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ωThe impact of globalization & commoditization of information technology (IT) on 
software R&D 

ωGlobalization 

ωάL ǎǇŜŀƪ {ǇŀƴƛǎƘ ǘƻ Ƴȅ DƻŘΣ Lǘŀƭƛŀƴ ǘƻ women, French  
to men, German to my horse,                   
   ς Paraphrasing King Charles the 5th of Spain 

ωCommoditization of IT 

ωά9ǾŜǊȅǘƘƛƴƎ ƎŜǘǎ ŎƘŜŀǇŜǊ ŦƻǊŜǾŜǊέ  
ς John Chambers,  
   CEO Cisco Systems 

ωSoftware R&D 

ωInnovating software for competitive  
advantage 

 

& Japanese to my bossέ 

What this Talk is About 
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Chief Technology Officer role 

ωLead the formulation of the SEI's technology                                                                                
strategy  

ωAmplify external relationships with academia &  
industry  

ωAlign the expertise of the SEI technical staff to identify & respond to the needs of 
sponsors, customers, & partners  

ωHelp the SEI shape future innovations in complex software-reliant systems  

Deputy Director, Research role 

ω(Meta) Manage the line funded programs, including the Internal R&D program 

ωManage the technical interface to the DoD & other US government agencies 

What I Do at the SEI 

Provide technical management across SEI lines of 
business to ensure that SEI program R&D plans are 

aligned with overall SEI R&D strategy plans 

{9LΩǎ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳ ƛǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ŜƴǎǳǊŜ ŀ ƭƻƴƎκƘŜŀƭǘƘȅ ŦǳǘǳǊŜ ŀǎ ŀƴ wϧ5 CCw5/ 
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Commoditization 
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CPU & network performance has increased by orders of magnitude in past decades 

1,200 bits/sec to 
10+ Gigabits/sec 

The Road Ahead 

Extrapolating these trends another decade or so yields 
ω ~4-5 Gigahertz CPUs with 10s-100s of cores 
ω ~100 Gigabits/sec LANs 
ω ~100 Megabits/sec wireless 
ω ~10 Terabits/sec Internet backbone 

10 Megahertz to 
~3 Gigahertz 

Unfortunately, software quality & 
ǇǊƻŘǳŎǘƛǾƛǘȅ ƘŀǎƴΩǘ ƛƳǇǊƻǾŜŘ ŀǎ ǊŀǇƛŘƭȅ 
or predictably as hardware ς especially 
for mission-critical distributed real-time 

& embedded systems 



Why Hardware Improves So Consistently 
Advances in hardware & networks stem largely from R&D 

on standardized & reusable APIs & protocols 

x86 chipsets TCP/IP 



Why Software Fails to Improve as Consistently 

Proprietary & 
Stovepiped 

Application & 
Infrastructure 

Software 

Standard/COTS 
Hardware & 

Networks 

Application 
Software 

Application 
Software 

Application 
Software 

Application 
Software 

Commodity software quality has historically lagged behind commodity hardware, 
especially for mission-critical distributed real-time & embedded systems 



ωOrganizational & managerial impediments 

ωEconomic impediments  

ωPolicy impediments  

ωPolitical impediments 

ωPsychological impediments 

ωΧ 

Human Nature Technical Complexities 

Accidental Complexities 

ωLow-level APIs & debugging tools 

ωInteroperability & portability 

Inherent Complexities 

ωQuality of service (QoS) 

ωScheduling & synchronization 

ωIntermittent connectivity 

ωInformation assurance 

ωΧ 

www.cs.wustl.edu/~schmidt/reuse-lessons.html 

²ƘŀǘΩǎ {ƻ IŀǊŘ !ōƻǳǘ {ƻŦǘǿŀǊŜΚ 
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Evolution of DoD Software Development 
Legacy DoD systems have 
historically been: 
ωStovepiped 
ωProprietary  
ωBrittle & non-adaptive 
ωExpensive 
ωVulnerable 

Consequence: Small HW/SW 
changes have big impact on 
system QoS & maintenance 

Applications Applications 

http://www.takeourword.com/images/persistence-of-memory.jpg


Applications 
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Common Services Common Services 

Distribution Middleware Distribution Middleware 

Infrastructure Middleware Infrastructure Middleware 

Domain-Specific Services Domain-Specific Services 

Middleware 

ωMiddleware has effectively factored out many reusable services from 
traditional application responsibility  

ωEssential for product-line architectures, common operating environments, 
open architectures, etc. 

Wireless/Wireline Networks 

Evolution of DoD Software Development 
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Example: The Evolution of Middleware 

Historically, mission-critical apps were built 
directly atop hardware 

ωTedious, error-prone, & costly over lifecycles 

Standards-based COTS middleware helps support 
key mission goals: 

ωControl end-to-end resources & QoS 

ωLeverage hardware & software technology 
advances 

ωEvolve to new environments & requirements 

ωProvide a wide array of reusable, off-the-shelf 
developer-oriented services  

There are layers of middleware, just like 
there are layers of networking protocols 

Hardware 
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Applications 

Maturation of middleware 
driven by decades of 

government R&D funding 
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ωMore emphasis on integration rather than 
programming  

ωIncreased technology convergence & 
standardization   

ωMass market economies of scale for 
technology & personnel 

ωMore disruptive technologies & global 
competition  

ωLower pricedτbut often lower qualityτ
hardware & software components  

ωThe decline of internally funded R&D (eating 
our seed corn) 

ωPotential complexity cap in next-generation 
systems-of-systems & ultra-large-scale systems 

Consequences of Software Commoditization 

Not all trends bode well 

for traditional business & 

technology leaders 

Ultimately, success requires mastery of 

non-commoditized domains, e.g., 

distributed real-time & embedded systems 
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Reality Check: Software Expertise in the Flat World 



SEIôs R&D Strategy 
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5ƻ5Ωǎ Software Challenge 

F/A-22 
SBIRS 
High 

Future Combat  
System (FCS) 

DDG 
1000 

άLŦ ǎƻŦǘǿŀǊŜ ƛǎƴϥǘ ŀ ƳŀƧƻǊ ǇŀǊǘ ƻŦ ǘƘŜ Ŏƻǎǘ ƻŦ ǿŜŀǇƻƴǎ ǎȅǎǘŜƳǎΣ ǘƘŜƴ ƛǘϥǎ ŀ ǾŜǊȅ ǎƛƎƴƛŦƛŎŀƴǘ ǇŀǊǘ ƻŦ 
ǘƘŜ Ŏƻǎǘ Χ ¸ƻǳ Ŏŀƴ ōǳƛƭŘ ŀ ŦǊƛƎŀǘŜ ǿƘƛŎƘ Ŏƻǎǘǎ Ϸрлл Ƴƛƭƭƛƻƴ ǘƻ ōǳȅΣ ōǳǘ ǘƘŜ ƭŀǊƎŜǎǘ ǇŀǊǘ ƻŦ ǘƘŜ 
ŜȄǇŜƴǎŜ ǿƻǳƭŘ ƴƻǘ ōŜ ǘƘŜ Ƙǳƭƭ ƻǊ ǘƘŜ ǿŜŀǇƻƴǎΣ ƛǘ ǿƻǳƭŘ ōŜ ǘƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜΦέ   

ά¢ƘŜ {ƻŦǘǿŀǊŜ /ƘŀƭƭŜƴƎŜΥ .ŀƭŀƴŎƛƴƎ /ƻǎǘǎ ŀƴŘ {ŜŎǳǊƛǘȅ wƛǎƪǎΣέ January 16, 2009, Wharton Aerospace and Defense Report 

Joint Tactical Radio Systems 
(JTRS) 

άbŜǿ D!h ǊŜǇƻǊǘ ƘƛƎƘƭƛƎƘǘǎ ϷсΦф ōƛƭƭƛƻƴ ƛƴ ƻǾŜǊ-budget IT 
ǇǊƻƧŜŎǘǎ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜέ ς ZDNet, 9/30/2010 



Source: FY11 Air Force SAB study on 
ά{ǳǎǘŀƛƴƛƴƎ !ƎƛƴƎ !ƛǊŎǊŀŦǘέ 

Source: Lockheed Martin Aeronautics 

DoD Software is Growing in Size & Complexity 

άώ{ƻŦǘǿŀǊŜϐ ŎƻƴǘƛƴǳŜǎ ǘƻ ƎǊƻǿ ƛƴ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ƻǳǊ ǿŜŀǇƻƴǎ ǎȅǎǘŜƳǎ ϧ ǊŜƳŀƛƴǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 
contributor to program cost, schedule, & performance shortfallsΦέ  
                                                                    �± Honorable Pete Aldridge, former USD, ATL 

Software & testing delays 
push costs above 
Congressional ceiling 

Multi-year delays 
associated with software & 
system stability 

% of Specification Requirements Involving Software Control 


