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Message from GAMS…

“The reason for GAMS superior performance in [having the shorter model 
generation time of] this example [IJKLM model] is the use of relational algebra… to 
process complex queries efficiently.” 

— Broihan (2023), GAMS Corporation
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Response from Julia…

“… it is not difficult to address it [the bottle neck of Broihan’s benchmark Julia 
model], given that general-purpose languages like Julia and Python have libraries 
specialized for this task.”

— M. Lubin, O. Dowson, J. D. Garcia, J. Huchette, B. Legat (2023), JuMP developers
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Questions

• What does a CGE written in Julia look like?

• Which language is faster in running CSAVE?

• How coding strategies may affect Julia’s solving time?
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Scope

• An exercise based on CSAVE (Chen and Paltsev, 2025): in Julia vs. in GAMS

• Model generation & solving time may vary across models & computers

• Technical details/coding tricks are left for a modeling workshop
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Model

• CSAVE: Chen & Paltsev (2025)

• Motivated by EPPA

• Derived from GTAPinGAMS

• In this exercise: multi-sector & multi-region — ↑ resolution for “stress testing”

• GTAP9 database
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Cost function for a production sector
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Julia vs. GAMS

• Julia

• Developed by J. Bezanson, S. Karpinski, V. 
B. Shah, A. Edelman in 2012

• Open source/free

• General purpose w/ packages for extension

• MPSGE.jl is a package of Julia

• Free PATH license until 12/31/2026 for now

• MPSGE.jl
• D. Anthoff, E. Lazarus, M. Phillipson
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• GAMS

• Developed by Alex Meeraus at the World 
Bank in the 1970s

• Proprietary

• DSML for optimization problems

• MPSGE is a sub-system of GAMS

• Access PATH via GAMS license

• MPSGE
• Tom Rutherford



Coding in Julia

• Packages used directly include

• I/O & data processing
• CSV

• Dataframes

• JLD2

• CSVtoDIC

• GTAP9data

• Model construction and solving
• JuMP

• MPSGE

• PATHSolver
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• Generating figures
• StatsBase

• StatsPlots

• Plots

• PyPlot

• Measures

• Distributions

• Time measurement
• BenchmarkTools



Coding in Julia

• CSAVEinJulia is packaged and defines its own environment

• Project.toml — names & identities of the direct dependencies

• Manifest.toml — the dependency graph, dependency version, where to load
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Project.toml Manifest.toml
Pin package “GTAPdata” to a specific commit

CSAVEinJulia is available on https://github.com/chenyhmitedu/



Coding in Julia
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Julia uses dictionary (key-value mapping) to accomplish the same task: 

GAMS’ set operation is much simpler and cleaner:



Coding in Julia
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GAMS/MPSGE Julia/MPSGE.jl



Coding in Julia
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Julia/MPSGE.jl

GAMS/MPSGE



Coding in Julia
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Julia/MPSGE.jl

GAMS/MPSGE



Setting

• Data resolution

• 56x2 — 2-region USA, ROW

• 56x4 — 4-region USA, EUR, CHN, ROW 

• 56x8 — 8-region USA, EUR, ROE, JPN, IND, CHN, ANZ, ROW

• 56x16 — 16-region USA, …, ANZ, TWN, CAN, MEX, BRA, RUS, KOR, IDZ, ASI, ROW

• 56x32 — 32-region USA, [disaggregated EUR: DEU, FRA, GBR, ITA, ESP, …], …, ROW

• 56x50 — 50-region Disaggregate 56x32

• 56x61 — 61-region Disaggregate 56x50

• 56x74 — 74-region Disaggregate 56x61
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Setting

• Scenario

• US doubles tax rates on fossil fuels use:

rtfd0[i, g, r] x 2.0  &  rtfi0[i, g, r] x 2.0 ; r ∈ USA, i ∈ coa, p_c, gas
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Simulation
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Double fossil fuel tax rates



Computer spec

• CPU : AMD Ryzen Threadripper PRO 7955WX 16-Cores 4.5 GHz

• RAM : 128 GB 4800 MT/s
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Model generation time
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For now, each data resolution setting is run once for demonstration purposes. 



Model solving time
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Model generation + solving time
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Looking into Julia solving time

“Time distributions are always right-skewed… This phenomena can be justified by 
considering that the machine noise affecting the benchmarking process is, in some 
sense, inherently positive…” 

— Chen and Revels (2016)

23



Looking into Julia solving time
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How solving time is affected by coding strategy?

Code lives within the function Code lives in global scope



Looking into Julia solve time
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Using median to measure central tendency. Question: Is the difference in medians statistically significant?

Code lives within the function Code lives in global scope



Looking into Julia solve time
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Bootstrap resampling with sample size B = 10000 (Efron and Tibshirani, 1994)

1000-element Vector{Float64}

Float64

After the for-loop is done, bootstrap_differences is a 10000-element Vector{Float64}



Looking into Julia solve time

27

Bootstrap resampling with sample size B = 10000 (Efron and Tibshirani, 1994)



Summary
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• Julia

• CSAVEinJulia: slower in model generation

• CSAVEinJulia: faster in solving

• More involved in coding

• GAMS

• CSAVEinGAMS: faster in model generation

• CSAVEinGAMS: slower in solving

• Easier to implement



Beyond the conclusion
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“A better brush doesn't make a better painter, but a better painter can do 
more with a better brush.”

— Unknown
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Thank you!

Questions?

Y.-H. Henry Chen

chenyh@mit.edu



Appendix: A comparison

32

Comparison of Computational Resource for different operations in programming languages 

Source: Thakur and Satish (2022)



Appendix: Model generation time difference
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GAMS is faster!



Appendix: Model generation time difference
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GAMS is faster!



Appendix: Solve time difference
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Julia is faster!



Appendix: Solve time difference
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Julia is faster!


