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Chapter 1 Lab Problems

Deterministic Optimization Models
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Directory Introl — Deterministic Optimization Models
Problem 1isin subdirectory CrudeModel.

The description file for the student to use in this classis called CrudeCost.desc. The referencefile for
this problem is CrudeCost.ans.desc.

CrudeCost.desc already contains an integrated cal culation:
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Enter a sequence of assignments (or #-prefixed comments).
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Now it istime for Problem Definition. The user must declare or define variables, objectives, upper and
lower bounds, and constraints. Based on the problem statement given in the PowerPoint presentation,
you might control the execution of this problem like this:

ISIGHT: Parameters - CrudeCost . ;lglil
Show Groups... | Show Columns... | Sort By | Search... | Scaling... | Legend. .. |
Parameter Var | Obj | Objiot Ohj Scl Factor Type Lower Bound || Current Yalue Upper Bound | = |
1 [My REAL =0 100.0 £[6000.0
2 |Ns REAL 1.0 100.0 QQDDD.D
3 |GasTotal REAL 2000.0 0.0
4 | JetTotal REAL 1300.0 0.0
5 |LubeTaotal REAL 500.0 0.0
£ |CostTotal 1.0 1.0 REAL 0.0 0.0
7 | Objective REAL 0.0
8 |Feasihility INTEGER 0
9 |TaskProcessstatus REAL -1.0 SJD.D

y | B

OK | ’ Apply | Cancel | Help

The reason for these entries into the Parameter Table should be clear. Please ask one of the instructors if
that isn't the case.
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The next step in Problem Definition is to identify the Task Plan for this particular problem. Considering
the introductory nature of this problem, we will accept the iSIGHT-defined Priority Ranked Plan. This
plan is automatically made part of your Task Plan.
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The last step in your Problem Definition is to make sure you have set your controls on your database of
iISIGHT execution results. This should also be acceptable in the default configuration, but we' |l check
to make sure.
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Now we should be ready to execute this problem. Close all windows except for the iSIGHT Task
Manager and theiSIGHT Log Window, and begin execution of the problem. You don’t even haveto

open the Solution Monitor. The Execution Results Summary should be able to tell you all you require
about the results of this analysis.

So the optimized solution to this procurement scenario is to purchase 3,500 barrels of Venezuelan crude
and 2,000 barrels of Saudi Arabian crude at a cost of $92,500. The distillation of this crude resultsin
the production of specific, constraint-meeting quantities of gasoline, jet fuel, and lubricant.



Advanced Optimization Lab Problem Guide

Directory Introl — Deterministic Optimization Models
Problem 2 isin subdirectory GM Communications.

The description file for the student to use in this classis called CableCost.desc. The reference file for
this problem is CableCost.ans.desc.

CableCost.desc already contains an integrated cal cul ation:
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Again, it istime for Problem Definition. The user must declare or define variables, objectives, upper
and lower bounds, and constraints. Here' s how | defined this problem:

The reason for these entries into the Parameter Table should be clear. Note that | used Auxiliary
Parameters to define the problem constants for wire cost, resistance, and attenuation, which changed for
each value of wire gage.
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The next step in Problem Definition is to identify the Task Plan for this particular problem. Since no

other instructions were provided, | once again the default Task Plan, the iSIGHT-defined Priority
Ranked Plan.
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The last step in your Problem Definition is to make sure you have set your controls on your database of
iISIGHT execution results. This should also be acceptable in the default configuration, but we' Il check
to make sure.

11



Advanced Optimization Lab Problem Guide

Now we should be ready to execute this problem. Close all windows except for the iSIGHT Task
Manager and theiSIGHT Log Window, and begin execution of the problem. You don’t even haveto
open the Solution Monitor. The Execution Results Summary should be able to tell you all you require
about the results of this analysis.

So the minimum cost solution to thislogistical problem isto join 1,555.6 meters of 4 gage cable with
4,444 .4 meters of 5 gage cable to create a 6,0000 meter cable that performs within the defined resistance
and attenuation constraints.
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Directory Introl — Deterministic Optimization Models
Problem 3isin subdirectory NSFProposals.

The description file for the student to usein this classis called ProposalRank.desc. The referencefile
for this problem is Proposal Rank.ans.desc.

Proposal Rank.desc already contains an integrated cal culation:

Again, it istimefor Problem Definition. The user must declare or define variables, objectives, upper
and lower bounds, and constraints. Here' s how | defined this problem:

13
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The reason for these entries into the Parameter Table should be clear. | used integer proposal values of 0
or 1 to define “winning” or “losing” for this particular selection process.

14
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The next step in Problem Definition is to identify the Task Plan for this particular problem. | took
advantage of what | know about iSIGHT and this problem to create a unique “ProposalRankPlan”. This
plan includes a single optimization technique that is in the class of “branch and bound” numerical
techniques that can cope with the presence of integer and discrete parameter values. The iSIGHT-
defined Priority Ranked Plan called for an exploratory plan that was too time-consuming for this
example.
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The last step in your Problem Definition is to make sure you have set your controls on your database of
iISIGHT execution results. This should also be acceptable in the default configuration, but we' Il check
to make sure.
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Now we should be ready to execute this problem. Close all windows except for the iSIGHT Task
Manager and theiSIGHT Log Window, and begin execution of the problem. You don’t even haveto

open the Solution Monitor. The Execution Results Summary should be able to tell you all you require
about the results of this analysis.

So the highest-ranking total (summed) proposal score that is within the $1,000,000 award limit resultsin
awards to the authors of Proposal 2 and Proposal 4.
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Chapter 2 Lab Problems

|mproving Search

18
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Directory ImprovingSearch2 — Improving Search
Problem 1isin subdirectory AddArtificialVariables.

The description file for the student to use in this classis called CrudeCostPlus.desc. The referencefile
for this problem is CrudeCostPlus.ans.desc.

CrudeCostPlus.desc already containsa PARTIALLY integrated calculation. In fact, it isthefina
description file for the CrudeCost model we created in the last section, so you have to modify the
Process Integration: Calculation block to take into account the new minimization goal and the new
constraint equation. Here's how the answer file is model ed:

19
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Moving on to Problem Definition, the entries to the Parameter Table must be adjusted to take into
account the new minimization goal and the new constraint equation. Here' s one way to do it:

Now we'll useaTask Plan just like for the last CrudeCost problem.

20
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Now we' |l execute the problem, just like last time.

So now we have the solution to the CrudeCost problem with the introduction of three artificial variables,
amodified minimization goal, and the introduction of a new constraint.

21
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Directory ImprovingSearch2 — Improving Search
Problem 2 isin subdirectory SamsClubL ocation.

The description file for the student to usein this class is called SamsClubL ocation.desc. The reference
filefor this problem is SamsClubL ocation.ans.desc.

SamsClubL ocation.desc already contains an integrated cal cul ation:

Again, it istimefor Problem Definition. The user must declare or define variables, objectives, upper
and lower bounds, and constraints. Especially important in this problem is the use of Auxiliary

22
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Parameters, which are normally not displayed in the Parameter Table, but are shown here for your
benefit. Here’'show | defined this problem:

The reason for these entries into the Parameter Table should be clear. | used Auxiliary Parametersto
define the problem constants for community popul ation, the locations of each community, and the
computed business attributable to each community.

23
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The next step in Problem Definition is to identify the Task Plan for this particular problem. We are
instructed on the optimization technique to use, GRG.

24
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The last step in your Problem Definition is to make sure you have set your controls on your database of
iISIGHT execution results. This should also be acceptable in the default configuration, but we' Il check
to make sure.

Now we should be ready to execute this problem. Close all windows except for the iSIGHT Task
Manager and theiSIGHT Log Window, and begin execution of the problem. You don’t even haveto
open the Solution Monitor. The Execution Results Summary should be able to tell you all you require
about the results of this analysis.
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Here are the results for the SamsClubL ocation problem when the starting point is (-5, 0). Note that the

GRG optimization technique required 292 executions of the calculation to reach an optimum store
location of (-0.5, 3.0).

Thelab instructions aso ask you to rerun the problem with a different starting point. Here are the
results for the SamsClubL ocation problem when the starting point is (0, -6). Note that the GRG

optimization technique required 241 executions of the calculation to reach an optimum store location of
(0, -3.5).

Thisis obviously a problem with multiple local optima. The next lab problem will provide examples of
ways to explore a design space for aglobal optimum solution.
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Directory ImprovingSearch2 — Improving Search

Problem 3 isin subdirectory MultipleStartingPoints.

The description file for the student to usein this classis the final description filein the last |ab,
SamsClubL ocation.desc. The assignment for this lab isto model two different ways to execute

optimizations from different locations in the design space - - - to use multiple starting points.

There are two different reference files for this assignment: Twol evel SamsClubL ocation.ans.desc and
SamsClubUsingRules.ans.desc

Here are views of the two level problem:

The calculation is unchanged. What has changed is when and how the optimization processis
performed on the calculation. Thisisahierarchical process that performs a DOE to establish nine
different starting points for nine different (mutually independent) optimizations. The referencefile for

27
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this problem (1) resets the run counter to one at the beginning of each optimization run, and (2) unsets

the best solution from the previous run so each of the optimization runs are mutually independent. This

which will assist the engineer when scanning the iSIGHT database contents.

All students are encouraged to construct this description filein class. The results we obtained by
executing this description file are summarized below:

DOE Run No. Number of Starting Point | Ending Point Objective
Optimization (X1S, X25) (X1S, X295) Vaue
Runs

1 219 (-10, -10) (-0.5, 3.0) -54,751
2 138 (-10, 0) (-0.5, 3.0 -54,750
3 270 (-10, 10) (-0.5, 3.0) -54,752
4 62 (0, -10) (-0.08, -4.49) -25,374
5 100 (0, 0) (-0.5, 3.0) -54,750
6 109 (0,10) (-0.5,3.0) -54,749
7 301 (10, -10) (-0.5, 3.0 -54,752
8 77 (10, 0) (-0.5, 3.0) -54,752
9 70 (10, 10) (-0.5, 3.0 -54,747

Using the description file SamsClubUsingRules.ans.desc has the advantage of not being a hierarchical
task structure, and so requires fewer computing resources to execute. The Knowledge Rules module
executes nine different rules, each of which identifies a different starting point for nine consecutive
optimization runs. The results for this run were similar to those for the two level analysis.

28



Advanced Optimization Lab Problem Guide

Chapter 3 Lab Problems

Smooth, Unconstrained, Nonlinear Optimization

29
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Directory SteepestDescent3 — Smooth, Unconstrained, Nonlinear Search
All description files are in the SteepestDescent directory.

Problem 1: The description file Spring_Start.desc is the starting point for the student. The spring
problem described in the lecture is the basis for this and the following problem.

Spring_Start.desc isafully integrated, ready-to-run description file, but additional steps are required in
order for this analysis to function as described for the first unconstrained spring lab. The goal hereisto
modify the task plan in Spring_Start.desc to customize the optimization technique used to solve the
spring problem. The resource description file for this problem is Spring_CustomTech.ans.desc. Here's
how to modify Spring_Start.desc:

Create anew task plan with a single optimization techniqgue, MMFD. Modify the task plan step
prologue to use api_SetTechniqueOption to use a Golden Section line search. The use of
api_SetTechniqueOption is as follows:

api_SetTechniqueOption taskname planname opti mizestepname variablename variablevalue

in the description file Spring_CustomeT ech.ans.desc, this is deployed in the following manner:

api_SetTechniqueOption SpringProb SteepestDescent Stepl ioned 5

Program for steepest descent by coding icndir = 1 and thetaz = 0.0. These are Advanced Parameters for
the MMFD optimization technique.

Program for maximum log file diagnostics on the MMFD execution by setting printlevel to 3552. This
is another Advance Parameter for the MMFD optimization technique.

Now execute the description file and complete lab steps associated with review of theiSIGHT log and
database files.

Problem 2: Modify your description file to use a Polynomial Interpolation line search (ioned = 7)
instead of the Golden Section line search (ioned = 5). This resource description file for this problem is
Spring_PolyInterp.ans.desc. Don't forget to complete the lab steps for comparison of technique
behavior with the different line searches.

Problem 3. Modify your description file once again to permit only one interation (thisis amodification
to a basic technique parameter), set the Relative Gradient Step (FDCH) and Minimum Absolute
Gradient Step (FDCHM) values as instructed, and identify the relevant gradients.

Problem 4: The description file NFL_Tcl.desc is all set and will be ready to execute as soon as you
modify the task plan as described in the slides. The information you require to determine the point
spread is that Detroit is Team Rating 9 and Minnesotais Team Rating 15.

The Advanced Parameters and Step Prologue for the resource file, NFL_Tcl.ans.desc, follow:

30



Advanced Optimization Lab Problem Guide

31



Advanced Optimization Lab Problem Guide

Chapter 4 Lab Problems

Gradient Penalty Based Search
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Directory Penalty4 — Gradient Penalty Based Search
All description files are in the Penalty directory.

This lecture and problem set work with the concepts of penalty; variable, constraint, and objective
scaling; and the effects of using different optimizersin your design space.

The three lab problems for the Penalty section are straightforward. Begin working the problem with the
description file named beam_Tcl.desc. .Beam_Tcl.desc isfully integrated, and the Parameter Table has
been completed for you. These three problems involve modification of the Task Plan in accordance
with the instructions.

Problem 1 involves the use of print control for the output to the iSIGHT log window and interpreting
the log file output.

Problem 2 should provide insight into the value of scaling your input parameters, constraints, and
objectives in an optimization problem.

Problem 3 instructs you to deploy an alternative optimizer and compare to previous results.
Use the your results from running this lab to answer the questions associated with each of the three

problems. The resource files for each of these problems are called beam.ansl.desc, beam.ans2.desc, and
beam.ans3.desc, respectively.
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Chapter 5 Lab Problems

GRG
Dealing Directly With Constraints



Advanced Optimization Lab Problem Guide

Directory GRG5 — Dealing Directly With Constraints

All description files are in the GRG directory, which contains subdirectories called Sandgren and
ProductMixProblem.

Problem 1. The description files for the Sandgren problem are all complete and functional as-is. They
areincluded as resource files in the event there is time for you to code these problems on your own.
Thereisa“basic” description file, called Sandgren3.desc that is set up to explore the mathematical space
of the Sandgren problem. The other two files, Sandgren3wM TA .desc and Sandgren3wDOE.desc are
ways to use multiple starting points for exploration of the Sandgren mathematical space.

Problem 2: The ProductMix_Tcl.desc description files in the ProductMixProblem directory is the
starting point for the air conditioning and heat pump unit problem, which begins in the
assembly/manufacturing process (production quantities) and ends with unit pricing to maximize profit.
ProductMix_Tcl.desc isfully integrated, and the Parameter Table is set-up, so what remainsisto create
atask plan to help answer the questions posed for this|ab.

These |abs al so examine the effects of scaling of variables, constraints, and objectives on the problem
solution. Flexibility with theiSIGHT log window summary is also demonstrated. Use of the LaGrange
multiplier as a clue to the relationship between constraints and objectivesis also examined.

Resource files for these lab problems include ProductMix.ans.desc, ProductMixExtPen.ans.desc, and
ProductMixMTA .ans.desc.
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Chapter 6 Lab Problems

NLPQL
Sequential Quadratic Programming
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Directory NLPQL6 — Sequential Quadratic Programming

All description files are in the NLPQL directory, which contains subdirectories called BeamProblem and
GearTrain.

Problem 1. The description files in the Beam Problem directory are the same beam problem we' ve
used in prior labs. The description file beam_Tcl.desc isall set up for execution with the exception of
the Task Plan. Problems 1 and 2 in this lab can be accomplished with this description file. If required
the resource files for this lab are beamNLPQL 1.ans.desc and beamNL PQL 2.ans.desc, respectively.

Problem 2: The GearTrain problem is an additional exercisein the value and use of log file
information, LaGrange multipliers, and scaling. Use the description file GearTrain_Tcl.desc and follow
the instruction from the slide presentation. The resource file GearTrain.ans.desc isidentical, except that
scaling has already been performed.
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