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PROJECT PERFORMANCE
A INTERNATIONAL

- Project Performance International

- EIA/IS-632, EIA 632, IEEE 1220, ISO/IEC 15288 SE
standards

- ISO/IEC SC7 on Software and
Systems Engineering

of the INCOSE Board of Directors

: X . . rhalligan@ ppi-int.com
- Systems Engineering Society of Australia

- BAE Systems, Mitsubishi, Airbus, Thales, Raytheon,
General Electric, Boeing, Lockheed, General Dynamics, OHB, Nokia, AREVA,
BHP Billiton, Rio Tinto, Embraer, Halliburton and many other leading
enterprises on six continents
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Relationship to Performance (Gamma)

All Projects Lower challenge Higher challenge

SEC-Total — total deployed SE

SEC-PP — project planning +0.16

Relationship

0<| Gamma | <0.2 Weak positive

SEC-REQ - reqts. devpt. & mgmt. -0.2<| Gamma | £ 0

SEC-VER - verification

0.2<| Gamma | <0.3 Moderate

SEC-ARCH - product architecture

+0.22
+0.29
+0.27

SEC-CM — configuration management

SEC-TRD - trade studies

SEC-PMC — project monitor & control

SEC-VAL - validation +0.23
http://resources.sei.cmu.ed
u/asset files/specialreport/

SEC-RSKM - risk management +0.21 +0.18 +0.24 2012 003 001 34067.pdf

SEC-IPT — integrated product teams +0.18

Source: “The Business Case for Systems Engineering Study: Results of the Systems Engineering
Effectiveness Survey”, CMU/SEI-2012-SR-009, November 2012

SEC-PI — product integration +0.23
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SEI/AESS/NDIA 2012 Study Results: Requirements %
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m% Requirements: Greatest Cause of Project Problems e
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Q

Design 27%
Code 7%

Other 10%
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M SEUAESS/NDIA 2012 Study Results: Planning %

Relationship to Performance (Gamma)

All Projects Lower challenge Higher challenge

Relationship

SEC-Total — total deployed SE
- SEC-PP — project planning +0.16

SEC-REQ - reqts. devpt. & mgmt.

0<| Gamma | <0.2 Weak positive

-0.2<| Gamma | £ 0
SEC-VER - verification

SEC-ARCH - product architecture 0.2<| Gamma | <0.3 Moderate

+0.22
+0.29
+0.27

SEC-CM — configuration management

SEC-TRD - trade studies

SEC-PMC — project monitor & control

SEC-VAL - validation +0.23

http://resources.sei.cmu.ed

u/asset files/specialreport/
SEC-RSKM - risk management +0.21 +0.18 +0.24 2012 003 001 34067.pdf

SEC-IPT — integrated product teams +0.18

+0.23

SEC-PI — product integration

Source: “The Business Case for Systems Engineering Study: Results of the Systems Engineering
Effectiveness Survey”, CMU/SEI-2012-SR-009, November 2012
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Tool 1: PPl Requirement Writing Template

PPI-007808-1 © Copyright 2021 Project Performance International

REQUIREMENT
NUMBER 1

REQUIREMENT
NUMBER 2

REQUIREMENT
NUMBER n

ACTOR

CONDITIONS FOR ACTION

ACTION

CONSTRAINTS OF ACTION 1

OBJECT OF ACTION

CONSTRAINTS OF ACTION 2

REFINEMENT OF OBJECT

CONSTRAINTS OF ACTION 3

EXCEPTIONS TO ACTION

OTHER
(ANALYSIS APPLICATION ONLY)

WWW.ppi-int.com

Subject
(noun)

Verb

Noun

{

ﬂ
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The Template

REQUIREMENT
NUMBER 1

REQUIREMENT
NUMBER 2

REQUIREMENT
NUMBER n

PPI-005500-4
© Copyright Project Performance Pty Ltd 2013-2020

PPI-007808-1 © Copyright 2021 Project Performance International

ACTOR I

CONDITIONS FOR ACTION I

ACTION I

CONSTRAINTS OF ACTION 1 I

OBJECT OF ACTION I

CONSTRAINTS OF ACTION 2 I

REFINEMENT OF OBJECT I

CONSTRAINTS OF ACTION 3 I

f
|

EXCEPTIONS TO ACTION I
OTHER
(ANALYSIS APPLICATION ONLY)

www.ppi-int.com

Subject
(noun)

Verb

Noun
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Example

Element

Text

Actor

The Message Switch,

Conditions for Action

when in message switching mode, upon receipt of a message,

Action

shall switch

Constraints of Action 1

Object of Action

that message,

Constraints of Action 2

in accordance with IEEE 802.11g, within 10 ms of receipt,

Refinement of Object

for messages in ACP128 format having a valid routing indicator,

8.

Constraints of Action 3

from the message input port, to a message output port
corresponding to the routing indicator in the message,

9.

Exceptions to Action

unless the message is of FLASH priority.

10. Other
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Tool 2: PPl Requirements Capture and
Validation Methodology

Initial (Originating)

SyRS-Refined

Es
h—————
) —
)/
—— e
— [
Other Info
— =
p VRS
) ocD
Analytical work products
——
——
ocD: uprativne) curcepl deser plion (ICONJSEY e s e enent ol
URS: SyRS ol user requirements Gt taces tofroon

syl reguiremenls s i
walue o spstemiellvane elecUvenzst nod]
uesification rquiements e fication
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REQUIREMENTS ANALYSIS
(CAPTURE AND VALIDATION)

METHODOLOGY

Legend:

SRA System Requirements Analysis
S/H Stakeholder
DEV Development

OCD Operational Concept Description (CONUSE)

ERA Entity Relationship Attribute

#  Perform only if there are initial specified
requirements as an input to the analysis.

IDENTIFY
STAKEHOLDERS

READ & MEASURE
ASSESS REQUIREMENTS
INPUTS QUALITY

Input: -« problem domain information

Output: « specified requirements
- verification requirements

- value model

- description of intended use

DESIGN
REQUIREMENTS
ANALYSIS

CONTEXT
ANALYSIS

STATES & S/H
MODES VALUE
ANALYSIS ANALYSIS

VERIFICATION

REQUIREMENTS
DEV.

v

ocD
DEVELOPMENT

FUNCTIONAL
ANALYSIS

REST OF
SCENARIO
ANALYSIS

PARSING
ANALYSIS

ERA CONSTRAINTS
ANALYSIS i

PPI-006248-3

PPI-007808-1 © Copyright 2021 Project Performance International

OUT-OF-RANGE
ANALYSIS
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SO Measuring Requirements Quality ey
0.85-0.98
1 / 1= Need
Risk L —— <Tze
WORK!
(SRA)
WORK = f{
Rick M |2 . Have
vl Need
3 4 Number of Requirements
Skills
Risk H Tech-Environment
Access & Cooperation)
0L 0—

PPI-007808-1 © Copyright 2021 Project Performance International Www_ppi_int_com 12
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SOURCE OF
MISSION
PARAMETERS
POSITION
AIRCRAFT FIXING
SYSTEM
OPERATORS
RIETES SYSTEM P N TRAINING
PRIMARY MISSION
POWER SOURCE CONTROLLERS
NATURAL
ENVIRONMENT

PPI1-007808-1 © Copyright 2021 Project Performance International WWW.ppi—int.Com 13
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Design Requirements Analysis

Before: After:
: _ ECB
a@;:‘:‘:, Kit?
RESD
ation e RESD 2 S v A 0 Test Fach
ol Battery n ra er S
The Buoy.... The Buoy.... If... then... shall...  The Buoy.... >2< The Buoy.... ? The Buoy....
0Q: Reliablity - F&P - F&P 0Q: RTIO - F&P
RE: External Gas - F&P - F&P -F&P
- F&P - F&P - F&P
- El - El - 0Q: Testability
- El

PPI-007808-1 © Copyright 2021 Project Performance International www.ppi-int.com
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Legend:

P Permissive guidance ("may”) statement
X Time Expired

—— Required transition

- - - % Permitted but not required transition
—4% 3 Prohibited transition

Unconnected arrow : Default state or mode
Event(s) that are to cause transition

External response (if any) as a direct
consequence of the transition having
occurred

Py
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States and Modes Analysis
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Object of Action

Constraints of Action 2

Refinement of Object

Constraints of Action 3

FlRIN|IPIR| =R

Exceptions to Action

10. Other

Parsing Analysis Wi
Element Text Comment
Actor The VIN Network architecture wrong actor
Conditions for Action mode?
Action shall be designed loophole
Constraints of Action 1 | to allow each radar in the system to operate autonomously. Zgg‘ge?
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Parsing Analysis

Element

Text

Actor

The VIN Network,

Conditions for Action

in Active State, under all combinations of its functionality specified at 4.3,

Action

shall not prevent

Constraints of Action 1

Object of Action

simultaneous autonomous operation,

Constraints of Action 2

Refinement of Object

as specified at PPI-006723, of each radar in the DRAD system.

Constraints of Action 3

Exceptions to Action
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INTERNATIONAL
F) Legend:
17.1 —— (off horizontal face)  Item Flow
p| Store Fuel ——— (off vertical face) Control Flow
at Airstrip Control flow means the completion of one function (say Function Y) enables
the commencement of the next function (say Function Z).
C) Fuell Fuel Item flow means an output from Function Y is used as an input to Function Z.
172 ELLEEnE J “is to be performed by”
\
(A) Pump Fuel ><Aj > . is fully system performed (A)
. is partly system performed (B}
™~ . neither fully nor partly system performed, but interfaces with a fully
C) ¢ s ~ system performed function, and:
17.3 ~ - is performed by 1 element on the context diagram (C)
M&C : ~ s - is performed by 2 or more elements on the context diagram (D)
LEGEND: —P ~ - is not performed by anything on the context diagram (E)
cTT Clearance To Taxi ROP ~ " e isneither fully nor partly system performed, nor does it interface with a
M&C ROP  Monitor & Control Rate Of Pumping T RCC ~ fully system performed function (F)
RCC Refuelling Complete Confirmation AN ~ ~ “Interface” refers only to item flow interfaces.
5 ® N -
RI Ref.uelllng Interface E) | < ~ CONTEXT DIAGRAM
TC Taxi Command 21 ~
N ~ g
— N
* Becomes C type function when the Issue CTT N i ~
Air Traffic Control System is added N ~ ~g
to the Context Diagram. N . | Fuel Purip
~
o | N
17 N o
| I DeIn;/e;::uel R Fuel
2 N
N o=
f) A) Fueil __________(ﬂ__ e N———————
16 18 20 N\
rfor ; —
——pp Tenom A Store Fuel A Taxi —> N T
Pre-ops N~ —
- N
(€) N % TC
19 RCC
| E— Enter Taxi TC
Command
- it I — 1 — — Pilot

PPI-005713-16
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1<

Message

Entity-Relationship-Attribute Analysis

1<

SOM

1<
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mhw Stakeholder Value Analysis
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INTERNATIONAL
MOEs Worst Best Pri Pts Weight UF
10
Cost, Sks per unit 200 50 1 100 25 §
o§0k 200k
Reliability, % 95 100 1 100 25 A i
0;5 100
10
Interoperability 0 17 7 14 4 /
0-0 17
10 1
Size(A/B/C) C A 8 3 1 E‘
0%CE A
Schedule (Months) 12 6 3 40 10 o f
) 6
10
Visible Optical Range 1000 5000 5 30 7 /
?lk Sk
Duration of Transmission, hr 48 96 6 27 6 10| |
48 96
10
Readiness, % 90 100 4 39 10 | :
090 100
10
OS & D Cost, Sk pu/10 years 300 10 2 50 12 \
01) 300
Legend: 403 100
Pri: Priority
Pts: Points

UF: Utility Function

PPI-006799-6
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Verification Requirements Development

!

ul

lifting operations covering extremes of
specified pitch and roll.

Element Text Remarks
1. Actor: The verifier (implicit)
2. Conditions for Action:
3. Action: shall (implicit) Demonstrate
4. Object of Action: compliance
by having a person meeting the specified
5 Constraints of Action: profile perform trial lifts, for not less than 5

6. Refinement/Source of Object:

7. Refinement/Destination of Action:

g/

oy
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SEARCH LIST OF TERMS

INDICATIVE OF POTENTIAL SPECIFICATION/SOW WEAKNESS

An effective technique for finding defects in specified requirements is the use of keyword searching, against parts
of words, words and phrases, each of which may indicate a defect in a requirement. Although written as a list for
verifying requirements, the list provided also contains much advice for the original writer of requirements, and

requirements specifications, in English.

An asterisk used to represent a wildcard, e.g. “*ing” means search for any word ending in “ing”.

Search Term

Concerns

*ing

Avoid gerunds, such as “displaying”, “computing”. Ensure that any usage of

gerunds is adequate. Rarely can gerunds be used adequately in requirements.

The word “a” usually means any one, which may be one of many. Ensure that
ambiguity is not introduced.

PPI-007808-1 © Copyright 2021 Project Performance International
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Tool 3: PPI PBS/WBS Development

The level 1 element Is the project.

To define level 2 elements:

1. What products (physical/software/data) are required to be dellvered by the project?

2. What services are required to be delivered by the project?

3. What services are necessary, internal to the project, to deliver the project outputs and outcomes, that are not needed
uniguely to create (for physical/software/data product) or deliver {for a service) just a single element from guestions 1L
and 2?

One answer to this last question is always "Project Management”

4. What products, if any, internal to the project, that involve project cost or other resources in their realization, are
necessary to deliver the project outputs and outcomes, that are not needed uniquely to create (for a
physical/software/data product) or deliver (for a service) just a single element from questions 1, 2 and 3?

To define sub-elements below level 2, the questions for a product element are:

5-1. What products are to he integrated to create this product element?

5-2. In addition ta the products from question 5-1, what services are to be performed to create this product element, that
are not needed uniguely to create just a single sub-element from question 5-17

5-3. In addition to the products and services from questions 5-1 and 5-2 respectively, what preducts are necessary, that
involve project cost or other resources in their realization, to create this product element, that are not needed
uniquely to create (for physical/software/data product) or perform {for a service) just a single sub-element from
questions 5-1 and 5-2 respectively?

To define sub-elements below level 2, the questions for a service element are:

6-1. What services are to be integrated to perform this service element?

6-2. In addition to the services from guestion 6-1, what products are necessary to perform this service element, that
involve project cost or other resources in their realization, and that are not needed uniquely to perform just a single
service sub-element from guestion 6-17

PPI-007808-1 © Copyright 2021 Project Performance International Www_ppi-int_com 23
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What You Get Out of It:

Boundary of scope of an

Integrated Product Team
Cross-team membership
Schedule: start and finish

a Framework for Project Definition, Costing, Scheduling, Risk Analysis,
Measurement, Reporting and Organizational Design

AF Airframe
ECS Environmental Control System .
EWSPS - Electronic Warfare Self-Protection System Project $
FAA First Article Aircraft time
FO Fitout _L
FCS -  Flight Control System time it time ' tihe ' time i1} time ' time i b time ' time i
1&A - Integration & Assembly
ILS Integrated Logistics Support \/
NAL New Avionics Laboratory - / \S\\ / \\ - -
PA Project Administration Deliverable 10 Flt Sim Air Crew LS Project ———
PC - ProjectControl Data Aircraft Training Mgmt
PMIS - Project Management Information System
PP Project Planning
PS Propulsion System V.
QT Qualification Test
SD System Design [ $ i | $ : $ $ $ $ $
SRA System Requirements Analysis & N
ws Weapon System 10 Prod'n ; ew
W W Tinad Alrcraft Delivery PP PA PC PMIS Meic.
/
Vi T il s s )'I\ >"\ >'\\/\ ﬁﬁ\ —— s s
[ \/f i L4 \¥4 \f \/ \f/ \¥4 \
NAL \ AF )( PS ){ FCS )( ECS )( ws )( EWSPS ) FO \ |&A ( FitTest | | QT Cert. !
\ !

PPI-007808-1 © Copyright 2021 Project Performance International
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PPl Data Item Descriptions:

Project Plan

Task Specification (TS)

Statement of Work (SOW)

Systems Engineering Plan (SEP)

Operational Concept Description (OCD)
System Requirements Specification (SyRS)
Software Requirements Specification (SRS)
Verification Requirements Specification (VRS)
Interface Requirements Specifications (IRS)
Interface Design Description (IDD)
System/Subsystem Design Description (SSDD)
Concept of Operations (CONOPS) - Operational Solution Description

PPI-007808-1 © Copyright 2021 Project Performance International Www_ppi_int_Com
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PPl Example Documents:

Concept of Employment (CONEMP)

Concept of Use (CONUSE - OCD)

Capability System Requirements Specification (CapSyRS)
Capability System Value Model

Interface Requirements Specification

Operational Solution Description (OSD)

Concept of Use (CONUSE - OCD) for a technology item

Systems Requirements Specification (SyRS) for a technology item
System Effectiveness Model for a technology item

Statement of Work (SOW)

Verification Requirements Specification (VRS) for a technology item
PPI-007808-1 © Copyright 2021 Project Performance International Www_ppi-int_Com
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PPl Application Guides to Systems Engineering Standards:

EIA-632: 2003

IEEE 1220

ECSS-E-ST-10C

ISO/IEC 15288:2008
ISO/IEC/IEEE 15288:2015

ISO/IEC/IEEE 29148:201X (when released)

PPI-007808-1 © Copyright 2021 Project Performance International WWW.ppi—int.Com
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PPl Practice Guides:

Xl

Requirements
Capture and
Validation
Guide

PPI-007808-1 © Copyright 2021 Project Performance International

Requirements

Specification

Development
Guide

www.ppi-int.com

Military
Capability
Development Guide

28
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SETDB

SYSTEMS ENGINEERING TOOLS DATABASE

/
(1)
|
N
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Australia:
(Administration Center)

&

N . . .
A United Kingdom:
& United States of America:
p—xt Project Performance
International USA Inc.
@ Brazil:
})—‘ South Africa
&
e China

Tel:

Tel:

Tel:

Tel:

Tel:

Tel:

+61 3 9876 7345

+44 20 3608 6754

+1 888 772 5174

+55 12 3937 6390

+27 21 854 4023

+86 188 5117 2867

or in person: Robert Hallian - rhalligan@ppi-int.com
René King - rking@ppi-int.com

PPI-007808-1 © Copyright 2021 Project Performance International Www_ppi-int_com

30



Thank you for your interest, and have a great Symjoosium.
Qzlny cluestions?

31St Annual INCOSE
international symposium
:
¥, N [

-
¥y ’,/// July 17 - 22, 2021

www.incose.org/symp202

https://conference.conflr.com/IS2021/showcase-PPI

WWW.ppI-int.com



http://www.ppi-int.com/
https://conference.conflr.com/IS2021/showcase-PPI

