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Abstract 

This is an internal deliverable. It describes Patterns-CSL, a version of CSL (Contracts 
Specification Language) where contracts' assertions are specified by pre-defined patterns of 
common assertions that are instantiated by user's parameters. Instantiated patterns will be 
translated into ESM, SPEEDS core formalism. The document includes description of the various 
kinds of parameters that can be used in patterns, and preliminary list of patterns.  

Overall writing: Vered Gafni (IAI). Essential contributions from: Albert Benveniste 
(INRIA), Benoit Caillaud (INRIA), Susanne Graf (VERIMAG), and Bernhard Josko 
(OFFIS). 
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1 Introduction 
CSL – Contracts Specification Language - is intended as a pragmatic proposal for specifying an 
HRC by contracts. CSL provides for HRC specification (Figure 1), namely: its interface (the I/O 
and internal state-variables' signatures), and the associated contracts (but not the 
implementation). A contract consists of a pair of assertions classified as assumption and promise 
{A/P), respectively. In general assertions specify constraints over the behaviors of the interface 
variables as explained in the subsequent subsections. Formally, assertions are expressed by 
ESM, the underlying formalism of SPEEDS.  

 HRC Specification

HRC Inteface

A/P
Contract A/P

Contract

A/P
ContractA/P

Contract

 

 

 

 

 

 

 

Figure 1: HRC Specification Structure 

Whilst all the rest is a matter of decision of some syntax, the core problem of industrial users is 
really a friendly means for formal specification of assertions, namely ESMs. During project 
meetings, three forms for expressing assertions in CSL were discussed: Patterns, Visual 
automata, and Extended PSL.  
This document describes the "patterns" version of CSL. A pattern is a textual expression 
embedded with placeholders for parameters; it represents a function (in software terms) that 
returns an ESM corresponding to a certain assertion. The assertion represented by a concrete 
pattern is fixed up to parameters' instantiation. 

2 HRC Specification 

The general scheme of an HRC specification is presented below1. Here bolded terms denote 
reserved names/symbols, ‘HRC-Id’ is the HRC identifier, italic terms denote objects to be 
expanded, and * denotes a list of definitions of this type (possibly 0). 

    HRC {HRC-Id}   

      Interface 
          Input: {variable definition*} 
          Output: {variable definition*} 
          Internal: {variable definition*} 

      Contracts 
          { contract specification*} 
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1  BNF presentation of CSL grammar is provided in Section 3. 



2.1 Variables Specification and Behaviors 

A variable declaration is represented in the form: variable-id: variable-type, e.g. x:Integer. The 
variable-type specifies its domain set of values; in general all common types are supported by 
CSL. As means for modeling physical systems, variables get values along periods or discrete 
instants of time during the system operation. We assume continuous physical time represented 
by R≥0 - the nonnegative real axis. Let Tx denote the time domain of a variable x:Dx. (namely: 
Tx⊆R≥0  comprises the time intervals/instants where x is defined). Then, every function fx: Tx → 
Dx represents a possible behavior of x (Figure 2), and the set of all such functions,  Tx a Dx, 
define the space of behaviors of x, denoted by Bx  

 

time

temp'

behaviors

-10

50
 

 

 

 

Figure 2: Let the variable RoomTemp:[-10.0..50.0] represent room temperature that can range from -10° 
to 50°. So the space of behaviors for this variable is R≥0 a [-10.0..50.0] – the set of all functions from R≥0 
to the specified domain. The figure above illustrates 2 possible behaviors of this set. 

CSL allows 2 kinds of variables that are classified according to their time domains: Piecewise-
Continuous (pwc) and events2. 
• Piecewise-Continuous (pwc) are variables that are defined and evolve continuously along 

some time interval (bounded, or the entire time axis), or enumerable concatenation of adjacent 
time intervals (assuming proper open/closed correspondence of the meeting points) with 
possibly step-discontinuity at the meeting points. Two kinds of pwc-variables are further 
classified by their domains as: 
- Continuous-pwc variables are those whose values' domain is continuous (Figure 3). A 

concrete behavior of such a variable is specified by the time and value at the beginning of 
each interval, and a function that describes its behavior along the interval. 

 
 
 
 
 
 

Figure 3: A behavior of a pwc-continuous variable 

- Discrete-pwc variables are those whose values domain is discrete, namely their values over 
each interval is constant (Figure 4). Thus, a concrete behavior of such a variable is specified 
by the time and value at the beginning of each interval, solely.  

 

SPEEDS Deliverable: D.2.5.4                                         

 

5

                                                 
2  Pwc generalizes the continuous and discrete kinds defined in the MM, and event corresponds to the same 

kind of interaction-point/pin defined by the MM. 



 

 
Figure 4: A behavior of a discrete pwc variable 

• A pure event is a single valued variable that is defined only at an ordered (possibly 
denumerable but necessarily divergent) sequence of discrete time instants (Figure 5). In 
general, consecutive event occurrences may "stutter" at certain time instants – namely: have 
the same time stamp but still ordered - but this is limited to finite many occurrences. 
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Figure 5: A behavior of a pure event 

Since it is single valued, the actual value of a pure event is insignificant and the only 
interesting information is the fact of its occurrence.  So, a pure event is said to occur (or be 
present) at a time instant t if it is defined there; otherwise it does not occur (or absent) at t. 
An event, in general, may be associated with a finite domain of values declared as a normal 
variable e:{v1,…,vn}, called valued-event. A valued-event is actually considered as a 
declaration of a set of mutual exclusive pure events {e=v1, …,e=vn} where e=vi denotes the 
occurrences of the e when it gets the value vi.  

2.1.1 Conditions  

Condition is a Boolean (discrete) pwc variable or a Boolean expression constructed of Boolean 
variables using the normal connectors: ∨, ∧, ¬, →, ↔.  The domain of a Boolean expression is 
the intersection of the domains of the constituting variables, and the interpretation is by normal 
semantics of Boolean connectors, namely: for Boolean variables a, b,  

• a∨b is True at every instant where a is True or b is True, and False otherwise. 
• a∧b is True at every instant where a is True and b is True, and False otherwise. 
• ¬a is True at every instant where a is False. 
• a→b  is True at every instant where a is False, or a is True and b is True, and False otherwise 

(namely: a→b  is equivalent to¬a∨b). 
• a↔b is True at every instant where a and b are simultaneously True or False, and False 

otherwise.  

2.1.1.1 Derived Conditions and Special pwc variables 

Derived conditions define conditions by predicates over non-Boolean variables. The general 
form of a derived condition is x~exp where ~ is an order relation (<, ≤, ≥, >), and exp is a 
relation over variables that must be well defined in the context of the underlying variables. For 
instance, the condition x>5 is defined only if 5 is in the range of x, and is True wherever x indeed 
satisfies the relation, and false at the complementary sub-intervals (w.r.t. domain of x). Similarly, 
x<y is defined only if x and y share the same range. 

 

 

CSL provides for some special derived conditions, as follows. 

• An expression of the form: x~F init v where F is a pwc function over pwc variables such that 
F(0)=0, and v is a value in the range of x. Such an expression is considered a condition that is 



true at every interval [a,b) where x(t)=F(t-a)+v  for a≤t<b. 
In this context, CSL provides predefined timer functions, namely: continuous-pwc variables 
with an initial value 0 and constant derivative that equals 1 over every interval in its domain. 
Timers are used mainly to introduce delays and periodic operation that are specified as 
follows. 
- An expression Timer(T) at e defines a timer on every interval that starts with an occurrence 

of e and ends either after T time-units if e didn't reoccur meanwhile, or otherwise at the 
occurrence of e, in which case it restarts evolving along a new interval; the timer is 0 
everywhere else (Figure 6).  
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e

T

e e

T

Figure 6: A timer behavior 

- An expression PeriodicTimer(T) at e defines a timer that starts operating at the first 
occurrence of e and then periodically restarts evolving from 0 whenever reaching the value 
T (necessarily every T time-units - Figure 7).  

 

e

T

 

 

Figure 7: The behavior of a periodic Timer variable 

CSL assumes a basic physical time-unit whose value (μsec, second, minute, etc.) is defined by 
the user per application. Time specifications, T, are expressed in terms of Natural number of 
the basic time-unit. (e.g., 10 seconds). 

• An expression pwc(e) init v  is a kind-transformer from valued events to discrete-pwc 
variables that is derived from e by sustaining its values between its occurrences (the instants 
where it is defined), and gets the value v until first occurrence (Figure 8). 

 

1

2

3

4

υ

 
Figure 8: An event and its discrete-pwc transformation 

• For any discrete-pwc variable x, the derived variables prev(x), next(x) get the value of x at the 
previous/next interval, respectively (with proper initialization of prev(x)). 

2.1.2 Events 

In addition to application primitive events, and predefined system events (e.g., Startup that 
occurs just once as the system starts operating), CSL provides for definition of derived events 



SPEEDS Deliverable: D.2.5.4                                         

 

8

and event expressions, as described below. 

2.1.2.1 Derived Events 

Derived events are events that are defined in terms of occurrences of state changes of the system. 
A state change occurs with any change of value of any variable. We restrict derived variables, 
however, to denote only discrete changes, thus avoiding dense occurrences. 

A derived event definition takes the form of: e defined-by state-change. In general, a state-
change is specified by a pair of predicates: (Pre, Post) each specifies a set of states (allowed 
assignments to variables); the event e, thus defined, occurs at every instant where there is a 
change from a Pre-state to a Post-state. CSL provides the following pre-defined derived 
variables (in the sequel, we will support a more general definition by explicit Pre, Post 
predicates).  

• Derived from a pwc variable x, the declaration event(x) defines an event that occurs 
whenever a discrete change in the value of x takes place. 

• Derived from a condition c, tr(c), fs(c) denote those instants where c becomes true or false, 
respectively (including start-up). Based on this mechanism, CSL provides special expressions 
for timeout and periodic events as follows. 
- An event (e+T) assumes an implicit definition of a timer c:=Timer(T) at e, and corresponds 

to the event defined by tr(c=T); namely it occurs T time units after last occurrence of e 
(recall an occurrence of e during T resets the timer). 

- An event periodic(e,T) assumes an implicit definition of a timer c:=PeriodicTimer(T) at e, 
and corresponds to the event defined by tr(c=T); namely: it occurs every T time units 
starting from first occurrence of e. We shall use the term periodic(T) as a shorthand for 
periodic(Startup,T).  

2.1.2.2 Event Expression 

Event expressions express relations that result in filtering or joining separate occurrences of 
given events.  Event expressions are defined recursively as follows. 
• Every event identifier is an event expression, where for a valued event e:{v1,…,vn} the  event 

identifier e denotes the event (e=v1)∨…∨(e=vn)  (see below for ∨-expressions). Also, the 
following are event expressions. 
- For a valued event e, e rel v where rel is any arithmetic relation (<, ≤, >, ≥)  and v is in the 

domain of e (e.g., e>5). e rel v  selects the occurrences of e where the relation rel is 
satisfied. 

- For an event e and a condition C, the expression e when C defines an event that occurs at 
every time instant that e occurs provided C is defined and evaluates to True at that time 
instant. 

• An expression constructed from events by Boolean operators as follows ({e} is the set of 
occurrence-instants of an event e): 

{e1∧e2} = {e1}∩{e2}, {e1∨e2} = {e1}∪{e2}, {e1-e2} = {e1}-{e2} 
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e1 e1
e2

e1&e2

e1-e2 e2-e1

e1 e2e2 e1
e2

 
Figure 9: Illustration of occurrences of the expressions: e1∧e2, e1-e2, and e2-e1 (note e1∨e2 occurs whenever e1 occurs 

or e2 occurs) 

In addition, we define the “sequence” operator, denoted by “;”, such that for any events e1,e2 
the event e1;e2 occurs at the first occurrence of e2 (strictly3) after each occurrence of e1 
(Figure 10); an occurrence of e2 that follows a number of occurrences of e1 defines a single 
occurrence of e1;e2. 

e1 e2

e1;e2 e1;e2

e2 e1 e1 e2  
Figure 10: occurrences of the sequence event 

The operator “;” is associative thus we write e1;e2;…;en to denote a composite event whose 
occurrences require a sequence of events to occur.  Also, the term n#e is used as an 
abbreviation for the expression e;…;e (n>1 times). Note that consecutive occurrences of n#e 
necessarily rely on partially overlapping occurrences of the sequence e;…;e. 

2.1.3 Intervals 

Intervals denote durations confined by occurrences of events. Intervals may take any form of 
left/right close/open end points denoted by the standard notation for intervals: […], (…), (…], 
[…), respectively; in what follows the notation |…| is used to denote any kind of beginning/end 
points. 

The concrete syntax of an interval specification in CSL is |e1,e2,…,en| where e1,e2,…,en are 
events, and n≥1. The term n:e is used as an abbreviation for the expression e,…,e (n times).  

An interval expression |e1,e2,…,en| occurs with every occurrence of the event e1;e2;…;en and lasts 
from the occurrence of e1 till the occurrence of en. Note, however, that since the occurrences of 
e1 and en may coincide (although order is preserved) this definition might yield void intervals. In 
particular, for n=1 only closed singleton intervals, [e1], may be specified.  

Occurrences of intervals are totally ordered by the order of the occurrences of the beginning 
events, namely, a concrete occurrence of an interval |a1,a2,…,an|  precedes  a concrete occurrence 
of an interval |b1,b2,…,bn| if and only if the occurrence of a1 precedes the occurrence of b1 ( 

Figure 11). 

 

 

                                                 
3   However, d 2 1

same time instant. 
ue to the synchronous semantics of CSL, it is possible that e  occurs strictly after e  but at the b a b b a ba a

1 2 4
3



 

 
 

Figure 11: Example of occurrences of the iterval [a,b] labeled by the precedence order. 

In applications, intervals usually consist of 2-length sequence of events: |a,b|, longer sequences, 
however, are also useful. For instance, an interval of the form |n:e| specifies a "sliding window" 
of n occurrences of e (Figure 12). In particular, when e is a periodic time event this form defines 
a fixed length sliding time window. In such a case, the syntax |n+1:tu| is relaxed to |n tu| to 
specify a sliding window of n time-units. Such a specification implicitly assumes the existence of 
a periodic event, tu that ticks every time-unit. For instance, the specification [3sec] defines a 
sliding window of 3 seconds where it assumes a periodic event declaration “sec defined-by 
periodic(1sec)” 

 

a

[3:a]

a a a aa

 

 

 

 
Figure 12: Example of a sliding window occurrences 

2.2  Contracts Specification 
A contract is identified by name and an attribute designating its view-point. The content of a 
contract consists of a pair of assertions classified as assumption and promise, respectively. The 
general form of a contract specification is: 

{viewpoint-id} contract {contract-id}  
       Assumption: {assertion} 
        Promise: {assertion} 

Here, contract-id is a unique name identifying the contract. The viewpoint attribute, designated 
by viewpoint-id, indicates an aspect of the system. CSL provides a list of pre-defined viewpoints' 
names, such as: functionality, performance, timing, safety, etc. A viewpoint has no formal 
semantics but is used as a means of sorting contracts across a complete system specification 
(probably consists of a numbers of HRC modules) for the purpose of analysis. 

The specification of the assumption and promise assertions is actually the core of the contract; it 
presents a required capability of the component (associated with the viewpoint). Let C be a 
component (HRC) defined with the interface variables x1,…,xn and let Bx denote the set of all 
possible behaviors of x (Section 2.1) then the Cartesian product BC=Bx1×…×BBxn defines the 
behaviors’ space for that component. An assertion over x1,…,xn constrains some (possibly all) of 
the variables' behaviors thus constraining. the possible behaviors of the component to a subset of 
BCB . For instance, the assertion "after 5 seconds, room temperature is always between 25° and 
30°" constraints the behaviors of the room temperature (Figure 2) to a subset presented 
graphically in Figure 13. 
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Figure 13: Constrained behaviors of Room temprature. 

An assumption is an assertion that specifies given behaviors of the component (guaranteed by 
other components, or the environment), the component does nothing to produce them, and 
cannot refuse them. Assumptions normally refer to the input variables (constrain their 
behaviors). A promise, on the other hand, is an assertion that specifies behaviors the component 
is responsible to produce. Promises normally express relations between input and output or local 
variables; or just constraints on the behaviors of output or local variables. 

Component

Assumption Promise 

 
Figure 14: Contract relations 

The classification of contracts’ assertions into assumption and promise categories does not affect 
the specification of these assertions but plays a crucial role in the analysis of the HRC 
specification. For instance, consistency check will look to validate that a contract assumptions 
are promised by other contracts (within the HRC, other HRC, or the environment). Similarly, 
satisfaction of a contract by an implementation (Figure 15) verifies that the set of behaviors 
produced by the implementation that are also consistent with the assumption indeed forms a 
subset of the set of behaviors promised by the contract.  

 

 
Assumption Promise

M Component 

 

 

 

 

 

 

Figure 15: Satsfaction relation: M|=C ⇔def A∩M⊆P 

2.3 Assertions' Specification 
A contract assertion, either assumption or promise, is specified in CSL as a set of atomic 
assertions each one expressed by a pattern; the contract assertion is considered to be the 
conjunction of the atomic assertions. 

 

A pattern is a textual expression that represents a function (in software terms) that returns an 
ESM corresponding to a certain assertion. The assertion represented by a concrete pattern is 
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fixed up to parameters' instantiation. Parameters can take form of events, conditions, and time 
intervals as defined in Section 2.1. For instance, if one would like to express the assertion: 
whenever the request button is pressed a car should arrives at the station within 3 minutes, she 
could use the pattern:  

 whenever [E: event] occurs [E: event]  occurs within [I: interval] 

instantiated by concrete propositions that in this case would look like: 

whenever [car-request] occurs [car-arrives] occurs within [3min] 

Patterns, in general, express reactive behavior of the form: "triggering behavior implies promised 
behavior" which means: whenever the triggering behavior is identified at some time instant or 
interval, the promised behavior will occur at some time instant or interval right now or in 
bounded future. For instance, in the above instantiated pattern "car-request" is the triggering 
behavior, and "car-arrives within 3min" is the promised behavior. An occurrence-instance of 
the behavior of a reactive pattern refers to the duration that starts with an identification of the 
triggering behavior and ends with the following occurrence of the promised behavior. 

 

car-request

Occurrence instance

car-arrives car-request

Occurrence instance

car-arrivescar-request

 

 

Figure 16: Example of iterative occurrences' instances 

A pattern can be used in two manners, depending on the evaluation of its occurrence-instances: 

• In the "iterative" manner (Figure 16) only iterative occurrence-instances of the behavior are 
considered, namely: next identification of triggering behavior does not start before the end of 
the promised behavior of previous instance (hence, a triggering behavior that occurs while an 
occurrence-instance takes place is ignored). 

• In the “flowing” manner, every occurrence-instance of the behavior is considered. 

In practice, most of the patterns’ usage is of the iterative manner. Flowing interpretation is 
significant only when there is one-to-one matching between occurrences of the triggering 
behavior and the promised behavior; for instance, when the promised behavior is expected to 
occur fixed duration after the triggering behavior. 

2.3.1 Patterns 

The syntax of a pattern consists of a fixed text strings (that hint its purpose) embedded with 
place holders for parameters. A placeholder is denoted by the type of parameter that is allowed 
to be instantiated, enclosed by square brackets. A pattern’s parameter is of one of the following 
types: event, condition, interval, and a Natural number. Actual placeholders' typing takes one of 
the following forms:  

• [E] denotes a placeholder that should be instantiated by event expression, solely.  

• [C] denotes a placeholder that should be instantiated by condition expression, solely. 

• [S] denotes a placeholder that can be instantiated an expression that is either an event, or a 
condition. 

• [I] denotes a placeholder that should be instantiated by an interval expression, solely. 

• [N] denotes a placeholder that should be instantiated by a Natural number. 

SPEEDS Deliverable: D.2.5.4                                         

 

12



SPEEDS Deliverable: D.2.5.4                                         

 

13

2.3.2 Pattern instantiation 

Normal pattern instantiation takes place by filling each placeholder in the pattern by a concrete 
expression according to the proper parameter type. CSL allows, however, some "syntactic sugar" 
extensions of parameters' specification that express relations between objects (events/conditions) 
in, possibly separate, placeholders; these provide for compact specifications that otherwise, by 
normal expressions, would become somehow cumbersome.  

2.3.2.1 Free values 

A free value is an identifier that is associated with a finite domain (such as domains of discrete-
pwc variables, events, or ranges of indices). A free value has global scope over all placeholders' 
instantiations in a pattern. Namely: a certain free value may appear with several variables, in 
separate placeholders within a pattern instantiation; in every interpretation of the pattern 
instantiation, however, all the occurrences of a free value are considered to denote the same 
value (all variables that refer to that free value must have a common domain over which the free 
value is defined).  
Free values are used in 2 forms: universal and existential quantification. 
1. The universal form is implicitly specified just by usage of a free value. Every occurrence of a 

universal quantified free variable is considered to represent a set of patterns' instantiations, 
one for each possible value of the free variable. 

2. The Existential form, on the other hand, must be explicitly indicated by a term "exists x." 
where "exists" is a reserved word and x is the identifier of the free value. Every occurrence of 
an existential quantified free variable is considered to represent an expression in the 
instantiation that is disjunction of the set of all possible values in all occurrences. For 
instance, the term exists v. X=v and Y=v stands for the expression: (X=v1 and Y= v1) or … 
or (X=vn and Y=vn) where X and Y share the domain {v1,..,vn}.  

The actual usage and specification of free values is demonstrated in the following examples.  

1. Given event definitions: e:{v1,…,vn}, let x=pwc(e) init 0, namely: x is discrete-pwc 
expansion of e. To express this property by an assertion we may use the pattern  

whenever [E] occurs [C] holds during following [I] 

   instantiated as follows. 

whenever [e=v] occurs [x=v] holds during following [e;e) 

   This instantiation is interpreted as the set of normal pattern's instantiations. 

{ whenever [e=v1] occurs [x=v1] holds during following [e=v1;e), 
... 

       whenever [e=vn] occurs [x=vn] holds during following [e=vn;e)  } 

2. Let CarLocation[1:400] StationLocation[1:250][1:250] denote the present location of the 
U-cars and the locations of the stations, respectively. Then to express the assumption: At 
startup every car is at a station, we may use the pattern At Startup [C] with the 
instantiation: 

At Startup [CarLocation[m]= exists k. StationLocation[k]] 

This instantiation contains a universal quantified value m that ranges over the number of 
cars, and an existential quantified value k the ranges over the number of stations, Hence, it 
defines 400 patterns' instantiations (due to m) each of the form: 
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            At Start-up [CarLocation[#]=StationLocation[1] or … 

                                             or CarLocation[#]=StationLocation[6250]] 

3. Let CarDestination[1:400] denote the present destination of the U-cars (same domain as 
stations). Then to express the promise: Every U-car reaches its destination within 5 minutes, 
we may use the pattern every [E] is followed by [S] within following [I] with the 
instantiation: 

       whenever [CarDestination[m]=(i,j) occurs  [CarLocation[m]=(i,j)] occurs within [5min] 

This instantiation contains 2 universal quantified values: m that ranges over the number of 
cars, and the pair (i,j) that range over station locations; summing up to representation of 
2500000 patterns' instantiations. 

4. Free values can be also used to specify relations among the associated variables. For 
instance, mutual exclusion can be expressed by the following instantiation in the pattern 
Always [C]: 

Always [Busy[j] and Busy[k] → j=k] 

2.3.2.2 Related Intervals 

In a reactive pattern the promise constraint usually relates to the triggering event. For instance, in 
the pattern:   

whenever [car-request] occurs [car-arrives]  occurs within [car-request, car-request+3min] 

the 3 minutes constraint refers to the triggering event car-request. In case like that CSL allows to 
omit the triggering event in the interval specification; it is implicitly assumed. Thus, the compact 
form of the above pattern instantiation would be: 

whenever [car-request] occurs [car-arrives] occurs  within [3min] 

The rule in general is when e is the triggering event of a pattern: 

- Interval specification [t1,t2] denotes the interval expression [e+t1, e+t2]  

- Interval specification [t] denotes the interval expression [e, e+t]  



 

2.3.3 Patterns Specification 

In what follows, we present a set of patterns for what is supposed to be most frequent kind of 
assertions that are used in contracts specification. 

The presentation of patterns below includes, for each pattern, informal intended semantics, usage 
interpretation: iterative or flowing, examples, and also – when applicable - derived patterns that 
are actually syntactic sugar, namely: they represent special cases of core patterns that deserve 
particular attention (thus need not special ESM implementation but can be substituted with the 
proper pattern).  

 

Pattern Id P1 

 whenever [E] occurs [C] holds during following [I] Name 

Descriptio
n 

Following every occurrence of E, C will hold during the following occurrence 
of the interval I. The occurrence-instances are defined recursively by the first 
occurrence of E and the expiration time of following I. 
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C 

Usage Iterative 

Examples 

- The gate is closed when a train traverses gate region (GR). 

  whenever [EnterGR] occurs [Gate=closed] holds during following [EnterGR, ExitGR] 

- During first 10 seconds of movement, car's velocity dynamics is  x'=-kx+U  

  whenever [CarStartsMoving] occurs [x'=-k*x+U init(x=0)] holds during following [10s] 

Derived  patterns 

[E] implies [C] holds forever whenever [E] occurs [C] holds during 
following [E,false) 

Always [C] [Startup] implies [C] holds forever 

Whenever [E] occurs [C] holds whenever [E] occurs [C] holds during 
following [0] 

At Startup [C] whenever [Startup] occurs [C] holds 
during following [0] 

 

E I



 

Pattern Id P2 

whenever [E1] occurs [E2] implies [E3] during following [I] Name 

Descriptio
n 

An occurrence instance of this pattern is triggered by the occurrence of E1 and 
ends with the termination of the following occurrence of I. In response, at 
each time instant during the following occurrence of the interval I at which E2 
occurs, E3 occurs as well. Note that it is not possible to use a term like E2 → 
E3 for events since the negation of events is not defined in our formalism (this 
is in contrast to conditions).  
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E2,
E3

I

E2,
E3

E1 

Usage iterative 

Examples 
- Dispatching commands will be refused during first 3 seconds after a car arrives at station 

whenever [car-arrives] occurs [dispatch-cmd] implies [refuse-msg] during following 
[3sec] 

Derived Patterns 

[E1] implies [E2] during following [I] whenever [True] occurs [E1] implies [E2] 
during following [I] 

 



 

Pattern Id P3 

whenever [E1] occurs [E2] does not occur during following [I] Name 

Descriptio
n 

Following every occurrence of E1, E2 will not occur during the following 
occurrence of the interval I. The occurrence-instances are triggered by the  
occurrence of E1 and ends with the termination of the following occurrence of 
I.. Note that it is not possible to use a term like ¬E2 since the negation of 
events is not defined in our formalism (this is in contrast to conditions).  
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no occurrence of E2 

IE1 

Usage Iterative  

- Example: 40 sec.  minimal delay between trains: 
- whenever [Tin] occurs [Tin] does not occur during following (40sec]  

Derived Patterns 

[E1] cannot occur before [E2] whenever [StartUp] occurs 
 [E1] does not occur 
 during following [StartUp,E2) 

 

 



 

Pattern Id P4 

whenever [E] occurs [S] occurs within [I] Name 

Descriptio
n 

Following every occurrence of E, S (that is either an event or a condition) will 
hold at some time within the following occurrence of the interval defined by I. 
Occurrence instance is defined by the occurrence of E and the following 
occurrence of S that falls in I. 
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S

IE1 

Usage  Iterative 

Examples 

- It takes a train 15 to 25 seconds to traverse gate area. 

     whenever [EnterGR] occurs [ExitGR] occurs within (+15sec,+25sec] 

- when an occupied car arrives at a station, all passengers leave the car within 5 sec. 

      whenever [CarArrives when CarStatus=occupied] occurs  

                       [CarStatus=Empty] occurs within (+5sec] 

 

Pattern Id P5 

[C] during [I] raises [E] Name 

Descriptio
n 

If C holds during I then E occurs at the end point of I 

 

E

C 

I

Usage  flowing 

Example 

- A fail signal is emitted whenever inlet flow is less than L  for 3 seconds continuously  

  [Fin'< L] during [3sec] raises [FailSignal] 

 



 

Pattern Id P6 

[E1] occurs [N] times during [I] raises [E2] Name 

Descriptio
n 

If E1 occurs at least N times during I then E2 occurs at the end point of I 
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N occurrence of E1

I

E2

Usage flowing 

Example: 

- A fail signal is emitted whenever an error occurs 3 times or more within 5 sec. 

 [Error] occurs [3] times during [5sec] raises [FailSignal]     

 

Pattern Id P7 

[E] occurs at most [N] times during [I] Name 

Descriptio
n 

The event E occurs at most N times during I 

 

no more than N occurrence of E

I

Usage  flowing 

Example: Between the time an elevator is called at a floor and the time it stops at that floor 
the elevator can pass that floor at most twice.  

 [PassFloor[m]] occurs at most [2] times during (CallAtFloor[m], StopAtFloor[m]) 

 



 

Pattern Id P8 

[C] during [I] implies [C1] during [I1] then [C2] during [I2] Name 

Descriptio
n 

Whenever C holds during I, there exists a partition I= (I1;I2) such that C1 
holds during I1 and C2 holds during I2. 
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C1

C 
C 

C2

I1 I1

I

Usage  iterative 

Examples 

- On a straight line, a U-car shall accelerate at a rate of 2m/sec2 until reaching velocity 
of 30m/sec, maintain this velocity until stop signal is issued 

[car[m]=moving] during [tt(car[m]=moving), StopSignal] implies 

[speed[m]'=2mpss init speed[m]=0mps] during [tt(car[m]=moving), tr(speed[m]=30mps)] 

   then [speed[m]'=0mpss init speed[m]=30mps] during [tr(speed[m]=30mps), StopSignal]   
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3 CSL Grammar 

Below CSL grammar for first version implementation is presented in BNF notation. Not all 
constructs described above are intended for implementation in the first version. Also, the 
definition of context related terms (free values and related intervals), and structured variables are 
still missing.  

In the BNF specification, we use the conventions: {def}* to denote 0 or more repetitions def, and 
{def}+ to denote 1 or more repetitions of def. Also, names are in italic, and we assume infinite 
sets of names, as follows: 
• Blocks' names with typical representative: id. 
• pwc- variables' names with typical representatives: x, y for variables in general, d for discrete 

variables, and  b for Boolean variables'.  
• Values' names with typical representatives: v, v1, v2. 
• Events' names with typical representatives: e for events in general, and e_v for valued events.  
Also, n,m will serve as typical representatives for the Natural numbers, and r,q for Real numbers 

 

<HRC-Specification> ::=  HRC <Id>   
                                           Interface 
                                                 Input: "{"<variables-definition>"}" 
                                                 Output: "{"<variables-definition>"}" 
                                                 Internal: "{"<variables-definition>"}" 
                                          Contracts  "{"<contracts-specification>"}" 

<variables-definition> ::= { <pwc-variable-definition> | <event-definition> } 

<pwc-variable-definition>::= x : <domain>  

<domain > ::= <continuous-domain> | <discrete-domain> 

<discrete-domain> ::=  "{" v1, v2 {,v} "}" 

<condition> ::=   b |  <derived-condition> 
                           | <condition>"|"<condition> | <condition>"&"<condition>  
                           | "~"<condition> | if <condition> then <condition>  
                           | <condition> iff <condition>   

<derived-condition> := x <rel> v | x <rel> <pwc-function> | x= <timer-exp> 

<rel>   ::=   < | = | > | <= | >= 

<pwc-function> := x | pwc(e_v) init v | prev(d) | F init v    -- F is a continuous function 

<timer-exp> := Timer(<T>) at e | PeriodicTimer(<T>) at e  

<T> ::= n time-unit4     

 
4   time-unit should be replaced by the application basic time unit (second, mls, etc.). Recall, the physical 

interpretation of time-unit shall be assigned by application. Additional time units can be defined either by derived 
events. 
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<event-definition> ::= event e [:<discrete-domain>] | event e  defined-by  <state-change>  

< state-change > := event(x) | tr(<condition>) |  fs(<condition>)   | e+<T> 
                             | periodic(e, <T>) | periodic(<T>) |   

<event> :=  e | e-v <rel> v  | startup   

<event-exp> ::=   <event> | <event-exp> when <condition>  | <event-exp> "|" <event-exp>  
                           | <event-exp> "&" <event-exp> | <event-exp> "-" <event-exp> 
                           | <event-exp> ";" <event-exp>   | n "#" <event-exp> 
<interval> ::= <lb> <event-exp> {,<event-exp>} <rb> | <lb><condition><rb>  
                       | <lb> n : <event-exp> <rb>  | <lb> T <rb>   

<lb> ::=  [ | ( 

<rb> ::= ] | )  

<contract-specification> ::= {<viewpoint-id>} contract {id}  
                                                  Assumption: {<assertion>} 
                                                  Promise: {<assertion>} 

<viewpoint-id> ::=  functionality| performance | timing | safety    -- other can be added. 

<assertion> ::= <pattern> {, <pattern> } 

<pattern> ::= 
   whenever "["<E>"]" occurs "["<C>"]" holds during following "["<I>"]" 
   |  whenever "["<E>"]" occurs "["<E>"]" implies "["<E>"]" during following "["<I>"]" 
   |  whenever "["<E>"]" occurs "["<E>"]" does not occur during following "["<I>"]" 
   |  whenever "["<E>"]" occurs "["<S>"]" occurs within "["<I>"]" 
   |  "["<C>"]" during "["<I>"]" raises "["<E>"]" 
   |  "["<E>"]" occurs "["<N>"]" times during "["<I>"]" raises "["<E>"]" 
   |  "["<E>"]" occurs at most "["<N>"]" times during "["<I>"]" 
   |  "["<C>"]" during "["<I>"]"  
         implies "["<C>"]" during "["<I>"]"  then "["<C>"]" during  "["<I>"]" 

<E> ::=  <event-exp> 

<C> ::=  <condition> 

<S> ::=  <event-exp> | <condition> 

<I> ::=  <interval> 

<N> ::=  Natural 
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