
Holiday Tech Talk: Troubleshooting Tips 
and Tricks to prevent the Grinch from 
Stealing your Optimization Projects
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It’s been a long time!
…but for good reason
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Question 1

How often do you run into inexplicable Gurobi behavior?

a) Every day
b) Every once in a while
c) Never!
d) What’s Gurobi?
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The Optimization Grinch 

Optimization is hard enough, but sometimes 
seemingly strange behavior makes it flat-out 
scary to work with.

There can be so many reasons: numerics, a 
bug in the code, a bug in Gurobi, a hardware 
problem, etc… did we mention numerics
already?

So let’s open the Gurobi chest of war stories, 
find out what happened and what we can 
learn from it.
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Who’s the Grinch? 
I’m really late on my deliverable!!

Don’t worry, just finish that Python script and 
you’re done

Awesome, now it just has to run…

Not so fast…
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Who’s the Grinch? 

It could be his head wasn't screwed on just right. It could be, 
perhaps his shoes were too tight. But I think that the most 
likely reason of all. May have been that his heart was two 
sizes too small.”



The Maths Grinch
When the maths does not quite check out, he’s up and about…

I am having issues where as I increase the value of capacity [RHS value of the 
constraint] the model is reported as non convex.

I will attach two mps files, one where Gurobi reports the problem as non convex, and 
the other where it resolves as convex.

An MIQP

Some obj coeff: 25 -> 75

Some RHS coeff: 50 -> 150

Some indicator constraints 
(if-then) coeff: 50 -> 150 ?



The Maths Grinch
When the maths does not quite check out, he’s up and about…

The objective function is nonconvex. 

The reason why you get an error message for one of the models and not both is 
because of the presolve. 

Since some of the constraints have different RHS values, it is possible that some of the 
reductions work differently and cannot reduce the problem into a convex model.

50 150

Moral of the story
a) The convexity of a model can depend on the data
b) Presolve changes the model drastically to make it easier to be 

solved. This can lead to confusing results.
c) Data matters!



The Finite Precision Grinch
He’s a stickler for exactness…

If solving model (a) yields a feasible solution, then solving model (b) will also yield a 
feasible solution?
A) Yes
B) No
C) Maybe

(a) (b)



The Finite Precision Grinch
He’s a stickler for exactness…

Moral of the story
a) Finite Precision is real, be careful out there
b) Blessing in disguise: look at the data 

preprocessing again

Dual reductions



The Gurobi Grinch
He’s the one throwing Gurobi back into your face…

When read from a file or through 
Python, are the models the same?
A) Yes
B) No

Gurobi computes a “Model Fingerprint” to 
uniquely define a model, so we should be 
able to answer this:

.mps

0x232ad813 0x29d0e6a5

.mps?Moral of the story
a) Gurobi is not without mistakes
b) The Fingerprint is a great way of checking that 

two models are the same



The Standard Grinch
Everything should exactly follow the standards, otherwise …

Let’s see it in action

Moral of the story
a) Stick to the Roman alphabet
b) I/O is one of the most common failure modes, 

be careful!



The Numerics Grinch
He despises the diversity of numbers, too big or too small and he’s around…

Violation below Gurobi’s 
feasibility tolerance of 10!"

Violation above Gurobi’s 
feasibility tolerance of 10!"

Moral of the story
a) Both results are numerically correct
b) Feasibility, Optimality and Integrality tolerances 

should be less than the smallest meaningful 
coefficient in the model

(y basic)

(x basic)



The Numerics Grinch strikes again
He despises the diversity of numbers, too big or too small and he’s around…

Basis B1 associated 
with optimal node 

LP solution

Model #1 Model #2 (Model #1 with different objective)

Basis B2 associated 
with optimal 
subproblem 

solution

MIP Start 
Subproblem (could 

be LP or MIP)

Root

: Integer Feasible

: Infeasible or cutoff

: unexplored



The OptiGrinch
He sits deep in the trenches of counterintuitive characteristics of math programming

• Here’s a benign-looking model

Maximize  x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8
subject to
13428 x1 + 26850 x2 + 26855 x3 + 40280 x4 + 40281 x5 + 53711 x6 + 
53714 x7 + 67141 x8 = 45094583
Bounds
xj >= 0 j = 1,…,8
Generals
xj >= 0 j = 1,…,8



The OptiGrinch
He sits deep in the trenches of counterintuitive characteristics of math programming

• And here are the benign results:

Explored 1 nodes (3 simplex iterations) in 0.00 seconds (0.00 work 
units)
Thread count was 8 (of 8 available processors)

Solution count 1: 1680

Optimal solution found (tolerance 1.00e-04)
Best objective 1.680000000000e+03, best bound 1.680000000000e+03, gap 
0.0000%

>>> m.printQuality()
Maximum violation:

Bound : 0.00000000e+00
Constraint : 0.00000000e+00
Integrality : 0.00000000e+00



The OptiGrinch
He sits deep in the trenches of counterintuitive characteristics of math programming

Maximize x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8
subject to
13429
13428 x1 + 26850 x2 + 26855 x3 + 40280 x4 + 40281 x5 + 53711 x6 + 
53714 x7 + 67141 x8 = 45094583
Bounds
xj >= 0 j = 1,…,8
Generals
xj >= 0 j = 1,…,8



The OptiGrinch
He sits deep in the trenches of counterintuitive characteristics of math programming

• And here are the not-so-benign results:

Nodes | Current Node | Objective Bounds | Work
Expl Unexpl | Obj Depth IntInf | Incumbent BestBd Gap | It/Node Time

0 0 3358.00003 0 1 - 3358.00003 - - 0s
…
34457691 11983371 3273.00285 39 1 - 3319.00878 - 0.7 365s
34938171 12095913 3315.00157 24 1 - 3319.00766 - 0.7 370s
35458691 12145257 3223.00250 67 1 - 3319.00536 - 0.7 375s

Nodes | Current Node | Objective Bounds | Work
Expl Unexpl | Obj Depth IntInf | Incumbent BestBd Gap | It/Node Time

0 0 3358.00003 0 1 - 3358.00003 - - 0s
…
114249403 31847452 3264.00254 47 1 - 3308.00945 - 0.8 1205s
114769923 31887771 3180.00364 88 1 - 3308.00871 - 0.8 1210s
115250403 31921528 3156.01906 97 1 - 3308.00774 - 0.8 1215s



The OptiGrinch
He sits deep in the trenches of counterintuitive characteristics of math programming

Maximize x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8
subject to
13429
13428 x1 + 26850 x2 + 26855 x3 + 40280 x4 + 40281 x5 + 53711 x6 + 
53714 x7 + 67141 x8 = 45094583
Bounds
xj >= 0 j = 1,…,8
Generals
xj >= 0 j = 1,…,8

Small change, but it was in increase in the 
resource consumed by 𝑥1 in the exact 
knapsack constraint

Moral of the story
a) Distinguish modifications that make constraint(s) more restrictive from 

those that don’t. 
b) Consider the nature of the problem modification on the model
c) Some cuts can be derived to tighten the formulation so that it solves within 

a second; see our other Tech Talks (1, 2) and this paper for inspiration

https://www.youtube.com/watch?v=e4h4ZUlUpR8
https://www.youtube.com/watch?v=YxqykMu083k
https://www.sciencedirect.com/science/article/abs/pii/S1876735413000020
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All ends well…

And what happened then? Well, in Whoville they say that the 
Grinch's small heart grew three sizes that day. And then the 
true meaning of Christmas came through, and the Grinch 
found the strength of ten Grinches plus two.



Take-home messages

Writing an optimization solver can involve difficult decisions.

Double-check assumptions that start with “this should work”.

Be careful with your data: many of the Grinches involve numerics in 
one way or another.

Presolve is often unpredictable: when an unusual behavior appears, 
try switching it off.

This is an excellent resource for counterintuitive and mythical 
behavior in mathematical programming:

https://glossary.informs.org/myths/CurrentVersion/myths.pdf


Further reading and references

A great reference for unusual behavior in math programming:
Greenberg, H.J. (2010) Myths and Counterexamples in Mathematical Programming

Other references used in this presentation:

Tech Talks about model strengthening:
• Part 1: https://www.youtube.com/watch?v=e4h4ZUlUpR8
• Part 2: https://www.youtube.com/watch?v=YxqykMu083k

Paper on tricks to solve difficult MIPs:
Klotz, E.; Newman, A.M.; Practical guidelines for solving difficult mixed integer linear programs. 
Surveys in Operations Research and Management Science, 18 (1-2), 18-32.

https://www.youtube.com/watch?v=e4h4ZUlUpR8
https://www.youtube.com/watch?v=YxqykMu083k
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Thank You


