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Abstract:  Given requirements upon large scale applications and data securiy, a kind of architecture of EPCIS Discovery sys
tem is proposed based on the® centralized indexing’ mode. This paper first provides a higl level specification for the system s basic
functionality and requirements using the TIOA language. Further, this paper proposes a Pub/ Sub based, digributed mulir server
architecture for the sysem to make it load balancing, highly available, and scalable in practical applications, and then formally specr
fies every component in the distributed system respectively. Finally, this paper makes use of a simulation relation to show that the
distributed system satisfies/ implements the higlr level gecification.
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Event Point er, % EPCIS tasks
Exception, % { query( epc: EPC) , reply( epc: EPC, r: Reply) }
Reply % eventPointer { capture( e: Event) , captureAck( e:Event) }
union| eventPointers: Seq| EventPointer] , exception: Ex ception] .
automaton EPCIS Discovery 4 Pub/ Sub EPCIS DBCOVGl'y
signature EPCIS Discovery
input capture( e: Event) « .
output captureAck( e: Event) ’
. DS , DS
input query( epc: EPC)
output reply( epc: EPC, r: Reply) > 5
% s 5
intemal fail 4.1
intemal recover EPC ,
states
down: Bool: = false, %
toA ck: Set| Event]: = {}, % Event ’ ’
(13 . 99
registered: Set[ EventPointer] : = {}, % EventP oint er ’ regon
queries: Sei| EPC]: = {} % DS “region”, “RegionDS”,
% generatePonter( e) Event EventPointer region EPC
let generatePointer( e: Event) = ... EventPointer. ,
% mat ch( eventPointers, epc)  true epe EPCIS DS EventPointer,
%  eventPointer
. . , EPCIS
let match( eventPointers: Seq[ EventPointer], epc: EPC) = ...
% tag( u) union, EventPomter, RegionDS R
9 union - ( CCF'DDF)
let tag( u: winon) = ... Pub/Sub . EPCIS Discovery
transitions 2
input capture( e) |
eff if— down then query reply
registered: = registered U { epl ep: = generatePointer
EPCIS
(9)); . Discovery
toAck: = toAckU { e} J
QueryProxy
fi
output captureAck( e) \
replyFwd
pre 7 down A e€ toA ck queryFwd
eff toAck: = toA k- { e} \
input query( epc
input query( cpe) RegionDS, RegionDS, RegionDS,
eff if = down then queries: = queriesU { epc} fi /
. update
% r EventPointer N Sub Sub Sub
%" registered’ epc EventPointer hotifyAcky
%or PubSubCenter
output reply( epc, r)
pre 7 davn A epc€ queries A / ‘
(tag( 1) = eventPointers =match( r. eventPointers, epc) notify Eoti yIS otifylS otifylS '
P Pub Pub
A r. eventPoint ers S registered) l
eff queries: = queries— { epc} 3
intemal fail Notifier, Notifier, Notifier,
eff down: = true
intemal recover captureAck | captureAck captureAck
pre down capture l capl\ure l capture ‘
| i

eff down: = fake

” « »

%0 tasks reply

% “ca FillIE”

“ query’

«

captureA &k”

B2 —#Fh#TFPub/SubfEPCIS Discovery /i A& & 45 #

PubSubCenter M
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N Notifier( Natifier EPCIS types
) QueryProxy ' [é: P% BEPC EPC
tte: ttes
CCF-DDF 7 attern% pattern
% concern: EPCIS EPC
% me: EPCIS  URI
( 1) ( CCF) automaton Notifier( concern: Set| EPCPattem] , me: URI)
) RFID ER signature
CIY( Notifier) PubSubCenter” 7 input capture( e: Event)
EPC. RegionDS Pubr output captureAck( e: Event)
SubCenter® » / EPC. / %  EPCPattern EPCIS  URI PubSubCent er
output pub( epcPat: EPCPattern, isAddr: URT)
EFC EPC pattem ’ / % PubSubCenter EPCPattem  RegionDS
(EPC pattern ’ input not iy IS( isA ddr: URI, rdsAddr: URL, epcPat: EPCPattem)
) . , PubSubCenter / EPC % RegionDS RegionDS EventPointer
, « ? ( , R output notify( rdsAddr: URI, ep: EventPointer)
EPC pattem) . , «“ ” , Pubr input notifyA ck( ep: EventPointer)
SubCenter EPCIS : intemal fal
. . . intemal recove
( RegionDSi( 1 <i M), EPC pattern) e e
states
down: Bool: = false,
(2) ( DDF) pending: Set[ EventPointer] : = {}, % EventPointer
toAck: Set[ Event]: = {},
, subLiist: Map[ EPCPattem, URI] : = {}, %
FPCIS Notifier ( ReglonDS) pubLig: Set[ EPCPattem] : = concern, % EPC
. . let ratePointer( e: Event) = ...
EPC EventPointer. RegionDS e generatcPointer( e: Event)
EventPointer % math( ep, epcPat)  tme ep  epcPattem
. ’ ’ ’ % EPCPattern
Notifier let mat ch( ep: EventPointer, epdat: EPCPattern) = ...
( 3) transitions
, PubSubCenter (RegionDS)  URI input capture( e)
EPC pattern eff if 5 down then
QueryProxy. EPC QueryProxy pending: = pendLiJngU{ epl ep: = generatdPointer( e) };
. toAck: = toAck
, QueryProxy EPC  RegionDS . one oAk e}
i
URIL, , QueryPraxy RegionDS, Re output captureAck( ¢)
glOHDS pre 7 down A € toAck
4.2 eff toAck: = toAck— { e}
4.2. 1 Notifier output pub( epcPat, isAddr)
Not ifier PubSubCentea pre epcPat€ pubList A isA ddr= me
» EPCIS EPC, eff pubLig: = pubLst— {epcPat}
. input notify IS(isA ddr, rdsAddr, epdat)
PubSubCenter ( RGglOHDS) ? eff if -7 down A isAddr= me then
Reg]OHDS URI EPC. ? subLig[ epdat] : = rdsA ddr
EPCIS Event EventPoint- fi
er, EventPointer output notify( rdsAddr, ep)
EventPointer ~ RegionDS, « pre =1 down A ep € pending A
» DS ('3 epcPat: EPCPattern sublist| epcPat] = rdsAddr A
RegionDS ’ maitch( ep, epcPat) )
5 ) ’ ’ input notifyA ck( ep)
EventPointer eff if 7 downA cpE pending then
pending: = pending— { ep}
Notifier fi

% Notifier

intemal fail
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eff down: = true
internal recover
pre down
eff down: = false
tasks

{capure(e: Event), captureAck(e: Event) }

4.2.2 PubSubCenter

PubSubCenter Notifier
RegionDS . ,
/ EPC , “ ”(
, EPC pattern) , « 7
(RegionDS)  URI EPC pattern
( Notifier) . s RegionDS
URI EPC pattern
QueryProxy .
PubSubCenter
% PubSubCenter
types
Time Int, % s
Subscription
tuple[ rdsAddr: URI, % RegionDS
epcPat: EP CPattern, % RegionDS /
EPC
subT'ime: Time] , %
Publication
tuple[ isAddr: URI, % EPCIS
epcPat: EPCPattem, % EPCIS EPC
publ'ime: Time], %
MatchedPubSub %
tuple[ isAddr: URI, rdsAddr: URIL mat che dPat: EPCPattem]
% period: /

automaton PubSubCent er(period: Time)
signature
% EPCIS(  Notifier)
nput pub( epcPat: EPCPattem, isAddr: URT)
% RegionDS
input sub( epcPat: EPCPattem, rdsA ddr: URI)
% EPCIS: RegionDS EPCIS EPC
output notifylS(isAddr: URL rdsAddr: URI, epcPat: EP CPattern)
% Query Proxy
output update (newSub: Set[ Subscription])
%
internal matchPubSub
nternal fail
nternal recover
states
down: Bool: = false,
sublist: Set| Subscription] : = {}, %
pubList: Set| Publication]: = {}, %
% /

mat ched: Set] MatchedPubSub]: = {},
now : Time: = 0%
% EPCPattem
let intersed ( epcPatl: EPCPattem, epcPat2: EPCPattem) = ...
transitions
input pub( epdat, isA ddr)
eff if 5 down then
pubList: = pubListU { [ epcPat, isAddr, now] }
fi
input sub( epdat, rdsAddr)
eff if - down then
subList: = subList U{[ epcPat, rdsAddr, now ] }
fi
output notifylS( isAddr, rdsAddr, epcPat)
pre| sAddr, rdsAddr, epcPat] € matched
eff matched: = matched- {[ isAddr, rdsAddr, epcPat] }
% QueryProxy
output update( newSub)
pre 1 down /A mod( now , period) = OA
( Vs: Subscription s € newSub=
now— pernd< s. subTime Snow)
intemal mat chPubSub
let epcPat: EPCPattem=nil;
pre 1 down /A mod( now , period) = 0
%
eff for p: Publication in pubLis where
now- period< p . publ'ime <now do
for s: Subscription in subList do
epcPat: = intersed (s . epcPat, p . epcPat) ;
if epdatZnil then

matched: = matchedU{[ p . isAddr, s. rdsA ddr, epcPat] )}

fi

od
%
for p : Publication m pubList where
p. pubTime<mw- period do
for s: Subscription in subList where
now- period< 5. subT'ime <now do
epcPat: = intersed ( s. epcPat, p . epcPat) ;
if epcPatZnil then
matched: = matchedU{[ p . isAddr, s. rdsAddr, epcPat]}
fi
od

intemal fail
eff down: = tiue

intemal recover
pre down
eff down: = false

4.2.3 RegionDS
RegionDS ,
RegionDS “ region”
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EPC EventsPointer, PubSubCenter* pre =1 down A epc€ queries
» / EPC. EPC tag( reply) = eventPointers= ) match (reply. eventPoint
’ EPC . ers, epc? A reply. eventPointers S db)
eff queries: = queries— {epc}
( NOtiﬁer) EPC output sub( epcPat, rdsAddr)
EventPointer, EventPointer . ) pre 1 down A epcPat€ subListA rdsA ddr= me
) ) eff subliigt: = subList— {epcPat}
, EPC EventPr intemal fail
onter “saver busy”  “timeout” eff down: = tue
intemal recover
pre down
RegionDS eff down: = false
o 4.2.4 QueryProxy
zwl:eglonDb QueryProxy ,
Exception, % DS ’ DS
Reply % eventP oint er ’ pendmger
union| event Pointers: Seq| EventPointer |, exception: Excep PubSubCenter
tion] (RegionDS  URI, EPC patern) ,
% incharged: RegionDs / EPC , QueryPraxy . ,
% me: RegonDS  URI , QueryProxy getRDS
automaton RegionDS( inCharged: Set| EPCPattem] , me: URI) .
. ) EPC  RegionDS ,
signature
% FvenPointer RegionDS, RegionDS
input notify( rdsAddr: URI, ep: EventPointer) EventPointer
output notifyAck( ep: EventPointer) QueryProxy
% EPC
input queryFvd( epe: EPC, rdsAddr: URT)
output replyFwd( epe: EPC, reply: Reply) % Query Proxy
output sub( epcPat: EPCPattem, rdsAddr: URI) automaton QueryProxy
intemal fail Signature
intemal recover % PubSubCenter
states input updat e( newSub: Set[ Subscription] )
db: Set[ EventPointer]: = {}, % EventPointer %
toA &: Sel| EventPointer]: = {}, % EventPointer input query ( epc: EPC)
queries: Set[ EPC]: = {}, % output reply( epc: EPC,reply: Reply)
subList: Set[ EPCPattern] : = nCharged, % EPC % EPC  RegionDS s
down: Bool: = false intemal getRDS( epc: EPC)
let match( eventPointers: Seq| EventPointer], epc: EPC) = ... input getRDSAck( epc: EPC, rdsAddr: URI)
transitions % RegionDS, RegionDB
input notify( rdsAddr, ep) out put queryFwd( epe: EPC, rdsAddr: URT)
eff if 7 down/\ rdsAddr= me then input replyFwd( epc: EPC, reply: Reply)
db: = dbU{ep}; intemal fail
toAck: = toAck U { ep) intemal rever
fi states
output notifyAck( ep) subLiigt: Set[ Subscription] : = {}, %
pre 7 dovn A ep€ toAck pendingQry: Set[EPC]: = {},%
eff toA &k: = toA k- {ep} % RegionDS RegionDB
input queryFwvd( epe, rdsAddr) toQueryRDS: Set[ tuple[EPC,URI] ]: = {},
eff if 7 down/A rdsAddr= me then replies: Set[ tuple[ EPC, Reply]]: = {}, %
queries: = queriesU { epc}
fi down: Bool: = false
Yomatch( epc, epcPat)  tme epc  EPCPattern

output replyFwd( epc, reply)
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let match( epc: EPC, epcPat: EPCPattem) = ...
transitions
input update( newSub)
eff if 7 dovn then subLig: = subList UnewSub fi
input query ( epc)
eff if 5 down then pendingQry: = pendingQry U { epc} fi
intemal get RDS( epc)
pre 71 dovn A epc€ pendingQry A

(3 s: Subscription s € subListA match( epc, s . epPat) )

eff pendingQry: = pendingQry— {epc};
toQueryRDS: = t10QueryRDSU{[ epc, s. rdsA ddr]}
output queryFwd( epc, rdsAddr)
pre 7 dovnA {[ epc, rdsAddr] } € toQ ueryRDS
eff toQuery RDS: = toQueryRDS— {[ epc, rdsAddr] }
input replyFwd( epc, reply)
eff if 5 down then replies: = repliesU{[ epc, reply]} fi
output reply ( epc, reply)
pre 7 dovn A {[ epc, reply] } € replies
eff replies: = replies— {[ epc, reply] }
intemal fail
eff down: = true
intemal recover
pre down
eff down: = fake
tasks
{ query(epc: EPC) , reply( epe: EPC, reply: Reply) }

5
EPCIS Discovery
, Pub/ Sub
(
EPCIS Discovery) .
, 4

tributedDS:

% allEPCs: EPC

% allRDSs: ReionDS  URI

% allNot ifiers: Notifier ~ URI

automaton Distribut edDS( allEPCs: Set| EPCPattern] ,
allRDSs, allNotifiers: Set| URI])
@mponents
N[ i]: Notifier( concern, i)
where concern CallEPCs, i € allNot fiers;
PSC: PubSubCenter;
RDS[j]: RegionDS ( inCharged, j)
where inChargedC allEPCs, j € allRDSs;
QP: QueryProxy
hiding notify, notifyA ck, pub, sub, update, query Fwd,

replyFwd, not iy IS
notify, notifyA ck, pub, sub, updae, queykwd, re
plyFwd, notifylS “hiding”
s (input/ output)
, DistributedDS ~ EPCIS Discovery
A B, Oy A B > X5 YA
Xp, VB A B , A B
R< QyxQp
(Y xa A ., B
Xp x4Rx s
(2) xR g, A Sa x4
Ya B Sp(
) B «xp B,
trace( S, )= trace(Sy) N y Ryp
trace(S, ) Sy ( ).
, DistributedDS ~ EPCIS Discovery
R, D DistributedDS, S EPCIS
Discovery. R S down
registered, toAck, queries D
simulation relation R from DistributedDS to EPCIS D kcovery:
% ep S. registered D ep
% Notifier  pending Regionl8  db :
( V ep: EventPointer ep€S. registered <
(3 i: URIE alNotifiers ep€ D. N[ i].pendingV
3 j: URIE allRDSs epED.RDS[j]. db)) A % (1)
% e S.toAck D e Not ffier
%  toAck
( Ve: Event
e€ S. toAck =3 i: URLE allNotifiers e €D . N[ i]. toAck) A % (2)
% epe S.queries , D epe
% QP. pendingQry OQP. toQueryRDS
% RegionDS  queries QP. replies  ;

( V epc: EPC epc€ S. queries <
(epc€ D. QP. pendingQry V
3 j: URI€allRDSs| epc, j] € D. QP. toQuery RDSV
3 j: URIE€allRDSs epc € D. RDS[ /] . queriesV
3 r:Reply[ epe, r] € D.QP. replies)) % (3)

, R
» R ,
R . “ 7 ,
Distributed DS

(1) D S

@D. N[ i]. capture( e): e D.
N[i]. toAck, e ep @ D. N
[i]. pending. EPCIS-Discovery S.
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capture(e), e S.toAck, e @ , R
ep S. registered. , (3) D
R , EPCIS Discovery. down
(1 (2) L) (Y
R ° ’ ’
@D. N[ i]. captureAck( e): S. cap
tureAck( e). e toAdk , R DistributedDS ~ EPCIS-Dis-
. (2) . overy . , Dis
@D.N[i]. notify(j, ep): @ €D.N[i].pend  pibutedDS () EPCIS-Discovery.
ing, @ D. RDS[j]. db,
D.NJi]. pending , DistributedDS 6
EPCIS Discovery FEPCIS
(1) . , “ 7 EPCIS
@D.NJ[i]. notifyAck( @ ): e ,
RegionDS db( D. RDS[j]. db) , TIOA
, @ D.N[i].pending , ,
EPCIS Discovery ,
(1) . Puly Sub
@. QP. query(epc):  EPCIS-Discovery , )
S. quey( @c). epe , (
D. QP. pending  S. queries ) ) ,
(3) : DDS( Distributed Discovery Service) ,
®D. QP. reply( epc, reply) : @c
D. QP. replies EPCIS Discovery
S. reply( epc, reply) epc  S. queries .
(3) .
@) QP. update( newSub) : D. . DDS
QP. sublis, R . ’ EPC
@D. QP. queryFwd(epc,j): [epe,j] D. FPCIS
QP. 10QueryRDS , epc D. RDS. ) ’
queries.  EPCIS-Discovery ’ ’
(QoS) ;
(3) :
@D. QP. replyFwd( epc, r): epc D.
RDS. queries , [epc, r] D. QP. replies.
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