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SEQUENCE-BASED SPECIFICATION 
AS A NEW KIND OF MODELING 

EMBEDDED SYSTEMS 

Prof. Dr. Reinhold Schönefeld 

Schulung & Beratung für Software, Ilmenau 

ABSTRACT 

Sequence-based Specification is a long existing, but 
not so well-known approach, which is suited to 
specify the software of embedded systems formally. 
To reduce the reservation against a formal 
specification, the focus in the paper is directed to a 
more ”physical view” of the specification process. 
The paper shows some interesting principles in 
software engineering, which are analogous to other 
principles in physics supporting a deeper insight into 
the “movement” of a software system. 

1. INTRODUCTION 

An embedded or interactive software system is an 
open system interacting with its environment. To 
specify the functional requirements for such a 
system, there is the so-called sequence-based 
specification (SbS) available. The first paper about 
specifying a software system by sequences of input 
variables goes back to 1978 and was published by 
David L. Parnas and W. Bartoussek [1]. Parnas and 
his coworkers have spent a lot of research since this 
first paper to develop a specification methodology. In 
2003 Stacy J. Prowell and Jesse H. Poor [2] 
published their paper about the sequence-based 
specification. 
 A specification of an open software system 
is an abstract conceptual model of the behavior of the 
not yet existing software system, here called an MSS. 
The outside behavior of the MSS is how the MSS 
reacts to a specific sequence of inputs. This view on 
the MSS is the well-known black box view  
BB: S*→ R      (1) 
It is a function where S* is the set of all input 
sequences and R the set of all reactions. In this view 
no internal variables like the state have to be 
considered. The models in [1] and [2] and other well-

known models like a deterministic finite automaton 
are except the black box view dealing with the state 
concept and state transitions caused by certain inputs 
to the MSS. The outside behavior of the MSS can 
also be described by a state box view. It is 
determined by the state box function SB. 
SB: (Z x S) → (Z x R)  (2) 
Z is the set of all state variables and S the set of all 
inputs. In (2) we need an initial state. The dissertation 
of St. J. Prowell in 1996 [3] shows how to construct 
the specification functions (1) and (2) out of the 
given informal functional requirements by 
developing an enumeration schema. 
 Both functions are part of the box structure 
methodology which belongs to the unfortunately not 
so well-known research results of Harlan D. Mills 
and his coworkers [4]. The box structure 
methodology is completed by a third box, the so-
called clear box view. Here the MSS will be 
instantiated in form of the architecture and the 
implementation of the realized software system. 
 The focus in this paper is directed to a more 
“physical view” to the SbS as a whole and the 
enumeration schema, differently from being 
demonstrated in [3]. A physical view should look at 
an MSS as an open system which is stimulated by 
some cause and which answers by some reaction. We 
will show that an MSS and its correct 
implementation behave analogue to a mechanical 
system. In mechanical systems well-known 
fundamental relations exist between the describing 
variables, leading to axioms and equations. The 
following pages are a first attempt to demonstrate 
that there are also some fundamental relations 
between the describing variables in an MSS and of 
course in its implementation respectively if it is 
carried out correctly. 

2.   MESSAGES CARRYING SEMANTICS 

The cause of the movement of an open mechanical 
system is a force. In an open electrical system a 
voltage is acting as a cause. In an MSS we usually 
speak about an input. Here we will use the terminus 
stimulus from the box structure methodology, more 
typically expressing the character of a cause.  

But what informational substance belongs to 
a stimulus? The extension principle of semantics 
gives us an answer [5]: 
• The semantics of an expression of a natural or 

artificial language is sufficiently defined by its 
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Sequence Reaction Equivalent. 
Sequence Trace Compositional State 

State Var. 1 State Var. 2 …
λ Null none none … 

… … … … …
a reducible 
sequence r i 

equivalent 
sequence 

tag- no 
k …

… … … … initial state 
value …

a canonical 
sequence r j

no equivalent 
sequence 

tag- no 
l 

new state 
value …

… … … … …

Figure 5 Fragment of the enumeration schema 

we can find anyone of all digits 0 … 9. The extension 
by itself is generally a set of concrete real ore 
conceptual objects, which a human being can 
comprehend. Characteristic for an extension set is that 
it is always an equivalence class. A chosen 
representative from this class is created by a 
classification abstraction. An abstract message is then 
always the representative carrying the semantics of 
the extension. From this we can conclude finding a 
message with a related semantics requires a 
classification abstraction of the extension set of this 
message.  

An enumeration is the systematic 
construction of a schema by listing sequences from S* 
by length and any but fixed order within a given 
length and for each sequence assigning a reaction 
(Figure 5). The enumeration starts with λ, the empty 
sequence. The connected reaction is Null because the 
MSS is not yet stimulated by any message. After λ
follow all sequences of length one, which are all 
messages of the set S. Each sequence is mapped to its 
appropriate reaction out of R. Thereafter all sequences 
of length two are established by combination and each 
sequence is mapped to its reaction. Then we combine 
sequences of length three and so on. 
 A combination is carried out by extending all 
appropriate sequences of the actual length with all the 
messages belonging to S. In forming the combination 
we don’t have to extend all actual sequences because 
of two reasons: 
• Illegal sequences are without semantics, because 

they cannot be generated in the environment or 
cannot be observed by the MSS. Illegal sequences 
do not have to be extended to a sequence of the 
next length. They are registered with ω. 

• Equivalent sequences do not have to be extended 

either, because they lead to the same state in the 
MSS (see chapter 4) as the state generated by a 
previously mapped sequence. 

All equivalent sequences carry the same composed 
semantics and form an equivalence class. Therefore 
they can be reduced to one representative in form of a 
shorter or equally long equivalent sequence. This 
entire means, there are only a few sequences of the 
actual length, which can be extended. These 
sequences change the state and consequently build a 
new composed semantics and can be extended. Such 
special sequences are the so-called canonical 
sequences. 

The history or prefix “p” of each sequence u 
= p s therefore is a canonical sequence. “s” is the 
actual message. That holds also for the canonical 
sequences themselves. Hence λ is a canonical 
sequence. All fond canonical sequences are growing 
stepwise by length up to the longest length the 
enumeration unfolds.  Since each equivalent sequence 
in the third column has the same state as a previously 
sequence it must be a canonical sequence. From these 
facts we can conclude that the history “p” represents 
the old state and the equivalent sequence the new 
state. So we can conclude the enumeration contains 
all information to build the functions (1) and (2). The 
enumeration is continued until all sequences of a 
given length are illegal or equivalent to previous 
sequences. Figure 5 gives a certain impression how 
the enumeration schema is built. 
 If during the enumeration the analysis of the 
canonical sequence just found takes place 
immediately, the enumeration schema has to be 
enlarged in comparison to [3], with the advantage that 
the decision about equivalence is based on state or 
semantics and not on reaction. λ as the first canonical 
sequence determines the initial state in the state space. 
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Each next found canonical sequence creates a new 
state variable the name of it is chosen following the 
semantics that carries the actual message. The value 
of that state variable is equal to the amount of the 
semantics the state variable has changed at the event- 
time. The value each state variable has before the state 
step happens is its initial value (z0). The initial values 
of all state variables determine the origin of the state 
space. Each line of the compositional state in Figure 5 
should be disjoint from each other. If not a mistake 
occurred with an equivalence decision. 
 Throughout the development of the 
enumeration it often happens that there is no given 
reaction for a combined sequence. Here we have to 
derive the required verbal specification supported by 
the knowledge of domain experts. The enumeration is 
a mathematical function and as such complete, 
consistent and in respect to the verbal specifications 
correct. Correctness is supervised by traces to the
tagged verbal specifications (see column four). 
Moreover enumeration is a systematic process for 
discovering omissions and ambiguities. 

6. CANONICAL SEQUENCES AS PATHS OF 
COMPACT SEMANTICS 

The movement of a continuous mechanical system 
obeys a fundamental law – the principle of least 
action [6]. If we look at the curve of a ball thrown 
between two persons, then this movement complies 
with that principle in the gravitational field. The least 
action says simply spoken, the curve or path the ball 
will take needs a minimum of the physical quantity 
action. The action is the product of energy and time. 
If the time should be shorter, the ball arrives at the 
other person; the energy should be higher and vice 
versa. Strictly speaking the action is the integration of 
the Lagrangian function over the time. 
 The scientific history of this fundamental law 
started with the observations about the movement of 
light by Fermat (1607-1665), known as Fermat’s 
principle and ended with W. R. Hamilton (1805-1865) 
who completed this theory. The basic mathematical 
apparatus, belonging to this principle is well-known 
as the Lagrangian- or Hamiltonian mechanics [7], [8]. 
The starting point of this approach is given by 
equations (3) and (4), the equality of force and change 
of potential. 
 As demonstrated in Chapter 4 there is an 
analogue between mechanics and informatics despite 
the different system properties. Therefore one could 
look for if there is an analogue for the principle of 

least action in informatics, especially in an MSS of an 
embedded software system. The latter is best 
described by equations (1) and (2), which can be 
derived from the enumeration schema, as shown in [2] 
and [3].  

The analogue principle in an MSS really 
exists in form of the canonical sequences. Each 
legally combined message sequence creates a path in 
the state space according to the equality of a message 
and a state change. This path is not continuous in 
three dimensions like in mechanics, but is event-
discrete. Each path starts in the origin of ordinates at 
the event-time t0 and goes in steps at each incoming 
message to a final point in the m-dimensional state 
space at the event-time tm, if the sequence has m 
messages. All equivalent sequences are always longer 
or equal to the canonical sequences. Therefore only 
the canonical sequences build a path of least length or 
with the least number of state steps. Examples of state 
transition diagrams have prove the hypothesis of 
existence of an analogous principle in informatics. 
With the focus on semantics the principle says that 
only the canonical sequences carry the composed 
formal semantics of the MSS in the most compact 
way. All equivalent sequences carry redundancy that 
is why the can be ignored. “Principle of most compact 
semantics” may be is a name for it. 
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