t o t ak e naming  
t r ansl at ion int o char g e, map p ing  one d at a el ement  f r om one ap p l icat ion 
sy st em t o anot her . Thu s, each ap p l icat ion p r og r am can u se it s ow n 
t er minol og y  f or  each d at a el ement . F ig u r e 2 show s t he g ener ic f u nct ional  
comp onent s of  an E nt er p r ise S er v ice Bu s u sing  a U ML  not at ion. H er e, a 
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R esp onsib l e Act or , a F eed  S af et y  Au t hor it y , or  a D at a Tr u st ee int er act s each 
ot her  w it h ow n p r iv at e int er f ace ( t he l ol l y p op  sy mb ol s in t he F ig u r e)  t hr ou g h 
t he E S B. The Messag ing  O r ient ed  Mid d l ew ar e ( MO M)  f acil it ies p r ov id e a 
sof t w ar e inf r ast r u ct u r e t o su p p or t  an asy nchr onou s int er chang e of  
inf or mat ion. The E S B al so of f er s int eg r at ion w it h t he b r oad  sp ect r u m of  
comp onent s l ik el y  t o b e encou nt er ed  t hr ou g h t he u se of  v ar iou s ‘ st and ar d ’  
b ind ing  ap p r oaches su ch as W eb  S er v ices, J 2E E  Connect or  Ar chit ect u r e, 
J MS , CO M, and  ot her  common mechanisms. This int eg r at ion is d eal t  w it h 
b y  t he E S B in a st and ar d , ser v ice-or ient ed  w ay , ind ep end ent  of  t he p ar t icu l ar  
b ind ing  t echnol og ies. The E S B al so of f er s a l ev el  of  t r ansf or mat ion 
cap ab il it ies and  X ML  ser v ices t o ad d r ess t he p r ob l em of  d if f er ing  d at a 
f or mat  r eq u ir ement s in t he het er og eneou s comp onent s, and  int el l ig ent  
r ou t ing  f acil it ies t o g ov er n t he f l ow  b et w een comp onent s.  

  
F i g u r e  2.  G e n e r i c  f u n c ti on a l c om p on e n ts of  a n  E n te r p r i se  S e r v i c e  B u s 

f or  tr a c e a b i li ty  p u r p ose s.  
 
To mak e t r aceab il it y  ef f ect iv e of t en means manag ing  a l ot  of  inf or mat ion 

on each p r od u ct  r ef er ence, each p r od u ct ion b at ch, each st ock  mov ement , 
each ship ment , et c. W e u nd er l ine t hat  t r aceab il it y  is a t ool  int end ed  f or  
f ol l ow  t he p at h of  a sp ecif ied  p hy sical  u nit  of  g ood s. Thu s l ab el ing  and  
au t omat ic id ent if icat ion ar e of t en a b ot t l eneck  w it hin a comp any , as w el l  as 
b et w een p ar t ner s in su p p l y  chains. The st r ong  sep ar at ion b et w een p r od u ct  
inf or mat ion ( e.g . r el at ed  t o q u al it y  f eat u r es)  and  t r aceab il it y  inf or mat ion 
( id ent if ier s and  l ink s b et w een t hem)  b r ing s al ong  many  ad v ant ag es. Act u al l y  
it  enab l es a b et t er  manag ement  of  a t r aceab il it y  sy st em as a mor e sep ar at ed  
su b sy st em w it h r esp ect  t o t he ind iv id u al  I nf or mat ion S y st ems of  each 
r esp onsib l e act or . 

L ink ing  t og et her  t he t w o inf or mat ion f l ow s imp l ies t he u se of  a u niq u e 
id ent if ier  f or  t he l ot . The simp l est  f or m of  id ent if icat ion consist s in a 
nu mer ic or  al p hanu mer ic st r ing . The st r ing  g iv es no inf or mat ion ab ou t  t he 
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l ot , b u t  p r ov id es a u niv ocal  k ey  t o r et r iev e t r aceab il it y  d at a st or ed  el sew her e. 
To g u ar ant ee t he u niq u eness of  t his st r ing , st and ar d  sy st ems hav e b een 
int r od u ced . The most  p r omising  is cer t ainl y  t he E AN / U CC sy st em14,15. By  
ad minist er ing  t he assig nment  of  comp any  p r ef ix es and  coor d inat ing  t he 
accomp any ing  st and ar d s, E AN / U CC maint ains t he most  r ob u st  l ot  
id ent if icat ion sy st em in t he w or l d . As r eg ar d s t r aceab il it y , t he nu mb er ing  
st r u ct u r es of  immed iat e int er est  ar e t he Gl ob al  Tr ad e I t em N u mb er , w hich 
id ent if ies u niq u el y  each commer cial  u nit , t he S er ial  S hip p ing  Cont ainer  
Cod e w hich id ent if ies u niq u el y  a l og ist ic u nit  ( d isp at ch u nit ) , t he Gl ob al  
L ocat ion N u mb er  w hich id ent if ies any  l eg al , f u nct ional  or  p hy sical  l ocat ion 
w it hin a b u siness or  or g aniz at ional  ent it y 16. Mor e comp l ex  f or m of  
id ent if icat ion can how ev er  b e r eal iz ed , b y  int r od u cing  d escr ip t ions of  t he 
k ey  f eat u r es of  t he it em17. Anot her  emer g ing  nu mb er ing  st and ar d  is t he 
E l ect r onic P r od u ct  Cod e ( E P C) , u nd er  d ev el op ment  b y  t he U CC t oo18. I t  is a 
scheme f or  u niv er sal l y  id ent if y ing  p hy sical  ob j ect s v ia R F I D  t ag s and  ot her  
means. The E P C I d ent if ier  is a met a-cod ing  scheme d esig ned  t o su p p or t  t he 
need s of  v ar iou s ind u st r ies b y  accommod at ing  b ot h ex ist ing  cod ing  schemes 
w her e p ossib l e and  d ef ining  new  schemes w her e necessar y . 

The most  u sed  t echnol og ies f or  au t omat ic id ent if icat ion ar e cer t ainl y  t he 
one-d imensional  and  t w o-d imensional  ( or  mat r ix )  b ar cod es, and  t he r ad io 
f r eq u ency  id ent if icat ion ( R F I D ) . U nl ik e t he one-d imensional  b ar cod es, 
w hich hav e a v er y  l imit ed  st or ing  cap acit y , t he mat r ix  b ar cod e can encod e 
mor e t han a k il ob y t e of  d at a. The achiev ement  of  t his p er f or mance, how ev er , 
r eq u ir es a v er y  hig h p r int  q u al it y  and  conseq u ent l y  ex p ensiv e p r int er s. R F I D  
id ent if ier s ( t ag s)  consist  of  a chip , w hich can b e at t ached  ont o or  imp l ant ed  
int o any  su r f ace of  an it em19,20 ,21. Ap p osit e d ev ices can r ead  d at a f r om and  
p ossib l y  w r it e d at a int o t he t ag s. R F I D  t ag s can b e p assiv e, i.e., ar e p ow er ed  
b y  a r emot e ener g y  sou r ce, or  act iv e, i.e., cont ain t heir  ow n ener g y  sou r ce. 
Act iv e t ag s hav e g r eat er  st or ag e cap acit y  and  g r eat er  r ead  r ang e t han p assiv e 
t ag s22. O n t he ot her  hand , t hey  ar e p hy sical l y  l ar g er  and  mor e ex p ensiv e t han 
p assiv e t ag s. F u r t her , t heir  l if e d ep end s on t he d u r at ion of  t he ener g y  sou r ce 
( ap p r ox imat el y  6-10  y ear s) . As r eg ar d s f ood  t r aceab il it y , R F I D  t echnol og y  
ap p ear s t o b e v er y  p r omising , b ecau se it  al l ow s t o st or e incr ement al  
inf or mat ion d u r ing  t he p r ocessing  st ep s, b u t  it  is cu r r ent l y  u nsat isf act or y , 
esp ecial l y  f or  cost  and  r ead  r ang e23 ,24,25. U nl ik e b ar cod es t echnol og y , f or  
inst ance, R F I D  al l ow s acq u ir ing  inf or mat ion f r om sev er al  ( u p  t o 10 0 0 )  t ag s 
concu r r ent l y .  



10  A .  B e c h i n i ,  M . G . C . A .  C i m i n o,  A .  T om a si  
 

4 . B U S I N E S S  P R O C E S S  I N T E R O P E R A B I L I L I T Y  

An imp or t ant  st and ar d  f or  b u siness-t o-b u siness commu nicat ion has b een 
u sed  f or  al most  a q u ar t er  of  a cent u r y , E l ect r onic D at a I nt er chang e ( E D I ) . 
E D I  has b een ap p l ied  as a f ast  and  r el iab l e means of  achiev ing  el ect r onic, 
comp u t er -t o-comp u t er  ex chang e of  inf or mat ion b et w een t r ad ing  p ar t ner s26. 
Thou g h E D I  t echniq u es w or k  w el l , t hey  ar e d if f icu l t  and  ex p ensiv e t o 
imp l ement . Ther ef or e, u se of  t hese t echniq u es has b een nor mal l y  l imit ed  t o 
l ar g e ent er p r ises p ossessing  mat u r e inf or mat ion t echnol og y  cap ab il it ies. The 
p r ol if er at ion of  X ML -b ased  b u siness int er chang es2,4 has ser v ed  as t he 
cat al y st  f or  d ef ining  a new  g l ob al  p ar ad ig m t hat  ensu r ed  al l  b u siness 
act iv it ies, r eg ar d l ess of  siz e, cou l d  eng ag e in el ect r onic b u siness act iv it ies. 
S u ch p ar ad ig m, d enot ed  el ect r onic b u siness eX t ensib l e Mar k u p  L ang u ag e 
( eb X ML )  is an int er nat ional  init iat iv e est ab l ished  b y  t he U nit ed  N at ions 
Cent r e f or  Tr ad e F acil it at ion and  E l ect r onic Bu siness ( U N / CE F ACT) 8 and  
t he O r g aniz at ion f or  t he Ad v ancement  of  S t r u ct u r ed  I nf or mat ion S t and ar d s 
( O AS I S ) 27.  

Technical l y  sp eak ing , t w o ent er p r ises w il l ing  t o d o b u siness w it h each 
ot her  need  t o ag r ee on w ay s how  t o inv ok e b u siness ser v ices or  b u siness 
p r ocesses on a b u siness p ar t ner ' s sy st em and  how  t o ex chang e d at a. 
O b v iou sl y , b ot h b u siness p ar t ner s need  t o hav e a common u nd er st and ing  of  
p r ot ocol s and  f or mat s, as w el l  as messag e cont ent .  

O f  cou r se, int er -ent er p r ise b u siness col l ab or at ion mu st  t ak e p ot ent ial  
f ail u r e int o accou nt . F or  ex amp l e, comp any  A send s a messag e t o comp any  
B, w hich is r eceiv ed . Then, how ev er , d u e t o a commu nicat ion p r ob l em, 
comp any  B cannot  send  a r esp onse b ack  t o comp any  A, w hich l eav es 
comp any  A in t he d ar k  ab ou t  w het her  t he messag e g ot  t hr ou g h or  not . I f  
comp any  A send s t he messag e ag ain, it  may  r eceiv e t w o ship ment s. P ot ent ial  
f ail u r e cond it ions ar e nu mer ou s. N ow , t he q u est ion is if  and  t o w hat  ex t ent  
W eb  ser v ices and  eb X ML  meet  t he r eq u ir ement s t hat  r esu l t  f r om b u siness 
col l ab or at ion char act er ist ics and  b u siness ser v ice t y p es. R ou g hl y  sp eak ing , 
W eb  ser v ices ar e r eq u est / r esp onse w it h no b u siness p r ocess semant ics. This 
is in k eep ing  w it h t he t hr ee sp ecif icat ions t hat  enj oy  b r oad  accep t ance in t he 
v end or  commu nit y : S O AP , W S D L , and  U D D I . F ig u r e 3 show s t he st ack  of  
t echnol og ies. I n ad d it ion, t her e is BP E L , a l ang u ag e sp ecif icat ion int r od u ced  
in May  20 0 3. I t  aims t o d escr ib e how  t o coor d inat e W eb  S er v ices w it hin a 
p r ocess f l ow . 

I n int er -ent er p r ise scenar ios, a r eq u est er  w ou l d  inv ok e a r emot e ser v ice. 
Technical l y  sp eak ing , t his is no issu e and  has al r ead y  b een p r ov en t o w or k  in 
many  cases. H ow ev er , t he q u est ion is how  t o cop e w it h p ot ent ial  f ail u r e 
cond it ions: t her e is no w ay  t o d iscov er  a W eb  ser v ice imp l ement at ion 
u nav ail ab il it y  or  mod if icat ion b ef or e ser v ice inv ocat ion. Al so, W S D L  and  
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S O AP  p r ov id e f or  t echnical  int er op er ab il it y  b u t  not  f or  semant ic 
int er op er ab il it y 28. W eb  ser v ices t echnol og y  is ab ou t  l oose cou p l ing  in t he 
t echnical  sense. H ow ev er , it  is t ig ht  cou p l ing  in a concep t u al  sense. The u se 
of  a W eb  ser v ice d oes not  r eq u ir e an ag r eement  b et w een r eq u est er  and  
p r ov id er . 

Data 
T y p e  

S e r v i c e   
B e h av i o r   

M e s s ag e  

B P E L  

eb
X
M
L 

W S DL  
S O A P  

X M L  S c h e m a 
X M L  

 

F igure 3. W eb  S erv ices  and eb X M L  s tandards . 
eb X ML  r ep r esent s a set  of  mod u l ar  b u siness col l ab or at ion-or ient ed  

sp ecif icat ions. Bu siness col l ab or at ion r eq u ir es a sol id  and  consist ent  
concep t u al  f ou nd at ion, encomp assing  t he concep t  of  int er -ent er p r ise 
b u siness col l ab or at ion b ased  on mu t u al l y  accep t ed  t r ad ing  p ar t ner  
ag r eement s, as w el l  as t he concep t  of  a t echnical  inf r ast r u ct u r e w hich 
enab l es b u sinesses t o f ind  each ot her  and  p r ov id es f or  t he r el iab l e and  secu r e 
ex chang e of  b u siness messag es b et w een col l ab or at ing  b u siness p ar t ner s. O f  
cou r se, b u siness p ar t ner s can al so b e r ep r esent ed  b y  f u nct ional  u nit s w it hin 
t he ent er p r ise. L ik e W eb  ser v ices t echnol og y , eb X ML  p r ov id es t echnical  
int er op er ab il it y  t hr ou g h a v end or -neu t r al  p r ot ocol . eb X ML  u ses 
Col l ab or at ion P r ot ocol  Ag r eement s ( CP As)  t o d ecl ar e b ind ing s t o b u siness 
col l ab or at ion sp ecif icat ions. eb X ML  r eq u ir es col l ab or at ing  p ar t ner s t o 
mu t u al l y  ag r ee u p on t he f or mat s and  semant ics of  b u siness d ocu ment s, 
w hich ar e X ML -encod ed . H ow ev er , it  is not  an act u al  const r aint  t o onl y  
al l ow  X ML -encod ed  messag es w it hin eb X ML , w hich w ou l d  ev en l eav e 
r oom f or  t r ansmit t ing  E D I  messag es. I n an int er -ent er p r ise b u siness 
col l ab or at ion scenar io, b ot h b u siness p ar t ner s w ou l d  u se t he eb X ML  
Messag e S er v ice ( eb MS )  t o secu r el y  and  r el iab l y  t r ansp or t  b u siness 
d ocu ment s. The eb MS  is d ef ined  as a set  of  l ay er ed  ex t ensions t o t he b ase 
S imp l e O b j ect  Access P r ot ocol  ( S O AP )  and  S O AP  Messag es w it h 
At t achment s ( S O AP At t ach)  sp ecif icat ions29, d ef ined  b y  t he W 3C 
or g aniz at ion3 0 . 

H ow ev er , t he eb MS  j u st  r ep r esent s t he messag e env el op e. I t  r eq u ir es an 
ad d it ional  cont ent  st and ar d  t o d ef ine t he semant ics of  a b u siness d ocu ment  
( w hich r ep r esent s t he cont ent  of  t he env el op e, i.e. t he messag e p ay l oad ) . As 
t her e ar e sev er al  hor iz ont al  and  v er t ical  cont ent  st and ar d s in ex ist ence, a 
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nov el  init iat iv e, cal l ed  U niv er sal  Bu siness L ang u ag e, it  is in achiev ing  a 
u niv er sal  X ML  b u siness l ang u ag e ov er  eb X ML . eb X ML -b ased  b u siness 
col l ab or at ion assu r es a r el iab l e and  r ecov er ab l e messag e ex chang e as w el l . 
Bu siness l ev el  f ail u r es ar e comp l et el y  t ak en int o accou nt  w it h t he Bu siness 
P r ocess S p ecif icat ion S chema ( BP S S ) . F or  ex amp l e, if  a p ar t y  f ail s t o 
r esp ond  w it hin a p r e-d ef ined  t ime p er iod , t hen t he BP S S  r ev er t s t o t he 
p r ev iou sl y  k now n secu r e st at e. The messag e-ex chang e ag r eement  b et w een 
t w o b u siness p ar t ner s is d escr ib ed  b y  means of  a Col l ab or at ion-P r ot ocol  
Ag r eement  ( CP A) . H ow ev er , if  one b u siness p ar t ner  af t er w ar d s chang es t he 
int er f ace of  a b u siness ser v ice id ent if ied  in t he CP A, it  r end er s t he CP A 
inv al id  and  r eq u ir es a new  CP A t o b e b u il t . H ow ev er , it  d oesn' t  af f ect  t he 
t echnical  messag e ex chang e. H ence, t he send er  can b e su r e t hat  t he messag e 
g et s d el iv er ed  and  t he r ecip ient  has t o d eal  w it h a p ot ent ial  p r ob l em. eb X ML  
has it s maj or  st r eng t hs w hen it  comes t o int er -ent er p r ise b u siness p r ocess 
int eg r at ion. H ow ev er , eb X ML  is al so su it ab l e f or  int r a-ent er p r ise b u siness 
p r ocess int eg r at ion in t hat  f u nct ional  u nit s ( e.g . d iv isions)  ar e t r eat ed  as 
sep ar at e mini-ent er p r ises. I n B2B scenar ios, t he sp ecif ic st r eng t hs of  eb X ML  
and  W eb  ser v ices can b e comb ined  in t hat  eb X ML  is u sed  f or  manag ing  
ent er p r ise-sp anning  b u siness t r ansact ion ser v ices in t he cont ex t  of  
col l ab or at iv e b u siness, w hil e W eb  ser v ices f ind  t heir  p l ace in int r a-ent er p r ise 
int eg r at ion of  b ack -end  sy st ems.  

I n t his p er sp ect iv e, t he Cer er e p r oj ect  has d esig ned  an int er op er ab il it y  
ar chit ect u r e f or  t r aceab il it y  sy st ems b ased  on t he eb X ML  t echnol og y  as t he 
r ef er ence sp ecif icat ion in d ef ining  and  ex chang ing  b u siness d ocu ment s. 
F ig u r e 4 show s t he Cer er e ar chit ect u r e, w hich is g ener al  enou g h t o b e 
ap p l ied  t o sy st ems in d if f er ent  cont ex t s;  in p ar t icu l ar , it  has b een u sed  in a 
case st u d y  inv ol v ing  t he f ood  chain. I t  is w or t h p inp oint ing  t hat  t he main 
comp onent  of  t he messag e sw it ching  sy st em is t he Messag e S er v ice H and l er  
( MS H ) : it  t ak es car e t o v al id at e Cer er e d ocu ment s and  t o send  and  r eceiv e 
t hem ov er  t he I nt er net  u sing  H TTP  as it s t r ansp or t  p r ot ocol . F u r t her mor e, it  
p r ov id es er r or -hand l ing  f acil it ies f or  a nu mb er  of  sit u at ions t hat  may  ar ise in 
r eal  l if e.  

F inal l y , a f inal  consu mer  is ab l e t o access t r aceab il it y  inf or mat ion 
t hr ou g h a W eb  I nt er f ace connect ed  t o t he d at ab ase b y  means of  a W eb  
S er v ices b ased  inf r ast r u ct u r e. W henev er  P r ocess Col l ab or at ion is t he main 
g oal , MS H  S y st em p r ov id es t he p r op er  int er act ion p r ot ocol  among  p eer s, as 
a d ocu ment -cent r ic ap p r oach is f ol l ow ed 28. O n t he ot her  hand , t he access t o 
Bu siness I nf or mat ion S er v ices can b e p r of icient l y  achiev ed  v ia W eb  
S er v ices, ab l e t o p r ov id e an ef f icient  and  l ig ht w eig ht  R P C-b ased  int er act ion. 
R eg ist r at ion and  au t hent icat ion ser v ices ar e p r ov id ed  f or  d if f er ent  cl asses of  
u ser s, and  ar e imp l ement ed  w it hin a W eb  Ap p l icat ion mod u l e. The su p p or t  
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f or  p u b l icat ion is imp l ement ed  b y  a Cont ent  Manag ement  S y st em ( namel y  
O p enCms v . 5.0 .1) .  

 
 

F igure 4. In th e C erere arch itecture s h ow n ab ov e, th e communication infras tructure 
lev erages  a M es s age S erv ice H andler for ex ch anging and v alidating documents  among 
th e inv olv ed nodes . 
 
The ov er al l  ar chit ect u r e has b een d esig ned  t o p r ov id e a cl ear , w el l -

st r u ct u r ed  or g aniz at ion f or  t he mod u l es inv ol v ed  in a t r aceab il it y  sy st em, 
ad d r essing  t he t y p ical  issu es f or  t his b r oad  cat eg or y  of  inf or mat ion sy st ems. 
Any w ay , w e mu st  al so u nd er l ine t hat  each sp ecif ic d omain cov er ed  b y  act u al  
t r aceab il it y  sy st ems p r esent s p ar t icu l ar  chal l eng es in ob t aining  t he r eq u ir ed  
p er f or mance l ev el . Al t hou g h p er f or mance is not  t he main f ocu s in t he 
p r esent ed  ar chit ect u r al  d esig n, it  mu st  b e al w ay s t ak en int o accou nt : f r om 
t his st and p oint , w e can easil y  not e t hat  t he messag ing  mod u l es r ep r esent  t he 
main b ot t l eneck . Thu s, any  at t emp t  t o imp r ov e p er f or mance ( and  
su b seq u ent l y  scal ab il it y )  mu st  sol el y  concent r at e on t he d esig n, 
imp l ement at ion, and  conf ig u r at ion of  t he messag ing  su b sy st em. Al t hou g h at  
f ir st  sig ht  t he t r eat ment  of  X ML  d ocu ment s mig ht  seem a comp u t ing -
int ensiv e act iv it y , t od ay  t he emp l oy ment  of  hig hl y  op t imiz ed  l ib r ar ies f or  
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t his k ind  of  t ask s can easil y  ov er come any  p er f or mance p r ob l em f r om t he 
X ML -p r ocessing  mod u l es.  

5 . C O N C L U S I O N  

The f ood  p r od u ct ion env ir onment  is l ar g el y  comp osed  of  a w id e set  of  
smal l  and  med iu m ent er p r ises t hat  p l ay  d if f er ent  r ol es in t he su p p l y  chain, 
w it h d if f er ent  l ev el s in t echnol og ical  comp et ence, economic r esou r ces, and  
hu man sk il l s. I n or d er  t o achiev e d at a int er op er ab il it y  al ong  t he su p p l y  chain 
f or  t r aceab il it y  p u r p oses, a common, w id el y  accep t ed  set  of  sp ecif icat ions 
f or  col l ab or at ion is r eq u ir ed . I n t his cont ex t , X ML  and  S O AP  can b e su r el y  
r eg ar d ed  as emer g ing  enab l ing  t echnol og ies. Any w ay , t he p l ain hel p  f r om 
X ML  and  S O AP  is not  su f f icient  t o ad d r ess al l  t he semant ic asp ect s of  each 
d ocu ment  ex chang e ( w hich p r ocess g ener at es t he d at a ex chang e, w hat  is t he 
meaning  of  each d at a it em, et c) : d ocu ment  commu nicat ion and  shar ing  
among  b u siness p ar t ner s shou l d  b e u namb ig u ou sl y  mod el ed .  

A r ecent l y  p r op osed  st and ar d  t o p r ov id e semant ics, el ement s, and  
p r op er t ies necessar y  t o d ef ine b u siness col l ab or at ions is eb X ML : t hu s, it s 
emp l oy ment  in t he cont ex t  of  t r aceab il it y  shou l d  b e t ak en int o accou nt . The 
g oal  of  t he eb X ML  S p ecif icat ion S chema is t o p r ov id e t he b r id g e b et w een e-
b u siness p r ocess mod el ing  and  sp ecif icat ion of  e-b u siness sof t w ar e 
comp onent s. Bu siness p r ocess mod el s d escr ib e int er op er ab l e b u siness 
p r ocesses t hat  al l ow  b u siness p ar t ner s t o col l ab or at e.  

The Cer er e p r oj ect  has d ev el op ed  a Tr aceab il it y  W eb  I nf or mat ion 
S y st em f or  t he f ood  chain, and  t he eb X ML  t echnol og y  has b een su ccessf u l l y  
ad op t ed  t o su p p or t  col l ab or at ion among  al l  t he inv ol v ed  act or s at  d if f er ent  
st ag es of  t he su p p l y  chain. The d ict ionar y  of  X ML  b u siness comp onent s and  
t he set  of  d ocu ment  t y p es b u il t  u p on t hem ar e t he f ir st  st ep  of  t he Cer er e d at a 
mod el  d ef init ion2. The su p p l y  chain p r ocesses ar e d ef ined  b y  means of  CP A 
d ocu ment s and  messag es ar e d el iv er ed  t o a d at a t r u st ee r ep osit or y  u sing  
eb X ML  mechanisms. The f r ont -end  int er f ace of  t he Tr aceab il it y  I nf or mat ion 
S y st em is imp l ement ed  b y  a W eb  Ap p l icat ion, and  it  has b een t est ed  on a 
sp ecif ic f ood  su p p l y  of  t y p ical  Tu scany  p r od u ct s. 

6 . A C K N O W L E D G M E N T S  

The Cer er e p r oj ect  is p ar t ial l y  su p p or t ed  b y  The F ou nd at ion Cassa d i 
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