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Motivations

= Integrated Defense Acquisition, Technology, and Logistics Life Cycle Management System

ng 3 Decision Authority may authorize enlry into the acquisition process at any point, consistent with phase-specific entrance criteria and statutory requirements
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Our technologies today are complex and highly coupled

» Tight coupling results when components are interdependent

» Complexity results when our tools fail to accurately predict system response
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Controlled vs. Emergent Systems

» Controlled systems
— Militaries
— Air traffic control
— Multi-national corporations
— Software, Hardware

» Emergent systems
— Intelligence bureaucracy
— Internet
— Social networking
— Biological swarming: Bees, ants, etc.



Background and Previous Research

» George Miller's “Magic Number 7” paper in 1956
— Ability to differentiate one-dimensional stimuli accurate up to 6 items
— Short-term memory can keep track of ~ 7 items

» McCabe’s Cyclomatic complexity metric
— Measures number of linearly independent paths through a program (loops)
— General rule of thumb that software modules should be limited to metric of 10

» DARPA META Complexity Measure
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Previous Research
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Source: Ulrich, K.T., Eppinger S.D., Product Design and Development
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Framework

» Survey systems of systems from a broad array of domains
— Technical
— Social
— Biological
— Political

» Count abstraction levels

» Count heterogeneous elements at each abstraction level
— Functional
— Attributes



Launch System Space Shuttle Launch System

Ground _
System Launch Vehicle
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Subsyste || External _
Rocket Orbiter
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Source: NASA

[/ Levels — 2.5M parts, 2M SLOC
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Microprocessor
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Microprocessor

Components (ALU, FPU,
Registers, etc.) (15 — 20)

Logic Functions (NOR, AND,
MUX, etc) (~20 types)

Transistors (2-30 per Logic
Function, 2.3 Billion in 8-core
Xeon Processor)

Substrates

Source: Intel Pentium Processor

5 Levels — 2.3B transistors



Air Traffic Control

National Air-Traffic Control

USA - AIR ROUTE TRAFFIC CONTROL CENTER'S

Area Control Center (20 Centers)

TRACON (Terminal Radar Approach Control Center)
(830)

Airport Traffic Control (5200 Airports)

Flight

Air Ground | Data/Clear | Apron M(g\r/%l;nngm
Source: FAA Control Control ance Control
Delivery Control

5 Levels — 55,000 flights per day
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Biological Systems Human Body

Systems (11)

Organs (78)

Tissue (4)

Cells (10 trillion)

Source: Wikipedia

5 Levels — 10T cells
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WA L* M A R I Walmart (Board of Directors)

CEO

Officers Regional VPs (41)
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Districts (~11/Region)
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Stores (~6 to 8/District)

H

Assistant Manager

\l

Department Manager (~40)

' - Sales
Source: Wikipedia Cashier | Accociates | Stocker

8 Levels — ~2M employees, 8500 Stores
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Department of Defense

Secretary of Defense

Deputy Secretary of Defense

Office of the Inspector General
of the Department of Defense
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The Defense Agen cies

Defanzs Advanced Rezsarch Projects Agancy
Defanas Buzinasa Tranaformation Agency
Defanas Commissary Agancy

Defanse Confract Audit Agency

Defanas Contract Managament Agancy
Defanze Finances and Accounting Jervice
Defanze Information Syatama Agsncy
Defanas Intelligence Agency

Defenas Legal Sarvicas Agency

Defanas Logiatics Agency

Defanas Sacurity Cooperation Agency
Defanas Sacurity Service

Defanas Thraat Reduction Agency

Miszile Dafense Agancy

Mational Geoapatial-Intslligance Agancy
National Raconnaizsanca Office

Dol Field Activities

Defenza Media Activity
Dafenaa Prisonar of War/Misaing Parsonnal Office
Dafenas Technical Information Gentar
Defenza Technology Security Adminiatration
Dol Education Activity
Dol Human Reacurces Activity

Dol Tast Resourca Managemant Center
Office of Economic Adjustment
TRIGARE Managemant Activity
Waszhington Headguarters Services

Combatant Commands

US Africa Command

U5 Central Command

UE Ewropaan Command

US Joint Forcea Command

U5 Northarn Command

WS Pacific Command

UE Southern Command

U3 Special Operations Command
U3 Strategic Command

U3 Transportation GCommand

Prepared by: Directorate for Organizational and
Management Planning/Office of the Director,
Administration and Management/Cffice of the
Secretary of Defense May 2010

National Security Agency/Gantral Sacurity 3ervice
Pantagon Force Protection Agancy

3+ Levels, 2.1M Personnel




US A|r Force Air Force Headquarters

Major Command (10)
Numbered Air Force (24)
Wing (243)
Group
Squadron (300)

Flight

Source: Wikipedia Airman

/ - 8 Levels — 330,000 personnel
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THE GOVERNMENT OF THE UNITED STATES

THE CONSTITUTION

LEGISLATIVE ERAMCH

THE CONGRESS

SEMATE HOUSE

ARCHITECT OF THE CAPITOL
UNITED STATES BOTAMIC GARDEN
GENERAL ACCOUNTING OFFICE
GOVERNMEMT FRINTING OFFICE

LIERARY OF CONGRESS
CONGRESSIONAL BUDGET OFFICE

EXECUTIVE BRANCH

I——

THE PRESIDENT
THE ¥ICE PRESIDENT

JUDICIAL BRANCH

UNITED STATES

THE SUPREME COURT OF THE

UMITED STATES COURTSE OF AFPEALS

WHITE HOUSE OFFICE

QFFICE OF THE WICE PRESIDENT
COUNCIL OF ECONOMIC ADVISERS
COUNCIL ON ENVIRONMENTAL QUALITY
NATIONAL SECURITY SOUMCIL

QFFICE OF ADMIKISTRATION

EXECUTIVE OFFICE OF THE PRESIDENT

QOFFICE OF MANAGEMENT AMD SUDGET
OFFICE OF NATIONAL DRUG CONTROL POLICY
QOFFICE OF POLICY DEVELOPMENT

QOFFICE OF SCIENCE AND TECHNOLOGY POLICY
CFFICE OF THE UL3. TRADE REPRESEMTATIVI

UKITED STATES DISTRICT COURTS
TERRITSRIAL COURTS
UNITED STATES COURT OF INTERNATICNAL TRADE
UNITED STATES COURT OF FEDERAL CLAIME

UNITED STATES COURT OF ARPPEALS FOR THE
ARMED FORCES

URITED STATES TAX COURT
UKITED STATES COURT OF APPEALS FOR VETERANS CLAIME
ADMINIETRATIVE OFFICE OF THE
UNITED STATES COURTS
FEDERAL JUDICIAL CENTER
UNITED STATES SENTENCING COMMISSION

DEFARTMENT OF
AGRICULTURE

DEPARTMENT OF
COMMERCE

DEPARTMENT OF
DEFENSE

DEPARTMENT OF
EDUCATION

DEPARTMENT OF
ENERGY

DEPARTMENT OF DEPARTMENT OF
HEALTH AND HUMAN HOMELAND
SERVICES SECURITY

DEPARTMENT OF
HOUSING AND URBAN
DEVELOPMENT

DEPARTMENT OF
THE INTERIOR

DEPARTMENT OF
JUSTICE

DEPARTMENT OF
LABOR

DEPARTMENT OF
STATE

DEPARTMENT OF
TRANSPORTATION

DEPARTMENT OF
THE TREAEURY

DEPARTMENT OF
VETERANE AFFAIRE

HMOEFERDENT ESTABLIZHMENTS AND GOVERMNMENT CORPORATICNS

AFRICAN DEVELOPMENT FOURDATION

CENTRAL INTELLIGENCE AGENCY

COMMODITY FUTURES TRADING COMMISSICON
COMSUMER PROOUCT SAFETY COMMISZION
CORPORATION FOR MATIONAL AND COMMUNITY SERVICE
DEFENSE MUCLEAR FACILITIES SAFETY BOARD
ENVIRONMENTAL PROTECTION AGEMCY

EQUAL EMPLOYMENT OPPORTUNITY COMMESSION
EXPORT-IMPCRT BANK OF THE LS

FARM CREDIT ADMINISTRATION

FEDERAL COMMUMICATIONS SOMMISSION
FEDERAL DEROSIT INSURANCE CORPORATION
SRAL ELECTION COMMISIION

FEDERAL HOUZMNG FINKANCE BOARD

FEDERAL LABOR RELATIONS AUTHORITY

FEDERAL MARITIME COMMISSION

FEDERAL MEDIATION ARD COMCILIATICN SZRVICE
FEDERAL MIME SAFETY AND HEALTH REVIEW COMMISZION
FEDERAL RESERVE SYSTEM

FEDERAL RETIREMENT THRIFT INVESTMENT BCARD
FEDERAL TRADE COMMISZION

SEMERAL SERVICES ADMINISTRATION
WTER-AMERICAN FOUNTATION

MERIT SYSTEMS PROTECTION BOARD

NATIONAL AERDORAUTICE AND SPACE ADMINISTRATICN
NATIONAL ARCHIVES AND RECORDS ADMINISTRATICN
MATIONAL CARITAL PLAMMIMG COMBMISSION

MATIONAL CREDIT UNION ADMINISTRATION

MATICHNAL FOUNDATION ON THE ARTS AND THE HUMAMITIES
MATICMAL LASOR RELATIONS BOARD

NATICHAL MECIATICN BOARD

NATICHAL RAILROAD PASSENGER CORPORATION [AMTRAK)
NATICMAL SCIENCE FCUNDATION

MNATICHNAL TRANSPORTATICN SAFETY BEDARD

NUCLEAR REGULATORY COMMIZZION

OCCUPATIONAL SAFETY AMD HEALTH REVIEW COMMIZSION
OFFICE OF GOVERMMERT ETHICS

OFFICE OF PERSOMNEL MANAGEMENT

CFFICE OF SPECIAL COUNSEL

OVERSEAS PRIVATE INVESTMENT CORPORATION

PEACE CORPS

FENZION BENEFIT GUARANTY CORPORATICHN

POSTAL RATE COMMIESION

RAILROAD RETIREMENT BCARD
SECURITIES AMD EXCHAMGE COMMIZZION
SELECTIVE SERVICE SYETEM

SMALL BUSINESS ADMINISTRATION

SOCIAL SECURITY ADMINISTRATION
TEMMEZZEE VALLEY AUTHORITY

TRADE AND DEVELOPMENT AGENCY

ULS. AGENCY FOR INTERNATICNAL DEVELCPMENT
LS. COMMISSION ON CIMIL RIGHTS

ULZ. INTERMATIONAL TRADE COMMISSION
U5 POSTAL SERVICE

3 Levels (+ x Levels

) — 21M personnel




The Grande Armée

Carle Fiqurative : R,

Imperial
Guard

Artillery
Brigade

Napoleon

Corps (5-7)

Infantry
Division (4k
— 10k per
Corp)

Brigade (2-3
per Corp)

Regiment (2
per
Brigade)

Infantryman
(~10 per
Regiment)

Calvary
Division (2k
to 4k per
Corp)

Brigade (2-3
per Corp)

Regiment (2
per
Brigade)

Cavalryman
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Summary

» Miller's Magic Number 7 leads to maximum of ~960,000 parts
— No clear limits

» Further research needed:
— More surveys in a variety of systems
— Interactions between Systems of Systems (i.e. Technical vs. Social)

» Emergent systems as opposed to controlled systems?




	Slide Number 1
	Table Of Contents
	Motivations
	Our technologies today are complex and highly coupled
	Controlled vs. Emergent Systems
	Background and Previous Research
	Previous Research
	Framework
	Launch System
	Microprocessor
	Air Traffic Control
	Biological Systems
	Slide Number 13
	Department of Defense
	US Air Force
	US Government
	The Grande Armée
	Summary

