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1 PROBLEM DESCRIPTION 21 Problem Des
riptionIn this report we examine the transformation of an big-step relation, for �nding mat
hes in pla
egraphs, into a small-step transition relation whi
h solves the same task.Stati
 Stru
ture of Bigraphs For brevity we will not present the full de�nition of bigraphsbut instead refer the reader to [2, 1℄ for the full de�nition and examples.We will however brie�y (and somewhat informally) introdu
e one 
onstituent of a bigraph: thepla
e graph. In Fig. 1 (top) we see a bigraph. A bigraph 
an be thought of as a multi-hole 
ontextand it has two 
onstituents: the pla
e graph and the link graph, representing the topology and the
onne
tivity of the bigraph, respe
tively. The bigraph in Fig. 1 (top) is represented by these twostru
tures (depi
ted below) whi
h shares the same set of nodes. The pla
e graph represents thenesting of nodes, and the link graph represents the linkage of nodes. The pla
e graph is essentiallyan ordered forest of unordered trees. The gray holes in bigraph represents holes (also 
alled sites)in the bigraph in whi
h we 
an pla
e other bigraphs.Every node in a bigraph is assigned a 
ontrol whi
h 
an be though of as the type of the node.A given 
ontrol indu
e several properties on the nodes of its kind. However in this presentationwe will only distinguish between non-atomi
 and atomi
 
ontrols, 
ontrolling whether a node 
an
ontain other nodes or not. We will often abuse notation and 
onfuse the node with its 
ontroland vi
e versa, but note that nodes in a bigraph are pairwise distin
t whereas in general this isnot the 
ase of 
ontrols.

Figure 1: Bigraphs



2 SOLUTION 3Dynami
s The dynami
s of bigraphs, i.e. the re
on�gurations that may o

ur, depend uponboth stru
tural 
omponents; however as mentioned before we will only work with one 
omponentin this report. The re
on�gurations are determined by rea
tion rules, and ea
h rea
tion rule has aredex and a rea
tum. The redex is a pre
ondition for a rea
tion, and is represented by a patternof nesting (in the 
ase of pla
e graphs). We represent a rea
tion rule as a pair (r, r′) of groundpla
e graphs1. Given a ground pla
e graph a (
alled the agent) and a rea
tion rule (r, r′) we tryto 
al
ulate a 
ontext C su
h that a = C ◦ r (that is a is equal to the 
omposition of C and r, i.e.that we 
an �nd the redex within the agent). If su
h a C exists we 
an then 
al
ulate the groundpla
e graph a′, the result of the rewriting of a using (r, r′), as a′ = C ◦ r′. However we will onlyfo
us on the task to 
al
ulate C given an agent a and a redex r.1.1 Simpli�
ations and AssumptionsIn order to simplify the task (and to keep the implementation simple) we have 
hosen to make thefollowing simpli�
ations and assumptions:
• Both the agent and the redex are ground. This 
orresponds to the basi
 dynami
s in pla
egraphs [2℄. This implies that the only pla
e where holes 
an o

ur is in C.
• Both agent and redex are prime, meaning that we only 
onsider pla
e graphs whi
h areunordered trees, hen
e forgetting the ordered forest on top-level. This greatly simpli�es thefun
tion for �nding mat
hes.
• In the full presentation of bigraphs we distinguish between a
tive and passive 
ontrols (
on-trolling whether rewrites 
an o

ur within a node or not), we will not make su
h a distin
tionin this report. For simpli
ity we will assume that all 
ontrols are a
tive, hen
e rewrites 
ano

ur everywhere in the pla
e graph.
• We only return one mat
h and not all possible mat
hes (assuming that the agent and theredex mat
hes at all).
• To simplify the implementation of mat
hing 
onsiderably, we will not allow more than two
hildren of any node. The unordered element of pla
e graphs 
an then be handled by swappingthe two 
hildren instead of permutations of arbitrary size.2 SolutionFirst we begin by giving some simple examples of mat
hes. Then we explain the a
tual represen-tation of pla
e graphs, the overview of the mat
hing fun
tion, and �nally the a
tual fun
tion.Some Examples Let a be the following pla
e graph with an outer node v0, 
ontaining the node

v1, whi
h in turn 
ontains the node v2, whi
h 
ontains the atomi
 node v3. Let the redex r bea node v2 
ontaining a atomi
 node v3. Sin
e we need to �nd a C su
h that a = C ◦ r the onlypossible solution is to let C be the pla
e graph with an outer node v0, 
ontaining the node v1,whi
h in turn 
ontains a site, in whi
h we 
an pla
e r.1a pla
e graph is 
alled ground if it 
ontains no holes.



2 SOLUTION 4The agent av0v1v2v3 The redex rv2v3 The result Cv0v1Site 0Let us 
onsider a more 
omplex example, where we have a node of 
ontrol v0 with two 
hildren of
ontrols v1 and v2, respe
tively. We want to mat
h this with the redex r whi
h is just two nodesof 
ontrols v1 and v2 in parallel (re
all that the 
hildren are unordered). The result of this is Cwhi
h is just the node of 
ontrol v0 
ontaining the hole.The agent av0v1 v2 The redex rv2 v1 The result Cv0Site 0Con
rete Representation We use the following datatype for representing a pla
e graph. Apla
e graph 
an be:
• a parallel 
omposition of two pla
e graphs;
• a 
ontrol with a name 
ontaining a pla
e graph;
• an atomi
 
ontrol with a name;
• a hole in the bigraph (whi
h normally are numbered, but we will not use this feature in thisreport as only one hole will o

ur as result of a mat
hing).Listing 1: The Pla
eGraph Datatypedatatype Pla
eGraph =Par of Pla
eGraph ∗ Pla
eGraph| Control of s t r i n g ∗ Pla
eGraph| Atomi
 of s t r i n g| S i t e of i n tFor the result of a mat
hing we need the following �extended� option type. Besides the need toknow whether we have a mat
h or not, we need to know whether we have mat
hed the agent andredex dire
tly, or if there is 
ontext surrounding redex in the mat
h. We will need this knowledgewhen mat
hing parallel 
ompositions.Listing 2: The Value Datatypedatatype Value =None| Mat
h of Pla
eGraph| Context of Pla
eGraph



3 THE ALGORITHM 53 The algorithmBefore we present the a
tual fun
tion we �rst explain the general idea. The fun
tion is going totake two pla
e graphs as arguments and return a value. The fun
tion re
ursively des
ends thestru
ture of the agent.
• If the agent is an atomi
 
ontrol we need that the redex is also an atomi
 
ontrol of samesort. If this is the 
ase we return a mat
h (i.e. Site 0) otherwise we return none.
• If the agent is a 
ontrol there are several 
ases.� If the redex is not a 
ontrol we mat
h below the 
ontrol in the agent and put the 
ontrolon top of the result of this mat
hing.� The same is the 
ase if the redex is a 
ontrol, but of di�erent kind.� If the redex is a 
ontrol of the same sort we �rst try to mat
h below the 
ontrol as inthe previous 
ases, as we sear
h for the bottom-most mat
h. If this does not su

eedwe then try to mat
h where we have peeled o� the toplevel 
ontrol in both the agentand the redex.
• If the agent is a parallel 
omposition there are several 
ases.� Either we 
an mat
h the entire redex in either bran
h and then put the remaining bran
hin parallel when returning the result.� If the redex is also a parallel 
omposition we 
an also mat
h one part of the redex inone part of the agent and mat
h the remaining part of the redex in the remaining part.However we must mat
h on top-level in both bran
hes for this to work.
• We leave the 
ase when the agent is a site unde�ned as this breaks with our assumptionabout the agent.3.1 Dire
t VersionFor readability we have 
hosen to split up the fun
tion in several parts. The fun
tion has thefollowing signature.mat
hGroundPGPG : Pla
eGraph -> Pla
eGraph -> ValueListing 3: Case Controlfun mat
hGroundPGPG agent redex =
ase agent(∗ We the agent i s a 
on t r o l on top− l e v e l ∗)of Control ( 
 t l ag , pgag ) => (
ase redexof Control ( 
 t l r ed , pgred ) => (i f 
 t l a g = 
 t l r e d then ((∗ Fi r s t t r y to mat
h the redex f u r t h e r down , even i f ∗)(∗ t h i s 
 on t r o l mat
hes the top o f the redex ∗)
ase mat
hGroundPGPG pgag redex ofMat
h pgres => Context ( Control ( 
 t l ag , pgres ) )| Context pgres => Context ( Control ( 
 t l ag , pgres ) )| None => ((∗ Try to mat
h when t h i s 
 on t r o l in the agent ∗)(∗ shou ld mat
h t h i s 
 on t r o l in the redex ∗)



3 THE ALGORITHM 6
ase mat
hGroundPGPG pgag pgred ofMat
h _ => Mat
h ( S i t e 0)(∗ This 
ase 
an not happend ∗)(∗ | Context _ => None ∗)| None => None))(∗ We have two 
on t r o l s but o f d i f f e r e n t k inds ∗)(∗ So we add the 
urren t 
 on t r o l as 
on tex t on ∗)(∗ t he p o s s i b l e mat
h ∗)else (
ase mat
hGroundPGPG pgag redex ofMat
h pgres => Context ( Control ( 
 t l ag , pgres ) )| Context pgres => Context ( Control ( 
 t l ag , pgres ) )| None => None))(∗ The redex i s not a 
on t r o l on top−l e v e l , so we add ∗)(∗ t he agent 
 on t r o l as 
on tex t ∗)| _ => 
ase mat
hGroundPGPG pgag redex ofMat
h pgres => Context ( Control ( 
 t l ag , pgres ) )| Context pgres => Context ( Control ( 
 t l ag , pgres ) )| None => None) Listing 4: Case Par(∗ In a p a r a l l e l 
omposi t ion in the redex we 
an mat
h ∗)(∗ t he redex in e i t h e r bran
h ∗)| Par ( pg1ag , pg2ag ) => ((∗ Mat
h e n t i r e redex in l e f t bran
h ∗)
ase mat
hGroundPGPG pg1ag redexof Mat
h pgres => Context (Par ( pgres , pg2ag ) )| Context pgres => Context ( Par ( pgres , pg2ag ) )| None => ((∗ Mat
h e n t i r e redex in r i g h t bran
h ∗)
ase mat
hGroundPGPG pg2ag redexof Mat
h pgres => Context ( Par ( pg1ag , pgres ) )| Context pgres => Context ( Par ( pg1ag , pgres ) )| None => ((∗ Mat
h one par t o f t he redex in one bran
h ∗)(∗ and the o ther in the o ther bran
h ∗)
ase redexof Par ( pg1re , pg2re ) => (
ase mat
hGroundPGPG pg1ag pg1re ofMat
h _ => (
ase mat
hGroundPGPG pg2ag pg2re ofMat
h _ => Mat
h ( S i t e 0)| _ => None)| _ => ((∗ Permute mat
hing in bran
hes ∗)
ase mat
hGroundPGPG pg1ag pg2re ofMat
h _ => (
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ase mat
hGroundPGPG pg2ag pg1re ofMat
h _ => Mat
h ( S i t e 0)| _ => None)| _ => None))| _ => None))) Listing 5: Case Atomi
(∗ An atomi
 
on t r o l 
an only be mat
hed by another atomi
 ∗)(∗ 
on t r o l o f same kind ∗)| Atomi
 s t r a g => ( 
ase redexof Atomi
 s t r r e => (i f s t r a g = s t r r e then Mat
h ( S i t e 0)else None)| _ => None )Test Cases In order to 
he
k the 
orre
tness of the algorithm we use the following test 
ases.The test 
ases are far from 
omplete, but due to time and spa
e 
onstraints we will not performany more test. Listing 6: Test Casesval example = Control ( "v0" , Control ( "v1" , Control ( "v2" , Atomi
 ( "v3" ) ) ) ) ;val redex = Control ( "v2" , Atomi
 ( "v3" ) ) ;val example2a = Par (Atomi
 ( "v1" ) , Atomi
 ( "v2" ) ) ;val example2b = Control ( "v0" , Par (Atomi
 ( "v1" ) , Atomi
 ( "v2" ) ) ) ;val redex2 = Par (Atomi
 ( "v2" ) , Atomi
 ( "v1" ) ) ;val example3 = Control ( "v2" , Control ( "v1" , Control ( "v2" , Atomi
 ( "v3" ) ) ) ) ;val redex3 = Control ( "v2" , Atomi
 ( "v3" ) ) ;val example4 = Par ( Control ( "v0" , Atomi
 ( "v1" ) ) , Atomi
 ( "v2" ) ) ;val redex4 = Par (Atomi
 ( "v2" ) , Atomi
 ( "v1" ) ) ;val t e s t 1 = mat
hGroundPGPG example redex =Context ( Control ( "v0" , Control ( "v1" , S i t e 0 ) ) ) ;val t e s t 2 a = mat
hGroundPGPG example2a redex2 =Mat
h ( S i t e 0 ) ;val t e s t2b = mat
hGroundPGPG example2b redex2 =Context ( Control ( "v0" , S i t e 0) ) ;val t e s t 3 = mat
hGroundPGPG example3 redex3 =Context ( Control ( "v2" , Control ( "v1" , S i t e 0 ) ) ) ;val t e s t 4 = mat
hGroundPGPG example4 redex4 = None ;. . .
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− val t e s t 1 = true : boo l
− val t e s t 2 a = true : boo l
− val t e s t2b = true : boo l
− val t e s t 3 = true : boo l
− val t e s t 4 = true : boo l3.2 CPS VersionWe transform the fun
tion from Se
. 3.1 into 
ontinuation-passing style using the general template:we give the fun
tion an expli
it 
ontinuation as an additional argument; we transform the fun
tionso instead of returning a value it is passed to the 
ontinuation argument; and when a re
ursive
all is performed within the fun
tion we need to supply a fun
tion (the 
ontinuation) whi
h willbe invoked with the return value of the fun
tion. Again, for readability we have 
hosen to split upthe fun
tion in several parts. The fun
tion has the following signature.mat
hGroundPGPG : Pla
eGraph -> Pla
eGraph -> (Value -> Value) -> ValueListing 7: Case Controlfun mat
hGroundPGPGCPS agent redex 
 =
ase agent(∗ We the agent i s a 
on t r o l on top− l e v e l ∗)of Control ( 
 t l ag , pgag ) => (
ase redexof Control ( 
 t l r ed , pgred ) => (i f 
 t l a g = 
 t l r e d then ((∗ Fi r s t t r y to mat
h the redex f u r t h e r down , even i f ∗)(∗ t h i s 
 on t r o l mat
hes the top o f the redex ∗)mat
hGroundPGPGCPS pgag redex (fn v => 
ase v ofMat
h pgres => 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| Context pgres => 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| None => ((∗ Try to mat
h when t h i s 
 on t r o l in the agent ∗)(∗ shou ld mat
h t h i s 
 on t r o l in the redex ∗)mat
hGroundPGPGCPS pgag pgred (fn v2 => 
ase v2 ofMat
h _ => 
 (Mat
h ( S i t e 0 ) )(∗ This 
ase 
an not happend ∗)(∗ | Context _ => None ∗)| None => 
 (None )))))(∗ We have two 
on t r o l s but o f d i f f e r e n t k inds ∗)(∗ So we add the 
urren t 
 on t r o l as 
on tex t on the p o s s i b l e mat
h ∗)else (mat
hGroundPGPGCPS pgag redex (fn v => 
ase v ofMat
h pgres => 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| Context pgres => 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| None => 
 None)



3 THE ALGORITHM 9))(∗ The redex i s not a 
on t r o l on top−l e v e l , so we add ∗)(∗ t he agent 
 on t r o l as 
on tex t ∗)| _ => mat
hGroundPGPGCPS pgag redex (fn v => 
ase v ofMat
h pgres => 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| Context pgres => 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| None => 
 None)) Listing 8: Case Par(∗ In a p a r a l l e l 
omposi t ion in the redex we 
an mat
h ∗)(∗ t he redex in e i t h e r bran
h ∗)| Par ( pg1ag , pg2ag ) => ((∗ Mat
h e n t i r e redex in l e f t bran
h ∗)mat
hGroundPGPGCPS pg1ag redex (fn v1 => 
ase v1 ofMat
h pgres => 
 ( Context ( Par ( pgres , pg2ag ) ) )| Context pgres => 
 ( Context ( Par ( pgres , pg2ag ) ) )| None => ((∗ Mat
h e n t i r e redex in r i g h t bran
h ∗)mat
hGroundPGPGCPS pg2ag redex (fn v2 => 
ase v2 ofMat
h pgres => 
 ( Context (Par ( pg1ag , pgres ) ) )| Context pgres => 
 ( Context (Par ( pg1ag , pgres ) ) )| None => ((∗ Mat
h one par t o f t he redex in one bran
h ∗)(∗ and the o ther in the o ther bran
h ∗)
ase redex ofPar ( pg1re , pg2re ) => (mat
hGroundPGPGCPS pg1ag pg1re (fn v3 => 
ase v3 ofMat
h _ => (mat
hGroundPGPGCPS pg2ag pg2re (fn v4 => 
ase v4 ofMat
h _ => 
 (Mat
h ( S i t e 0 ) )| _ => 
 None))| _ => ((∗ Permute mat
hing in bran
hes ∗)mat
hGroundPGPGCPS pg1ag pg2re (fn v5 => 
ase v5 ofMat
h _ => (mat
hGroundPGPGCPS pg2ag pg1re (fn v6 => 
ase v6 ofMat
h _ => 
 (Mat
h ( S i t e 0 ) )| _ => 
 None))| _ => 
 None



3 THE ALGORITHM 10))))| _ => 
 None))))) Listing 9: Case Atomi
(∗ An atomi
 
on t r o l 
an only be mat
hed by another atomi
 ∗)(∗ 
on t r o l o f same kind ∗)| Atomi
 s t r a g => ( 
ase redexof Atomi
 s t r r e => (i f s t r a g = s t r r e then 
 (Mat
h ( S i t e 0 ) )else 
 None)| _ => 
 None ) Listing 10: Driver Methodfun main1 agent redex = mat
hGroundPGPGCPS agent redex ( fn v => v)Test Cases The test 
ases are as in Se
. 3.1 so we only display the results.Listing 11: Test Casesval t e s t 1 = main1 example redex = Context ( Control ( "v0" , Control ( "v1" , S i t e 0 ) ) ) ;val t e s t 2 a = main1 example2a redex2 = Mat
h ( S i t e 0 ) ;val t e s t2b = main1 example2b redex2 = Context ( Control ( "v0" , S i t e 0) ) ;val t e s t 3 = main1 example3 redex3 = Context ( Control ( "v2" , Control ( "v1" , S i t e 0 ) ) ) ;val t e s t 4 = main1 example4 redex4 = None ;GC #0 . 0 . 0 . 1 . 1 3 . 5 6 9 : (0 ms)
− val t e s t 1 = true : boo l
− val t e s t 2 a = true : boo l
− val t e s t2b = true : boo l
− val t e s t 3 = true : boo l
− val t e s t 4 = true : boo l3.3 Defun
tionalised VersionBasi
ally defun
tionalisation [3℄ is a program transformation whi
h turns higher-order programsinto �rst-order ones. For a given fun
tion spa
e (the 
ontinuation is this setting) we �nd all theinhabitants and enumerate those (in our proje
t we have just enumerated them as their appeartextually in the 
ode) and represent them as a sum type. We then represent every abstra
tion witha data 
onstru
tor that will take as arguments parts of the environment needed for evaluating thebody. Every appli
ation of the higher-order fun
tion is repla
ed with an apply fun
tion that willinterpret the data stru
ture.The defun
tionalised 
ontinuation (value -> value) is represented by the following sum type.



3 THE ALGORITHM 11Listing 12: Defun
tionalised Continuationdatatype Cont = C0| C1 of Cont ∗ s t r i n g ∗ Pla
eGraph ∗ Pla
eGraph| C2 of Cont| C3 of Cont ∗ s t r i n g| C4 of Cont ∗ s t r i n g| C5 of Cont ∗ Pla
eGraph ∗ Pla
eGraph ∗ Pla
eGraph| C6 of Cont ∗ Pla
eGraph ∗ Pla
eGraph ∗ Pla
eGraph| C7 of Cont ∗ Pla
eGraph ∗ Pla
eGraph ∗ Pla
eGraph ∗ Pla
eGraph| C8 of Cont| C9 of Cont ∗ Pla
eGraph ∗ Pla
eGraph| C10 of ContThe mat
hing algorithm (mat
h2 : Pla
eGraph -> Pla
eGraph -> Cont -> Value) is thentransformed into the following, where we have repla
e every de
laration (of the 
ontinuation)into a sum 
onstru
tion and every appli
ation into a 
all to the apply fun
tion (apply : Cont-> Value -> Value). Listing 13: The Mat
h Fun
tionfun mat
h2 agent redex 
 =
ase agent(∗ We the agent i s a 
on t r o l on top− l e v e l ∗)of Control ( 
 t l ag , pgag ) => (
ase redexof Control ( 
 t l r ed , pgred ) => (i f 
 t l a g = 
 t l r e d then(∗ Fi r s t t r y to mat
h the redex f u r t h e r down , even i f ∗)(∗ t h i s 
 on t r o l mat
hes the top o f the redex ∗)mat
h2 pgag redex (C1 ( 
 , 
 t l ag , pgag , pgred ) )(∗ We have two 
on t r o l s but o f d i f f e r e n t k inds ∗)(∗ So we add the 
urren t 
 on t r o l as 
on tex t on the p o s s i b l e mat
h ∗)else mat
h2 pgag redex (C3 ( 
 , 
 t l a g ) ))(∗ The redex i s not a 
on t r o l on top−l e v e l , so we add ∗)(∗ t he agent 
 on t r o l as 
on tex t ∗)| _ => mat
h2 pgag redex (C4 ( 
 , 
 t l a g ) ))(∗ New 
ase ∗)(∗ An atomi
 
on t r o l 
an only be mat
hed by another atomi
 ∗)(∗ 
on t r o l o f same kind ∗)| Atomi
 s t r a g => ( 
ase redexof Atomi
 s t r r e => (i f s t r a g = s t r r e then apply 
 (Mat
h ( S i t e 0 ) )else apply 
 None)| _ => apply 
 None )(∗ New 
ase ∗)(∗ In a p a r a l l e l 
omposi t ion in the redex we 
an mat
h ∗)(∗ t he redex in e i t h e r bran
h ∗)| Par ( pg1ag , pg2ag ) =>(∗ Mat
h e n t i r e redex in l e f t bran
h ∗)mat
h2 pg1ag redex (C5 ( 
 , pg1ag , pg2ag , redex ) )



3 THE ALGORITHM 12(∗ New 
ase ∗)(∗ Should not be rea
hed as we only mat
h ∗)(∗ on ground b i g raphs ∗)(∗ | S i t e n => apply 
 None ∗)The apply fun
tion (apply : Cont -> Value -> Value) is then responsible for representingthe bodies of the 
ontinuations. The apply fun
tion highlights a possible optimisation (whi
h wehave not performed) as the 
ases for C3 and C4 are equal, so we 
ould merge the two 
ases intoone. Listing 14: The Apply Fun
tionand apply (C0) v = v| apply (C1 ( 
 , 
 t l ag , pgag , pgred ) ) v =(
ase v ofMat
h pgres => apply 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| Context pgres => apply 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| None =>(∗ Try to mat
h when t h i s 
 on t r o l in the agent ∗)(∗ shou ld mat
h t h i s 
 on t r o l in the redex ∗)mat
h2 pgag pgred (C2 ( 
 ) ))| apply (C2 ( 
 ) ) v =( 
ase v ofMat
h _ => apply 
 (Mat
h ( S i t e 0 ) )(∗ This 
ase 
an not happend ∗)(∗ | Context _ => None ∗)| None => apply 
 (None ))| apply (C3 ( 
 , 
 t l a g ) ) v =( 
ase v ofMat
h pgres => apply 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| Context pgres => apply 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| None => apply 
 None)| apply (C4 ( 
 , 
 t l a g ) ) v =( 
ase v ofMat
h pgres => apply 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| Context pgres => apply 
 ( Context ( Control ( 
 t l ag , pgres ) ) )| None => apply 
 None)| apply (C5 ( 
 , pg1ag , pg2ag , redex ) ) v =( 
ase v ofMat
h pgres => apply 
 ( Context ( Par ( pgres , pg2ag ) ) )| Context pgres => apply 
 ( Context ( Par ( pgres , pg2ag ) ) )| None =>(∗ Mat
h e n t i r e redex in r i g h t bran
h ∗)mat
h2 pg2ag redex (C6 ( 
 , pg1ag , pg2ag , redex ) ))| apply (C6 ( 
 , pg1ag , pg2ag , redex ) ) v =
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ase v ofMat
h pgres => apply 
 ( Context ( Par ( pg1ag , pgres ) ) )| Context pgres => apply 
 ( Context ( Par ( pg1ag , pgres ) ) )| None => ((∗ Mat
h one par t o f t he redex in one bran
h ∗)(∗ and the o ther in the o ther bran
h ∗)
ase redex ofPar ( pg1re , pg2re ) =>mat
h2 pg1ag pg1re (C7 ( 
 , pg1ag , pg2ag , pg1re , pg2re ) )| _ => apply 
 None))| apply (C7 ( 
 , pg1ag , pg2ag , pg1re , pg2re ) ) v =( 
ase v ofMat
h _ => mat
h2 pg2ag pg2re (C8 ( 
 ) )| _ =>(∗ Permute mat
hing in bran
hes ∗)mat
h2 pg1ag pg2re (C9 ( 
 , pg2ag , pg1re ) ) )| apply (C8 ( 
 ) ) v =( 
ase v ofMat
h _ => apply 
 (Mat
h ( S i t e 0 ) )| _ => apply 
 None )| apply (C9 ( 
 , pg2ag , pg1re ) ) v =( 
ase v ofMat
h _ => mat
h2 pg2ag pg1re (C10 
 )| _ => apply 
 None )| apply (C10 ( 
 ) ) v =( 
ase v ofMat
h _ => apply 
 (Mat
h ( S i t e 0 ) )| _ => apply 
 None )The driver method is just 
hanged by repla
ing the 
ontinuation with the proper 
onstru
tor.Listing 15: Driver Methodfun main2 agent redex = mat
h2 agent redex C0Test Cases The test 
ases are as in Se
. 3.1 so again we only display the results.Listing 16: Test Casesval t e s t 1 = main2 example redex = Context ( Control ( "v0" , Control ( "v1" , S i t e 0 ) ) ) ;val t e s t 2 a = main2 example2a redex2 = Mat
h ( S i t e 0 ) ;val t e s t2b = main2 example2b redex2 = Context ( Control ( "v0" , S i t e 0) ) ;val t e s t 3 = main2 example3 redex3 = Context ( Control ( "v2" , Control ( "v1" , S i t e 0 ) ) ) ;val t e s t 4 = main2 example4 redex4 = None ;val t e s t 1 = true : boo l
− val t e s t 2 a = true : boo l
− GC #0 . 0 . 0 . 1 . 2 1 . 7 4 3 : (0 ms)val t e s t2b = true : boo l
− val t e s t 3 = true : boo l
− val t e s t 4 = true : boo l



3 THE ALGORITHM 143.4 As a Transition SystemIn order to transform the defun
tionalised version into a transition system, where the 
ombinationof the name of a fun
tion together with its augments represents a 
on�guration and ea
h fun
tion
lause represents a transition, we have pla
ed all the pattern mat
hing on top-level in both fun
tionsmat
h2 and apply instead of the nested 
ase-
onstru
ts used in the previous se
tions. We have alsolifted the 
he
ks for string equality on 
ontrols (in the 
ases for Control and Atomi
) to toplevel,even though this is not supported by SML. We will in the following se
tion for brevity abbreviateapply with app.Transitions from an app 
on�guration.
〈C0, v〉app ⇒ v

〈C1(c, ctlag, pgag, pgred), Match pgres〉app ⇒ 〈c, (Context(Control(ctlag, pgres)))〉app
〈C1(c, ctlag, pgag, pgred), Context pgres〉app ⇒ 〈c, (Context(Control(ctlag, pgres)))〉app

〈C1(c, ctlag, pgag, pgred), None〉app ⇒ 〈pgag, pgred, C2(c)〉match2
〈C2(c), Match _〉app ⇒ 〈c, Match(Site 0)〉app

〈C2(c), None〉app ⇒ 〈c, None〉app
〈C3(c, ctlag), Match pgres〉app ⇒ 〈c, (Context(Control(ctlag, pgres)))〉app

〈C3(c, ctlag), Context pgres〉app ⇒ 〈c, (Context(Control(ctlag, pgres)))〉app
〈C3(c, ctlag), None〉app ⇒ 〈c, None〉app

〈C4(c, ctlag), Match pgres〉app ⇒ 〈c, (Context(Control(ctlag, pgres)))〉app
〈C4(c, ctlag), Context pgres〉app ⇒ 〈c, (Context(Control(ctlag, pgres)))〉app

〈C4(c, ctlag), None〉app ⇒ 〈c, None〉app
〈C5(c, pg1ag, pg2ag, redex), Match pgreg〉app ⇒ 〈c, (Context(Par(pgres, pg2ag)))〉app

〈C5(c, pg1ag, pg2ag, redex), Context pgreg〉app ⇒ 〈c, (Context(Par(pgres, pg2ag)))〉app
〈C5(c, pg1ag, pg2ag, redex), None〉app ⇒ 〈pg2ag, redex, (C6(c, pg1ag, pg2ag, redex))〉match2

〈C6(c, pg1ag, pg2ag, redex), Match pgreg〉app ⇒ 〈c, (Context(Par(pg1ag, pgres)))〉app
〈C6(c, pg1ag, pg2ag, redex), Context pgreg〉app ⇒ 〈c, (Context(Par(pg1ag, pgres)))〉app

〈C6(c, pg1ag, pg2ag, Par(pg1re, pg2re)), None〉app ⇒ 〈pg1ag, pg1re, (C7(c, pg1ag, pg2ag, pg1re, pg2re))〉match2
〈C6(c, pg1ag, pg2ag,_), None〉app ⇒ 〈c, None〉app

〈C7(c, pg1ag, pg2ag, pg1re, pg2re), Match _〉app ⇒ 〈pg2ag, pg2re, (C8(c))〉match2
〈C7(c, pg1ag, pg2ag, pg1re, pg2re),_〉app ⇒ 〈pg1ag, pg2re, (C9(c, pg2ag, pg1re))〉match2

〈C8(c), Match _〉app ⇒ 〈c, (Match(Site 0))〉app
〈C8(c),_〉app ⇒ 〈c, None〉app

〈C9(c, pg2ag, pg1re), Match _〉app ⇒ 〈pg2ag, pg1re, (C10c)〉match2
〈C9(c, pg2ag, pg1re),_〉app ⇒ 〈c, None〉app

〈C10(c), Match _〉app ⇒ 〈c, (Match(Site 0))〉app
〈C10(c),_〉app ⇒ 〈c, None〉appTransitions from a mat
h2 
on�guration

〈(Control(ctlag, pgag)), (Control(ctlag, pgred)), c〉match2 ⇒ 〈pgag, redex, (C1(c, ctlag, pgag, pgred))〉match2
〈(Control(ctlag, pgag)), (Control(ctlred, pgred)), c〉match2 ⇒ 〈pgag, redex, (C3(c, ctlag))〉match2

〈(Control(ctlag, pgag)),_, c〉match2 ⇒ 〈pgag, redex, (C4(c, ctlag))〉match2
〈(Atomic(strag)), (Atomic(strag)), c〉match2 ⇒ 〈c, (Match(Site 0))〉app
〈(Atomic(strag)), (Atomic(strre)), c〉match2 ⇒ 〈c, None〉app

〈(Atomic(strag)),_, c〉match2 ⇒ 〈c, None〉app
〈(Par(pg1ag, pg2ag)), redex, c〉match2 ⇒ 〈pg1ag, redex, (C5(c, pg1ag, pg2ag, redex))〉match2
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