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«Embedded systems» concept 

evolution 

• Control systems, 1960th years

• Embedded computer systems (embedded systems) – (ES), the end of 
1970th .

• Distributed embedded control systems (networked embedded control 
systems) – NECS, the end of 1990th.

• Cyber Physical Systems – CPS, about 2006

The embedded systems (ES) – the specialized computer systems 

directly interacting with object of the supervision or control.

Technological platforms for ES:

• Industrial PC and PLC platforms

• Half-finished products from multimedia industry

• Microcontrollers, DSP

• PLD, PSoC

• ASIC, ASSP, SOC …

• "Free" silicon compilation
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ES design
Small teams of 

developers

Embedded System Design

Formal

• Ready metods

• Technologies 

• Design flows

Semiformal

• Perspective paradigms and metods

• Standard tools placed under perspective design flows

Full-fledged usage of element base and 

technological potential

Abstract A-model

Virtual A-model

Realised A-model

Target systemToolkitInfrastructure ++

Elements 

for reuse

Target system

ES HLD problems

…

Aspect- based  design

Products of design
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ES high level (system) design - HLD 

• Mission level (or operational, or specifications) 

• Architectural level (or macroarchitecture, or 

performance)

• Level of microarchitecture (or functional; 

especially in development of digital VLSI and 

SoC – Electronic System Level (ESL)

• Technology Roadmap on Software-Intensive Systems: The Vision of ITEA 

(SOFTEC Project), 2 ed. issued by the ITEA Office, Eindhoven, May 

2004. Chapter 5, "Engineering", 69-82.

• A. Sangiovanni-Vincentelli, A. Pinto. An Overview of Embedded System

Design Education at Berkeley. University of California, Berkeley, 2005.

• A. Sangiovanni-Vincentelli "Quo Vadis SLD: Reasoning about Trends and 

Challenges of System-Level Design". Proceedings of the IEEE, 

95(3):467-506, March 2007.
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Tasks of ES high level design

• The target problem decision concept, initial 
specifications

• Computing process organization (model of 
computation – MoC)

• Project infrastructure organization 

• Architecture generation, estimation, verification

• Final specifications for implementation
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Perspective principles of ES design

• Unification of vision (representation, use …) on 
Hardware and Software;

• Formation of system of high level (architectural) 
abstractions for the ES description 
(representation);

• Conscious use of the platform-oriented design 
principles;

• Allocation of functional and nonfunctional 
requirements specifications in design process 
aspects;

• Dynamic balance of "alternatives": design/ 
implementation, HW/SW, design time/run time …
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Computational process 

organization. 

• In designing ES occupies the central position.

• Process of ES-designing is necessary  for 

considering as the organization of 

computing process in space and time, 

according to a end-user needs, in the 

constrains of the technical project.

• Include Design-Time and Run-Time phases of 

ES life-cycle.
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Tools of computation process 

realisation

• Design concepts (platform-oriented, model-
driven, actor-oriented and others);

• Models of computation (MoC);

• Virtual machines;

• Platforms (computation, tool, interaction 
reports, etc);

• Mechanisms (technical decisions from various 
areas-aspects in abstract representation);

• Element base (as a set of mechanisms 
realizations). 
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Architectural platform place and 

meaning in ES design process. 

Object-Event Computation Model  (OEMC).

ɸʨʭʠʪʝʢʪʫʨʥʘʷ 

ʧʣʘʪʬʦʨʤʘ

ɸʨʭʠʪʝʢʪʫʨʥʘʷ 

ʧʣʘʪʬʦʨʤʘ

ɸʨʭʠʪʝʢʪʫʨʥʘʷ 

ʧʣʘʪʬʦʨʤʘ

Architectural 

platform

Requirements 

specification

Architectural 

platform

Base platform 

choice

Element base, r

ealization patterns

Computation 

model

Architectural 

model

ñGoldenò 

architectural 

model

Implementation Product

Concrete definition 

and verification of 

architectural model

Architectural model 

generation

Architectural platform:
Â Design aspects list 

Â Model (models) of computation

Â External logic of aspects 
interaction (design criterions)

Â Fixed list of reused patterns

Â Element base

OEMC :
Â Object, functional block (FB)

Â Event

Â Port

Â Node
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Scientific-educational and industrial cluster

«Embedded Computer Systems»

St.Petersburg State University ITMО

Computer Science Department

Innovation Technologies Center

LMT Ltd.
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Master program «Embedded Computer Systems» 

at Computer Science Department of  

St.Petersburg State University ITMO

• Master specialization «Embedded computer 
systems design».
The organization of the embedded systems and 
complexes with various architecture, technologies 
and high level design toolkit, embedded software, 
circuit design.

• Master specialization «System engineering of 
integrated computers. Systems on a Chip»
Computational components and embedded systems 
creation in integrated implementation, high level
VLSI/SoC design technology, design for tests, 
energy-efficient technologies, SoC modeling and 
verification instruments.
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The basic directions of 

specialization
• Architect - the balanced notion and knowledge in:

– system engineering;

– ES architecture;

– software;

– hardware;

– design tools.

• Specialists in aries, but with a "base" outlook:
– Embedded software;

– PLD / PSoC;

– Embedded networks;

– HLD with modern tools use;

– Microcontroller & PLD & analog-digital schematic;

– Design tools.
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13

Participation in national and branch 

projects
• «Development and implementation of devices and equipment manufacturing for 

nanotechnology» (Science ministry of the Russian Federation, 2003-06., over 
10 million EUR) – a hardware-software platform design for scanning probe 
microscopes family.

• «Innovative system of new generation specialists training in the field of 
information and optical technologies» (the National project "Education", 2006-
08., over 15 million EUR) - direction «Embedded Systems».

• Development of Intellectual Transport System (ITS) of St. Petersburg (Scientific 
Technical Council under Transport Committee of St. Petersburg Government 
2006-07) – concept of ITS-info-communication platform.

• Railway automatic traffic control “TRAKT”, 1997-2000 – development of 
complex architecture and central computation unit M3M.

• Marine automation navigation control “Autopilot AP3000” (Navis Engineering 
OY, 2001-2009) – HW/SW-platform design.

• Development and manufacturing of microprocessor education-laboratory 
complexes (SPbSU ITMO, LMT Ltd., 1996-2009) – are used in more than 50 
Universities of Russia.
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Saint Petersburg State University of Information Technologies, 

Mechanics and Optics / Computer Science Department

Research and manufacturing company LMT Ltd

R&D activities in NESC sphere that may be interesting for 
international cooperation with Europe partners:

• Researches in the area of formalized methods of embedded 
systems architecture design: creation of metrics for an estimation of 
quality of system architecture and CAD-software for embedded 
systems  architecture design.

• Development of specific IP-cores (data & signal processing, network 
& peripheral controllers, etc.) and completed SoC for embedded 
control & embedded networking solutions.

• Developments of techniques of teaching in computer architecture 
and NECS-areas.

• Development of application specific software and hardware for:
– on-board transport automation;

– building and office infrastructure automation;

– automatic street light control systems;

– automatic meter systems for power and water;

– microcontroller and PLD development and training systems.
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Thanks for attention!

Our contacts:
St.Petersburg State University ITMO 

Computer Science Department,
LMT Ltd.

St.-Petersburg, Kronverksky avenue, 49,

Birzhevaya line, Vasiliedsky Island, 16

+7(812)331 88 46 +7(812) 233 30 96 
http://embedded.ifmo.ru

http://lmt.ifmo.ru

info@lmt.ifmo.ru 15

http://embedded.ifmo.ru/
http://lmt.ifmo.ru/
mailto:info@lmt.ifmo.ru


6. Appendices
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ES high level (system) design - HLD 

• Mission level (or operational, or specifications) -
development of the system behaviors scenario in a kind of 
"the executed system specification/model»; modeling of 
system external environment.

• Architecture level (architecture) (or macroarchitecture, or 
performance)) – formation of system architecture, 
irrespectively to a way of realization: the analysis of 
architecture about conformity to functional and 
nonfunctional requirements/restrictions.

• Level of microarchitecture or functional or (especially in 
development of digital VLSI and SoC) – Electronic Level of 
system (ESL) – a choice of a way of architectural model 
components realization is carried out; algorithms, 
interfaces are developed; specifications and the verification 
environment for a system realisation stage are prepared.
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Object-event computation model  

(OEMC)

• Object, the functional block (FB)
The structural element representing target functionality. Enables to realize 
hierarchy of models, being a composition of smaller FBs.

• Event
FB models are connected by signals. Event in OEMC - signal change (time + 
state). Event transfers data between FB, and makes active the last for 
performance of certain actions.

• Port
The mechanism of events transfer between FB. FB perceives events on input 
ports and generates events on output ports.

• Node
The physical carrier of computational resources of the target system, realizing 
FB and ports ñmapped" on it.
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Problems accessible методологий, tools 

and designing environments (tool 

environments) in the field of system 

designing for ВсС

• Separate (especially nonfunctional) aspects of designing are 
considered separately, within the limits of specialised 
общесистемных models: энергопотребления, reliability, 
information protection, etc.  

• The obvious priority of functional aspect at architectural level 
remains. Nonfunctional aspects or play a role of auxiliary 
criteria of the project, or many of them are not considered in 
general.

• The set of variants of realisation of microarchitecture is 
limited to frameworks HW/SW of a phase performance time. 
Search of design decisions at a variation of a parity 
Designing/run Time, consideration of various levels 
виртуализации architecture, integration of an applied and 
tool component in most cases within the limits of system 
designing is not spent.

19



Computing platform

Computing platform (on E.A. Lee,
University of California, Berkeley) - set
of the projects, satisfying to some
general condition (or following from it).
Examples of platforms: binary images of programs
under architecture ʭ86, Java-programs bytes-codes,
Wintel the personal computer.

Computing platform - unity of
"external" and "internal" representation
of [any] is functional-finished and is
functional-significant object in structure
VsS.
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Architecture ВС

• Architecture ВС – set of conceptual aspects ВС 

of some level of the detailed elaboration, 

adequately displaying projected system for the 

given level рассмотрения

• Aspects: functional, structural, надежностный, 

is constructive-technological, power, tool, 

climatic, a reuse, organizational-economic, 

документный, …
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Architectural 

model ВС

Aspects of designing

Aspect of designing:

• Means of the description of aspect 
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Objective-sobytijnaja model of 

calculations (ОСМВ)
• Event, сигнал

• The functional block (ФБ)

• Port (an input, an exit)

• Target knot (ЦУ, a platform 
element)
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Behavioural aspect

Model of calculations – the mathematical 

formalism representing means описания

• Computing process,

• Ways of data exchange,

• Synchronisation of functional elements.

Behavioural aspect of designing – model of 

calculations.
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The given traces 

(place&route)

The given traces 

(place&route)

The given traces 

(place&route)

Hierarchy of means of the 

description
IRSYD, SHINE, COLIF, GIOTTO, …

Computing platform

Means 

низкоуровневого 

descriptions

Languages of high 

level

Means of the mixed 

hardware-software 

description

x86

MCS51

HAN

D
PowerPC

HC08

MAXË3K

FLEXË10K

The 

assembler
The 

assembler

The 

assembler
The 

assembler

С/С ++

Modula

Further

XC4000

Spartan ™

The list of chains (EDIF 

netlist)

The given traces 

(place&route)

VHDL

Verilog

RTL

ОСМВ NECS

25



Tool aspect
Tool model – set of tool problems and a way of their interaction 
at processing of streams tool given (tool objects)

ʉʧʝʮʠʘʣʠʟʘʮʠʷ

ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ

ʆʪʣʘʜʢʘ ʠʤʝʥʥʦ 

ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ

ɺʥʝʜʨʝʥʠʝ ʚ ʮʝʣʝʚʫʶ ʩʠʩʪʝʤʫ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ

ɹʝʟʦʧʘʩʥʦʩʪʴ 

ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ

ʄʦʱʥʦʩʪʴ ʚʩʪʨʦʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ

ʆʧʪʠʤʘʣʴʥʦʩʪʴ

ʨʝʰʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʟʘʜʘʯ

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ

Discrepancy of requirements to a 

tool complex
Features of toolkit ВсС

• специализация

• завершенность

• иерархичность

• сложность

• распределенность

• Realisation gravitates to 

потоковой models
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Mutual инкапсуляция tool and 

target КМС

Физический

Канальный

Сетевой (целевой)

Сетевой 

(инструментальный)

Целевая 

задача

Инструментальная 

задача

Base methods of the organisation of tool 

complexes РИУС

Dynamic tool components

ÅIntroduced tool the agentʳ

ÅResident tool data

Technology possibilities

ÅFlexible dynamic distribution tool 

ʬʫʥʢʮʠʡ

ÅManipulation resident tool to dataʠ

ÅActivization of tool functions

Problems of a kernel of a 

complex
ÅRegistration resident ʘʛʝʥʪʦʚ

ÅRegistration resident ʜʘʥʥʳʭ

ÅDefinition of actual parametres tool 
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ÅExchange of resident data
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