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Abstract

Control science is more than an engineering discipline. Its record of success in engineering
applications—enabling the design of systems that were previously impossible, improving
performance and reliability, and achieving cost-efficiencies in design and operation—can be traced
to underlying principles that are universally relevant for all dynamical systems. Indeed, it is not a
stretch of the imagination to claim that, “Control science is the only rigorous approach to optimized
decision making in complex dynamical systems™!

Advanced control has had tremendous economic and societal impact in engineering. Facts and
figures from various industry sectors (including industrial processes, commercial buildings,
aircraft and spacecraft, and automotive) attest to the benefits achieved—e.g., $1 additional profit
per barrel for oil refineries. Advanced control systems comprise elements such as sensors,
actuators, models, estimators, and optimization, and involve distributed, decentralized, and
hierarchical control architectures.

With this background, we can explore how technology management, as manifest in project
management, innovation initiatives, portfolio allocation, and the like, can profit from a systems
science perspective. This is not just a matter of drawing a management activity as a feedback
control loop. Control science provides insights that can enlighten managerial decision makers and
lead to improved decision-making performance.

About ten such “insights” have been compiled. I outline a few here:

e All advanced control relies on models of the system under control. In fact, all “informed”
(i.e., nonrandom) decision making by people is also based on models—except in this case
the models are in the crania of the decision makers!

e Feedback is essential for counteracting uncertainty. If we have no uncertainty about how a
system—whether engineered or organizational—will perform in response to different
inputs (i.e., with a perfect model and absent noise or disturbance) we can dispense with
feedback and just give a “feedforward” command. For higher (e.g., faster) performance in
the face of uncertainty, however, both feedforward and feedback are needed.

e Adaptation and robustness are often used interchangeably in common parlance. In control
science these two terms have different meanings. Adaptation refers to the ability to change
the control law (or decision-making heuristics) as the environment or the system changes,
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for improved performance. Robustness refers to the ability to make decisions that will
provide acceptable performance even without changing the control law, over a space of
environmental changes and uncertainties. The distinction is as important for management
as for control engineering.

e Easy-to-measure parameters of the system we are trying to control are not necessarily the
parameters that we need to know for better control. “Estimation” algorithms allow control
engineers to identify values of critical-to-know parameters (“state variables™). Again, the
relevance of the concept goes beyond automation.

To fully avail of control theory for technology management, we need to model humans and their
organizations quantitatively. This is much less tractable than for engineered systems and the reason
why management science has not embraced control science. In the meantime, however, the
insights presented are directly applicable to decision makers today and can serve as heuristic aids.

Keywords

Control theory, systems science, dynamical systems, modeling, optimization
Biography

Tariq Samad holds the Honeywell/W.R. Sweatt Chair at the Technological Leadership Institute, University of
Minnesota, and is Director of Graduate Studies for the M.S. in Management of Technology program. He joined TLI
in 2016 after a 30-year career with Honeywell, retiring as Corporate Fellow. At Honeywell, he led automation and
control technology developments for applications in power systems, clean energy, building management, process
industries, advanced manufacturing, automotive engines, and unmanned aircraft. Dr. Samad is past president of IEEE
Control Systems Society and the American Automatic Control Council. He is a Fellow of IEEE and IFAC and the
recipient the IEEE CSS Control Systems Technology Award, a Distinguished Member Award from IEEE CSS, and
an [EEE Third Millennium Medal. He is the founding chair of the IFAC Industry Committee and serves on the IFAC
Council. He holds 20 patents and has over 100 publications. His book publications include the Encyclopedia of
Systems and Control (co-editor-in-chief, Springer, 2015). He was editor-in-chief of IEEE Press and is editor for a
Wiley/IEEE Press book series, “Technology Management, Innovation, and Leadership.” Dr. Samad holds a B.S. from
Yale University and M.S. and Ph.D. degrees from Carnegie Mellon University.

© IEOM Society International
362




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 0

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo true

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 200

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 200

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 400

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





