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Abstract designs at a behavioral level, and with the use of commer-

To meet the challenges of today’s avionics designs and mod-cially available synthesis tools, automatically generate
ernization programs, advanced systems modeling and sim-ASIC designs from high level descriptions. Another exam-
ulation tools are available which allow designers to ensure Ple includes feedback control system design. Commercially
the correctness of system functionality and to optimize available tools allow control designers to model and ana-
avionics architectures. This paper describes a commercial- lyze complex control systems, move freely between various
ly available system design tool set, Foresight, which has domains (time, frequency) to design complex algorithms,
been used for avionics systems development. Foresight dis2nd then automatically generate software code from the
tinguishes itself with a combination of three key advan- design. Extending these capabilities to the systems level.
tages: 1) an intuitive, highly graphical systems modeling that is, above individual hardware components [9] and soft-
language for functional behavior modeling and analysis 2) Wware components, would give today’s avionics system
system architectural modeling constructs that permit the designers a powerful weapon to address their complex
design and optimization of avionics architectures, 3) auto- design challenges.

matic translators to support detailed component design, In this paper, we describe an executable systems model

integration, and test of complex avionics hardware and soft- ing language and its supporting toolset. Foresight [2], which
ware. allows avionics system designers to capture system require

ments and design models, and dynamically analyze their
system designs for functional correctness and to explore
and optimize system architecture. Supporting tools then
translate the system designs into domain-specific lan-
The I’apid advancement of implementation teChnOIOgieS guages, such as VL for hardware and C for Software’ Suit-
such as VLSI circuits and broadband communications cou- able for downstream Component design_ Foresight provides
pled with the evolution of avionics architectures continues Comprehensive and expressive modeiing constructs to sup
to challenge today’s avionics designers. New designs mustport a wide array of simulation models that are needed
incorporate the latest technologies to satisfy the increasing-throughout systems development, including detailed func-
ly demanding requirements placed upon avionics while tional modeling, dynamic behavioral modeling, architectur-
meeting the increasingly restrictive size and power require- 3| performance modeling, and information modeling; and,
ments. And existing systems must be retrofitted with the an integrated tool set for constructing and simulating sys-
latest technologies to maintain the Ut|l|ty of the platform To tem modeisy which also Supports extensions of System mod:
maximize productivity and fully leverage the underlying els into operational prototypes. Section 2 provides an
implementation technologies, avionics systems designers gyerview of Foresight's systems modeling language and
are moving to higher levels of abstraction for their system supporting tool set. Avionics design examples with

design, capturing their designs with implementation-inde- Foresight are then discussed in Section 3. Conclusions ar
pendent, executable models and then transforming the drawn in Section 4.

designs into detailed designs which incorporate the latest

implementation technologies. 2.0 Foresight Overview
This concept of implementation-independent, executable

specifications has successfully demonstrated benefits in a The complexity of avionics systems drives their design
few specific domain areas [3]. For example, VHDL [8] is
currently gaining wide acceptance for its ability to model
and simulate digital electronic systems at multiple levels of
detail, allowing designers to capture and analyze their

1.0 Introduction

towards a complex combination of distributed, concurrent,
event driven and data driven processes implemented as a
integrated collection of custom and of-the-shelf hardware
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Figure 1. A Foresight Model Hierarchy

and software. To capture complex system requirements andlyzed to eliminate bottlenecks and optimize system design.
designs into executable models, Foresight provides a rich, Finally, information-modeling constructs are required to
expressive modeling language that is highly graphical, pre- easily and accurately capture system data requirements an
cise, and machine executable. Foresight’s graphical and tex-interface requirements.
tual modeling constructs allow system designers to capture Foresight models are built hierarchically from a collec-
a model of the most important characteristics of complex tion of modeling constructs. Foresight's primary modeling
systems—their functionality, dynamic behavior, and archi- construct is a block diagram [1]. Block diagrams allow sys-
tectural performance. Also, Foresight’s data dictionary per- tems to be described as a network of communicating
mits designers to capture information flow and interface processes, which are well suited for modeling embedded
requirements in the executable model. system functionality and their inherent concurrency.
Foresight's built-in support for functional, behavioral, Foresight's semantic extensions also permit modeling of
performance, and information modeling in a graphical, intu- control behavior, sequencing, and queuing. Furthermore,
itive language is unique and critical to support the important Foresight allows designers to capture designs in the mos
activities of systems development. Functional modeling appropriate fashion for the system under design, since
constructs are necessary to ensure the correctness of funcForesight supports both an object-oriented approach [7] anc
tion descriptions, not just the existence of the functions. a functional decomposition approach [4] [5]. As shown in
Moreover, functional modeling facilitates important proto- Figure 1, the top level of any Foresight model is captured
typing activities of systems development, which are moving with a block diagram, which consists of an interconnected
further upstream in the systems development life cycle with collection of process blocks. And the block diagrams can be
distributed simulation technology [6]. Behavioral modeling used to capture both the functional behavior (functional
constructs are required to capture the complex patterns ofblock diagrams) and the architectural configuration (archi-
dynamic behavior of system functions, such as sequencing,tectural block diagrams).
concurrency, synchronization and fault detection/recovery. The functional block diagram process blocks may be
Performance modeling constructs are necessary to ensuralecomposed with more functional block diagrams, or with
the system architecture and components that perform sys-Foresight primitive, executable modules (which are shown
tem functions are sufficient to meet the non-functional as shaded blocks in Figure 1): state machines, mini-specifi-
requirements and design constraints such as queuing,cations, library elements, or user-defined reusable elements
throughput, timing, accuracy, and reliability. As multiple The primitive elements can capture functional descriptions,
functions are often allocated to the same architectural com- control logic, dynamic behavior, and performance parame-
ponents, contention for these resources must also be anaters. For example, avionics designers may model function-
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Figure 2. Foresight Functional Block Diagram Example - Feedback Control System

ality such as flight control laws, sensor management, and ceed to explore the architectural design with Foresight. That
maintenance activities. Further, all process blocks are con-is, they may explore how the functional elements will be
nected with information flows, whose information type partitioned into hardware and software components, and
specifications are stored and maintained in the data dictio- how these components will be configured (software threads,
nary. boards communicating over high bandwidth. time-multi-
Similarly, architectural block diagrams may be decom- plexed buses, etc.). An example of functional behavior
posed to reveal additional architectural block diagrams, and modeling of an avionics bus is shown in Figure 3, which
at the primitive levels the performance characteristics of the illustrates a model of the HSDB (High-Speed Databus, also
components may be specified with resource elements. Forknown as the Linear Token Passing Bus [10]). The 50 Mb/s
example, avionics designers can specify buses with a cer-HSDB is a Joint Integrated Avionics Working Group
tain bandwidth, and the CPUs with a certain MIPS rate. (JIAWG) standard designed for the next generation of mili-
tary aircraft such as the F-22 Advanced Tactical Fighter and
3.0 Avionics Design Example Models the RAH-66 Commence Helicopter, and can accommodate
a range of applications ranging from large block data trans-
Cambridge Research has successfully applied Foresightfers down to low-frequency, periodic short message
to the development and verification of digital avionics sys- S€dquences.
tems. For example, an unmanned air vehicle verification ~The HSDB has the following characteristics:
facility was developed at Cambridge. Foresight was used to - Atoken is used to determine which station has permission
model the air vehicle’s avionics, the payload and other sub-  to talk on the bus.
systems, and the ground control station. Dynamic analysis - During start-up and reset conditions, a specific arbitration
with Foresight allowed verification of system designs and ~ Process is used to determine which station acquires the

interface specifications. token. _ o _ _
- The logical ring is automatically constructed via sequen-
3.1 Functional Verification tial polling.

- The bus will automatically reconfigure if a new station
Foresight's functional modeling capabilities allow avion- ~ €0mes on-line, or a station fails. o

ics designers to ensure the correctness of system function~ 1h€ bus accommodates prioritized messages (priority 0
ality. As shown in Figure 2, Foresight modelers can model ~ down to priority 3)
flight controllers and through time-domain simulation,
ensure the stability and correctness of their designs. Often,
Foresight is used in conjunction with control analysis pack-
ages such as MATLAB and MatrixX. After verifying the
functional correctness of their designs, engineers can pro-

Foresight was used to model the functional behavior of
the HSDB as defined by the JIAWG specification [11], in
order to verify its correctness and to explore scenarios of its
implementation within avionics architectures. For example,
the model in Figure 3 illustrates a 10-station HSDB system.
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Figure 3. Foresight JIAWG High Speed Databus Example
This particular model was used to determine Figure 5 illustrates the Foresight state machine that cap-
1. message delays of low frequency (fuel level) messagestures the top-level behavioral specification of the HSDB
on the bus, as a function of the message priority. bus. A variety of bus data was rapidly derived from the
2. time required to construct the logical ring, and Foresight model execution. The results from one particular
3. start up behavior scenario are shown in Figure 4; time delays for priority 0

messages ranged from 100 microseconds to 1 millisecond
whereas time delays for priority 1 messages ranged from 1
to 10 milliseconds. Another model execution demonstrated
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Figure 4. HSDB Model Execution Results - Message Delay
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Figure 5. High-Speed Databus Behavioral Specification

that the time required to construct the logical ring during design. Figure 6 illustrates an example of the avionics archi-
startup varied widely, and was proportional to the number tecture of a military helicopter. The dynamic execution of
of priority 0 messages on the bus during startup. The abili- the system model shows the utilization of the CPU and
ty to perform this type of functional behavior analysis memory in this particular example.
allows avionics developers to ensure that their designs are
correct, before proceeding into detailed hardware and soft- 3.3 Detailed Component Design
ware design.
Following avionics system architectural design, detailed
3.2 Architectural Design component design may proceed. To support the detailec
design activities, Foresight incorporates import/export util-
Whereas the previous examples illustrate Foresight's func- ities and code generators to transition the system design t
tional behavior modeling capabilities that are used to verify discipline-specific designs and tools. Foresight's export
functional designs, Foresight also supports the analysis, utilities permit system models to be represented in an ASCII
design, and optimization of system architectures. With these format (based on the CASE Data Interchange Format) for
capabilities, avionics designers can allocate functional ele- import into software engineering (CASE) tools to support
ments to architectural components such as CPU's, busesdetailed software design. More significantly, a C code gen-
memories, etc. These architectural components have perfor-erator will generate C source code for all or a portion (e.g.
mance constrains (e.g. MIPS for a CPU) which can be mod- the software partition) of the system model. Similarly for
eled and analyzed to optimize the avionics architectural the digital electronics hardware design, a VHDL generator
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Figure 6. Avionics System Architecture Design

will translate the Foresight model directly into VHDL for  throughout the entire life-cycle of a system.
use in both detailed board-level design as well as ASIC

design Figure 7 demonstrates how Foresight models may be4.0 Conclusion

utilized to capture new designs as well as existing system

designs (for modernization programs), and with automatic Foresight provides avionics systems designers with a com-
translators, provide a technology independent description of prehensive system simulation tool set which can be used tc
avionics systems to facilitate maintenance and upgradessigmﬁcan“y improve avionics system development.
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Figure 7. Automatic Translation for Component Design
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