John Bagterp Jorgensen Curriculum Vitae

Personal Details

Date of Birth: 09.05.1972

Gender: Male

Private Address: Jespersgatan 16, S-21445 Malmo, Sweden

Work Address: Richard Petersens Plads, Building 305, Office 109,
Technical University of Denmark, DK-2800 Kgs Lyngby,
Denmark

E-mail: jbj@imm.dtu.dk

Telephone: +45 4525 3088 (office), +46 (0)70 980 7440 (cell phone)

Education

High school 1991 Herning
Mathematics, Physics, Chemistry at A-level. Result: 10.6

M.Sc. (Eng.) 1997 Technical University of Denmark

Points: 415 (330 required). Result 11.8, Exam-Project: 13
PhD (Chem.Eng) 2005 Technical University of Denmark
Thesis: Moving Horizon Estimation and Control

Work Experience
1991-1997  Engineering student (stud.polyt, chemical engineering)
Technical University of Denmark

Summer 1993: Process Consultant, TarcoNord A/S
Summer 1994:Research Assistant, Department of Chemical Engineering
Norwegian Technical University, Trondheim

1997-2000  PhD student
Department of Chemical Engineering
Technical University of Denmark

2000 Honorary Associate
Department of Chemical Engineering
University of Wisconsin-Madison

2000-2001  Research Assistant
Department of Chemical Engineering
Technical University of Denmark

2001-2003 Partner, co-founder and CTO of 2-control ApS
2003- CEO and partner of 2-control ApS
2005- Assistant Professor in Scientific Computing

Department of Informatics and Mathematical Modeling
Technical University of Denmark
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Board Membership
2000- 2-control ApS
2000- 2-control Holding ApS

2003-2007 Center for Model Based Control

Supervisor / co-Supervisor for Student Projects

Minor Project Students
Jakob Schack Vestergaard  Simulering af en bugspytkirtel, 2008
Simon Grejs Andersen Simulering af en bugspytkirtel, 2008

B.Sc. students

Esben Friis-Jensen =~ Modeling and Simulation of Glucose-Insulin Metabolism, 2007
Mathias Sgrensen Model Predictive Control for an Artificial Pancreas, 2007
Simon Kristiansen =~ Model Predictive Control for an Artificial Pancreas, 2007
Allan Lyngby Lassen Modeling and Simulation of Glucose-Insulin Dynamics, 2008
Thor S. S. Nielsen Modeling and Simulation of Glucose-Insulin Dynamics, 2008

M.Sc. students

Jesper Lau Jensen Model Predictive Control of Waste Water Plants, 1999

Morten Rode Kristensen Parameter Estimation in Dynamical Systems, 2004

Jakob Kjgbsted Huusom Modelling of Cement Mills, 2004-2005

Carsten Volcker Numerical Methods for Sequential Quadratic Optimization,
2006-2007

Esben Lundsager Hansen Numerical Methods for Sequential Quadratic Optimization,
2006-2007

Vidar Hrafnkelsson A Dynamic Model for in vivo Glucose-Insulin Metabolism
2006-2007

Jing Yang Numerical Methods for Model Predictive Control, 2007

Thomas Reslow Kriith Interior-Point Algorithms for Quadratic Programming,
2007-2008

Mengzhe Wu A Dynamic Simulator for a Mineral Melting Furnace,
2007-2008

Allan Ggttig Model Predictive Regulation, 2008

Dres Foged Olsen Model Predictive Control of Single-Cell Protein
Production, 2008-2009

PhD students

Guru Prasath: Robust Model Predictive Control of Cements Mills, 2006-2009

Carsten Volcker Simulation and Optimization of Oil Reservoir Models, 2008-2010

Kristian Edlund: Power Plant Portfolio Control, 2007-2010

Post Docs

Torben Ravn Andersen: Distillation Column Control, 2003

Dennis Bonné: Experimental Design for MPC, 2005

Britta Rgnde Andersen: Modeling of the U-Loop Reactor, 2005-2006



John Bagterp Jorgensen Curriculum Vitae

Bernt Magnus Akesson: Systematic Methods for Kalman Filter Tuning, 2006-2007
Jakob Kjgbsted Huusom: Model Identification and Optimal Tuning for Model
Predictive Controllers, 2008-2010

Teaching

1997 Autumn Chemical Engineering Thermodynamics (Assistant Teacher)
1998 Spring  Process Control (Assistant Teacher)

1999 Spring  Process Control (Assistant Teacher)

1999 Autumn Model Predictive Control

2000 Autumn Model Predictive Control

2005 Autumn Data Fitting and Optimization

2006 Spring Numerical Methods for Differential Equations
2006 Spring  Advanced Topics in Optimization

2006 June Introductory Programming with Matlab

2006 Autumn Data Fitting and Optimization

2007 Spring Numerical Methods for Differential Equations
2007 Spring Model Predictive Control

2007 Spring  Advanced Topics in Optimization

2007 June Introductory Programming with Matlab

2007 Autumn Constrained Optimization

2007 Autumn Introductory Programming with Matlab

2008 January Introductory Programming with Matlab

2008 Spring Model Predictive Control

2008 Spring Numerical Methods for Differential Equations
2008 Autumn Constrained Optimization

Publications
Journal Papers

5. Rawlings, J.B.; Bonné, D.; Jgrgensen, J.B.; Venkat, A.N.; Jgrgensen, S.B.:
Unreachable Setpoints in Model Predictive Control,
IEEE Transactions of Automatic Control, Accepted 2008

4. Akesson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: A Generalized
Autocovariance Least-Squares Method for Kalman Filter Tuning,
Journal of Process Control, 18, 769-779, 2008

3. Kristensen, M.R.; Jgrgensen, J.B.; Thomsen, P.G.; Jgrgensen, S.B.:
An ESDIRK Method with Sensitivity Analysis Capabilities,
Computers and Chemical Engineering, 28, 2695-2707, 2004

2. Jorgensen, J.B.; Jgrgensen, S.B.:
Towards Automatic Decentralized Control Structure Selection,
Computers and Chemical Engineering, 24, 841-846, 2000
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1. Koggersbgl, A.; Andersen, T.R.; J.B. Jgrgensen; Jgrgensen, S.B.:
An Output Multiplicity in Binary Distillation: Experimental Verification,
Computers and Chemical Engineering, 20, S835-S840, 1996

Book Chapters

1. Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Madsen, H.: New Extended

Kalman Filter Algorithms for Stochastic Differential Algebraic Equations, in R.
Findeisen, F. Allgower, L.T. Biegler: Assessment and Future Directions of
Nonlinear Model Predictive Control, Lecture Notes in Control and Information
Sciences, 358, Springer, 2007

Conference Papers with Review

19.

18.

17.

16.

15.

14.

13.

12.

Jgrgensen, J.B.: A Runge-Kutta based Software Package for Nonlinear Model
Predictive Control, International Workshop on Assessment and Future Directions
of Nonlinear Model Predictive Control, NMPC’08, September 5-8, 2008, Pavia,
Italy

Cai, J.; Stoustrup, J.; Jgrgensen, J.B.: Prevent Refrigerated Foodstuff in the
Supermarket from Discard by MPC, IFAC World Congress 2008, Seoul, Korea,
2008

Wu, Z.; Stoustrup, J.; Jorgensen, J.B.: Moving Horizon Control and Estimation of
Livestock Ventilation Systems and Indoor Climate, IFAC World Congress 2008,
Seoul, Korea, 2008

Prasath, G.; Jgrgensen, J.B.: Model Predictive Control based on Finite Impulse
Response Models, American Control Conference 2008, Seattle, USA, 2008

Jgrgensen, J.B.; Jgrgensen, S.B.: Continuous-Discrete Time Prediction-Error
Modelling Relevant for Linear Model Predictive Control, European Control
Conference 2007, Kos, Greece, 2007

Jgrgensen, J.B.; Adjoint Sensitivity Results for Predictive Control, State- and
Parameter-Estimation with Nonlinear Models, European Control Conference
2007, Kos, Greece, 2007

Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Madsen, H.: A Numerically
Robust ESDIRK-Based Implementation of the Continuous-Discrete Extended
Kalman Filter, European Control Conference 2007, Kos, Greece, 2007

Jgrgensen, J.B.; Jgrgensen, J.B.: MPC-Relevant Prediction-Error Identification,
American Control Conference 2007, New York, USA, 2007



John Bagterp Jorgensen Curriculum Vitae

11.

10.

Jorgensen, J.B.; Jgrgensen, S.B.: Comparison of Prediction-Error Modeling
Criteria, American Control Conference 2007, New York, USA, 2007

Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Madsen, H.: A
Computationally Efficient and Robust Implementation of the Continuous-Discrete
Extended Kalman Filter, American Control Conference 2007, New York, USA,
2007

Akesson, B.M.; Jgrgensen, J.B.; Jgrgensen, S.B.: A Generalized Autocovariance
Least-Squares Method for Covariance Estimation, American Control Conference
2007, New York, USA, 2007

Akesson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: A Tool for
Kalman Filter Tuning, 17th European Symposium on Computer Aided Process
Engineering, ESCAPE 17, 2007

Jorgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Madsen, H.: Numerically
Efficient Filtering and Prediction in Stochastic Differential Equations,
International Workshop on Assessment and Future Directions of Nonlinear Model
Predictive Control, NMPC’05, pp. 459-466, Freudenstadt-Lauterbad, Germany,
2005

Huusom, J.K.; Jensen, A.D.; Jgrgensen, S.B.; Michelsen, M.L.; Recke, B.;
Knudsen, J.; Jgrgensen, J.B.: Modeling for Predictive Control of Cement
Grinding Circuits, IFAC World Congress 2005, Prague, Czech Republic, 2005

Kristensen, M.R.; Jgrgensen, J.B.; Thomsen, P.G.; Michelsen, M.L.; Jgrgensen,
J.B.: Sensitivity Analysis in Index-1 DAEs by ESDIRK Methods, IFAC World
Congress 2005, Prague, Czech Republic, 2005

Kristensen, M.R.; Jgrgensen, J.B.; Thomsen, P.G.; Jgrgensen, S.B.: Efficient
Sensitivity Computation for Nonlinear Model Predictive Control, NOLCOS 2004,
Stuttgart, Germany, 2004

Jorgensen, J.B.; Rawlings, J.B.; Jgrgensen, S.B.: Numerical Methods for Large-
Scale Moving Horizon Estimation and Control, DYCOPS 7, 7™ International
Symposium on Dynamics and Control of Process Systems, Boston, USA, 2004

Jorgensen, J.B.; Jgrgensen, S.B.: Automatic Selection of Decentralized Control
Structures, in L.T. Biegler, A. Brambilla, C. Scali: Advanced Control of Chemical
Processes 2000, ADCHEM 2000, Pisa, Italy, 2000

Jorgensen, J.B.; Jgrgensen, S.B.: Operational Implications of Optimality, in J.F.
Pekny, G.E. Blau: Third International Conference on Foundations of Computer-
Aided Process Operations, FOCAPO-98, AIChE Symposium Series No 320, 94,
Snowbird, Utah, 1998
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Contributed Conference Presentations (Extended Abstract/Abstract/Presentation)

25.

24.

23.

22.

21.

20.

19.

18.

17.

16.

15.

Wu, M.; Jgrgensen, J.B.; Jgrgensen, S.B.: A Dynamic Model for a Cupola
Furnace, AIChE Annual Meeting 2008, Philadelphia, Pennsylvania, USA, 2008

Jorgensen, J.B.: Software for Large-Scale Nonlinear Model Predictive Control,
SPE Applied Technology Workshop, Closed-Loop Reservoir Management, 23-26
June 2008, Bruges, Belgium, 2008

Akesson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: Improving
Model Predictive Control Performance using Disturbance Estimation and
Systematic Kalman Filter Tuning, AIChE Annual Meeting 2007, Salt Lake City,
Utah, USA, 2007

Hrafnkelsson, V.; Jgrgensen, J.B.: A Dynamic Model for in vivo Glucose-Insulin
Metabolism, European Congress of Chemical Engineering — 6, Copenhagen,
Denmark, 2007

Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Johansen, K.: Adjoint
Sensitivity Computation for Dynamic Optimization, European Congress of
Chemical Engineering — 6, Copenhagen, Denmark, 2007

Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.: An ESDIRK Software Package
for DAE Systems, European Congress of Chemical Engineering - 6, Copenhagen,
Denmark, 2007

Jgrgensen, J.B.: A Critical Discussion of the Continuous-Discrete Extended
Kalman Filter, European Congress of Chemical Engineering, European Congress
of Chemical Engineering — 6, Copenhagen, Denmark, 2007

Akessson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: Estimation of
Noise Covariances and Identification of Disturbance Structure, European
Congress of Chemical Engineering — 6, Copenhagen, Denmark, 2007

Akesson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: A Kalman Filter
Tuning Tool for use with Model-Based Process Control, 14" Nordic Process
Control Workshop, NPCW-14, Helsinki, Finland, 2007

Haugwitz, S.; Jgrgensen, J.B.; Hagander, P.: Nonlinear Model Predictive Control
Start-Up of a Plate-Reactor, Workshop on Nonlinear Model Predictive Control —
Software and Applications, NMPC-SOFAP 2007, Loughborough, Great Britain,

2007

Haugwitz, S.; Hagander, P.; Jgrgensen, J.B.: Dynamic Optimization of a Plate-
Reactor Start-Up, Lund-Lyngby-Alborg Dagen 2006, Lund, Sweden, 2006
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14.

13.

12.

1.

10.

Akesson, B.M.; Jgrgensen, J.B.; Jgrgensen, S.B.: Development of Systematic
Tuning Procedures for Extended Kalman Filtering, AIChE Annual Meeting 2006,
San Francisco, USA, 2006

Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Madsen, H.: A Continuous-
Discrete Extended Kalman Filter Algorithm for Prediction-Error-Modelling,
AIChE Annual Meeting 2006, San Francisco, USA, 2006

Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Johansen, K.: Dynamic
Optimization based on Adjoint Sensitivity Computation, AIChE Annual Meeting
2006, San Francisco, USA, 2006

Jgrgensen, J.B.: Continuous-Time Prediction-Error Identification for MPC,
AIChE Annual Meeting 2006, San Francisco, USA, 2006

Kristensen, M.R.; Jgrgensen, J.B.; Thomsen, P.G.: A Family of ESDIRK Solvers
for DAE Systems, AIChE Annual Meeting 2006, San Francisco, USA, 2006

Akesson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: A Tool for
Kalman Filter Tuning, ESCAPE-16/PSE-9, 9-13 July 2006, Garmisch-
Partenkirchen, Germany, 2006

Jgrgensen, J.B.: Structured Quadratic Programming Algorithms for Optimization
of Dynamic Systems, International Workshop on Assessment and Future
Directions of Nonlinear Model Predictive Control, NMPC’05, Freudenstadt-
Lauterbad, Germarny, 2005

Jorgensen, J.B.: Model Predictive Control — From Real-Time Optimization of
Cement Plants to Construction of an Artificial Pancreas, Dansk Kemiingenigr
Konference 2004, DK2, May 24-26 2004, pp. 57-58, Lyngby, Denmark

Jorgensen, J.B.; Jgrgensen, S.B.: Numerical Methods for Model Predictive
Control, Nordic Process Control Workshop, January 9-11 2003, Trondheim,
Norway

Jorgensen, S.B.; Jgrgensen, J.B.; Bonné, D.; Gregersen, L.: Application of
Knowledge for Monitoring and Control, Modelbaseret Regulering og
Performance Monitering, Brandsels- og Energiteknisk Selskab, IDA 20.
september 2001, Copenhagen, Denmark

Jgrgensen, J.B.; Hansen, J.E.; Jgrgensen, S.B.: Model Predictive Control of a
Flow Swing Reactor, Nordic Reaction Systems Seminar, June 11, 1999, Lyngby,
Denmark
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Jorgensen, J.B.; Hansen, J.E.; Jgrgensen, S.B.: Model Predictive Control of a
Flow Swing Reactor, AIChE Annual Meeting 1998, Miami, Florida, 1998

Jensen, J.L.; Meinhold, J.; Kriihne, U.; Jgrgensen, J.B.; Jgrgensen, S.B.: Model
Predictive Control Design for an Alternating Nutrient Removal Process, Nordic
Process Control Workshop, Stockholm, Sweden, 1998

Jgrgensen, J.B.; Jgrgensen, S.B.: Operational Implications of Optimality, Nordic
Process Control Workshop, Stockholm, Sweden, 1998

Invited Presentations

18.

17.

16.

15.

14.

13.

12.

11.

10.

Jgrgensen, J.B.: Computational Efficient Methods for Model Predictive Control,
Nordic Process Control Workshop-15, NMPC-15, Porsgrunn, Norway, January
2009

Jgrgensen, J.B.: DIACON. Control Algorithms for Semi- and Fully-Automated
Pen and Pump Insulin Administration, Novo Nordisk A/S, Hillergd, August, 2008

Prasath, G.; Jgrgensen, J.B.: Model Predictive Control for Uncertain Systems,
DTU Control Seminar, May, 2008

Prasath, G.; Jgrgensen, J.B.: Model Predictive Control for Uncertain Systems,
FLSmidth Automation A/S, May, 2008

Jgrgensen, J.B.: Numerical Methods for Model Predictive Control, @rsted-DTU,
March 2007

Jgrgensen, J.B.: Model Predictive Control — Why, Where, and How?, 6" CMBC
Workshop, November 23-24 2006, Sgnderborg, Denmark, 2006

Akesson, B.M.; Jgrgensen, J.B.; Poulsen, N.K.; Jgrgensen, S.B.: A Generalized
Autocovariance Least-Squares Method for Kalman Filter Tuning, 6" CMBC
Workshop, November 23-24 2006, Sgnderborg, Denmark, 2006

Jorgensen, J.B.: Start-Up Predictive Control and Estimation. A Numerical
Approach, 6" CMBC Workshop, November 23-24 2006, Sgnderborg, Denmark,
2006

Jgrgensen, J.B.: Dynamic Optimization and Predictive Control,
Haldor Topsge A/S, September, 2006

Jgrgensen, J.B.: Numerical Methods for Model Predictive Control, Department of
Automatic Control, LTH, Lund, Sweden, June 2006



John Bagterp Jorgensen Curriculum Vitae

8. Akesson, B.M.; Jgrgensen, J.B.; Jgrgensen, S.B.: Planned Work in CMBC on
Extended Kalman Filtering, 5 CMBC Workshop, May 18 2006, Kgs. Lyngby,
Denmark, 2006

7. Jorgensen, J.B.; Recke, B.: Implementation Issues for High-Level Industrial
Control, Danish Automation Society: Industrial Experience with High Level
Control, May 9 2006, Brgndby, Denmark

6. Jorgensen, J.B.: Model Predictive Control, Department of Chemical Engineering,
Indian Institute of Technology, May 2005, Chennai, India

5. Jgrgensen, J.B.: Model Predictive Control of a Cupola Furnace, Rockwool
International A/S, Hedehusene, Denmark, April 2005

4. Jorgensen, J.B.: Software and Methods for MPC, Danish Automation Society:
Practical Optimizing Control — Model Predictive Control, May 13 2004,
Skaerbaek, Denmark

3. Jorgensen, J.B.: Numerical Techniques for Constrained Predictive Control,
Workshop at Center for Model Based Control, January 28 2004, Slagelse,
Denmark

2. Jorgensen, J.B.: Model Predictive Control, Rockwool International A/S,
December 19 2003, Hedehusene, Denmark

1. Jgrgensen, J.B.: Model Predictive Control, Danfoss A/S, November 12 2003,
Nordborg, Denmark

Technical Reports

1. Andersen, B.R.; Jgrgensen, J.B.; Jgrgensen, S.B.: U-Loop Reactor Modeling for
Optimization. Part I: Estimation of Heat Loss, 2005

2. Andersen, B.R.; Jgrgensen, J.B.; Jorgensen, S.B.: U-Loop Reactor Modeling for

Optimization. Part II: Mass Transfer, 2005

Academic Dissertations

Jorgensen, J.B.: Moving Horizon Estimation and Control, PhD thesis, Department of
Chemical Engineering, Technical University of Denmark, 2005

Jgrgensen, J.B.: Control Structure Selection, M.Sc. thesis, Department of Chemical
Engineering, Technical University of Denmark, 1997
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Jgrgensen, J.B.: Behaviors of Reactive Distillation, M.Sc. prelim thesis, Department of
Chemical Engineering, Technical University of Denmark, 1996

Paper Manuscripts

12. Bonné, D.; Jgrgensen, J.B.; Jgrgensen, S.B.: Experimental Design for
Input/Output Constrained Systems, Computers and Chemical Engineering

11. Bonné, D.; Jgrgensen, J.B.; Jgrgensen, S.B.: Keeping Experiments in Control with
Interval Methods, Reliable Computing

10. Jgrgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.; Madsen, H.: Efficient
Numerical Implementation of the Continuous-Discrete Extended Kalman Filter,
Computers and Chemical Engineering

9. Jgrgensen, J.B.: Adjoint Sensitivity Results for Predictive Control and Estimation
with Nonlinear Models

8. Jorgensen, J.B.; Kristensen, M.R.; Thomsen, P.G.: A Family of ESDIRK
Integration Methods

7. Jgrgensen, J.B.: Dual Active Set QP Algorithm for Convex Quadratic
Programming

6. Jorgensen, J.B.: An Implementation of the Dual Active Set QP Algorithm

5. Jorgensen, J.B.: Schur Complement Factorization for the Dual Active Set QP
Algorithm

4. Jgrgensen, J.B.: A Fast Feedforward-Feedback Predictive Controller

3. Jgrgensen, J.B.; Jgrgensen, S.B.: Prediction-Error-Methods for Model Predictive
Control, Journal of Process Control

2. Jorgensen, J.B.: The Computational Principles of MPC

1. Jorgensen, J.B.: Rawlings, J.B.; Jgrgensen, S.B.: Numerical Solution of
Unconstrained Optimal Control Problems

Miscellaneous

2. Jgrgensen, J.B.: Model Predictive Control of a Cupola Furnace, 2-control ApS,
January 2005

1. Jorgensen, J.B.: Linear Model Predictive Control Toolbox, User Guide, 2-control

ApS, February 2004

10
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Collaborating Companies

FLSmitdth Automation A/S
Danfoss A/S

Dong Energy A/S
Rockwool International A/S
Novo Nordisk A/S

Marsk Oil and Gas A/S
2-control ApS

UniBio A/S

Skov A/S

Public Funded Research Projects

1. OPERA - Operation and Control of Distillation Columns, Energistyrelsen
2. Model Based Control and Monitoring, Innovation Center

3. ADORE - Advanced Oil Recovery Methods, FTP

4. DIACON - Control Algorithms for Semi- and Fully-Automated Pen and Pump
Insulin Administration, NABIIT

5. Model Identification and Optimal Tuning for Model Predictive Controllers, Post
doc stipend for Jakob Kjgbsted Huusom, FTP

International Experience

Department of Chemical Engineering, NTNU, Trondheim, Norway, Summer 1994

Department of Chemical Engineering, University of Wisconsin-Madison, Madison,
Wisconsin, USA, January-August 2000

Leamington Cement Factory, Leamington, Utah, USA, November 2003
[Contract job with FLSmidth Automation A/S when I worked in 2-control ApS]

Arakonam Cement Factory, Chennai, India, May-June, 2005
[Contract job with FLSmidth Automation A/S when I worked in 2-control ApS]

Research Interests
Model Predictive Control

Nonlinear Model Predictive Control
Numerical Methods for Optimization of Dynamic Systems

11
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Numerical Methods for Constrained Optimization
Convex Optimization

Numerical Solution of Differential Equations
Process Control

12



