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Behind the Scenes of 
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Senior Optimization Engineer
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What I wish I knew before joining Gurobi

We need to teach him 
some things
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• Young Riley looks confused.

• He wants to install gurobipy – the 
Python interface for Gurobi.  But how?

• The answers lie waiting at the…..

Our story begins

support.gurobi.com
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Getting started with Gurobi
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Knowledge Base
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Knowledge Base
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Gurobot – Your “always on” Expert agent
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Gurobot – it personalizes its response
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Gurobot – helps you find resources
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Gurobot – helps you find resources
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Gurobot – Your “always on” Expert agent

How can I formulate a vehicle routing problem with time windows?

What's the best way to implement a piecewise linear function?

Can you show me how to add lazy constraints in Python?

Should I use indicator constraints variables or linear constraints for my problem?

Can you help me convert this CPLEX code to gurobipy code?

How do I implement callbacks in C++?

Where can I find examples of network flow problems?

How can I debug infeasibility in my model?
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Gurobot – 언제든지도움을주는전문가에이전트

시간제약(time windows)이있는차량경로문제를어떻게모델링할수있나요?

구간별선형함수를구현하는가장좋은방법은무엇인가요?

Python에서지연제약(lazy constraints)을추가하는방법을보여주실수있나요?

제문제에는지시제약(indicator constraints)을사용해야할까요, 아니면선형제약을사용해야할까요?

이 CPLEX 코드를 gurobipy 코드로변환하는것을도와주실수있나요?

C++에서콜백(callback)을어떻게구현하나요?

네트워크흐름문제의예시는어디에서찾을수있나요?

제모델의비실현성(infeasibility)을어떻게디버깅할수있나요?
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Gurobot – the gateway to the Experts
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Watchdog

• The Experts Team has a schedule 
that defines “who is Watchdog”

• The Watchdog is the person that is 
responsible for any new support 
requests

• The schedule provides around-the-
clock support during the week

• A 
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A ticket has arrived!

• A ticket is another name for a 
support request

• When a new ticket arrives the 
Watchdog is alerted immediately

• For production tickets, the entire 
team is alerted.
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• Tickets usually involve at least one 
model file

• Tickets often involve parameter 
tuning

• Tickets sometimes include code 
reviews

We begin the journey
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Start a single solve

gurobi_cl is Gurobi’s command line tool

It is a quick way to run a model file and set 
parameters

It helps make a quick assessment of 
coefficient statistics
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gurobi_cl

gurobi_cl ~/gurobi1301/linux64/examples/data/glass4.mps

gurobi_cl TimeLimit=60 ~/gurobi1301/linux64/examples/data/glass4.mps

gurobi_cl ResultFile=glass4.sol ~/gurobi1301/linux64/examples/data/glass4.mps
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gurobi_cl – licensing/connection parameters

alias gcl=“gurobi_cl TokenServer=myserver.mydomain.com”

gcl ResultFile=iis.ilp /path/to/my/infeasible/model.mps.bz2
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• See reference manual for 
examples of warnings that 
suggest numerical issues

• Are the coefficient statistics 
okay?

Numerical health check

Matrix range    [1e-06, 8e+05]
Objective range [1e+00, 1e+06]
Bounds range    [1e+00, 8e+07]
RHS range.      [1e+00, 8e+06]

These values are always positive.  They are the 
calculated from the absolute values.
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Matrix range    [1e-06, 8e+05]
Objective range [1e+00, 1e+06]
Bounds range    [1e+00, 8e+07]
RHS range.      [1e+00, 8e+06]

• These statistics may 
suggest experimenting with 
particular parameters

• Maybe the model should be 
manually scaled by the 
modeller

Numerical health check
Matrix range spans 11 orders of 
magnitude.  Should be less than 

9 and ideally less than 6.

The largest bounds and RHS are 
close to 1e+8 and 1e+7 

respectively. Ideally they should 
be less than 1e+4.
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• gurobi_cl is useful for running a model without needing to build it from scratch

• License or connection parameters can also be used with gurobi_cl

• Look for warnings in your logs

• Pay attention to the coefficient statistics and understand why
they matter.

What have we learned?
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Is the model file LP or MPS?

Model files can be saved in different formats.

Each format has benefits and drawbacks.

The two common formats are LP, and MPS
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• Very readable for humans

• Easy to edit

• Notice the warning

LP files
glass4.lp



© 2026 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 42© 2023 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 42

• Hard to understand

Sections:
• Constraint sense
• Matrix coefficients
• Constraint “right hand side”

MPS files
glass4.mps
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• Hard to understand

Sections:
• Constraint sense
• Matrix coefficients
• Constraint “right hand side”

MPS files
glass4.mps
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import gurobipy as gp

import math

m = gp.Model()

x = m.addVar()

c = m.addConstr(x <= math.pi-3)

m.write(“example.mps")

m.write(“example.lp")

print(c.RHS)

Experiment #1

0.14159265358979312
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import gurobipy as gp

import math

m = gp.Model()

x = m.addVar()

c = m.addConstr(x <= math.pi-3)

m.write(“example.mps”)

m.write(“example.lp”)

print(c.RHS)

Experiment #1 – write the model files

0.14159265358979312



© 2026 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 47

m = gp.read(“example.mps”)

print(m.getConstrs()[0].RHS)

m = gp.read(“example.lp”)

print(m.getConstrs()[0].RHS)

Experiment #1 – read the model files

0.14159265358979312

0.1415926535897931
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import gurobipy as gp

import math

m = gp.Model()

x = m.addVar()

c = m.addConstr(x <= 68451.24)

m.write(“example_2.mps")

m.write(“example_2.lp")

print(c.RHS)

Experiment #2 – write the model files

68451.24
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import gurobipy as gp

import math

m = gp.Model()

x = m.addVar()

c = m.addConstr(x <= 68451.24)

m.write(“example_2.mps")

m.write(“example_2.lp")

print(c.RHS)

Experiment #2 – write the model files

68451.24
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import gurobipy as gp

import math

m = gp.Model()

x = m.addVar()

c = m.addConstr(x <= 68451.24)

m.write(“example_2.mps")

m.write(“example_2.lp")

print(c.RHS)

Experiment #2 – write the model files

68451.24
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m = gp.read(“example_2.mps”)

print(m.getConstrs()[0].RHS)

m = gp.read(“example_2.lp”)

print(m.getConstrs()[0].RHS)

Experiment #2 – read the model files

68451.24

68451.24
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• Use MPS files for sharing models

• Do not trust LP files to reproduce your model accurately

• Do not trust LP files to tell the truth about numbers

• But they are great for inspecting models!

• You should inspect your own models

Model files – the summary
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Exploring an annotated LP file

LP files are great for exploring models

We can annotate them to make it easier to 
understand their structure
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A more useful LP file?

import gurobipy as gp

m = gp.read("glass4.mps")

for v in m.getVars():
    vtype = "B" if v.vtype == "I" and (v.lb, v.ub) == (0,1) else v.vtype
    if vtype == "B":
        v.varname = f"{v.varname}_{vtype}"
    else:
        v.varname = f"{v.varname}_{v.lb}_{v.ub}_{vtype}"

m.write("glass4.lp")

 



From 
this



To this
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• This is a real customer 
example (and we’ll refer to it 
a few times)

• There are some ugly upper 
bounds

• Is this their actual value?

Why is this useful?
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print(m.getVarByName("C37").ub)

5.1000000000000005
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1.2x times faster 

print(m.getVarByName("C37").ub)

5.1000000000000005

for v in m.getVars():
    diff = round(v.ub,2) - v.ub
    if abs(diff) < 1e-9:
        v.ub = round(v.ub,2)
m.update()
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5.1 - 5.1000000000000005

   = -0.0000000000000005

Why did this help?

ERROR
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5.1 - 5.1000000000000005

   = -0.0000000000000005

Why did this help?

Errors propagate
Errors accumulate

Errors cause numerical issues
Numerical issues can slow the solver
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Some errors are avoidable

Bad:           0.33333𝑥 + 0.66666𝑦 ≤ 1
Better:       0.3333333333333333𝑥 + 0.6666666666666666𝑦 ≤ 1
Best:          1 x + 2y <= 3

1

3
𝑥 +

2

3
𝑦 ≤ 1 In theory:

In practice:

Use integral data whenever possible!
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• While giving the model a 
health check we also look for 
opportunities to experiment

• Aggregation/disaggregation?

Experimenting!

𝑥 = 0 ⇒ ෍

𝑖

𝑤𝑖𝑦𝑖 ≤ 0

 

 ⇒ 𝑦𝑖 ≤ 0 ∀ 𝑖 
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• Logically the same, when x is 
binary

• When x is not binary, such as in 
the linear relaxation these 
constraints are not the same

Aggregation & 
disaggregation

𝑥 = 0 ⇒ ෍

𝑖

𝑤𝑖𝑦𝑖 ≤ 0

 

𝑥 = 0 ⇒ 𝑦𝑖 ≤ 0 ∀ 𝑖
 

 

 ෍

𝑖

𝑤𝑖𝑦𝑖 ≤ (෍

𝑖

𝑤𝑖𝑦𝑢𝑏) 𝑥

 

 𝑦𝑖 ≤ 𝑦𝑢𝑏𝑥 ∀ 𝑖 
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• The bottom constraints give a 
tighter linear relaxation

• One constraint vs many

• Hard to know which is better 
without experimenting

Aggregation & 
disaggregation

𝑥 = 0 ⇒ ෍

𝑖

𝑤𝑖𝑦𝑖 ≤ 0

 

𝑥 = 0 ⇒ 𝑦𝑖 ≤ 0 ∀ 𝑖
 

 1.3x faster

1.5x faster (with 
clean bounds)

 ෍

𝑖

𝑤𝑖𝑦𝑖 ≤ (෍

𝑖

𝑤𝑖𝑦𝑢𝑏) 𝑥

 

 𝑦𝑖 ≤ 𝑦𝑢𝑏𝑥 ∀ 𝑖 
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• Do many variables have bounds?

• Data with small errors

• Data with rounding errors

• Example:   3.142 (an approximation for pi)

• Example: 2.090909090909091 (= 23/11)

• Is there anything unexpected?

• Opportunities to experiment

Exploring the LP file – what to look for
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Parameter tuning

A good parameter setting can speed up the 
solve!

Parameter selection is often not done well by 
users.

It requires a lot of computation to do it well.
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• Default values for parameters are chosen 
very carefully by our development team

• Default parameter values allow for the 
solver to have dynamic behavior

• Finding a good set of parameters can be 
done manually or with the automatic 
tuning tool

• Parameters should be re-tuned whenever 
the model changes significantly

• Parameters should be re-tuned when 
upgrading to a new Gurobi version

Parameter tuning



© 2026 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 69

Choosing parameters can feel like doing a good job…

Overtuning is similar to overfitting machine learning 
models

• if you overfit a ML model then it doesn’t 
generalize to new data

• if you overtune Gurobi parameters then it 
doesn’t generalize to new instances of the 
model

We ask for multiple instances of the same model, i.e. 
the same formulation but with different data

Beware of over-tuning
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• There are many random choices made by during a solve

• The Seed parameter changes the decisions made

• Therefore the Seed parameter changes the solution path

• The solution path can also change when:

• running on different machines

• reordering variables or constraints

• slight changes are made to the data

• It is an approximation for having many different instances

The seed parameter
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By changing the Seed parameter we 
get a distribution of results, instead 
of a single result.

From a distribution we can 
understand the performance 
variance.

Comparing distributions is important 
for accurate comparisons and robust 
conclusions.

Accurate comparisons

unlucky

lucky
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Let’s say we want to test 

• 100 parameter settings

• 10 Seeds per parameter setting

• 30 minute solve times

This is 500 hours of computation!

The support teams use a compute 
cluster with 140 machines

Computation!
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Parameter tuning on the example model

Cleaning errors in data

Speed up

+

Disaggregating constraints

+

Parameter tuning

1.2x

1.5x

56x
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• Parameter settings should be backed by experimental evidence

•  Alternative parameter settings should be evaluated by comparing distributions
• This is also true for comparing alternative formulations you have for the same problem

• This is also true for comparing Gurobi versions, and other solvers

• It requires a lot of computation to do well

• Expert knowledge and log file analysis help

• Beware of overtuning!

Parameter tuning – the summary



Thank you!

Gurobi Support Brochure
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