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What is Systems Engineering?

This session is intended to introduce acquisition professionals who are NOT systems engineers to some of the basic concepts and activities of systems engineering within the Defense Acquisition System.  The presentation will:
*Define engineering, system, and systems engineering
*Provide an abbreviated history of military systems engineering	
*Contrast typical "for profit" and DoD approaches to systems engineering (What do systems engineers actually do?)
*Address the proper handling of  systems engineers (Working together and getting things done in a bureaucracy)
* Identify recent policy changes that address current challenges in systems engineering






Systems engineering is an interdisciplinary approach and process encompassing
the entire technical effort to evolve, verify and sustain an integrated and total life
cycle balanced set of system, people, and process solutions that satisfy customer
needs. Systems engineering is the integrating mechanism for the technical and
technical management efforts related to the concept analysis, materiel solution
analysis, engineering and manufacturing development, production and deployment,
operations and support, disposal of, and user training for systems and their life
cycle processes.

For DoD, systems engineering is the set of overarching processes that a program
team applies to develop an operationally effective and suitable system from a
stated capability need. Systems engineering processes apply across the
acquisition life cycle (adapted to each phase) and serve as a mechanism for
integrating capability needs, design considerations, design constraints, and risk, as
well as limitations imposed by technology, budget, and schedule. The systems
engineering processes should be applied during concept definition and then
continuously throughout the life cycle.

Systems engineering is a broad topic that includes hardware, software, and human
systems. It is an interdisciplinary approach for a structured, disciplined, and
documented technical effort to simultaneously design and develop systems
products and processes for creating and integrating systems (hardware, software,
and human) to satisfy the operational needs of the customer. It transforms needed
operational capabilities into an integrated system design through concurrent
consideration of all life cycle needs. As systems become larger and more complex,
the design, development, and production of such systems or systems of systems
(SoS) require the integration of numerous activities and processes. Systems
engineering is the approach to coordinating and integrating all these acquisition life
cycle activities. It integrates diverse technical management processes to achieve
an integrated systems design.
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Presentation Notes
There’s a simple chart DoD has developed to describe the process (Show monster chart)



a process




What Is systems engineering?
What do engineers do?
How do | work with engineers?
What's happening now?
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*Define engineering, system, and systems engineering
*Provide an abbreviated history of military systems engineering	
*Contrast typical "for profit" and DoD approaches to systems engineering (What do systems engineers actually do?)
*Address the proper handling of systems engineers (Working together and getting things done in a bureaucracy)
* Identify recent policy changes that address current challenges in systems engineering






 Engineering = turning ideas into stuff

o Systems = really complex stuff

e Systems Engineering = turning ideas into
really complex stuff
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http://www.simpits.org/design/P51_details/p51_stick1.jpg
http://www.simpits.org/design/P51_details/p51_cockpit3.jpg
http://www.simpits.org/design/P51_details/p51_cockpit2.jpg
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What “Form follows function” means when there are a lot of functions…


terative wit
terative wit
terative wit

n every phase of the life cycle
n every schedule change

N every budget change

terative at every interface
Recursive with every anomaly
Recursive with every subsystem
Recursive from every “supersystem”






Fiscal Problems

Design Processes

Problem
Space
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Widely differing opinions


Typicl%I population member is an evaluator/selector/buyer/operator for a solution system
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A “for profit” body recognizes a potentially profitable opportunity to address a problem space
If a single person or team can fully address the problem, we call it “engineering”
If the problem will require multiple teams, we call it “systems engineering”
Either one occurs entirely inside the corporation
Corporation offers solution for purchase/subscription by population

Typical population member is the selector/buyer/operator/evaluator for a solution system
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A “user” body recognizes and articulates the need for a “materiel solution” to a capability shortfall in a problem space

An acquirer articulates a contractually verifiable functional solution space to address some/all of the shortfall.

A corporate body develops a prime item to meet the functions described.

An evaluator determines whether the solution does, in fact, address the shortfall

The system is delivered to operators who may then use it.


e Contractual relationships
— Business to Consumer
— Business to Business
— Business to Government

e Imperfect Competition
— Monopoly
— Monopsony
— Bilateral Monopoly
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Public stewardship
Transparency
Legality

Ethics






A: Someone who solves a problem you
didn't know you had, in a way you don't
understand.



There are only 10 kinds of
people 1n the world:

those who understand binary

and those who don't.
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There's no place like 127.0.0.1

Why do engineers confuse Halloween and Christmas?
Because 31 Oct = 25 Dec.

YOU MIGHT BE AN ENGINEER
If you chuckle whenever anyone says “centrifugal force.”
If you’ll assume that a “horse” is a “sphere” in order to make the math easier.
If you laugh at jokes about mathematicians.
If you avoid doing anything because you don’t want to contribute to the eventual heat-death of the universe.
If
   ... you take a cruise so you can go on a personal tour of the engine room.
   ... in college you thought Spring Break was metal fatigue failure.
   ... you sit backwards on the Disneyland rides to see how they do the special effects.
   ... you have saved every power cord from all your broken appliances.
   ... you know what <http:// stands for.
   ... you look forward to Christmas so you can put the kids' toys together.
   ... you think that people yawning around you are sleep deprived.
   ... you've tried to repair a $5 radio.

Q: What is the definition of an engineer?
A: Someone who solves a problem you didn't know you had, in a way you don't understand.
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Archimedes
Da Vinci
Newton
Wright Brothers
Robert Goddard



http://en.wikipedia.org/wiki/File:Leonardo_self.jpg
http://en.wikipedia.org/wiki/File:Goddard_and_Rocket.jpg
http://en.wikipedia.org/wiki/File:Wright_Brothers_in_1910.jpg

Fiscal Problems

Design Processes

Problem
Space
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Widely differing opinions


Program management
Finance

Contracting

Test

Manufacturing
Logistics






L
Ll %
SIONAL CORPS SPECIFICATION, NO. 486
ADVERTISEMENT AND SPECIFICATION FOR A HEAVIER-THAN-AIR PLYING MACHINE.

To rae Pusuic:

Hanled peopoasls, in dupiisats, will be resalvel at this ofies satl] 13 lock noos su Fabrusey 1,
1608, 0n behalf of the Goard of Oruasoos and Fortifmilos for farnihing te Signal Corps wilh &
haavicr-than-air Aying mashine. ALl propessls ronived will ba tarned over to the Board nf Ordnasc
and Fartibontinn at lts et meting aftes Fabunry | for s oeinl nctlon
pesifinatlus aan ohtvin the seommry fars sail
snvalopea by application 1o the Chist Signal Offioer, United Seales Arny, War Departmest, Washiagiss,
D €. The United Stats rennrvas tha right 1o rafset ang sl all praposals.
Uines the bididars wrealso the manulasturses of ke Aying msshine thay mos atats the name and
pm. ol the maker.
—This Eovars the of & AFioy mack | satirsly by
tha dymatsic Fadetion of the simesphars and Baviag 79 K beg,
Acceplance. —Tha fAiying muchlae will be scoepied nl! alter & snsossal] trinl Might, daring which
11 will eamply t ssecant will be mads mBUl
nfte

accmplan
Tha Gorarnment resstves the right 8 fnspoet aay and il procsssss of manafecturs,
GENERaL REGUIREMENTS.

The gawersl dimensions of the Aying mashing will ba dezermined by the manufusturer, sabjct 15
the following soniitions:

1. Hiddurs mus subeit with thalr propessls the follewing:

(a) Drwwings 1o scals showing the geaeral dimansio

47 praposs o bulld ouder this speeifieation.

ib) Statameat of tha wpes fer which |t fs desigeed.

(e} Bratemant of Uhe total surfaes ares of the supporting plases.

i) Statamant of the total welght.

() Demcription of the sagine which will be nasd for motlve pomec.

() The mnteria) of which the frame, planse, and propsllars will be constrocted.  Plaas recalved
will 1< be shown to other Lidders.

1. It ia deairalle Uhat the fiying machine shoull be dewigned oo thet it may be quickly and sasily
sasimliled ani twken apart and packed for trunsportation in n wrmy vugee. It should be ocpable of
being aasemiind and put o eperating smiition in about ces

4. The fiying machise mast be dwipeid Lo earry oo pn-nu having & combined welght of abost
80 pounds, alss sulciont fusl for & Dight of 135 miles

4. The Bying machine should be dealgaed t Bave & spesd of &L IMiAL forty milss par hour 1o sl
slr, but bldders wust submit quotstions In thalr proposals for nowt ‘depanding upss the apesd attalned
during tha trin! Alght, acoarding 1o Use fellowing soale:

100 per ovat
Ilea prar by, 0 par cent.
30 mllen par Boar, 80 par oeal.
37 milen par hour, T0 par ssat.
86 milas par hour, GO par eyl
l.aes thas 34 milea per hour rajeated.
41 miles por hear, 110 por cont.

and shupe of the Oying meshine which

48 milow s hour, 130 par oont.
44 sl e bour, 140 par cont.

& The spesd secomplished doring the iril Might will b daterminad by taking an avernge of the
time over s measured murss of mors than Sve mibes, sgainst and with the wisd.  Tha Hms will bs tukeo
Iy & Aylag sinri, pasaing the starting peiat at full sperd at both
10 nuch additional details s the Chisl Bignal O

4. Bafors acosptanes s trial sndurance Nighs will be required of nt bwst ows howr duriag whish tma
Eis NyIng mackine mum ramain sontinusoaly In Uss alr withoat unding. It shall retars io the starting
peint and Wil witheut any damage thet mookl pravest it Imesdlataly starling upes ascther Sight,
Draring thin trinl fight of cme hewr it mwst be steared In all directions without diflaully snd st sl Hme
anidar parfaet somtral and squilibrigm.

. Thres trinks will ba allawad for spssd aa provided for ln parmgraphe 4+ sad 8. Thres trials for
sndurancs a pravided for in paragraph 6, uad both fests st be sompieied whthia & period of (hirty
duye from the daie of dellvery. The sxpenss of the tesis ta e borns by the manofasturer. The place
of dalivary to the Govarnmans and Lrial flghts will be st Forl Myer, Viegials

#. Itshould ba so designed as to ascond in any omntry which may be encoustered In #ald serrion.
The starting device most be simpls and ransportable. 1t shoald alss Isnd im & feld withour requiring
& specially proparsd spot med without damaging ite sirusiure.

9. Tahaull bo provided with mas devios to permit of & aafes doscant |n onss of an secident te the
propelling machinery.

10. 1 shoald basnficlontly slmpla o fis natrueiion and aparsiion is parmaé an {niiligent man so
fmoama proficieat in It use withia wih of tima.

uae all patsmisd duviess or apparissances which may be a part of the Sying macking, and that the
mAnufuatures of the Aying mAchins re Authariesd 15 cohvey the ssss t4 e Geveramest This refers
1o tha winrstricted FIght 1o use the Aylug machine skl 16 the Governmant, but dom set contamplate the
exclusive purchase of patent rights for duplicsting tha Aying mackine.

18, Bidders -ul oo required to furmish with thelr mml » muud dwck mm
pue cant of the tad for e dihisila wped, the awnrd for this A
Uraon corBod checka will be rotarned 1o tse bidders, o thes wmcotmafel bidder wil e ragulired Lo faralsh

& bond, asoording 1o Army ltagulsiicns, of the amount equal i the prics stated for Uss i0-mila

18, The prioe quoted ju propossls west be wndersteod 1o Inolwde the Instrection of twe man o the
haadling and opsraticn of this Aylag machine. Mo sxtrn sharge for this srrio wil] by allowsd.

14, Biddera muat stats the Lims which will bs required for dellvary aftar reelpt of wrdar,

JAMES ALLKN,
Bripadier General, Chisf Signal Officer of the drey.
Bowi Orrce,

Wasnwaton, D. C., December &8, 1007,

 US Army Signal Corps
Specification No. 486

— Primarily a functional
specification

— Political and competition
ISsues

— Data rights

— Process inspection
— Test conditions

— Logistics/Training
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Introduce the Wright brothers spec
Address Political and competition issues
Nationalism

SIGNAL CORPS No 486
SIGNAL CORPS No 486�ADVERTISEMENT AND SPECIFICATION FOR A HEAVIER-THAN-AIR FLYING MACHINE��To THE PUBLIC:�Sealed proposals, in duplicate, will be received at this office until 12 o'clock noon on February 1, 1908, on behalf of the Board of Ordnance and Fortification for furnishing the Signal Corps with a heavier-than-air flying machine. All proposals received will be turned over to the Board of Ordnance and Fortification at its first meeting after February 1 for its official action.��Persons wishing to submit proposals under this specification can obtain the necessary forms and envelopes by application to the Chief Signal Officer, United States Army, War Department, Washington, D. C. The United States reserves the right to reject any and all proposals. Unless the bidders are also the manufacturers of the flying machine they must state the name and place of the maker. Preliminary—This specification covers the construction of a flying machine supported entirely by the dynamic reaction of the atmosphere and having no gas bag.��
Acceptance—The flying machine will be accepted only after a successful trial flight, during which it will comply with all requirements of this specification. No payments on account will be made until after the trial flight and acceptance.��
Inspection—The Government reserves the right to inspect any and all processes of manufacture. 
GENERAL REQUIREMENTS. The general dimensions of the flying machine will be determined by the manufacturer, subject to the following conditions:��Bidders must submit with their proposals the following: 
Drawings to scale showing the general dimensions and shape of the flying machine which they propose to build under this specification. 
Statement of the speed for which it is designed. 
Statement of the total surface areas of the supporting places. 
Statement of the total weight. 
Description of the engine which will be used for motive power. 
The material of which the frame, pieces, and propellers will be constructed. Plans received will not be shown to other bidders. 
It is desirable that the flying machine should be designed so that it may be quickly and easily assembled and taken apart and packed for transportation in Army wagons. It should be capable of being assembled and put in operating condition in about one hour.��
The flying machine must be designed to carry two persons having a combined weight of about 350 pounds, also sufficient fuel for a flight of 125 miles.��
The flying machine should be designed to have a speed of at least forty miles per hour in still air, but bidders must submit quotations in their proposals for cost depending upon the speed attained during the trial flight, according to the following scale:��44 miles per hour, 140 percent�43 miles per hour, 130 percent�42 miles per hour, 120 percent�41 miles per hour, 110 percent�40 miles per hour, 100 percent�39 miles per hour, 90 percent�38 miles per hour, 80 percent�37 miles per hour, 70 percent�36 miles per hour, 60 percent�Less than 35 miles per hour, rejected.��
The speed accomplished during the trial flight will be determined by taking an average of the time over a measured course of more than five miles, against and with the wind. The time will be taken by a flying start, passing the starting point at full speed at both ends of the course. This test subject to additional details as the Chief Signal Officer of the Army may prescribe at the time.��
Before acceptance a trial endurance flight will be required of at least one hour during which time the flying machine must remain continuously in the air without landing. It shall return to the starting point and land without any damage that would prevent it immediately starting upon another flight. During this trial flight of one hour it must be steered in all directions without difficulty and at all time under perfect control and equilibrium.��
Three trials will be allowed for speed as provided for in paragraph 4 and 5. Three trials for endurance as provided for in paragraph 6, and both tests must be completed within a period of thirty days from the date of delivery. The expense of the tests to be borne by the manufacturer. The place of delivery to the Government and trial flights will be at Fort Myer, Virginia.��
It should be so designed as to serve in any country which may be encountered in field service. The starting device must be simple and transportable. It should also land in a field without requiring a specially prepared spot and without damaging its structure.��
It should be provided with same device to permit of a safe decent in case of an accident to the propelling machinery.��
It should be sufficiently simple in its construction and operation to permit an intelligent man to become proficient in its use within a reasonable length of time.��
Bidders must finish evidence that the Government of file United States has the lawful right to use all potential devices or appurtenances which may be a part of the flying machine, and that the manufacturers of the flying machine are authorized to convey the same to the Government. This refers to the unrestricted right to use the flying machine sold to the Government, but does not contemplate the exclusive purchase of patent rights for duplicating the flying machine.��
Bidders will be required to furnish with their proposal a certified check amounting to ten per cent of the price stated for the 40-mile speed. Upon making the award for this flying machine those certified checks will be returned to the bidders, and the successful bidder will be required to furnish a bond, according to Army Regulations, of the amount equal to the price stated for the 40-mile speed��
The price quoted in proposals must be understood to include the instruction of two men in the handling and operation of this flying machine. No extra charge for this service will be allowed.��
Bidders must state the time which will be required after receipt of order. 
JAMES ALLEN,�Brigadier General, Chief Signal Officer of the Army.�SIGNAL OFFICE,�WASHINGTON, D.C., December 23, 1907.��FORM No. 18.�Signal Corps, United States Army.�



 \WW Il operations analysis

« PERT

« WBS

« FFBD

« AFSCM 375

 MIL-STD-499

 The “Perry Memo”

e “Systems Engineering Fundamentals”
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MIL-STD-499 (1969)
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499 para 5.2 is “System Engineering”, but para 5 is the specific requirements for the contractor's system engineering management effort 

5.  	SPECIFIC REQUIREMENTS
5.1 	System engineering management plan (SEMP)
5.2 	System engineering
5.3 	Technical program planning and control
5.4 	Engineering integration
 5.4.1 	Integrated design
 5.4.2 	Integrated system test planning
 5.4.3 	Compatibility with supporting activities



MIL-STD-499A (19/74)

S
Technical Program ﬂﬁ""‘
Planning and Control i

Contract WBS and Spec tree
Mission Program Risk Analysis
Requirements System Test Planning
Analysis Decision and Control Process
Technical Performance
Functional Analysis Measurement
Technical Reviews
Allocation Subcontractor/Vendor
Reviews
- Work Authorization
L(.)g'St'? Documentation Control
Engineering
i Synthesis
Life Cycle 5
Cost Analysis L= -__:_‘:'5-
Optimization = i ®=
Production Generation of == A oo
Engineering Analysis Specifications i = g



499B (Draft) Early 90s
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Presentation Notes
I request that you take appropriate action to ensure that everyone in your acquisition and
logistics communities is aware that a waiver to cite military specifications and standards in
solicitations and contracts is no longer required.

Louis A. Kratz
Assistant Deputy Under Secretary of Defense
(Logistics Plans and Programs)
29 Mar 2005
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e Director of Systems Engineering

— Joint report with Director of Developmental Test
and Evaluation

— Reports to USD (AT&L)

e Focus Areas
— Systems Engineering Plan

— Mandated preliminary design review and critical
design review

— Program Protection
— Reliability and Maintainability (R&M)


Presenter
Presentation Notes
‘‘§ 139d. Director of Developmental Test and Evaluation;
Director of Systems Engineering: joint guidance


‘‘(1) APPOINTMENT.—There is a Director of Systems Engineering, who shall be appointed by the Secretary of Defense from among individuals with an expertise in systems engineering and development planning.
‘‘(2) PRINCIPAL ADVISOR FOR SYSTEMS ENGINEERING AND DEVELOPMENT PLANNING.—The Director shall be the principal advisor to the Secretary of Defense and the Under Secretary of Defense for Acquisition, Technology, and Logistics on systems engineering and development planning in the Department of
Defense.
‘‘(3) SUPERVISION.—The Director shall be subject to the supervision of the Under Secretary of Defense for Acquisition, Technology, and Logistics and shall report to the Under Secretary.
‘‘(4) COORDINATION WITH DIRECTOR OF DEVELOPMENTAL TEST AND EVALUATION.—The Director of Systems Engineering shall closely coordinate with the Director of Developmental Test and Evaluation to ensure that the developmental test and evaluation activities of the Department of Defense are fully integrated into and consistent with the systems engineering and development planning processes of the Department.
‘‘(5) DUTIES.—The Director shall—
‘‘(A) develop policies and guidance for—
‘‘(i) the use of systems engineering principles and best practices, generally;
‘‘(ii) the use of systems engineering approaches to enhance reliability, availability, and maintainability on major defense acquisition programs;
‘‘(iii) the development of systems engineering master plans for major defense acquisition programs including systems engineering considerations in support of lifecycle management and sustainability; and
‘‘(iv) the inclusion of provisions relating to systems engineering and reliability growth in requests for proposals;
‘‘(B) review and approve the systems engineering master plan for each major defense acquisition program;
‘‘(C) monitor and review the systems engineering and development planning activities of the major defense acquisition programs;
‘‘(D) provide advocacy, oversight, and guidance to elements of the acquisition workforce responsible for systems engineering, development planning, and lifecycle management and sustainability functions;
‘‘(E) provide input on the inclusion of systems engineering requirements in the process for consideration of joint military requirements by the Joint Requirements
Oversight Council pursuant to section 181 of this title, including specific input relating to each capabilities development document;
‘‘(F) periodically review the organizations and capabilities of the military departments with respect to systems engineering, development planning, and lifecycle management and sustainability, and identify needed changes or improvements to such organizations and capabilities; and ‘‘(G) perform such other activities relating to the systems engineering and development planning activities of the Department of Defense as the Under Secretary of Defense for Acquisition, Technology, and Logistics may prescribe.
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Historical “stickiness” of DoD approach
Fad Fatigue

Establishing and maintaining relationship
with industrial base

Stakeholder proliferation






Systems engineering IS
simply (and complexly) an
iterative and recursive
process for designing
solutions to meet needs

Define your needs, divide
them into manageable
chunks, design chunk
solutions, and integrate...
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