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Diagnostics Toolbox

Introduction Automatically diagnosing arbitrary issues

with nonlinear optimization problems is a
Holy Grail of Operations Research.

Documentation

[=] i [m]

Equation Oriented (EO) modeling techniques are powerful tools
for solving complex process engineering models. However, EO-
based tools come with several challenges, especially when
applied to large models

Applicable to any Pyomo model:

from 1daes.core.util import DiagnosticsToolbox

dt = DiagnosticsToolbox(model
dt.report structural issues E

Can You Find All 6 Potential Issues?

import pyomo.environ as pyo

Structural issues Numerical issues

Modeling issue Tool to identify

* Incorrect degrees of freedom * Local infeasibility 8 Variables:

* |[nconsistent units  Function evaluation errors m = pyo.ConcreteModel()

Incorrect degrees of freedom

e Structural rank deficiencies  Numeric rank deficiencies m.v1 = pyo.Var(units=pyo.units.m)

m.v2 = pyo.Var(units=pyo.units.m) o
m.v3 = pyo.Var(bounds=(0, 5)) Structural rank deficiency
m.v4 = pyo.Var()

v -[m],0m < v, < 1m m.v5 = pyo.Var(bounds=(0, 5)) Inconsistent units of measure Pyomo units system
m.v6 = pyo.Var()

Dulmage-Mendelsohn
decomposition

* lll-conditioning

User Research

Ug

m.v; . pyo.xar8mits=pyo.units.m, bounds=(0, 1)) Potential function evaluation errors Bound propagation
m.v8 = pyo.Var

4 Constraints:
cl: v1 + v, =10 m.cl = pyo.Constraint(expr=m.v1l + m.v2 == 10)
C2: V3 = Vs + Vs m.c2 = pyo.Constraint(expr=m.v3 == m.v4 + m.v5) : T

' ' ' ' ' L Singular value decomposition
c3: 2v3 = 3v, + 4v5 + v m.c3 = pyo.Constraint(expr=2*m.v3 == 3*m.v4 + 4*m.v5 + m.v6) |||-cond|t|on|ng .g o p , ’
c4: v, =1%x 1078 v, m.c4 = pyo.Constraint(expr=m.v7 == 2e-8*m.v1) |”'C0nd|t|0nmg certificate

We interviewed 13 users of the IDAES platform

: : : Numeric rank deficiency Parallel row/column identification
about diagnosing model issues

Most users did not have formal Many useful diagnostics
training in diagnosing issues. tools were already available.

| 3 Fixed Variables: m.v4.fix(2) * Automated issue detection @ DAES | @ e e o1 o i 01
--------------------------------------- ’ _ _ _ V5. fix(2 , , —
Vy=2,V5 =2,V =0 2_:6.&:0; e Run multiple tests with one command | == e
Types of issues experienced e Concise summaryv of issues
There Was no n n y Jacobian Condition Number: Undefined (Exactly Singular)
Scaling 8/13 Dlag nOStICS Workfl OW ¢ WarningS: mUSt'ﬁX issues | WARNINGS D)
Common WorkﬂOW . . . .. . Warn?ng:ZCor.]straintswithIalrgeresiduals(>1.0E—05)
for di o th Degeneracy, Evaluation Errors, 4/13 e Cautions: potential additional issues Waring: 1 Varisle st or ot bounds (9= 0600
Or IagnOSI ng e DO F} Or InfeaSibilit o Caution: 1 Variable with value close to their bounds (abs=1.0E-04, rel=1.0E-04)
: L. . Y BUIId MOdeI ° Suggested next Steps Gaution 1 Vartable with vaus closs o zero (tl=1.0E-08) ,
same types of issues. Initialization 3/13 . . o e e o (10 8
Incorrect Assumpt|ons 1/13 ® Workflow |ntegrated INto TOOIbOX Caution: 1 extreme Jacobian Entry (<1.0E-04 or >1.0E+04)
* Additional detail available o
Degeneracy Hunter/Model Stats ~ 8/13 * Display methods for each issue type
\ORVETRVERENEILROEN  Solver Options/Jacobian Inspection 4/13 * Provide in-depth information Errrrprr——————y—y
' Solver Lo 3/13 . : | oommena
all available tools. g / Continuing improvement
Other Tools 2/13
Solver Logs 8/13 Success Stories
Many users overlooked [EYIRFnR. 4/13
valuable information.  EEREERNLETIITT 2/13 Structural singularity in fluidized bed reactor model
Other e * Inconsistent boundary conditions in large PDAE system
. . g e Degenerate recycle loops
Needs identified BENEle yele 100p: .
lI-conditioned Jacobian in solvent absorption column
. Future Work
Standard Centralized toolbox
workflow for of useful diagnosis Seek feedback from users to refine tools and workflow.
. . . Contact: Andrew Lee, andrew.lee@netl.doe.gov o £ . . . . .
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* Need to assist users with correcting identified issues.
Documentation is needed to help educate users.
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