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CURRENT POSITION
President, JOG System Engineering, Inc.
System Engineering Assessment, Consulting, and Education Firm

PRIOR EXPERIENCE
U.S. Marines
1964 - 1965 General Precision, Librascope Div

Customer Training Instructor, SUBROC and ASROC ASW Systems
1965 - 1982 Teledyne Ryan Aeronautical

Field Engineer, AQM-34 Series Special Purpose Aircraft
Project Engineer, System Engineer, Unmanned Aircraft Systems

1982 - 1984 General Dynamics Convair Division
System Engineer, Cruise Missile, Advanced Cruise Missile

1984 - 1993  General Dynamics Space Systems Division
Functional Engineering Chief & Manager, Systems Development
Advanced Projects Systems Engineering

FORMAL EDUCATION
BA Math, SDSU
MS Systems Management, USC With Information Systems Certificate

INCOSE First Elected Secretary, Fellow, Founder
AUTHOR System Requirements Analysis, System Integration, System

Validation and Verification, System Engineering Planning and 
Enterprise Identity, System Engineering Deployment

Who Is Jeff Grady?

Presenter
Presentation Notes
Your instructor’s background has included 30 years of experience in industry working as an engineering manager, system engineer, project engineer, field engineer, and customer training instructor. The ten years he served in the Marines was primarily related to the logistics field involving radio maintenance in ground aviation and aircraft squadrons and training.
Currently, he operates a system engineering  consulting and training firm.
The text material used in the program is based on the content of five books published by McGraw-Hill and CRC Press. This material is constantly evaluated and upgraded for program purposes.
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What is a System?

• A system is a collection of entities which interact 
via relations to accomplish some pre-defined 
purpose or function

• A system consists of entities and internal 
relations (interfaces)

• A system interacts with its environment via 
external relations (interfaces)

• External relations may be implemented in the 
system or the environment
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MAN'S
KNOWLEDGE

EXPANDING
KNOWLEDGE

MAN'S
LIMITATIONS

IT WON'T
ALL FIT!

Specialization Of Knowledge
Knowledge Grows & We Have Our Limitations

Presenter
Presentation Notes
Many thousands of years ago there was a time when every human on Earth could master all of the knowledge that mankind had amassed but it was not very much - and it was all survival oriented.
Over time, man discovered that there were advantages if some members of their group concentrated on hunting and others doing farming work. Over a period of thousands of years, man has progressively accelerated this process of accumulating knowledge passing a point a very long time ago where the amount of knowledge available was greater than man’s individual capacity for knowledge because over this period of time man’s capacity for knowledge has not expanded significantly.
The universal solution to this problem has been that individual humans engage in specialization of the knowledge they master. The reality is that no one can master all of man’s knowledge now or ever in the future. It is unlikely that Congress or the UN will pass a law or rule that there shall be no new knowledge. Knowledge has economic value in that the more knowledge brought to a problem, generally, the better the solution. So long as competition is an element of business, the advantage of a more powerful problem solving capability will continue to encourage expanding knowledge.
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ALL KNOWLEDGE

GENERALIST KNOWLEDGE BASE
DOMAIN KNOWLEDGE BASE
SPECIALIST KNOWLEDGE BASE
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We Are All Specialists

Presenter
Presentation Notes
The editor of the McGraw-Hill “System Engineering Handbook” published in 1965, Robert Machol, said that man was T-shaped with respect to his knowledge. Through experience and education, a person masters some narrow but deep font of knowledge that they specialize in while also having broad knowledge that permits them to communicate with other persons. The latter commonly involves language, mathematics, and some science.    
The problem here is that, since no one knows everything, us specialists must communicate amongst ourselves about problems that require knowledge more extensive than any one person can master.
Man has applied knowledge partitioning as a solution to the knowledge coverage problem which is only part of the whole solution. Anytime we apply partitioning or decomposition as part of a problem solving technique we are obligated to integrate and optimize to encourage that the whole comes together.
The unfortunate thing here is that man must use the worst interface in the world through which the integration process must take place. It is called human communication.
Note that the future will entail more thinner and deeper specialties requiring additional knowledge granularity.
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The act or process of forming, coordinating, or
blending two or more elements into a functioning
or unified whole. Much of this work is
accomplished at interfaces

System Integration - What Is It?

Xi Yi
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Integration Skills

DOMAIN
X

DOMAIN
Y

DOMAIN OF THE
SYSTEM ENGINEER

INTEGRATION
ELEMENT Xi

INTEGRATION
ELEMENT Yi
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Integration Skills

• Domain specialists are trapped by the intensity of 
their focus on their domain

• A system engineer should approach his/her work 
from the perspective of a generalist

• Understand the domains as best you can and 
depend on domain people possessing proven 
knowledge

• Connect domain pairs that appear to be in conflict 
and follow the strings

• Use abstract system models that permit you to 
focus on what is important in any situation
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Interface Defined

TERMINAL
A

TERMINAL
B

INTERFACE
MEDIA

An interface is a relationship between two entities in
a system or in two different systems. They are
related through the mutually agreed upon media
joining them.
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SPACE-TIME MATTER-ENERGY
MILKY WAY GALAXY

OTHER GALACTIC MATTER

SPIRITUAL ENTITY

SOLAR SYSTEM

EARTH-MOON SYSTEM

OTHER PLANETS AND MATERIAL

MOON

EARTH

MAN-MADE SYSTEMS

STRUCTURE ATMO-
SPHERE

SEAS BIO-
LOGICALS

UNIVERSE

OTHER MATTER IN THE UNIVERSE

OTHER
MATERIAL

J.O. Grady 3-11-95

SYSTEM

ENVIRONMENT

ALL SYSTEMS BUT ONE 
OBEY THE FUNDAMENTAL
RELATION

The System With a Null Environment
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The Fundamental Problems in Interface 
Work

ITEM X ITEM Y

There is a one-to-one correspondence between 
teams and architecture entities. There is a one- to-
two correspondence between interfaces and teams.

1 2

Presenter
Presentation Notes
We assign teams as the responsible development agents for items in a system such as the segments, elements, and components of the DD(X) so there is a one-to-one relationship between architecture entities and responsible teams. Interfaces exist between pairs of system entities so there is a one-to-two relationship between the interfaces and responsible teams.
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The Fundamental Problems in Interface 
Work

ITEM X ITEM Y

We tend to look inwardly

Presenter
Presentation Notes
When we develop systems to satisfy very complex needs, it is necessary that we bring together many people because man’s knowledge base is tremendously large relative to the individual person’s knowledge capacity forcing us to specialize and on many teams because we must focus on the right level of granularity for ease of management. Unfortunately, people tend to look inwardly on these teams rather than leap across the line to see their interface from the other team’s perspective.
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The Fundamental Problems in Interface 
Work

ITEM X ITEM Y

We are dependent on the worst interface on 
planet Earth in the development of interfaces.

HUMAN
COMMUNICATIONS!!

Presenter
Presentation Notes
Since members of two different teams must develop an interface, the members of these teams must communicate across the team boundary. Human communications is not commonly a strong bond so we have to consciously strive for precision, understanding, and completeness in our interface communications.
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Two Interface Definition Models

SCHEMATIC BLOCK DIAGRAMMING

N-SQUARE DIAGRAMMING

LINES DEFINE
INTERFACES

BLOCKS ARE OBJECTS 
ONLY FROM THE
ARCHITECTURE

MARKED INTERSECTIONS DEFINE
INTERFACES

DIAGONAL BLOCKS ARE OBJECTS
ONLY FROM ARCHITECTURE DIAGRAM

APPARENT AMBIGUITY ACTUALLY
REFLECTS DIRECTIONALITY
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ALICE

BOB

DELL

BOB'S EXTERNAL 
INTERFACE (CROSS)
BOB'S INTERNAL 
INTERFACE (INNER)
BOB'S  OUTERFACE

BOB MUST TAKE FULL RESPONSIBILITY FOR DEVELOPING HIS INTERNAL 
INTERFACE,  WORK WITH ALICE AND DELL ON HIS EXTERNAL INTERFACE,
AND IGNORE HIS OUTERFACE EXCEPT FOR SECONDARY INTERFACE
EFFECTS (SOFTWARE EXTENDED INTERFACES  AND POSSIBLE SNEAK 
CIRCUIT EFFECTS)

Interface Responsibility
Is a Matter of Perspective
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Team Responsibilities Using SBD Overlays
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We Seek to Forge Crowds
Into TeamsA POWERFUL

UINIFYING
FORCE

COMMON
VISION
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ITEM
WBS 1000

ITEM
WBS 2000

ITEM
WBS 3000

ITEM
WBS 4000

IPPT
1

IPPT
2

IPPT
3

IPPT
4

PRODUCT N-SQUARE DIAGRAM

ORGANIZATION N-SQUARE DIAGRAM

CROSS-
ORGANIZATIONAL
INTERFACE
REQUIREMENT

INTER-TEAM
COMMUNICATION
REQUIREMENT

The Benefits of Product Oriented 
Teaming
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DD(X) Internal Inter-segment Interfaces
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SYSTEM

COMPUTING
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Presenter
Presentation Notes
The internal inter-segment interfaces are many and complex but as the story unfolds the complexity will increase dramatically requiring sound interface identification, definition, documentation, and configuration control practices being implemented early in the program.
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DD(X) Interface Terminal Categories
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Presenter
Presentation Notes
The DD(X) ship is composed of segments which in turn are composed of elements and those of components which, in turn are composed of ensembles and configuration items. There are six segments and various numbers of nested lower tier entities. This diagram shows all of the possible interface terminal relationships for DD(X) using only as many of each entity to show all possible interface cases. The next chart names each of these numbered lines. DD(X) interface management policies have been crafted to cover every conceivable interface situation personnel will encounter. These situations include implementation of a particular interface between two terminal entities via logical or physical (electical or mechanical) media. In that any one interface line on this diagram can be implemented using any combination of logical electrical or mechanical media (7 different combinations), there are 140 (7 x 20) possible interface situations. These can be managed, however, under a relatively few policies.
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DD(X) Terminal Categories and Owning 
Entities

INTERFACE POSSIBILITIES OWNING
NBR NAME ENTITY
------ ----------------------------------------------------------------------------------------------------- ------------
1 All DD(X) internal interface T
2 Inter-segment T
3 Intra segment S
4 Inter-element, same segment S
5 Inter-element, different segment T
6 intra-element S
7 Inter-component, same element E
8 Inter-component, different element, same segment S
9 Inter-component, different element, different segment T
10 Intra-component C
11 Inter-item, same component C
12 Inter-item, different component, same element E
13 Inter-item, different component, different element, same segment S
14 Inter-item, different component, different element, different segment T
15 Intra-item I
16 Item external T
17 Component external T
18 Element external T
19 Segment external T
20 All DD(X) external interface T

PH
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3 

SR
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PH
AS

E 
3 

PD
R

PH
AS

E 
3 

C
D

R

Presenter
Presentation Notes
Those 20 different interface categories coordinate with three major milestone points as shown for program schedule purposes. This list also coordinates each category with the lowest common team which corresponds with the owning entity responsibility term used in DD(X) interface management.
The inner most set of interfaces shall not have to be completed until subsequent to the DD(X) Phase 3 CDR.
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Internal Example - External 
Communications (ExCom)
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Presenter
Presentation Notes
The external commmunication architecture elements and components function to provide external communications as explained by a schematic block diagam.
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Milstar
- LDR
- MDR (4.1 MBPS )
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DD(X) as One Node for ExCom
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Presenter
Presentation Notes
Discuss the key C3I segment external communications characteristics.



1A-01 C  JOG System Engineering, IncA-24

Physical Packaging Effects

POWER

COOLING
FLUIDS

NETWORK

EME = ELECTRONIC MODULAR ENCLOSURE

Presenter
Presentation Notes
In prior ships, the equipment was installed in compartments throughout the ship by the shipyard crews. The DD(X) design will include electronic module enclosures (EME) prefabricated ashore and installed as complete units at the shipyard thereby simplifying the ship construction work at the yard and opening new options for overhaul.
But these enclosures will require extensive physical interface development work tied to complex choices for packaging the equipment into them.
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Enclosure Packaging Versus Segment 
Organization

SEGMENT
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SEGMENT
C

SEGMENT
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SEGMENT
A

Segment Element Component

Presenter
Presentation Notes
For reasons of survivability, mass balance, and other considerations, all of the components of a segment will probably not be packaged in the same enclosure, rather spread between two or more enclosures. The operational and system sustainment advantages derived from this relationship far outweigh the increased interface development difficulty the program will experience.
Segment and element boundaries may be violated by electronic module enclosure (EME) boundaries but a component may not be split by an EME boundary. All of the SW ensembles or HW configuration items comprising a component must be completely contained within a single enclosure.
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HARDWARE
DESIGN
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CONTENT

ICD
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DESIGN
INTEGRATION

REQUIREMENTS
INTEGRATION

Interface Design Transform

Presenter
Presentation Notes
Design occurs based on the requirements which have been previously defined and captured in DOOR from which the many specifications are published. The design teams translate the content of the hardware specifications and the IRS physical content into designs expressed in engineering drawings and ICD respectively.
Software requirements captured in DOORS and published in software specifications, the IRS Logical content, and SICD are translated into SDD for the actual software and into IDD for interfaces and DBDD for databases needed in the design.
Integration must take place in both the requirements analysis and design work because the program has had to partition the work among several teams all staffed by individual human workers none of which understand the complete problem nor its solution.
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SYSTEM
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END ITEM
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SUBSYSTEM
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DESIGN &
INTEGRATION

DEVELOPMENT
DOWNSTROKE DEVELOPMENT

UPSTROKE

NEED DELIVERY

V Encourages Good Requirements

VERIFICATION
REPORTING

PLANE

Used in conjunction with spiral development approach for DD(X) 

Presenter
Presentation Notes
Why cover verification in what is for all practical purposes an interface requirements course? First the program will not always be at this point in the program schedule. Secondly, verification excellence will not occur unless it has been begun well during the requirements writing period.
If you could do only one thing to improve program performance, the most powerful action you could take generally would be to require that whoever wrote a requirement for inclusion in section 3 of a specification or IRS/SICD that they write the corresponding verification requirements before the sun went down on that same day. The verification requirement may be to simply identify the method or writing requirements for the design of the corresponding verification process.
As the sun sank slowly in the West, the requirement author may finally have to conclude that they had written an unverifiable requirement, rewrite the requirement, write the verification requirement, and thus save the program from several years of risk.
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Concluding Message

• System engineering is a profession with a future
• It requires an interest in the broad rather than the 

deep
• While system engineers do many other things, 

working at the most troublesome boundaries is 
the greatest service that they offer and most fun 
work that they do

• Few are the systems with more complex most 
troublesome boundaries than naval ships
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