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What this Talk 1s About

» The impact ofjlobalization& commaoditizationof information technology (IT) on
software R&D

«» Globalization
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o Software R&D

» Innovating software for competitive
advantage :
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What | Do at the SEI

Provide technical management across SEI line$ of .
business to ensure that SEI program R&D plang are e evs,
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aligned with overall SEI R&D strategy plans &

Chief Technology Officeple e

wLead the formulation of the SEt&chnology s:;;vaﬂ% Quanitaive
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wAmplify externatelationshipswith academia & e, e
industry Utaimmere 1 e WS

wAlignthe expertise of the SEI technical staff to iden&fyespondto the needs of
sponsors, customers, partners

wHelpthe SEI shape future innovations in com@eiwarereliant systems
Deputy Director, Researciole

w(Meta) Managedhe line fundedprograms,ncluding thelnternal R&D program
wManage the technical interface to ti2oD& other US government agencies
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Consequences of IT
Commoditization




The Road Ahead

CPU & network performance has increased by orders of magnitude in past dec.

1,200 bhits/sec to

10 Megahertz to 10+ Gigabits/sec

~3Gigahertz

Extrapolating these trends another decade or so yields

: : =
W ~4-5 Gigahert2ZCPUs with 10300s of cores o @)
w ~100 Gigabits/sec LANs SOFTWARE ﬂ
W ~1OO Megabltslsec WIreIeSS RUNAWAYS Software Development Fa!lures

w ~10 Terabits/sec Internet backbone

SECOND EDITION

Unfortunately,software quality & DEATH
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or predictably as hardware especially 5
for missioncritical distributedreaktime
& embeddedsystems
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Why Hardware Improves So Consistently

Advances in hardware & networks stem largely from R&D
on standardized reusableAPIs & protocols

x86 chipsets TCP/IP



Why Software Falls to Improve as Consistent|

Proprietary &
Stovepiped
Application &
Infrastructure
Software

Standard/COTS
Hardware &
Networks

Commodity software quality has historically lagged behind commodity hardwat
especially fomissioncritical distributed reatime & embedded systems
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Technical Complexities

Accidental Complexities
wLowlevel APIs & debugging tools
wlnteroperability& portability
Inherent Complexities

wQuality of service@o3
wScheduling & synchronization
wlntermittent connectivity
wlnformation assurance
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wOrganizationa& managerial impediments
wEconomic impediments

wPolicy impediments
wPoliticalimpediments

wPsychological impediments

wX

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



Evolution ofDoDSoftware Development

LegacyDoDsystems have — T —
historically been: Consequence: Small HW/SW._}, Q T TH
w Stovepiped changes have big impact on [§:
w Proprietary systemQoS& maintenance
w Brittle & nonadaptive
w Expensive
wVulnerable
Applications | ... == Applications
Engageme Weapons Weapons
System Control Systems

E :

Technology base: Technology base: Technology base: Technology base: Technology base:
Proprietary MW DIFCOE Proprietary MW Proprietary MW Proprietary MW
Mercury POSIX POSIX VxWorks POSIX
Link16/11/4 ATM/Ethernet NTDS FDDI/LANS VME/1553

Operating
System

Operating
System :

Endsystem Wireless/Wireline Networks Endsystem
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Evolution ofDoDSoftware Development

w Middlewarehas effectively factored out many reusable services from
traditional applicationresponsibility

w Essential for produeline architectures, common operating environments,
open architectures, etc.
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Sensor C2 System| | Engagement| Weapons Weapons
Systems System Control Systems
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DomainSpecific Services DomainSpecific Services|
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Common Services Common Services
. Middleware .
Distribution Middleware Distribution Middleware

Infrastructure Middleware Infrastructure Middleware
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Example: The Evolution of Middleware

r Applications ]

1 DomainSpecific

. Services

1 Common
Middleware Services

Distribution
Middleware

Host Infrastructure
Middleware

Operating Systems
& Protocols

Hardware

Maturation of middleware
driven by decades of
government R&D funding

Historically, missioieritical apps were built
directly atop hardware& OS

w Tedious, erroiprone, & costly over lifecycles

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

Standardsbased COTS middleware helps support
key mission goals:
w Control endto-end resources &0S

w Leverage hardware & software technology
advances

w Evolve to new environments & requirements

w Provide a wide array of reusable, -tifte-shelf
developeroriented services



Consequences of Software Commoditization
w More emphasis on integration rather than
[ Applications ] programming

wIncreased technology convergence &
standardization

w Mass market economies of scale for
—_— technology & personnel

Jsing autodetected IR0 (11) to improve performance

ifcust (PC/TCP Class 1 packet driver - DIX Ethernet) ini (L)More dlsruptlve teChnOIOgleS &. glObal

) free packets of length 168, 5 free packets of length 1

[he kernel is using asynchronous sends Competition

w Lower priced but often lower quality
hardware & software components

w The decline of internally funddf&D (eating
our seed corn)

w Potentialcomplexitycap in nextgeneration
systemsof-systems & ultrdarge-scale system:

[he Resident Module occupies 8 bytes of conventional ner

Not all trends bode well Ultimately, success requires mastery of
for traditional business & non-commoditized domains, e.g.,
technology leaders distributed real-time & embedded systems




Reality Check: Software Expertise in the Flat Wo
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5 2 53f@ware Challenge
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Future Combat
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DoDSoftware is Growing in Size & Complexity

% of Specification Requirements Involving Software Control

Source: Lockheed Martin Aeronautics

Software & testing delays
push costs above
Congressional ceiling

Go{2F0sl NBE8 O2y (AydzSa

Multi-year delays
associated with software &
system stability

~

Source: FY11 Air Force SAB study on
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contributor to program cost, schedule, & performance shortfadls
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