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Abstract. Modeling Cyber-Physical Systems (CPS) with timing con-
straints is challenging due to the complexity of their component be-
haviors. We propose “Timed SysReo", a novel modeling language that
extends SysML with Timed Reo to capture CPS architecture and timed
interactions. Timed SysReo uses Timed Reo Internal Block Diagrams
(Timed Reo IBD) and Timed SysReo Sequence Diagrams (TSRSD) to
detail component interactions and message flows. Since direct formal
verification of requirements in TSRSD is impractical, we automate the
transformation of TSRSD into Timed Constraint Automata (TCA) using
ATL rules. Requirements are expressed in Timed Scheduled-Data-Stream
Logic (TSDSL), enhancing precision and rigor in CPS verification. We
illustrate the efficacy of our approach through a case study involving a
Smart Medical Bed (SMB).
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1 Introduction

Cyber-physical systems (CPSs) are composed of software and physical compo-
nents that constantly interact with one another [14]. These systems find appli-
cation across various domains such as smart cities, healthcare, and autonomous
vehicles [5, 24, 20]. Efficient modeling of CPSs is crucial for understanding and
verifying functional properties, particularly in critical domains. However, mod-
eling CPS structures and interactions with timing constraints adds complexity
and challenges, risking significant errors, especially in vital sectors like emergency
response and healthcare.

Several languages and formalisms are used in CPS modeling [17,6, 10]. In
our study, we opted for the System Modeling Language (SysML) [19] due to
its capability to model heterogeneous systems, integrating both software and
hardware components. SysML enhances stakeholder understanding by modeling
system architecture, behavior, and requirements. In SysML, interactions between
components are modeled using Internal Block Diagram (IBD) and Sequence
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Diagram (SD). However, these interactions adopt an “endogenous" coordination
approach which complicates design and reduces “reusability", increasing project
costs. Moreover, while SysML proficiently models CPS, it may not fully address
formal specification and verification of intricate component interactions with
timing constraints.

Alternatively, the “exogenous" coordination approach, which embeds coor-
dination logic within connectors, is gaining traction among researchers [2, 13,
16]. This method enhances reusability and simplifies design. Timed Reo, as em-
ployed by scholars in [3,15], offers a circuit-like graphical representation and
enables modeling interactions with timing constraints. It supports reusability,
maintains synchrony during composition, and provides a formal representation
through Timed Constraint Automata (TCA). However, its formal semantics may
present challenges to stakeholders due to limited industrial adoption.

To our knowledge, no comprehensive study has integrated SysML and Timed
Reo for CPS modelization. Previous research has focused on either SysML [12,
25] or Timed Reo [3,15] separately. In our recent work, we introduced “Sys-
Reo" [21-23|, combining SysML and Reo to enhance CPS validation. While
“SysReo" effectively models intricate CPS requirements, structure, behavior, and
interactions, it falls short in handling CPS with timing constraints.

In this paper, we first introduce “Timed SysReo" by extending SysML with
Timed Reo, introducing the “Timed Reo Internal Block Diagram" (Timed Reo
IBD) and “Timed SysReo Sequence Diagram" (TSRSD). Then ,we propose an
approach for verifying interactions and interoperability among CPS components,
relying on meta-modeling [8] and transformations [7]. This involves defining
meta-models for source and target models and establishing correspondences be-
tween them. To ensure accuracy and prevent errors, we develop automated ATL
rules [1] for seamless TSRSD to TCA transformation. TCAs represent CPS com-
ponent behavior and coordination, facilitating verification of Timed Scheduled-
Data-Stream Logic (TSDSL) requirements.

Finally, we illustrate our approach using a Smart Medical Bed (SMB) case
study, showcasing the benefits of Timed SysReo and formal verification for de-
veloping robust medical CPS systems.

The paper follows this structure: Section 2 provides an overview of SysML,
Timed Reo, and TCA. Section 3 outlines the proposed modeling approach using
Timed SysReo models. The transformation of TSRSD into TCA using ATL is
given in Section 4. Section 5 presents the SMB system case study. The paper
concludes in Section 6, with a brief discussion on future work.

2 Background

This section provides a concise overview of SysML, Timed Reo, and Timed
Constraint Automata (TCA).
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2.1 Brief Overview of SysML

SysML [11], a profile of UML2.0 [18], facilitates the modeling of complex systems
across industries by aligning stakeholder inputs. It offers nine diagram types for
modeling CPS requirements, structure, and behavior. In our Smart Medical Bed
(SMB) system modeling, we focus on the Requirement Diagram (RD), Block
Definition Diagram (BDD), Internal Block Diagram (IBD), and Sequence Dia-
gram (SD).

Requirement Diagram (RD): Illustrates system requirements and their re-
lationships with other model elements.

Block Definition Diagram (BDD): Represents system components and their
relationships, distinguishing between atomic and composite blocks.

Internal Block Diagram (IBD): Depicts the static state of the system, de-
tailing internal arrangements through sub-blocks.

Sequence Diagram (SD): Visualizes component interactions and event se-
quences during specific use cases.

2.2 Timed Reo

Timed Reo [3] expands upon Reo [2], is a channel-based coordination language
for concurrent and distributed systems. It introduces channels with timing con-
straints to regulate communication in CPS, aiming to specify exogenous proto-
cols governing timed interactions among components. Timed Reo’s formal se-
mantics are captured by Timed Constraint Automata (TCA), extending Con-
straint Automata (CA) to describe behavior incorporating timing constraints.
Definition of TCA: A Timed Constraint Automaton (TCA) denoted by A =
(L, Lo, N,—,Cic) comprises:

L: set of locations (or states).

- Lg: initial location where Ly € L.

- N: set of port names.

- —: transition relation —C L x 2V x DC x CC x 2€ x L, where DC represents
Data Constraints over a finite data domain, ensuring specific conditions for
data exchange between components and CC represents Clock Constraints.
C: set of clocks.

ic: L — CC is a function assigning to each location an invariance condition,
ensuring specific timing constraints.

Example: Consider the expiring timed FIFO channel depicted in Fig. 1. This
channel extends from FIFO with a maximum time constraint for data residing in
the buffer, after which the data is discarded. In the Timed Reo circuit, a clock
t is declared in TCA. A time constraint ¢ < 1 under the buffer indicates the
expiration time aspect, denoted by a clock constraint CC(t) as an invariance
condition for location I’(d) in TCA. The two edges from I’(d) to I represent the
event where a data item is discarded upon timer expiration and the event where
Y reads the data out of the buffer, respectively.
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Fig. 1. Timed Reo circuit and TCA for an expiring timed FIFO channel.

3 Modeling Approach
In this section, we present our model-based design approach. We begin by out-

lining the steps for efficiently designing CPS using Timed SysReo. Then, we
describe the Timed SysReo meta-models employed in the initial design phase.

3.1 Approach steps
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Fig. 2. Modeling and V&V processes using Timed SysReo.

This section outlines our modeling methodology, as illustrated in Fig. 2,
which consists of two main processes: the modeling process and the validation
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and verification (V & V) process. Initially, we comprehensively model CPS com-
ponents’ requirements, structure, timed interaction protocols, and behavior to
address critical timing constraints. Subsequently, we verify timed interactions
and interoperability among CPS components.

During the initial phase, the CPS designer gathers system requirements and
conducts thorough analysis. Using the “Timed SysReo" model, three main dia-
grams are created: (1) The requirement diagram, encompassing both functional
and non-functional needs; (2.1) The ExtBDD diagram, illustrating the system’s
hierarchical structure through blocks, followed by (2.2) the Timed Reo IBD
diagram, delineating internal structure and timed interaction protocols. Addi-
tionally, the Timed SysReo sequence diagram (TSRSD) models timed behavior
and coordination of CPS components.

In the second phase, our focus shifts to the validation and verification process.
We aim to accurately represent timed interactions among CPS components and
verify their interoperability, modeled using TSRSD diagrams. To achieve this,
we apply ATL rules to corresponding meta-models, as detailed in Section 4,
to obtain their equivalents of Timed Constraint Automata (TCA). Addition-
ally, we express predefined requirements in Time Scheduled Data Stream Logic
(TSDSL) [3], providing a formal representation of these requirements.

Using TSDSL and TCA enhances precision and rigor in CPS verification
procedures, ensuring seamless collaboration among components with timing con-
straints. This systematic approach guarantees the CPS system operates as in-
tended, aligning with designer specifications. Verification results are evaluated,
with any specification errors prompting a loop back to the Timed SysReo model
specification phase until a precise CPS model is achieved.

3.2 Timed SysReo meta-models

In this section, we will present the meta-models of Timed Reo Internal Block
Definition Diagram (Timed Reo IBD) and Timed SysReo Sequence Diagram
(TSRSD) respectively.

Timed Reo IBD meta-model: In Fig. 3, we represent the meta-model that
allows us to model Timed Reo IBD diagrams. The Timed Reo IBD serves to de-
pict the inner structure of CPS components and the timed connections between
CPS parts specified as exogenous Timed Reo protocols. These diagrams consist
of parts and ports, where each part represents a CPS component. Parts are en-
capsulated black-box components equipped with ports for data exchange. Com-
munication between parts is facilitated through Timed Reo connectors, which are
depicted as channels. Various types of Timed Reo channels exist, each defining
specific data behaviors: The Sync channel instantly transfers data from input to
output. FIFO temporarily buffers data before transmission. SyncDrain receives
data from two inputs simultaneously and discards them. Filter forwards data
only if a specified condition is met. Additionally, Timed Reo connectors include
nodes for data exchange between components and employ clocks to measure time
(timeouts or delay) within the system.
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Fig. 3. Meta-model of Timed Reo Internal Block Diagram (Timed Reo IBD) followed
by an example.

TSRSD meta-model: In Fig. 4 A, we represent the meta-model that allows us
to model Timed SysReo Sequence Diagrams, followed by an example in Fig. 4 B.
The main class in this meta-model is the TSRSD Interaction, which encompasses
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B) TSRSD Example
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Fig. 4. Meta-model of Timed SysReo Sequence Diagram (TSRSD) followed by an
example.

lifelines, Timed SysReo Messages (TSRMsg), and a Timed Reo Sequencer.

A LifeLine represents a CPS component involved in the interaction, handling
event transmission and reception. TSRMsg defines the Timed SysReo Messages
exchanged between objects, with each message having a sender and receiver con-
nected via timed Reo connectors. The Timed Reo Sequencer serves as the super-
class for TSRSD Interaction, Combined Fragment, Interaction Operand, and Oc-
currence Specification. A Combined Fragment contains interaction operands and
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an interaction operator chosen from a set of options. An Interaction Operand is
linked to a combined fragment, potentially with a guard condition. The TSRMsg
Occurrence Specification represents events on lifelines, marking the start or end
of a timed SysReo message.

The classes Timed Reo Connectors, TSRMsg, and Timed Reo Sequencer
inherit from NamedElement, which in turn inherits from Element. The ‘owner*
association retrieves the parent element, while ‘ownedElement retrieves child
elements.

Timed SysReo, as compared to SysReo |22, 23], offers a more comprehensive
approach to modeling CPS. By incorporating timing notations through “Timed
Reo IBD" and “Timed SysReo SD", it enables a detailed representation of CPS
interactions and inner structure within specified time constraints. This enhance-
ment ensures that all facets of CPS, from requirements to behavior to structure,
are accurately captured in the modeling process.

4 Transforming TSRSD into TCA using ATL

In this section, we introduce the Atlas Transformation Language (ATL) and ex-
plain how to convert TSRSD diagrams into Timed Constraint Automata (TCA).

4.1 ATL Overview

The Atlas Transformation Language (ATL) is a tool in Model-Driven Engineer-
ing (MDE) used to generate target models from source models [1]. An ATL
program consists of rules that match elements in the source model and create
corresponding elements in the target model. These rules include a “from" sec-
tion specifying patterns and constraints in the source model, and a “to" section
defining how target elements are created from the source elements.

4.2 Timed Constraint Automata Meta-Model

Based on the formal definition of Timed Constraint Automata (TCA), we pro-
pose a meta-model depicted in Fig. 5. The main classes are: Timed Constraint
Automata, the root class containing states and transitions; State, which includes
a name, type (initial or not), and an invariance condition for the maximum du-
ration; and Transition, which specifies source and target states, node names
(input/output), data constraints, and clock constraints for firing time.

4.3 ATL Transformation Rules

Several ATL rules are used to map TSRSD elements to TCA elements. Specifi-
cally, TSRMsgOccurrenceSpecification in TSRSD corresponds to State in TCA,
and TSRMsg in TSRSD corresponds to Transition in TCA. Due to space con-
straints, we will illustrate only one rule here:

Example Rule: TSRMsg2Transition converts TSRMsg instances from
TSRSD to Transition instances in TCA:
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Fig. 5. Timed Constraint Automata meta-Model followed by an example.

rule TSRMsg2Transition {
from
tsrMsg: TSRSD!TSRMsg,
mos: TSRSD! TSRMsgOccurrenceSpecification

to
t: TCA! Transition (
nodeNames <— {tsrMsg.inputNode.name, tsrMsg.outputNode.name},
dataConstraints <— tsrMsg.channelType,
clockConstraints <— tsrMsg.clock.name.concat(’:=0"),
source <— thisModule.resolveTemp (mos, ’'s’),
target <— thisModule.resolveTemp (thisModule
.NextTSRMsgOccSpec (mos. getCovered (), mos), ’s’)
)
if

not tsrMsg.outputNode.isLast

This rule maps TSRMsg to Transition, indicating message transmission, sets
node names, data constraints, and initializes clock constraints. It defines source
and target states based on TSRMsg specifications, using a helper function to
find subsequent occurrences on a lifeline.

5 Smart Medical Bed Case Study

In this section, we present our case study on the Smart Medical Bed (SMB)
system. We provide a brief overview of the SMB, gather relevant information for
analysis, and use Timed SysReo models to specify requirements, design struc-
ture, and model behavior while accounting for timing constraints. The system
is validated by generating TCAs from TSRSD using predefined ATL rules, en-
abling verification of timed properties through methods like Biichi automata [9],
enhancing the validation and verification process.

5.1 SMB overview

A Smart Medical Bed (SMB) integrates sensors to monitor vital signs like tem-
perature, transmitting data to a Remote Terminal Unit (RTU) within 1 Time
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Fig. 6. Smart medical bed architecture.

Unit (TU), as shown in Fig.6. The RTU manages data flow between the Smart
Bed (SB) and Nursing Station (NS), deciding whether to update patient infor-
mation or alert healthcare teams within 3 TUs. The SMB system consists of the
SB, RTU, and NS components.

Our study focuses on modeling and validating the SB-RTU interaction within
the SMB. Using Timed SysReo, we analyze requirements and model architecture.
We employ Timed Reo IBD and Timed SysReo SD to represent internal struc-
ture and manage timing constraints, enhancing efficiency in modeling complex
components and interaction protocols within the SMB environment.

5.2 Modeling process using Timed SysReo

Requirements During the modeling process, it is vital to ensure system func-
tionality and usability. This starts with identifying specific system needs, outlin-
ing functional requirements of the SMB system. For instance, requirement R1 in
Table.1, emphasizes the necessity for the Smart Bed (SB) to send the collected
patient vital signs data (e.g., heart rate, blood pressure, temperature, and oxy-
gen saturation) to the Remote Terminal Unit (RTU) within a latency of no more
than 1 Time Unit (TU). This requirement is satisfied by the Smart Bed (SB)
component and verified by the “sendTempData()" message.

Table 1. Requirement table of SMB.

ID |Requirement Description Satisfied by |Verified By

R1 |The SB shall send the collected patient vital|SB. sendTempData().
signs data to RT'U within a latency of no more
than 1 TU .

R2 |The RTU must send an “emergencyAlert()"|RTU. emergencyAlerts(),
message to the NS within 3 TU for abnor- updatePatientInfo().
mal data or transmit an “updatePatientInfo()"
message within the same time-frame for nor-
mal data.
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Fig. 7. The ExtBDD model of the SMB system.

Extended Block Definition Diagram (ExtBDD) The ExtBDD diagram
displays the hierarchical structure of the SMB system, with each component
from the requirement diagram (Table.1) depicted as a block. These blocks de-
tail a component’s internal operations, offered and required services, with input
and output proxy ports. In Fig. 7 [A], we show an abstract overview of the
system, featuring main components like “SMB", divided into “Smart Bed (SB)"
and “Remote Terminal Unit (RTU)". In Fig. 7 [B], the concrete level illustrates
sub-components within primary components. For instance, the smart bed in-
cludes “Temperature Sensor" and “Gateway", with the former responsible for
data measurement and transmission to the latter.

Timed Reo IBD SMB Alerts Timed Reo IBD SB Timed Reo IBD RTU
emergencyAlerts() emergencyAlerts() [ prtu_out,
o »Of + psb_out + prtu_in + pa:l Fo—>»0
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(emp SB SendTemp gataaeﬁlnfo( temp temp Gateway| sendTempData() analyzeData() [ oo ortu_out
pu:
Dataln() Data() Dataln() DataOut() PU FHO—»0
+p,m e updatePatientinfo() ‘

(a) Timed Reo IBD of SMB (b) Timed Reo IBD of SB (c) Timed Reo IBD of RTU

Fig. 8. Timed Reo IBD of the SMB system.

Timed Reo Internal Block Diagram (Timed Reo IBD) Fig.8 presents
the Timed Reo IBD of the smart medical bed system. The purpose of Timed
Reo IBD is to enhance the modeling of system architecture by replacing the
SysML Internal Block Diagram (IBD) with Timed Reo connectors, allowing for
the precise specification and analysis of timing properties and synchronization
patterns within the system.
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In Fig. 8(b,c), internal structures of SB and RTU components are illustrated,
including their timed interaction protocols. For instance, the gateway (gtw) com-
ponent sends “sendTempData()" to the medical database (MDB) component
through a timed FIFO channel, constrained by @t/<=1 TU. This channel im-
poses a deadline, t1<=1, where data availability follows a structured pattern:
each data item in the FIFO buffer has a maximum duration of t/<=1 before
removal. Similarly, the MDB sends “analyzedData()" to the Exclusive router
(EXR) via a timed FIFO channel with a deadline of @t2<=3 TU. Following
that, the EXR determines whether to dispatch “emergencyAlerts()" via a sync
channel for immediate transmission to the patient alert (PA) component, or to
send “updatePatientInfo()" via a sync channel directly to the patient update
(PU) component.

A) Traditional SysML SD B) Timed SysReo SD
SysML SD Timed SysReo SD

alt

T

seq/ | Gmi t1<=1 ypp
'sendTempData()! >
b sendTemp

‘analyzedData() Datal)
; ! ata

et ‘emergency |

! |t abnormat data) -—AlEMS> ¢

| reise] update,

__Patientinfo() ; H

‘ Timed Reo Sequencer Zooming into Timed Reo
RS

Extending SysML SD with Timed Reo >
Fig. 9. Difference between traditional SysML SD and TSRSD of the SMB system.

Timed SysReo Sequence Diagram (TSRSD) The purpose of TSRSD is to
enhance traditional SysML Sequence Diagrams (SD) by integrating Timed Reo,
providing a comprehensive representation of complex timed interactions among
CPS components. By extending SysML SD with Timed Reo, TSRSD effectively
models both behavior and timed interaction protocols within CPS. TSRSD fa-
cilitates exogenous coordination among CPS components, enhancing flexibility,
adaptability, and cost-efficiency in CPS modeling. Additionally, TSRSD enables
the validation of predefined requirements, ensuring CPS interoperability and
design precision through formal verification processes.

In our recent work [23]|, we enhanced traditional SysML SD by integrating
Reo, creating SysReo SD. This effectively captures CPS component behavior
and coordination but lacks adequate handling of timing constraints. Therefore,
we introduced Timed SysReo SD (TSRSD), extending SysML SD with Timed
Reo to enhance the representation of complex timed interactions among CPS
components. Moreover, TSRSD serves as a starting point for the verification
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phase. Using predefined ATL rules outlined in Section 4, we directly produce
Timed Constraint Automata (TCA) from TSRSD. Subsequently, we formally
verify predefined requirements, expressed in TSDSL logic, on the generated TCA
to guarantee CPS interoperability and design precision.

In Fig. 9, we illustrate the contrast between traditional SysML SD and
TSRSD, highlighting the detailed message flow with timing constraints among
components. While SysML SD aids in understanding system behavior, it lacks
explicit coordination details. TSRSD, adopting an exogenous approach, provides
a precise representation of system behaviors and timed interactions. Exogenous
methods like Timed Reo offer a modular approach to define protocols. In the
scenario shown in Fig. 9 A, the GTW component sends the “sendTempData()”
message to the MDB component. An endogenous approach would involve di-
rectly implementing the message within their respective code. However, Fig. 9 B
illustrates a different strategy, where a separate component called the “Timed
Reo sequencer” explicitly defines the message exchange protocol between GTW
and MDB with a time constraint of ¢; < 1. For example, GTW sends “sendTem-
pData()” to MDB using timed Reo ports {GTW, MDB} (depicted as orange
circles), and the Timed Reo sequencer coordinates this message exchange. This
decoupling allows for easier protocol modifications without affecting the imple-
mentation of GTW and MDB. Employing Timed Reo connectors in exogenous
approaches provides more flexibility and simplifies the specification and adjust-
ment of complex protocols in CPS. Another notable aspect of TSRSD is its ca-
pability to verify predefined requirements, as depicted in Table 1. For instance,
the “R1” requirement is verified using a timed FIFO channel, coordinating the
“sendTempData()” message within a time constraint of ¢; < 1.

The subsequent step involves formally representing TSRSD and outlining the
method for automatic TCA generation.

5.3 Validation and Verification Process

By applying ATL rules to the Timed SysReo sequence diagram (TSRSD) of
SMB, we generate the corresponding Timed Constraint Automata (TCA) shown
in Fig. 10. We chose ATL to automate the transformation of TSRSD to TCA
due to its efficiency and ability to reduce user errors. For example, in Fig. 9 B,
the “sendTempData()" message in TSRSD is translated into a transition “t"
using the ATL rule “TSRMsg2Transition" from Section 4.3. This transition “t"
involves nodes {GTW, MDB}, with data constraint dgrw = dypp = d and
clock constraint t1:=0. Applying ATL rule to TSRSD facilitates the creation of
its corresponding TCA, depicted in Fig. 10.

Verification of TSDSL Properties on TCA To ensure the correctness of
the SMB system’s behavior and coordination, we express predefined require-
ments using Timed Scheduled-Data-Stream Logic (TSDSL) [3], which integrates
temporal logic with timing constraints. These TSDSL specifications are verified
against the Biichi automata [9] of the Timed Constraint Automata (TCA) using
Arbab’s method [4, 3].
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Fig. 10. The generated TCA from the smart medical bed TSRSD.

For example, consider requirement R1 in Table 1, which specifies that if data
transmission occurs from the Smart Bed (SB) within 1 time unit, it is always
(O) accompanied by data reception at the Remote Terminal Unit (RTU) or no
observable data transmission within the subsequent 1 time unit:

DSB(( (RTU )= ) v =((.)=h)

Arbab’s method, detailed in [3|, ensures that a given TCA satisfies a specified
TSDSL formula. It involves transforming the TSDSL formula into its negation,
constructing a Biichi TCA for this negation, merging it with the original TCA,
and checking the emptiness of the resulting combined TCA.

Checking the emptiness of the combined TCA involves determining if there
exists a run (sequence of states and transitions) that satisfies the negated for-
mula. For requirement R1, this means verifying if there is no sequence where data
transmission from SB occurs within 1 time unit without either a corresponding
reception at RTU within the same time or no transmission at all within the sub-
sequent 1 time unit. If the combined TCA is empty, meaning no such run exists,
then the original TCA satisfies the TSDSL formula for requirement R1. This
verification step ensures that the CPS model adheres to the specified timing and
temporal logic requirements, thus confirming its correctness and reliability.

6 Conclusion and Future Work

In this paper, we present a novel approach for modeling and verifying Cyber-
Physical Systems (CPS) interactions with timing constraints using Timed Sys-
Reo. Our method enhances CPS designs by incorporating precise timing con-
siderations through the integration of Timed Reo into SysML diagrams. This
allows for an accurate representation of system requirements, behaviors, and
interactions under specified timing constraints. Timed SysReo uses two key di-
agrams: the Timed Reo Internal Block Diagram (IBD) and the Timed SysReo
Sequence Diagram (TSRSD). The Timed Reo IBD focuses on the structural
aspects of CPS, offering a static view of the system architecture. In contrast,
the TSRSD emphasizes dynamic behaviors and timed interactions, providing
a dynamic perspective on system operations. Together, these diagrams offer a
comprehensive depiction of both the static and dynamic elements of CPS with
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respect to timing constraints. Additionally, we demonstrate the automation of
transforming TSRSD diagrams into Timed Constraint Automata (TCA) using
ATL, which significantly enhances the precision and ease of verifying CPS re-
quirements specified in TSDSL logic. Our approach is exemplified through a
case study involving a Smart Medical Bed (SMB), highlighting the practical
application and benefits of Timed SysReo in real-world scenarios.

In our future efforts, we will assess Timed SysReo’s performance across di-
verse sectors like automotive and aerospace CPS, moving beyond its current
focus on healthcare. This evaluation aims to determine its suitability and ad-
dress specific challenges and opportunities in each domain. Additionally, we in-
tend to enhance Timed SysReo by modeling both discrete and continuous CPS
behaviors. Currently, the Timed SysReo framework primarily handles discrete
behaviors, but our expansion will integrate parametric diagrams and incorpo-
rate Reo connectors to model differential equations for continuous dynamics.
This approach will enable comprehensive modeling of CPS hardware compo-
nents, considering physical constraints to ensure robust system designs across
different operational scenarios.
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