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Public server running web app with MP editor, trace generator, and trace 
graph visualization is available at http://firebird.nps.edu/	  	   
 
Material	  contained	  herein	  is	  made	  available	  for	  the	  purpose	  of	  peer	  review	  and	  discussion	  and	  does	  
not	  necessarily	  reflect	  the	  views	  of	  the	  Department	  of	  the	  Navy	  or	  the	  Department	  of	  Defense. 

 
The following is a draft document for MP2 beta-testers.  

MP2 is still a work in progress. 
 

Not yet implemented MP2 constructs are highlighted in red. 
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1. INTRODUCTION 
 
Monterey Phoenix (MP) is an approach to formal software system architecture and business process 
(workflow) specification based on behavior models. Architecture modeling focuses not only on the 
activities and interactions within the system, but also on the interactions between the system and its 
environment, providing an abstraction for interaction specification. The behavior of the system is 
defined as a set of events (event trace) with two basic relations: precedence and inclusion. The 
structure of possible event traces is specified using event grammars and other constraints organized 
into schemas. The separation of the interaction description from the components behavior is an 
essential MP feature. The schema framework is amenable to stepwise architecture refinement, reuse, 
composition, visualization, and multiple view extraction. The approach yields a basis for executable 
architecture specification supporting early testing and verification, systematic use case generation, 
and performance estimates with automated tools.  
 
The latest available MP reading material is: 
  
Mikhail Auguston, Behavior models for software architecture, NPS Technical Report NPS-CS-14-
003, November 2014:  http://calhoun.nps.edu/handle/10945/43851 

2. NOTES ON SEMANTICS 
 
The event trace derivation determines the MP semantics. Leftmost trace derivation for schemas, roots, 
and composite events is performed top-down and from left to right using the event grammar rules. 
Composition operations act like “crisscrossing” derivation rules that may add new events and basic 
relations to the trace under derivation. 
 
The event trace is the set of events and binary relations between them emerging as a result of 
derivation process. It is produced by grammar rules and composition operations. 
 
For the schema  
SCHEMA S 
ROOT R1: …; 
ROOT R2: …; 
… 
ROOT Rn: …; 
 
event trace derivation starts with an implicit grammar rule 

S: { R1, R2, … , Rn }; 
and encompasses the composition operations interlacing the root rules and defined in the BUILD 
blocks attached to the schema and to other event grammar rules. 
 
Any root definition (event grammar rule) should appear in the MP source code before the root name 
is used in composition operation, so that the trace derivation from the grammar rules could be 
accomplished before application of composition operations on those traces.  
 
The MP2 Firebird event trace generator implements the following order of derivation steps for the 
given scope N. 
 
1. First, all valid event traces (segments) for the scope N for each composite event defined in the 
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schema are derived and stored. The order of composite event derivation is determined by the 
dependencies between them, so that if composite event A is used in the right-hand part of 
composite event B, derivation for A will be accomplished before B. Composition operations 
included in the BUILD blocks attached to the composite event rules are performed at this phase, 
potentially reducing the number of derived event traces. No recursion (direct or indirect) in 
composite event grammar rules is allowed. 

2. Next, traces for the scope N for each root event are derived and stored in the order of root event 
appearance in the schema.  Composition operations included in the BUILD blocks attached to the 
root event rules are performed at this phase, potentially reducing the number of derived event 
traces. 

3. The event traces for the schema are assembled from the root event traces in order of root event 
appearances in the schema. Composition operations interleaving root events in the MP code are 
also performed in the order of their appearance. If a composition operation (SHARE ALL, 
COORDINATE, or ENSURE) involves a root event, that root event should appear in the schema 
before the operation. Composition operations in the BUILD block attached to the schema are 
performed at the end of schema’s trace assembly. The Console window in Firebird provides 
statistics about the intermediate and final trace assembly. 

4. Composition operation may impose constraints on the derived traces, like the equal numbers for 
coordinated events, or ENSURE constraints. Use of a composition operation as early as possible 
may speed up trace generation by pruning the search for valid traces.  

5. Traces for roots and composite events are generated independently before the whole schema’s 
trace is assembled. Hence, the FROM clauses in the BUILD blocks for composite and root events 
are limited to THIS and variables containing inner events only.  

Some suggestions to keep in mind as you progress in modeling effort. 

• Proceed with the MP model building incrementally. Start with a very simple (bare bones) model 
of the main actors/behaviors. Add actors (root events) and coordination for them one at a time. 
Introduce composite events to encapsulate the logically complete actions.  

• Don’t forget an introductory comment with the name of author, date, and short description of the 
purpose of this MP model.  Save/backup your MP file frequently. 

• Make sure that event names are readable and informative.  

• Use indentation to emphasize the order of events and main control structures (alternatives and 
iterations). Try to have one event name per line of MP code.  

• After each update run and test the MP model to detect/fix coding errors and omissions in the MP 
code, and to decide about the appropriate scope size, which is an essential aspect for non-trivial 
MP models. This may include adding specific iteration scope descriptions for selected iterators, 
like (*<1..4> A *) to steer the number of iterations. This way you can get around the 1-5 scope 
limits imposed by Firebird, if needed.  

• Validation begins when MP model starts to run smoothly. Now it is time to select the graph 
visualization mode (Sequence, Swim Lane, etc.) and to browse carefully and study generated 
scenarios/use cases with respect to how well it captures your intent.  

• After the initial draft of the model is stabilized, add incrementally more actors/behaviors, 
repeating the test/debugging activities after each increment. Insert comments in your MP code 
explaining your major design decisions and rationale for MP constructs used in the code. The best 
comments answer the question “Why?”, i.e. why this alternative or iteration has been placed in 
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this particular position in the model, or why this coordination construct is here. 

• Models are built by humans and usually need testing and debugging. For this purpose MP has 
CHECK construct for assertion checking (or for counterexample rendering) and SAY clause for 
annotating generated traces with messages. It is similar to the print statements used for debugging 
source code in traditional programming languages. After all, MP is executable modeling 
language. SAY clauses may provide information about number of events of interest already 
assembled into the trace segment, or indicate reaching certain point in the derivation process. This 
can be done both in BUILD blocks for composites/roots and in the schema’s code. The MARK 
construct makes it possible to render even incomplete or otherwise invalid traces for 
testing/debugging purposes.  

The philosophy for verifying executable MP architecture and process models is summarized by the 
following. 

o Small Scope Hypothesis I. Most flaws in models could be demonstrated on small 
counterexamples. MP tool can generate exhaustive sets of all possible behaviors within a 
given small scope, and assertion checking with CHECK can produce all counterexamples 
of traces violating behavior’s property within the scope. 

o Small Scope Hypothesis II. Most flaws in models could be demonstrated on small and not 
necessarily complete counterexamples. Since MP model is well structured, assertions may 
be checked both for the whole schema and for stand alone root or composite event rules 
(CHECK clause in corresponding BUILD blocks). In the latter case a counterexample of 
assertion violation may be just a trace segment for a particular root or composite event.  In 
a similar fashion, if the CHECK appears in the schema’s body early and the segment of 
event trace derived up to that place violates the assertion, it can be rendered without the 
rest of the trace (using MARK), and may be sufficient to demonstrate the flaw. 

3. SOME OPTIMIZATION HEURISTICS 
 
The time of trace generation may be one of the main concerns when using MP. With scope increase it 
may grow exponentially. Generation time depends on several factors. 

• The number (and complexity) of composite and root events. 
• The number and size of traces generated for each root/composite event (this information is 

available in Firebird’s Console window). 
• The number of composition operations and their place within MP code. 
• The structure of composition operations (in particular, the nesting within COORDINATE). 
• The ordering of root events in the schema’s code. 

 
The derivation process is based on the search tree (selection of trace segments for assembly top-down 
and left-to-right), and pruning the search tree as early as possible is the main tool for speed-up. Here 
are some heuristics that may help to reduce significantly the generation time. 

3.1 Use scope with caution 
The number of traces (and trace generation time) may increase dramatically with the scope. Start MP 
model’s testing/debugging with scope 1, and proceed to the higher scopes with caution. In most cases 
small scope is sufficient to detect/fix initial bugs and to verify the model for potential behavior 
violations with CHECK (Small Scope Hypothesis). 
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3.2 Use composition operations as early as possible 
COORDINATE and SHARE ALL require coordinated threads of events to have the same size. If this 
condition does not hold, the derivation process backtracks one step back and picks up another 
root/composite event segment. When performed early in the derivation, it can prune a significant part 
of the search tree. Composition operation works as a powerful search tree’s pruning tool. ENSURE 
also acts as a filter rejecting assembled trace segment, when it violates context condition (assertion). 
 
Root event segments are selected in the order of root event grammar rule appearance in the schema. 
Place a composition operation in the MP schema code immediately after all participating root event 
grammar rules. 

3.3 Reorder root events 
It is recommended to order root event rules in decreasing order of trace numbers generated for each 
root. The information is available in Console window, and these numbers don’t depend on the root 
position in the schema’s code. After the first run of MP trace generator take a look at the statistics and 
rearrange roots accordingly. Combined with the proper placement of composition operations (see 
above), it may yield a good speed-up. Although the combined effect of root and composition 
operation reordering may not be obvious (sometimes composition operation may reduce the number 
of valid segment selection more significantly than just root rearrangement), you may need to perform 
experiments with re-arrangements of roots/composition operations to find the optimum. 

3.4 Use BUILD blocks 
Root and composite event segments are derived before the schema’s trace assembly begins. 
Composition operations placed within BUILD blocks may reduce the number of segments derived for 
composite/root event, and as a result reduce the total search. This is yet another application of the 
general principle: “prune the search as early as possible”. 

3.5 Optimization of COORDINATE operations 
Event thread selection for coordination in COORDINATE or SHARE ALL is time-consuming. If the 
same event thread participates in several coordination operations, it makes sense to merge them.  
 
For example:  
 
COORDINATE $x: a FROM A,   
  $y: b FROM B 
  DO ADD $x PRECEDES $y; OD; 
 
COORDINATE $x: a FROM A,   
  $z: c FROM C 
  DO ADD $x PRECEDES $z; OD; 
 
These can be merged as: 
 
COORDINATE $x: a FROM A,   
  $y: b FROM B,  
  $z: b FROM C 
  DO  ADD  $x PRECEDES $y,  
    $x PRECEDES $z; OD; 
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This saves the repeated processing of the coordination thread for A. Notice that ADD may process 
several relations. 

3.6 Event sets 
Use MP sets only when it is necessary for capturing the requirements. Concurrent event threads may 
cause dramatic increase in the number of generated traces (and the generation time), since MP will 
generate all possible interlaces for them. 

4. LEXICS 
	  
‘ttt’  - terminal string 
 
Id     - identifier, sequence of letters, digits, and underscore, 
     starting with a letter 
 
Spaces, eol, and tabs are not syntactically significant 
 
comments /* … */ and // … eol  
Note. // … eol comments are not yet available 

5. SYNTAX RULES 
	  
Extended	  BNF	  notation	  
	  
(* P *) – P repeated zero or more times 
(+ P +) – P repeated one or more times 
(* P * E) – P repeated zero or more times, separated by E 
(+ P + E) – P repeated one or more times, separated by E 
(A | B | C)  - alternative 
[A]  - optional A 
 
(1) schema:   
   'SCHEMA' schema_name(2)   
   (* (  rule(3)          |  
     composition_operation(19) )  
      ‘;’  
   *)  
   [ Build_block(34)]  
; 
Derivation of the schema’s trace proceeds top-down and from the left to right. Composition 
operations outside the BUILD block are performed following the order of derivation, immediately 
after the root derivation and composition operations appearing in the schema before them were 
performed, and hence may speed up the trace derivation by rejecting the previously derived root 
traces before proceeding with the next roots. Operations within the BUILD block are performed 
after all the derivations in schema’s body have been completed. Schema’s BUILD block may also 
define attributes for the whole schema. 

 
(2) schema_name: Id  -- schema’s name is an identifier 
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; 
 
(3) rule:  
  ( 'ROOT' root_name(4)| event_name(7) ) ':'   
  pattern_list(5)   
  [ Build_block(34)]   
; 
Absence of the ROOT keyword yields a composite event declaration. 
Build blocks defined for roots and composites are performed each time when the trace derivation for 
that root or composite is accomplished. These are local “crisscrossing” derivation rules, which can 
add more events and relations within the root or composite trace. 
 
(4) root_name: Id  -- root name is an identifier 
; 

5.1 Event patterns 
(5) pattern_list: 	    
  (* pattern_unit(6) *) 
; 
 
(6) pattern_unit: 
  ( event_name(7)     | 
     alternative(8)     |  
     iterator(10)      |  
     iterator_plus(12)     | 
     set(13)       | 
     set_iterator(14)     |  
     set_iterator_plus(15)    | 
     optional(16)      | 
 ‘<|’ pattern_list(5) when_clause(17) ‘|>’  
          ) 
; 
No recursion (direct or indirect) in composite event grammar rules is allowed. 

<|  … |> provides scope for the when_clause, see(17)  for details 
 
(7) event_name:   Id   
; 
Event name is an identifier, atomic or composite event name 
  
(8) alternative: 
   '(' (+ [ probability(9)] pattern_list(5) +'|') ')'    
; 
The ‘probability’ option is the probability to select the alternative in the random trace generation 
mode, each selection is independent from the previous history. 
Empty option is needed to balance probabilities assignment, e.g. in (A|B|  ) empty alternative has 
probability 0.33333, but in [(A|B)] it will have probability 0.5 
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(9) probability:  
  '<<' float_number(40)  '>>' 
; 
Probabilities are used only in the random trace generation mode; 
float_number should be in the range 0.0 – 1.0; 
sum of probabilities within the alternative pattern unit should be 1.0; 
probabilities not provided explicitly, are assigned evenly to supplement the total sum to 1.0; 
 
(10) iterator: 
 '(*' [ iteration_scope(11)] pattern_list(4)'*)'  
; 
 
(11) iteration_scope:  
 '<' [ integer_number(39) '..' ]  integer_number(39) '>' 
; 
Integer numbers should be non-negative. Iteration range < min .. max > is covered during trace 
generation; the default for (* … *) iteration is  < 0 .. scope >; 
< n > is the same as <n .. n>; 
 
(12) iterator_plus:   
   '(+' [ iteration_scope(11)] pattern_list(5)'+)'  
; 
The default for iteration scope is < 1 .. scope >, the lower limit can not be less than 1; 
	   	  
(13) set:   
  '{' (*  pattern_list(5) * ',') '}' 
; 
set requires only IN relation between the set and its elements; 
 
(14) set_iterator:  
   '{*' [ iteration_scope(11)] pattern_list(5) '*}'   
; 
The default for iteration scope is < 0 .. scope >; 
 < n > is the same as <n .. n> 
 
(15) set_iterator_plus:  
   '{+' [ iteration_scope(11)] pattern_list(5) '+}'   
; 
The default for iteration scope is < 1 .. scope >, the lower limit can not be less than 1 
 
(16) optional:  
  '[' [ probability(9)] pattern_list(5)']' 
; 
The default probability is 0.5 
 
(17) when_clause:   
  'WHEN' (+ when_unit(18) + ',')  
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; 
The scope of WHEN clause determines the events which could be interrupted, see (6). 
 
(18) when_unit:  
  [probability(9)] event_name(7) '==>' pattern_list(5) 
 -- event_name is a non-root event 
; 
WHEN unit can be interrupted by another triggering event. WHEN unit will be included as 
alternative for each event (atomic, composed, or container) in the WHEN scope (with probability, if 
defined, probabilities are prorated if needed). Triggering event should not appear within pattern list 
preceding WHEN unit in the WHEN block; 
 
WHEN event triggers interruption of the trace generation within its scope, and continuation with the 
WHEN event and its associated pattern list. This option may be computationally expensive and 
should be used with care, to specify, for instance, an event that may occur in the environment at any 
unpredictable moment in time. 
 
We need the concept of CUT(E) as a pattern specifying possible initial segments of event trace for 
the event pattern E, when E has been interrupted while deriving its event trace. 
 

1) CUT(A) =  [ A ] if  A is atomic event pattern 
2) CUT(A) =  [ A: CUT( Body) ] if A is a composite event A: Body 
3) CUT(A B) = (CUT(A) |  A    CUT(B) ) 
4) CUT( (A | B) ) = (CUT(A) | CUT(B) ) 
5) CUT( (* <n..m> E *) ) =   (* <0..m-1> E *) CUT(E) 
6) CUT( {A, B}) = { CUT(A), CUT(B) } 
7) CUT( {* <n..m>  E *}) =  {* <0..m>   CUT(E) *} 
8) CUT( (+ E +) ) =   (* E *) CUT(E) 
9) CUT( {+  E +} ) =  {* CUT(E) *} 
 
The meaning of when-clause pattern can be defined as: 

 
<| P WHEN <p1> A1 ==> A2,  <p2> B1 ==> B2, … |>  = 
 ( P         |  
  CUT(P)  
 (* ( <p1> A1 CUT(A2) | <p2> B1 CUT(B2) | … ) *)  
 (<p1>  A1 A2 | <p2> B1 B2 | … )     ) 
MP trace scope limit is applied to the induced iteration in WHEN definition as well. 

5.2 Composition operations  
(19) composition_operation:  
    (  shared_composition(20)  | 
   coordinate_composition(21)  |  
  add_relation(24)    | 
  MAP_composition(26)   | 
   conditional_composition(28)  | 
   simple_action(29)   )  
; 
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If NEW event instances are created, IN or PRECEDES relations should be added explicitly using 
add_relation(24), if needed. 
  
(20) shared_composition: 
     (+  
    (+ (root_name(4)| variable(23) ) + '|+|') 
      + ',') 
      'SHARE' 'ALL'  
      (+  event_name(7) + ',')  
; 
A |+| B means exclusive union (partition), i.e. if A |+| B, C SHARE ALL D then each event D in C 
should be also either in A or in B, but not in both. This construct may be used to model sharing of 
critical resources. Usually architecture models don’t address resource contention implementation 
problems, assuming that the resolution is provided by lower level design. 
 
If a composition operation appears in the BUILD block of a root or composite event, clause 
root_name is not allowed, it may be used in the schema’s body or BUILD block only. 
 
(21) coordinate_composition:  
  ‘COORDINATE’  
  (+ coordination_source(22) + ‘,’) 
  ‘DO’ 
  (+  composition_operation(19) ‘;’ +) 
  ‘OD’ 
; 
COORDINATE is essentially a loop, synchronous or asynchronous, over one or more event sets of 
equal size (coordination sources). For each tuple of event sets selected from the coordination 
sources the composition operations within DO … OD are performed. The COORDINATE 
composition uses event selection patterns to specify event sets that should be coordinated.  
 
Note. If all coordination sources are empty, no operations in the body will be performed and the 
coordination operation will succeed.  
 
(22) coordination_source:   
  [( ‘!>>’ | ‘<!>’ )]  
  variable(23) ‘:’ selection_pattern(25)  
  [ ‘FROM’ (root_name(4) | variable(23) | ‘THIS’) ]  
; 
Direct synchronous coordination ‘!>>’ requires that events selected in the coordinated trace are 
totally ordered (with respect to the transitive closure of PRECEDES), and the coordination follows 
this ordering. If selected event set is not totally ordered, the synchronous coordination operation 
fails to produce a resulting trace. Direct synchronous coordination ‘!>>’ is applied by default. 
 
 <!> means asynchronous coordination. Selected set may be totally ordered or not, but selected 
event sets should have the same number of elements. The resulting merged traces will include all 
permutations of events from the coordination sources. This assumes that other constraints, like the 
partial ordering axioms are satisfied. Each permutation yields one potential instance of a resulting 
trace for the schema deploying this composition. Asynchronous coordination may significantly 
increase the number of composed traces. 
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NOTE. More synchronization types may be added in next MP versions. 
 
THIS refers to the schema, root or composite event in the BUILD block of which it appears.  
Absence of FROM clause is equivalent to FROM THIS. If a composition operation appears in the 
BUILD block of root or composite event, clause FROM root_name is not allowed, it may be used in 
the schema’s body or BUILD block only. 
 
(23) variable: $Id   
; 
MP variable is an identifier preceded by ‘$’, for example, $a; 
 
(24) add_relation: ‘ADD’   
    (+ (root_name(4) | variable(23)  | ‘THIS’ )  
   (‘IN’ | ‘PRECEDES’ )  
    (root_name(4) | variable(23)  | ‘THIS’  )  
 + ‘,’) 
; 
If a composition operation appears in the BUILD block of a root or composite event, clause FROM 
root_name is not allowed, it may be used in the schema’s body or BUILD block only. 
 
(25) selection_pattern:  
  ( event_name(7)     |  
    ‘(‘ (+ event_name(7) + ‘|’) ‘)’  ) 
; 
 
(26) map_composition:  
   (+ ‘MAP’ map_unit(27) ‘AS’ map_unit(27) +‘,’) 
; 
The purpose of map construct is to implement event aliasing; this can be considered as a 
generalization of SHARE ALL(20) composition; 
 
(27) map_unit:  
   ( root_name(4) | variable(23) | ‘THIS’ ) 
; 
If a composition operation appears in the BUILD block of a root or composite event, clause FROM 
root_name is not allowed, it may be used in the schema’s body or BUILD block only. 
 
(28) conditional_composition: 
   ‘IF’ bool_expr(42) ‘THEN’  
    (* composition_operation(19) ‘;’ *) 
   [‘ELSE’ (* composition_operation(19) ‘;’ *)] 
   ‘FI’ 
; 
This derivation control structure provides for additional conveniences for trace generation, 
including context condition check for filtering traces, trace annotation with messages, assertion 
checking (counterexample search), and rendering the results of queries. See examples 
ensure_request(31) and assertion_check(32), which are abbreviations based on the use of 
conditional_composition(28).  
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(29) simple_action:  
   (  ‘REJECT’    |  
    ‘MARK’    | 
    new_instance(30) |  
      ensure_request(31)  |  
    assertion_check(32) |  
    SAY_clause(33)  ) 
; 
 
REJECT terminates the derivation for the current event trace instance, and the trace generator 
proceeds to the next instance. This action may be useful for early pruning in the derivation process. 
Typical use is captured by the ensure_request(31). 
 
MARK will ensure that the trace under derivation will be brought into the graph window and 
highlighted to make it distinct. It may be incomplete if REJECT action was performed in the middle 
of the schema derivation or inside root or composite event’s BUILD block. This is useful in the 
process of model testing/debugging to show counter-examples for assertion checking, see 
assertion_check(32) as an example. 
 
The Firebird’s main graph window contains all un-REJECTed and schema’s traces for which the 
derivation within the scope has been completed (both MARKed and un-MARKed). To MARK a 
regular trace may be useful in order to highlight that it satisfies some property of interest.  
 
The MARKED graph window contains all MARKed and REJECTed traces, which may be incomplete 
if REJECT has been performed early in the derivation process. Usually these are counter-examples 
of traces violating assertions, see assertion_check(32) as an example.   
 
SAY_clause(33) generates messages that will be added to the event trace graph, in particular, it 
implements output for queries evaluated on event trace instances. SAY clauses may be used to 
annotate MARKed traces with more detailed comments.  

 
(30) new_instance:  
  variable(23) ‘:’ ‘NEW’ event_name(7)  
; 
NEW brings to the trace space a new instance of event. No duplication of schema’s root events is 
allowed.  
 
The variable scope is limited by the enclosing BLOCK(34), DO … OD(21), IF … FI(28) branch, or 
by the schema, if NEW appears as a composition operation in the schema’s body(1). IN or 
PRECEDES relations should be added explicitly using add_relation(24), if needed. 
 
(31) ensure_request:   
    ‘ENSURE’ bool_expr(42) 
; 
   ENSURE A 
 is an abbreviation for  
   IF NOT A THEN REJECT; FI 
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When used in the Build_block(34) or in the schema’s body(1) this action filters the trace derivation 
by applying context conditions to the already derived segment of the event trace. 
 
(32) assertion_check: 
   ‘CHECK’ bool_expr(42) ‘ONFAIL’ SAY_clause(33) 
; 
   CHECK A ONFAIL SAY(Message) 
is an abbreviation for  
   IF NOT A THEN SAY(Message); MARK; REJECT; FI 
 
Assertion checking may be performed in the Build_block(34) or in the schema’s body(1), usually for 
model’s testing/debugging. The first assertion violation terminates the trace instance’s derivation. If 
the trace segment under derivation violates the assertion, an instance of this trace will be marked 
(highlighted) and made available for browsing with a message added to it.  

 
(33) SAY_clause:   
  ‘SAY’ ‘(‘  
  (+ ( expression(49) | string_constant(41) ) +)  
  ‘)’ 
; 
Say clauses are used for annotating event traces (both MARKed and un-MARKed) with comments, 
enclosed in well visible boxes within the event graph. The comments may be explanations of 
assertions (the ONFAIL part of the CHECK), just notes emphasizing a property of the event trace 
instance, or may contain the result of a query calculated for this trace instance. 
  
Examples of queries/comments 
1)	  	   SAY	  	  (	  “Total	  number	  of	  send/receive	  within	  Task_A	  is	  ”	  	  #	  (send	  |	  receive)	  FROM	  Task_A	  )	  
2)	  	   CHECK	  	  	   AVG/{	  	  $y:	  send	  FROM	  Task_A	  APPLY	  $y.duration	  }	  	  <=	  100	  	  
	   	   	   	   ONFAIL	  SAY	  (“	  average	  duration	  of	  send	  event	  exceeds	  100”)	  

5.3 Build blocks and event attributes 
Build blocks describe event trace derivation activities performed when an instance of schema, root 
or composite event trace is derived (analog to the constructor methods in OO programming 
languages). 
 
(34) Build_block:  
   ‘BUILD’ ‘{‘  
   (* ( plain_attribute_declaration(36)  | 
 
        [‘DISJ’] relation_name(35) ‘:‘ 
      (+ ( event_name(7)   |  
       new_instance(30) ) 
       +‘,‘)     | 
 
    composition_operation(19)   ) 
 
    ‘;‘ *) 
      ‘}‘ 
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; 
Event attribute is a binary relation added between the event associated with Build_block and other 
event or object  (number, string, Boolean value).  
 
Event name appearing as an attribute without NEW refers to an event instance already present in 
the derivation. DISJ ensures that event instances brought from the already accomplished derivation 
are distinct from each other. NEW event instances are disjoint by definition. 
 
NEW in the composition operation or in the attribute declaration creates a new instance of event for 
use in the following composition operations. IN or PRECEDES relations with THIS event should be 
added explicitly in the following ADD operations, as needed. 
 
(35) relation_name: Id 
; 
Relation names IN and PRECEDES are predefined and require that the object bound by this relation 
is an event. 
 
(36) plain_attribute_declaration:   
   (+ relation_name(35) + ‘,’)  
   ‘:’ type(37)  
   ‘=’ initial_value(38)   
; 
Immutable attributes only in this version, i.e. for each event instance the value of event attribute is 
assigned only once. No functional dependencies between attributes (like synthesized or inherited 
attributes in traditional attribute grammar) allowed in this version as well, although bool_expr(46) 
in conditional_composition(28) may specify mutual constraints on event attributes.  
 
(37) type:   
   ( ‘int’ | ‘float’ | ‘string’ | ‘bool’) 
; 
 
(38) initial_value:  
    ( integer_number(39)  |  
      float_number(40)   |  
       string_constant(41)  |  
       ‘true’     |  
      ‘false’    ) 
; 
 
(39) integer_number:  integer_constant 
; 
integer_constant should be non-negative decimal integer, like 25, or may have unary minus 
preceding it, like -25 
 
(40) float_number:   float_constant 
; 
float_constant has decimal point, like 24.5. It may have unary minus preceding it, like -24.5. Use of 
exponent also allowed, like 24E2 or 24.5E-2   
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(41) string_constant:  “characters” 
; 
Zero or more characters may be any printable ASCII characters, but escaped characters (like \n). 
 

Predefined timing attributes 
float clock_begin 
float clock_end 
float duration 
 
The predefined timing attributes are handled by the MP trace generator and don’t need to be 
declared. 

5.4 Boolean expressions 
(42) bool_expr:   
   bool_expr1(43) (* ('->' | ‘<->’) bool_expr1(43) *) 
; 
‘->’ stands for the implication operator, and ‘<->’ for the iff operator (‘if and only if’). These are left 
associative operations: A -> B -> is equivalent to (A -> B) -> C. 
 
(43) bool_expr1:  bool_expr2(44) (* 'OR' bool_expr2(44) *) 
; 
 
(44) bool_expr2: bool_expr3(45) (* 'AND' bool_expr3(45) *) 
; 
 
(45) bool_expr3:   
   (  '(' bool_expr(42) ')'      | 
  
   'NOT' bool_expr3(45)      | 
       
   ‘true’         | 
 
   ‘false’          | 
 
   ( event_instance(52) ‘.’ relation_name(35) )  | 
 
  ( variable(23) ('PRECEDES'|'IN')[‘*’] variable(23) ) | 

 
(expression(49) comparison_operation(48) expression(49)) | 
 
  Quantified_bool_expr(46)      | 
 
  Boolean_aggregate_operation(55) 

              ) 
; 
IN stands for the direct relation, and IN* for the transitive closure, similarly PRECEDES and 
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PRECEDES*. 
 
Event attributes used as bool_expr3 (event_instance.relation_name) should be of bool type.  
 
(46) Quantified_bool_expr:  
   quantifier(47)  
   (+ variable(23) ‘:’  selection_pattern(25)  
    [ navigation_direction(54)  
     (root_name(4) | variable(23) | ‘THIS’)] 
   + ‘,’)  
   ‘|’  bool_expr(42)        
; 
THIS refers to the schema, root or composite event in the BUILD block of which bool_expr appears.  
Absence of the FROM clause is equivalent to FROM THIS.  
 

.Root name for navigation direction cannot be used inside the root or composite event BUILD blocks, 
since root segments may not yet be available when composite segments for this event are derived. 
Absence of the navigation_direction clause is equivalent to FROM THIS. 
 
(47) quantifier:  
   (‘FOREACH’ | ‘EXISTS’) [ ‘DISJ’ ] 
; 
‘DISJ’ may be used when there are several variables under the same quantifier. It means that the 
Boolean expression bound by the quantifier is true only for a combination of distinct events bound 
by the variables. For example, 
 
FOREACH DISJ a: A, b: B, c: C  F  
 is equivalent to  
FOREACH a: A, b: B, c: C ((a, b, c are disjoint events) ->  F ) 
 (‘->’ stands for the implication operator), 
and  
 
EXISTS DISJ a: A, b: B, c: C  F  is equivalent to  
EXISTS a: A, b: B, c: C ((a, b, c are disjoint events) AND F ) 
 
Checking an assertion with a universal quantifier (FOREACH) may be simulated by COORDINATE, 
like the following. 
 
CHECK( FOREACH $x: a FROM A | F ) ONFAIL SAY(“gotcha!”); 
 
This is equivalent to 
 
COORDINATE $x: a FROM A 
 DO IF NOT F  THEN  SAY(“gotcha!”); MARK; REJECT; FI;  OD; 

 
(48) comparison_operation:  
  ( ‘<’ | ‘<=’ | ‘==’ | ‘!=’ | ‘>=’ | ‘>’ ) 
; 
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‘string’ and ‘bool’ values can be compared by ‘==’ and ‘!=’ comparison operations only. 

5.5 Numerical expressions 
(49) expression:  
   additive_element (50) 
   (* ( ‘+‘ | ‘-‘) additive_element(50) *) 
; 
 
(50) additive_element: 
   term(51) (* ( ‘*‘ | ‘/‘) term(51) *) 
; 
(51) term:  
  ( ( event_instance(52) ‘.‘ relation_name(35) ) | 
   
   integer_number(39)       | 
  
   float_number(40)       | 
 
   ‘(‘ expression(49) ‘)‘      | 
 
   ‘-‘ term(51)        | 
 
   special_function(53)     | 
 
   numerical_aggregate_operation(56)   
             ) 
; 
Event attributes used as a term (event_instance.relation_name) should be of numerical type (int or 
float). 
 
(52) event_instance:  
  ( variable(23) | root_name(4) | schema_name(2) ) 
; 
This construct is used to refer to the event attributes 
 
(53) special_function:  
 ‘#’ selection_pattern(25)  
  [ navigation_direction(54)  
   ( variable(23)|  root_name(4)| ‘THIS’) ] 
; 
THIS refers to the schema, root or composite event in the BUILD block of which the expression 
appears.  Root name for navigation direction cannot be used inside the root or composite event 
BUILD blocks, since root segments may not yet be available when composite segments for this event 
are derived. Absence of the navigation_direction clause is equivalent to FROM THIS. 
 
The range for special function appearing in a BUILD block is limited by that composite or root event 
trace, since it will be calculated at the time when the composite or root event trace segment is 
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derived, and the rest of trace is not yet available. The same consideration holds when the special 
function appears in the schema’s context – its range is constrained by the progress of derivation 
accomplished so far. If later composition operations add some events and relations to the trace under 
derivation, these are not yet available when this particular special operation is performed. 
 
The number of events counted by the special function does include only one instance of a shared event 
at this point in derivation process. 
 
In a simple case of existential quantifier, when only the fact of event’s presence should be 
established, it is recommended to use  special function, like ( #A FROM $x > 0), which is equivalent 
to the assertion “there exists an event A in the event $x.” In a similar fashion, assertions typical for 
temporal logic can be modeled using navigation_direction(54) clause, for instance, ( #A AFTER $x 
> 0) models an assertion “there exists an event A following the event $x.” 

 
(54) navigation_direction:  
  ( ‘BEFORE’ | ‘AFTER’  | ‘FROM’ | ‘ENCLOSING’ ) 
; 

5.6 Aggregate operations 
(55) Boolean_aggregate_operation: 
  ( 'OR' | 'AND' ) '/' aggregate_operation_body(57) 
; 
 
(56) numerical_aggregate_operation: 
  ('SUM'  |  -- numerical sum 
   'TIMES' |  -- numerical product 
   'MAX'  |  -- numerical max 
   'MIN'  |  -- numerical min 
   'CARD'  |  -- number of events in the selected set 
   'AVG'    -- result of SUM divided by CARD 
    )  
  '/' aggregate_operation_body(57) 
; 
 
(57) aggregate_operation_body:   
 '{'  [variable(23) ‘:’] selection_pattern(25)  
  [ navigation_direction(54)  
    (root_name(4) | variable(23) | ‘THIS’)] 
  [‘SUCH’ ‘THAT’ bool_expr(42)]   
  [ 'APPLY' ( expression(49) | bool_expr(42) ) ] 
 '}' 
; 
The scope of variable bound to the selection_pattern is that aggregate operation only. 
 
THIS refers to the schema, root or composite event in the BUILD block of which the expression 
appears.  Absence of the navigation_direction is equivalent to FROM THIS. 
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The aggregate operation returns a numerical or bool value depending on the ‘operation’. APPLY 
clause is mandatory for all operations, except CARD, when it should be omitted. For 
Boolean_aggregate_operation(55) APPLY clause should be bool_expr(42), but for 
numerical_aggregate_operation(56) APPLY clause should be expression(49). 
 
The range considerations for roots and composites are similar to the constraints for special 
functions(53), which is a simplified version of the aggregate operation. 
 
Some special simple cases of aggregate operation are used so often, that MP provides an 
abbreviation for them. 
 
a) Simple cases of CARD are covered by the special_function(53), CARD may be used when selection 
with SUCH THAT is needed. In particular,  
  # Pattern Direction ( E) 
is an abbreviation for 
  CARD/{ Pattern Direction E} 
 
b) Simple quantified bool_expr(46) are abbreviations of Boolean aggregate operations. 
 
  FOREACH $a: Pattern Direction E | F  
is an abbreviation for 
  AND/{ $a: Pattern Direction E APPLY F } 
 
Correspondingly, 
  EXISTS $a: Pattern Direction E | F  
is an abbreviation for 
  OR/{ $a: Pattern Direction E APPLY F } 
Aggregate operation may be used when selection with SUCH THAT is needed. 
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6. LIST OF MP KEYWORDS 
 

ADD 
AFTER 
ALL 
AND 
APPLY 
AS 
AVG 
BEFORE 
bool 
BUILD 
CARD 
CHECK 
COORDINATE 
DISJ 
DO 
ELSE 
ENCLOSING 
ENSURE 
EXISTS 
false 
FI 
float 
FOREACH 
FROM 
IF 
IN 

int 
MAP 
MARK 
MAX 
MIN 
NEW 
NOT 
OD 
ONFAIL 
OR 
PRECEDES 
REJECT 
ROOT 
SAY 
SCHEMA 
SHARE 
string 
SUCH 
SUM 
THAT 
THEN 
THIS 
TIMES 
true 
WHEN 

 
 


