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ÁOverview 

ÁDeveloping & visualising system models

ÁDeveloping models of processes

ςBusiness Process Model and Notation  (BPMN)

ÁDeveloping models of systems 

ςSystems Architectures

ÁIntroduction to Model Based Systems Engineering (MBSE)

Outline
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STSE Module Learning Outcomes

ÁCritically evaluate the role of System Thinking and Soft Systems Methodology in complex, 
multi-stakeholder environments

ÁSelect and justify appropriate architectural frameworks for product-service and 
enterprise development scenarios

ÁExplain the hierarchy of vision, outcomes, business and system programme goals and 
apply tools to support the prioritisation of goals and stakeholders

ÁApply the principles of systems engineering to create more effective development, 
delivery, in-service support and retirement of product-service and enterprise systems 

ÁEvaluate and apply systems engineering development processes and associated 
competencies, including needs & requirements capture, requirements management, 
validation, verification, integration and risk management.

ÁCritique developments in systems engineering of relevance to business and industry
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Craft design & build

Áinputs unspecified

Ámethod and

Ádelivery too

ÁA quality output BUT unique 

Why model?

Industrialisation: standardisation, interchangeability,  
ǊŜǇŜŀǘŀōƛƭƛǘȅ ŜǘŎΧŀƭƭ ǊŜǉǳƛǊŜ ǇƭŀƴƴƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ.

Models capture the plan, process, define purpose & i/o, specify 
methods, formalise quality requirements etc.
Models help visualise and refine complex problems and systems
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άWotΣ ƴƻ ƳƻŘŜƭΗέ
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ÁOfcomponentsόŎƻƳǇƭƛŎŀǘŜŘ ǇŀǊǘǎΣ ŜΦƎΦ ŀƴ ŜƭŜŎǘǊƻƴƛŎ ŘŜǾƛŎŜ Χύ ςEngineering discipline specific:

ςǇƘȅǎƛŎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ Χ ƳŀǘƘŜƳŀǘƛŎŀƭ

ςDŜƻƳŜǘǊȅΣ ǎƘŀǇŜ Χ ŘǊŀǿƛƴƎǎΣ н5 /!5Σ о5 /!5

ςtŜǊŦƻǊƳŀƴŎŜΣ ōŜƘŀǾƛƻǳǊ Χ C9! ŀƴŘ /C5

ÁOf Processes:
ςProcess Flow, Swimlane, SIPOC,

ςBusiness Process Model and Notation (BPMN) 

ÁOf Systems
ςArchitecture ςMODAF, TOGAF

ςSystem structure ςUML, SysML

ςDynamic Behavioural Models

Developing models
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12/1/2019

Á System-of-systemsencompass interacting systems/ sub-
systems working together to meet a shared purpose and 
mission e.g. mass transit system, education system, energy 
system.

Á Processesembody the sequence of functions or actions that 
organisations need to carry out to achieve both the system and 
business outputs and outcomes. These often span multiple 
organisations in supply networks e.g. payment processes

Á Technological systems are often used to enable/ automate 
significant processes e.g. ticketing & payment systems, 
manufacturing systems

Á We need both systems and processes to work seamlessly 
together

Á The boundary becomes blurred

Process vs System

http://www.newburydata.com/mass_transit.html

http://www.newburydata.com/mass_transit.htmlhttps://real-provence.com/
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Developing models of processes

Å Process flow, swimlane, SIPOC

Å Business Process Model and Notation (BPMN) 

ÅwŜǾƛŜǿ ƻŦ ŀ ΨǊƛŎƘ ǇƛŎǘǳǊŜΩ

Å Value stream mapping



ÁProcess mapping or flow charting

ςGood tool for understanding what is happening

ςVisual

ςUseful for communicating and getting a shared 
view

ÁDiscuss with a cross-section of people

ÁBoundary analysis to define what it 
includes/does not include

Understanding the process problem space
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You should involve the people who are responsible for 
each of the areas to give a realistic view of what goes on 

(and eventually how it can be improved)



ÁSimple, visual

ÁUseful for communicating and 
getting a shared view of the 
process

Flowcharts

Name the process (verb-noun)
Use common nomenclature for activities (verb-noun) 
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ÁThis tool helps you to understand 
what the activity is, when and where 
in the sequence it is happening 

ÁWithin these maps, each function gets 
ƛǘǎ ƻǿƴ ƭŀōŜƭƭŜŘ ΨǎǿƛƳ-ƭŀƴŜΩ ǎŜǇŀǊŀǘŜŘ 
by lines.

ÁA function could be any identifiable 
person or group that handles the 
work, such as a clerk, manager, 
department, customer or supplier. 

ÁIncludes external stakeholders

Swim Lane (Deployment) Flowcharts

Name the process 
(verb-noun)
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https://www.edrawsoft.com/en/sales-swimlane-flowchart.html

Oval ςstart/stop
Rectangle ςactivity
Diamond ςdecision

Use common nomenclature for activities 
from perspective of the swim lane function
(verb-noun) 

https://www.edrawsoft.com/en/sales-swimlane-flowchart.html


ÁUsing a simple flow chart or a swim-lane, map out how you will prepare and do a 
post-module assignment (PMA). Be clear on the start and stop activities.

Á Identify 10 steps or activities

Á If you are doing a swim lane, decide on who else is involved and create swim lanes, 
starting with the first person in the process

ÁDraw the flow chart and use it to explain the process

Exercise
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Look for non value added activities
Á Wastes (errors, transport, waiting time, queuing, storage, poor utilisation)

Á Non-value added activities (eg. Transcribing data)

Á Incapable processes (eg. Cycle times in excess of time, errors, high work in progress - WIP)

Á Incapable interfaces (eg. High transfer times, input errors)

Can you remove unnecessary steps? 

ÁQuick hits and longer term improvements

Look at the Flow chart
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https://pixabay.com/illustrations/search-to-find-internet-1013910/

Can you identify where problems or bottlenecks occur?

ÁConstraints and bottlenecks (eg. High WIP, long cycle time)
https://www.rigzone.com/news/oil_gas/a/141902/lng_producers_investments_needed_to_prevent_future_supply_bottleneck/

https://pixabay.com/illustrations/search-to-find-internet-1013910/
https://www.rigzone.com/news/oil_gas/a/141902/lng_producers_investments_needed_to_prevent_future_supply_bottleneck/


ÁValue stream mapping  (VSM): all 
activities, value added and non-value 
added in the creation of a product 
from raw materials to the customer

ÁVSM is generally complex and often 
uses software to do the analysis

ÁVery good for identifying waste and 
non value added activities ςWIP, 
delays, storage

Value Stream Mapping
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SIPOC - Overview
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SIPOC applies ǘƻ ŀƭƭ ǿƻǊƪΣ ǿƘŜǘƘŜǊ ǊŜǇŜǘƛǘƛǾŜ ƛƴ ƴŀǘǳǊŜ ƻǊ άƻƴŜ-of-a-kindΦέ

It is a high level view of a process which helps:

Å define project boundaries (starting and ending points);

Å describe where to collect data.

Å Process Architecture ςvarious levels of mapping depending on where you are

Å Confirms Stakeholders/ Actors (Customers, Process Operators & Suppliers)

Also known as COPIS:  

ωCustomersfor  

ωOutputs from the system or 
its operation, to 

ω Processesthat generate 
them by transforming 

ω Inputsprovided by

ω Suppliers



SUPPLIERS

ÅExternal suppliers

ÅProcurement

ÅSalvesans

ÅCollege Rd Goods In

ÅMere Green Goods In

ÅPurchasing

ÅInternal Users

ÅGoods receivers

ÅBudget Holders

ÅFinance Manager

INPUTS PROCESS

BOUGHT
LEDGER

OUTPUTS CUSTOMERS

ÅExternal suppliers

ÅAuditors

ÅBank

ÅFinance Manager

(Management Accounts)

ÅPurchasing

ÅCustoms & Excise

ÅBusiness Management

ÅPaper invoices*

ÅSupplier accounts*

ÅChange in stock level/stock

booking*

ÅOrder on ósystemô (AS 400)*

-price data

-quantity

-description

-Ledger code

-Supplier code

ÅPaper Orders

ÅóFoxProô Orders*

ÅAdvice notes (paper* &

electronic)

ÅReceipts*

ÅAuthorisations*

ÅGeneral Ledger account codes*

ÅSelf Bill & Consignment

Stock invoices

ÅDocuments for copying as

statutory records

ÅOutstanding GIôs (liabilities)*

ÅEDI payment instructions &

remittances*

ÅPurchase analysis data

(report)

ÅVariance data (report -

Standard price vs Actual

cost)

ÅVAT data (report)

ÅOpen Item Ledger (report)

*items which have created queries

Generate &

send Self Bill &

Consignment

Stock invoices
File

documents

Receive

Invoices

& check

account is

on system

Match

invoices

Code

invoices

Input to

Ledger

Batch,

print,

file for

copy

Run

payment

Instruct

Bank

Supplier

checks

Remittance

Accurate

payment

received

Process queries
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ÁCustomer to supplier view 
of processes i.e. holistic

ÁRun right to left to ensure 
customer pull i.e. COPIS

SIPOC
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ÁAfter process mapping, some people want to launch into 
solution mode ςŜǎǇŜŎƛŀƭƭȅ ƛŦ ǘƘŜȅ ƪƴƻǿ ǘƘŜ ǇǊƻŎŜǎǎ ǿŜƭƭΧΦΦ

Avoid the classic mistake

How old is this woman?

What do you see in this picture? 
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wƛŎƘ tƛŎǘǳǊŜǎΥ IŜƭǇ wŜŦƛƴŜ Ψ¢ƻ .ŜΩ ±ƛŜǿ

Zoo Food Buying Subsystem

Satisfy animalsõ
food requirements

Maintain
food records

Maintain
animal records

Process orders
& payments to
suppliers

Deliveries

Orders to
Suppliers

Zoo Food Buying Subsystem

Satisfy animalsõ
food requirements

Maintain
food records

Maintain
animal records

Process orders
& payments to
suppliers

Deliveries

Orders to
Suppliers

A B
?

A B
?

Ψ¢ƻ-BeΩ ςWhat might it look like in 
future?

Ψ!ǎ-LǎΩ ςWhat does it 
look like today?

deliveries

12/1/2019 System Visualisation and Modelling 18



A definition of Concept of Operations (ConOps)
Definition:
ά! /ƻƴŎŜǇǘ ƻŦ hǇŜǊŀǘƛƻƴǎ όConOps) is a user-oriented document that 
ŘŜǎŎǊƛōŜǎ ǎȅǎǘŜƳǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŦƻǊ ŀ ǇǊƻǇƻǎŜŘ ǎȅǎǘŜƳ ŦǊƻƳ ŀ ǳǎŜǊΩǎ 

perspective. A ConOpsalso describes the user organisation, mission and 
objectives from an integrated systems point of view and is used to 

communicate overall quantitative and qualitative system characteristics 
ǘƻ ǎǘŀƪŜƘƻƭŘŜǊǎΦέ

IEEE Std1362-1998

A ConOpsis used to develop and sustain a common vision of the system 
ŦƻǊ ŀƭƭ ǎǘŀƪŜƘƻƭŘŜǊǎ ƻǾŜǊ ǘƘŜ ǎȅǎǘŜƳΩǎ ƭƛŦŜŎȅŎƭŜ.

It can be a text based description or visual image
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²ƘŜǊŜ ǘƘŜǊŜΩǎ ƭŀŎƪ ƻŦ ŎƭŀǊƛǘȅ ƻŦ ΦΦ

ConOpsand supporting methods help bring clarity where 
there is uncertainty about the:
ςProblem space,

ςScope/ boundary 

ςStakeholders, 

ςRequirements

ςConstraints


