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1. Executive summary 

This document provides guidelines to be used when new GAMS and GEMPACK code is written 

and documented in the BATModel project. It details, for instance, how folders should be 

organized, how parameters, variables and equations should be named, how code should be 

structured and documented, and how meta-data should be handled. These rules have not 

been defined from scratch, but are based on existing good practises established by the 

modelling team involved in WP7. 

The main aim of defining these guidelines is to ensure that the code of a module developed in 

BATModel can be easily understood by another GAMS/GEMPACK programmer, and that it can 

be successfully maintained and updated, even after the lifetime of BATModel. Developing 

these guidelines reflects that typical industry software projects report about 80% of costs 

related to maintenance, far more than costs of the original development effort. Modules 

developed in BATModel shall be distributed to third parties, and well-structured and clearly 

documented code is a key success factor to make this is a meaningful exercise. 
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2. The objectives 
The BATModel coding guidelines aims to motivate a coding style generating GAMS and 
GEMPACK program code which: 

¶ can be easily understood by another GAMS/GEMPACK programmer 

¶ can be successfully maintained and updated; 

¶ and can source an automated code documentation system. 

with the aim that the modules developed in BATModel can be successfully applied by other 
modelling teams to their models. 
The Java code conventions (http://java.sun.com/docs/codeconv/html/CodeConventions.doc) 
ƎƛǾŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜŀǎƻƴǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŎƻŘƛƴƎ ŎƻƴǾŜƴǘƛƻƴǎΥ άCode conventions are important to 
programmers for a number of reasons:  

¶ 80% of the lifetime cost of a piece of software goes to maintenance.  

¶ Hardly any software is maintained for its whole life by the original author.  

¶ Code conventions improve the readability of the software, allowing engineers to 

understand new code more quickly and thoroughly.  

¶ If you ship your source code as a product, you need to make sure it is as well packaged 

ŀƴŘ ŎƭŜŀƴ ŀǎ ŀƴȅ ƻǘƘŜǊ ǇǊƻŘǳŎǘ ȅƻǳ ŎǊŜŀǘŜΦέ 

Larger models such as the economic simulation models implemented in BATModel are also 
άǎƻŦǘǿŀǊŜ ǇŀŎƪŀƎŜǎέ ǳǎŜŘΣ ƳŀƛƴǘŀƛƴŜŘ ŀƴŘ ǳǇŘŀǘŜŘ ōȅ different teams and clients. The 
arguments above for Java code are hence also valid for the code of BATModel simulation 
ƳƻŘŜƭǎΦ 5ŜŦƛƴƛƴƎ ŀƴŘ ǳǎƛƴƎ ŎƻŘŜ ƎǳƛŘŜƭƛƴŜǎ ƛǎ ƴƻǘ άƭΩŀǊǘ ǇƻǳǊ ƭΩŀǊǘέΦ ²ƘƻŜǾŜǊ Ƙŀǎ ŜǾŜǊ ǘǊƛŜŘ ǘƻ 
work on program code that was coded by somebody else knows from experience that 
unfortunate naming of symbols, missing or misguiding comments, badly structured code, 
highly personal coding style etc. can cost a lot of time and provoke errors. It is highly egoistic 
to spare a few minutes by writing sluggish, un-documented code, and let others later deal with 
the problem to maintain it. Moreover, the maintainability and reusability of program codes is 
one of the key points of modern research: the replication of academic papers or empirical 
studies is crucial for the credibility of the tools used. The set of rather simple rules compiled in 
this guide helps all BATModel teams to save costs and time during the project, and facilitates 
future maintenance of the code of the BATModel modules even beyond the lifetime of the 
project. 
 

3. Data and Folder structure 

3.1 Separating code and data 

A guiding principle is to separate script code from numbers, be it quantitative data used for 
benchmarking or model parameters. The same holds also for alphanumeric data that can 
change, such as concordance mappings between different product categorisations or sets of 
regions. The only exemptions are cases where numbers are given and fixed by science, such as 

http://java.sun.com/docs/codeconv/html/CodeConventions.doc
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conversion factors between different physical units or numbers related to the software 
implementation itself such as relative limits for lower and upper bounds on variables.  
Data should be stored in separate files, in directories separates from the processing code (see 
3.3General folder structure for GAMS code). 

3.2 Hints for generating data files 

Note that the following only relates to data generated with the economic simulation model 
itself and to related processing code which is distributed with it. The process of generating the 
various input data distributed to the model user often comprises a mix of software (R, SAS, 
DL{Σ D9at!/YΣ D!a{ Χ ŜǘŎΦύ ǿƘƛŎƘ ƳƛƎƘǘ ǊŜǉǳƛǊŜ ǘƻ ǳǎŜ ǎǇŜŎƛŦƛŎ όŜȄŎƘŀƴƎŜύ ŦƻǊƳŀǘǎΦ ¢ƘŜǎŜ 
data processing steps are usually centralized and related code typically not made publicly 
available. While the general guidelines are probably useful for such data generation as well, 
developing specific rules also for other languages is beyond the aim of this document. For the 
core simulation model, including data transformation code distributed with it, the following 
rules apply: 

¶ Make sure that symbols in the data file carry clear meta information (including units of 

measurement) 

¶ Avoid mixing open access and IPR (intellectual property rights) protected data in one file 

and preferably also not in one folder (to facilitate management of access rights) 

¶ Use descriptive file names 

¶ For larger data sets, use a binary format (HAR for GEMAPCK, GDX for GAMS) to save disk 

memory and speed up processing 

¶ 5ƻƴΩǘ Ǉǳǘ ƭŀǊƎŜǊ Řŀǘŀ ǎŜǘǎ ǘhat are subject to regular updates under version control in 

the general model repository. 

¶ 5ƻƴΩǘ Ǉǳǘ Řŀǘŀ ǎŜǘǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ŀ ƭƛŎŜƴǎŜ ƛƴ ǘƘŜ ǘǊǳƴƪ ƻŦ ǘƘŜ ƳƻŘŜƭ ǊŜǇƻǎƛǘƻǊȅ ǎǳŎƘ ǘƘŀǘ 

all files in the trunk can share uniform access rights. 

3.3 General folder structure for GAMS code 

A good folder structure gives a code user or developer an overview on the conceptual 
structure of the model and helps to locate pieces of code. The goal is to structure folders by 
work-steps, such as database set-up, generation of a baseline and simulation. Usually, there 
are folders for: 

¶ Script codeΦ CƻǊ D!a{ ōŀǎŜŘ ƳƻŘŜƭ ǘƘƛǎ ŦƻƭŘŜǊ ƛǎ ǳǎǳŀƭƭȅ ŎŀƭƭŜŘ άƎŀƳǎέ ƻǊ άƎƳǎέΣ ƻǊ ǳǎŜ 

Code in or as the folder name to make clear that this holds the scripts. 

¶ Data. This folder hosts external data or parameters which are not produced by code 

distributed to the user itself. Such data are either under version control or must be 

provided by the user. 

¶ Results. The results folders should not comprise any data which cannot be produced by 

running model code (i.e do not mix files from Data as defined above with Result files 

derived from those data). It should be structured by sub-folders according to work-

steps, such as data base set-up, generation of a baseline and simulation. 
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¶ Graphical User Interface (suggested folder name gui) 

¶ Documentation (suggested folder name doc). 

Notes:  

¶ Blanks in folder names are strongly discouraged as these can generate fatal errors in 
some software environments.  

¶ Keep folder names short to avoid that very long path names results, keeping in mind 
that the user will likely install the whole model already in a deeper folder structure 

3.3.1 Organizing folders by module 

Code for a module should be hosted in a folder that is named like the module itself. This has 
proven more useful than separatinƎ ǘƘŜ ŎƻŘŜ ƛƴǘƻ άǇǊƻŎŜǎǎƛƴƎέ ǎǘŀƎŜǎ ǎǳŎƘ ŀǎ ōŜƴŎƘƳŀǊƪƛƴƎΣ 
model solution and post-model processing, especially when shipping modules to other users.  
For even more clarity files names can start with the name of the module they belong to with 
post-fixes to clarify the role of a piece of code. This is even more important if, for example due 
to GUI requirements, not all files associated to a module can be stored in a single folder. Table 
1 provides suggestions and examples of such naming conventions. 
 
Table 1: Suggested post fix for files belonging to a module coded in GAMS 

Step Post-Fix Example 

Benchmarking 
(load necessary data, calculate 
benchmark parameters) 

_cal LES_CES_ARM_cal.gms 

Set bounds 
(set lower and upper bounds 
needed to avoid math trap errors) 

_bounds LES_CES_ARM_bounds.gms 

Initialize 
(set starting values for variables 
before solving current period) 

_ini LES_CES_ARM_ini.gms 

Release bounds 
(to reduce memory after solving 
current period ) 

_releaseBounds LES_CES_ARM_releaseBounds.gms 

Postmodel-processing 
(calculation of additional results 
such as indicators, aggregation over 
products) 

_postmodel LES_CES_ARM_postModel.gms 
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3.3.2 Organizing files not relating to single modules 

Files that steer the overall work steps or overarch modules should be organized into folders by 
ǎǘŜǇΣ ǎǳŎƘ ŀǎ άŎŀƭέ ŦƻǊ ŎŀƭƛōǊŀǘƛƻƴΣ άǎƻƭǾŜέ ŦƻǊ ƳƻŘŜƭ ǎƻƭǾƛƴƎ ƻǊ άǇƻǎǘƳƻŘŜƭέ ŦƻǊ Ǉƻǎǘ-model 
processing. 
 
Table 2: Suggested file structure for GTAP-based models in GEMPACK 

Folder Purpose Example from MAGNET 

BaseData Standard (har) files containing the GTAP database 
(like basedata.har, baseview.har, baserate.har etc. ) 
that get updated, as well as model sets (e.g. 
sets.har) and any (model) parameter (e.g. 
default.prm) files that are not updated  (possibly  in 
subfolders) 

.\BaseData 
     .\ModPar 
     .\Sets 
     .\Par 

Code The model code, with additional description if there 
are multiple code directories with distinct purposes 

.\CodeMainProgram 

.\CodeShocks 

CommandFiles The cmf files steering the execution of the model 
(possibly consisting of modular text files compiled to 
single cmf file in a GUI) 

.\CommandFiles 
     .\Closures 
     .\Shocks 
     .\SolutionMethods 

Shocks Data files for scenario specific shocks .\Shocks 

Scenarios Storing the files defining the scenarios, for example 
batch files defining a specific model run 

.\Scenarios 

Solutions Files used by GEMPACK programs for viewing 
solutions files like ViewSol and AnalyseGE (*.sl4, .sol 
and .slc files)  

.\Solutions 

Updates Updated versions of the basedata files which can be 
used as the starting point for a new model run 
(basedata.har, baseview.har, baserate.har), all in har 
format 

.\Updates 

3.4 General folder structure for a GTAP based model in GEMPACK 

The general guidelines on folder structure also apply to GEMPACK based code, i.e. separate 
different types of files like data, code and results. As GEMPACK uses and generates specific 
types of files it can be helpful to separate these. Table 2 provides a suggested main folder 
structure for a GTAP based model in GEMPACK. 
 

4. Coding style and structuring  

4.1 Rules for GAMS  

4.1.1 Declare symbols used in one file only at the top of that file. 

If the file is used inside a loop or if statement, a declaration in the code under this control 
structure is not possible. In this case: 
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¶ Preferred option: Separate the declaration from the execution part with $ifthen.decl 

ά҈мέҐҐέŘŜŎƭέ ŀƴŘ ϷŜƭǎŜΦŘŜŎƭ ΧΦ ϷŜƴŘƛŦΦŘŜŎƭΦ ¦ǎŜ ŀ ϷōŀǘƛƴŎƭǳŘŜ ǿƛǘƘ άϷōŀǘƛƴŎƭǳŘŜ 

ȄȄȄΦƎƳǎ ŘŜŎƭέ ǘƻ ƛƴŎƭǳŘŜ ǘƘŜ ŘŜŎƭŀǊŀǘƛƻƴ part before the control structure and 

άϷōŀǘƛƴŎƭǳŘŜ ȄȄȄΦƎƳǎ Ǌǳƴέ ŦƻǊ ŜȄŜŎǳǘƛƴƎ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƛƴǎƛŘŜ ǘƘŜ ŎƻƴǘǊƻƭ ǎǘǊǳŎǘǳǊŜΦ 

¶ Alternative: Pǳǘ ǘƘŜ ŘŜŎƭŀǊŀǘƛƻƴǎ ƛƴǘƻ ŀ ǎŜǇŀǊŀǘŜ ŦƛƭŜ ǿƛǘƘ άψŘŜŎƭέ ŀǇǇŜƴŘŜŘ ǘƻ ǘƘŜ ŦƛƭŜ 

name, and store it in the same sub-directory. 

4.1.2 Separate processing code from data 

tǳǘ ǘƘŜ ƴǳƳŜǊƛŎŀƭ Řŀǘŀ ŜƴǘŜǊƛƴƎ ǘƘŜ ŎƻŘŜ ƛŦ ǇƻǎǎƛōƭŜ ƛƴ ǘƘŜ ǊŜƭŜǾŀƴǘ ŘƛǊŜŎǘƻǊȅ ǳƴŘŜǊ άŘŀǘέΣ ŀƴŘ 
beyond a certain size, generate a GDX file from tables so that the GAMS code does not include 
an unnecessarily high amount of code lines. 

4.1.3 Generate files with a clearly defined purpose 

Each file should have clearly defined inputs and outputs, and especially the latter should form 
a logical unit. The required inputs and delivered outputs should be stated in the file header. 
To give an example: a file that defines animal requirements should not correct herd sizes as a 
by-product. 
These are the guidelines for generating a modular structure: 

¶ Information hiding: only the interfaces (inputs and outputs) matter for proper 

functioning from the point of view of other modules. How the module internally derives 

the outputs from the inputs should not matter for the other modules. 

¶ High cohesion and low coupling: aims at strong dependence of elements inside a 

module (mainly the outputs) and low dependence between modules 

¶ Separation of concern: modules address clearly defined aspects of the problem not 

covered by other modules (other modules should not modify the same outputs) 

4.1.4 Avoid unnecessary deep include structures (> 3). 

Deep include structures require to open many files at the same time in the editor.  

4.1.5 Find a compromise between the number of files included and their length. 

Files should whenever possible not be longer than 1000 lines, but also should consist of more 
than 10 statements or so. A top level module should reveal its structure in the GAMS code. 
If a longer file carries out sequences of operations and each takes more than just one or two 
ǎǘŀǘŜƳŜƴǘǎ ǘƻ ŎƻƳǇƭŜǘŜΣ ƛǘ ƛǎ ǳǎŜŦǳƭ ǘƻ ŘƛǾƛŘŜ ǘƘŜ ŦƛƭŜ ƛƴǘƻ ǎŜŎǘƛƻƴǎ ǳǎƛƴƎ ƘƻǊƛȊƻƴǘŀƭ άƭƛƴŜǎέ 
made with comments (see also section 7 on comments). All statements in a section deal with 
the same principal task. 

J * -----------------------------------------------------------------------  

*   Assert validity of input data  

* ---- -------------------------------------------------------------------  

*   ---  Assert that result directory exists  

   ...  
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*   ---  Assert that a price exists if there is a quantity  

   ...  

* --------------------------------------------------------------------- --  

 

4.1.6 Use at most one statement per line 

One declaration per line is recommended since it encourages commenting. In other words,  

J PARAMETERS    p_level(domain1,domain2) ,  

             p_size(domain3);  

is preferred over  

L PARAMETER p_level(domain2,domain2), p_s ize(domain3);  

Each line should contain at most one statement. Example:  

J iTry = iTry + 1;  

L iTry = iTry +1; RUNR(MS) = NO;  

Avoid lines longer than 120 characters, since they're not handled well by many terminals and 
tools. 

4.2 Rules for GEMPACK when using an editor allowing modular code 
development 

The standard editor for GEMPACK (TABmate) does not allow the use of include statements to 
compile a model from a set of different files. The model thus always exists of a single file with 
little guidance on its structure. To help interpretation of the code it is then key to structure the 
code well. The standard V7 GTAP model, for example, start with a lengthy comment detailing 
the structure of the code and headings used. This can help jump through the file. In this 
context modular development of the code is only possible using set definitions to (de-)activate 
equations or through parameters (de-)activating parts of equations. 
The GEMPACK guidelines below are based on use of an alternative editor (Visual GTree, 
available from WEcR upon request) which similar to GAMS allows the compilation of model 
code from a set of different files (*.gmp) using include statements that can be switched on and 
off to alter the structure of the code. It also provides a useful overview of the structure of the 
code based on the included files if descriptive file names are used. Gtree combines the 
selected *.gmp files in a single GEMPACK compatible *.tab file. 
For example, all code for the MAGNET model is developed in Gtree and located in  the 
..\4_MAGNET\CodeMainProgram folder. This folder contains only one small text file related to 
the model code, Magnet.gmp. This is a Gtree file that calls all of the separate files containing 
the actual model code contained in a large number of subdirectories. After compiling by Gtree, 
there is a corresponding Magnet.tab file which includes all activated modules which can be 
read and used with any GEMPACK program. 
Most of the guidelines for the GAMS code are also applicable to the GEMPACK code however 
here we present a few additional suggestions after outlining how the MAGNET modular coding 
philosophy affects the code structure. 
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4.2.1 ά5ƻ ƴƻǘ ǘƻǳŎƘ ǘƘŜ D¢!t ŎƻǊŜ ƳƻŘŜƭέ ǇƘƛƭƻǎƻǇƘȅ ƛƴ a!Db9¢ 

The core philosophy of MAGNET is to expand the standard GTAP model in a modular fashion, 
being as explicit as possible as to what equations are changed or added. Keeping the GTAP 
core intact has strong implications for the manner in which MAGNET developed. A guiding 
MAGNET coding principle is not to touch GTAP equations except when redefining set domains 
ƻǾŜǊ ǿƘƛŎƘ Ŝǉǳŀǘƛƻƴǎ ŀǊŜ ŘŜŦƛƴŜŘΦ ¢ƘŜǊŜ ŀǊŜ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ άŘƻ 
ƴƻǘ ǘƻǳŎƘ D¢!tέ ǇǊƛƴŎƛǇƭŜ; most notably, the introduction of a distinction between production 
sectors and produced commodities throughout the model. 
If a standard GTAP equation need to be altered the relevant set dimensions of the original 
equation are adjusted and a new equation is added which has the desired specifications. This 
implies there are two steps in adding a new module to MAGNET: adding the code and 
activating module related sets where relevant. For example, regions can have the standard 
GTAP production structure or a fully flexible nested-CES production structure. The module is 
activated by including the code for the flexible structure (n_prodtees,gmp) and assigning 
regions to a specific set (GPROD_REG for regions with the standard GTAP structure, 
CETPROD_REG for regions with the flexible structure). Standard GTAP equations can thus exist 
alongside (multiple) alternative equations, being (de-)activated by set definitions. 
In principle all new sets, coefficients and variables should be defined in the module code. In 
case they are used in multiple modules they are defined in the modified GTAP file which forms 
the first extension of the GTAP model. In a few cases changes to the GTAP core cannot be 
avoided and definitions are added before the GTAP model in extrainmagnet.gmp to signal 
additions made to the GTAP core in MAGNET.  
Set definitions controlling the activation of modules (generally based on parameters read from 
a dedicated model parameter file) are collected at the start of the code in the 
moduledefinition.gmp file. Figure 1 outlines the core structure of MAGNET. At the top of the 
core there are files that are always included in the code (these cannot be switched off in the 
MAGNET GUI) containing the GTAP core model and MAGNET specific additions that are always 
needed to avoid errors. The next set of files contain modules that affect the model results 
under regular closure settings, i.e. these are designed to alter the way in which the GTAP v7 
model behaves. The last set of files contains a range of indicators which under regular closure 
settings provide additional insights but do not intend to affect the model behavior. They are 
included in the model code as one may want to target these indicators, among which various 
SDG indicators, in a scenario. This requires a so-called closure swap in which changes in an 
indicator are prescribed and another model variable (like a tax) needs to adjust to 
accommodate the required change. 
 



 
 

13 
 
 

 

Magnet.gmp 

ModuleDefinitions.gmp 

Files.gmp 

Sets.gmp 

BaseData.gmp 

CommonCoefficients.gmp 

CommonVariables.gmp 

ExtraInMagnet.gmp 

GTAPv7.gmp 

MGTAP.gmp 

n_prodtrees.gmp 

Landsupply.gmp 

 

 

 

SummaryGDP.gmp 

SDG2hunger.gmp 

 

 

 

Definition of logical file names of data and result files 

Definition of standard GTAP sets 

Set definitions controlling the activation of MAGNET modules 

Reading the standard GTAP basedata headears 

Coefficients used in multiple modules of the GTAP v7 core model 

Variables used in multiple modules of the GTAP v7 core model 

Extra variables in GTAP v7 needed for MAGNET 

GTAP v7 core model (split in multiple sub-files for easier navigation) 

Minor changes to standard GTAP equations not warranting a separate 
module and definitions shared by multiple MAGNET modules. 

MAGNET module: flexible production trees 

MAGNET module: endogenous land supply 

MAGNET module: indicators to decompose GDP changes 

MAGNET module: indicators linked to SGD 2 (Zero Hunger) 

 Always included in the  MAGNET model code 

 Optional ς affects model behavior 

 Optional ς default no impact model behavior 

Figure 1: Modular structure of MAGNET around a GTAP core 
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4.2.2 Declare symbols used in one file only at the top of that file. 

Define module-specific sets/coefficients/variables at the top of the module file to provide an 
overview of all new additions in that module. If they need to be defined before the GTAP code, 
because some equations in the GTAP code need to be turned on or off, add their definition to 
the module definition file as a comment to for easy reference. 

4.2.3 Separate processing code from data 

Always define data in HAR files and read these in the code. Never define data in the code. This 
also holds for referring to specific set elements in code as these all can be aggregation specific. 

4.2.4 Generate files with a clearly defined purpose. 

Each file should have clearly defined inputs and outputs, and especially the latter should form 
a logical unit. The required inputs and delivered outputs should be stated in the file header. 
Also state how the module will link to the already existing code. 

4.2.5 Avoid unnecessary deep include structures (> 3). 

Apart from $include statements, it is also possible to structure the code using !Region! and 
!EndRegion!. Using the region code will provide structure to the submitted code and will show 
up in the model treeto easy navigation through the code. 
The example below shows how the code is structured using the !Region! code: 

 
This will show up as follows in the model tree in gtree: 
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4.2.6 Use at most one statement per line 

Like GAMS, it is important to only use 1 statement per line. GEMPACK is more limiting in the 
character allowed per line then GAMS. GEMPACK allows 70 characters per line. More 
characters per line will cause compilation errors.  
 

5. Coding guidelines 

5.1 Coding guidelines in GAMS 

Compared to other programming languages such as FORTRAN, PASCAL, C(++), Java or C#, 
GAMS does not break its code into functions and/or subroutines that clearly define inputs and 
outputs. As a matter of fact, GAMS symbols are known and accessible past the point where 
they are declared: they have all global scope. Whereas coding conventions for most 
programming languages typically have a strong focus on modularization of the code and clear 
scoping, naming conventions and clearly structured code are even more important in GAMS 
where every symbol has global scope. 

5.1.1 Naming conventions symbols and files  

Use clear and meaningful names for symbols and files. A good name is self-explanatory but 
short. Please keep in mind that the codes of trade simulation models can be very large, a name 
ǎǳŎƘ ŀǎ άp_emissionFactorέ ƛǎ ǎǘƛƭƭ ǊŀǘƘŜǊ ƎŜƴŜǊŀƭ όōǳǘ ŎƭŜŀǊƭȅ ōŜǘǘŜǊ ǘƘŀƴ άp_ŦŀŎǘƻǊέ and much 
ōŜǘǘŜǊ ǘƘŀƴ άp_fέύΦ Lƴ ŘƻǳōǘΣ ŀǎƪ ŀ ŎƻƭƭŜŀƎǳŜ ƴƻǘ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ ǇǊƻōƭŜƳ ȅƻǳ ŀǊŜ ǿƻǊƪƛƴƎ ƻƴ 
if she or he can understand the chosen symbol names. 
If a symbol name consists logically of several words, each new word except for the first one 
should start with upper case (we save space compared to using underscores). That so-called 
άcamelCaseέ is a standard in software engineering, e.g. it is proposed in Java coding 
conventions: 
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J PARAMETER p_data(rall,cols,rows,years) "Generic data cube of CAPRI";  

PARAMETER p_popGrowthRate(rall) "Population growth rate";  

An exception can be made if the tokens already comprise acronyms in upper case so that 
reading becomes cumbersome: 

K PARAMETER p_CAPMTRPolicy ñPolicy parameters for the MTR of the CAPò 

In that case, it is better to use: 

J PARAMETER p_CAP_MTR_policy ñPolicy parameters for the MTR of the CAPò 

Discouraged is the use of very short symbols where the meaning is not clear in the context, 
such as: 

L PARAMETER i,p,q;  

Please keep in mind that the very same name could be used by somebody else for a different 
ǎȅƳōƻƭΦ ²ƘŜƴ ƛƴǘǊƻŘǳŎƛƴƎ ŀ ƴŜǿ ǎȅƳōƻƭΣ ŦƛǊǎǘ ǳǎŜ άǎŜŀǊŎƘ ƛƴ ŦƛƭŜǎέ ŦǊƻƳ ǘƘŜ D!a{L59 ǘƻ ƳŀƪŜ 
sure that the symbol name is not already in use. For symbols used in modules, it is therefore 
ǳǎŜŦǳƭ ǘƻ ŀŘŘ ŀŘŘƛǘƛƻƴŀƭ ŀ ǎƘƻǊǘŎǳǘ ƻŦ ǘƘŜ ƳƻŘǳƭŜΩǎ ƴŀƳŜ ƛƴ ǘƘŜ ƴŀƳŜ ƻŦ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ŀǾƻƛŘ 
name clashes. 
Always add an explanatory long text to the declaration of symbols, if possible stating physical 
units or other elements providing a clear definition: 

J PARAMETER p_minFeedSharePerc(regions,animals,feed) ñMinimum feed shares per 

region, animal and feed stuff in % of dry matter intakeò 

Here is an example of bad declaration: 

L PARAMETER p_minFeed;  

since (1) no domains aǊŜ ƎƛǾŜƴΣ όнύ ǘƘŜ ƴŀƳŜ ƛǎ ŀƳōƛƎǳƻǳǎ όŎƻǳƭŘ ōŜ ŀƴ ŀƴƛƳŀƭΣ ŀ ǊŜƎƛƻƴΣ Χύ 
and (3) an explanatory text is missing. 
bƻǘŜ ǘƘŀǘ ǾƻǿŜƭǎ ƻŦǘŜƴ Ŏŀƴ ōŜ ŘǊƻǇǇŜŘ ǘƻ ǎƘƻǊǘŜƴ ƴŀƳŜǎΣ ŜΦƎΦ άp_cnsQuntέ ƛǎ ŀƭƳƻǎǘ ŀǎ Ŝŀǎȅ 
to read as άǇψŎƻƴǎvǳŀƴǘέΦ ¢ƘŜ ǳǎŜ ƻŦ άǎŎƛŜƴǘƛŦƛŎέ ƴŀƳŜǎ such as άǇψŀƭǇƘŀέΣ άǾψƎŀƳƳŀέ ŜǘŎΦ ƛǎ 
discouraged for two obvious reasons. Firstly, their meaning is far from clearly defined and 
highly context depending. Secondly, there is a huge danger that the very same symbol name is 
introduced somewhere else in the code, leading to possible conflicts. 
TipΥ άCƛƴŘ ƛƴ ŦƛƭŜǎέ ŦǊƻƳ ǘƘŜ D!a{ L59 κ {¢¦5Lh Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŦƛƴŘ ŀƭƭ ƻŎŎǳǊǊŜƴŎŜǎ ƻŦ ŀ ǎǘǊƛƴƎ 
over directories and files ς easing dramatically the task to rename a symbol in a project. 

5.1.2 Prefix non-necessary output fileǎ ǿƛǘƘ άŎƘƪψέ 

Development and debugging typically require the production of intermediate sets of results 
that are used by the developer to inspect a particular module or code section. Such outputs 
should be avoided in the production version of the code. A good practice is to give such files 
ƴŀƳŜǎ ǎǘŀǊǘƛƴƎ ǿƛǘƘ ǘƘŜ ǇǊŜŦƛȄ άŎƘƪψέΦ Lƴ ǘƘŀǘ ǿŀȅΣ ǘƘŜȅ Ŏŀƴ ōŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǊŜƳƻǾŜŘΣ ŀƴŘ 
installation size reduced, using batch-command files. Furthermore, it is useful to be able turn 
such debug output on/off in a module-wide way using compile time switches (the $ifi 
stamentent driven by the global %debugOutput% below), such as 
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J $set debugOutput ON  

...  

$ifi %debugOutput%==ON execute_unload 

ñchk_premiums_%system.fn%_%system_incline%.gdxò p_premData; 

Note that the GAMS command $set defines the content of  a global  (here debugOutput) in the 
current file and its include files, but not in parent files. 

5.1.3 Let equation ƴŀƳŜǎ ǎǘŀǊǘ ǿƛǘƘ άeψέ 

There is a tradition in the CAPRI model to let equations end with an underscore which at least 
for old code can be kept. In Mirage, equations start with EQ_. 

5.1.4 [Ŝǘ ǇŀǊŀƳŜǘŜǊ ƴŀƳŜǎ ǎǘŀǊǘ ǿƛǘƘ άpψέ ŀƴŘ ǾŀǊƛŀōƭŜǎ ƴŀƳŜǎ ǿƛǘƘ άvψέΦ 

That eases it dramatically to read equations in model equations as the GAMS notation is  
ambiguous in the sense that one cannot see what a parameter is and what a variable. Sets do 
not a have a prefix as they can in most cases clearly distinguished from parameters and 
variables by the reader. The use of the prefixes p_ and v_ should make it easier to understand 
what type of GAMS symbol is used. 
For certain model, it might be useful to add a distinction for behavioural or technological 
parameters that are endogenous during calibration in equations, they might be prefixed with 
PV_; similarly, variables that are fixed during calibration should start with VP_. These 
distinctions are not useful for CGE models where closure-swaps are quite common. 

5.1.5 Use clear and meaningful codes for set name and set elements 

As for any GAMS symbol, thin hard to create set and set element names that indicate their 
meaning. In that way, the code becomes more self-documenting, and the risk of misuse is 
reduced. 

5.1.6 Always add an explanatory text to set names and set elements 

Explanatory texts for set elements track the set throughout the code and into GDX-containers, 
and are therefore a good way of documenting the meaning of an element. Note: an 
explanatory text or comment does not replace a properly selected set element code. 

5.1.7 Usage of sets 

Sets are a central element of the GAMS language. They structure logically the code by 
ǎǇŀƴƴƛƴƎ ǘƘŜ άǇǊƻōƭŜƳ ŘƛƳŜƴǎƛƻƴǎέΣ ǎǳŎƘ ŀǎ ǘƛƳŜΣ ǎǇŀŎŜΣ ǇǊƻŘǳŎǘǎ ƻǊ ǇǊƻŎŜǎǎŜǎΦ {Ŝǘ ƴŀƳŜǎ 
should be clear, but generally short as otherwise, statements become very long. 

5.1.8 Use domain checking wherever possible. 

Domain checking means that a symbol declaration in GAMS includes the information which 
sets are allowed on a specific dimension of a symbol, e.g. 

J p_maxFeedShare(RALL,PACT,A,FEED)   "Maximum shares for each feedingstuff, 

expressed in dry matter"  

Domain checking might be cumbersome to implement and might require the use of the 
SAMEAS command, but it can avoid terrible errors which are otherwise very hard to detect. 
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5.1.9 Use sub-sets wherever possible. 

Sub-sets are derived from other sets. They hence structure a domain clearly. 

5.1.10 5ƻƴΩǘ ŘŜŎƭŀǊŜ ǘƘe same collection of set members a second time. 

GAMS offers the so-called ALIAS statement for that. The suggested use of alias statements in 
BATModel code is to add a 1, 2 .., e.g. 

J ALIAS (regions, regions1, regions2)  

If you need the same collection of elements in multiple sets which cannot be based on the 
same superset, use the possibility to introduce a complete set in a GAMS set declaration. It is 
ǇǊƻǇƻǎŜŘ ǘƻ ǳǎŜ ǘƘŜ ά{9¢ψέ ƴƻǘŀǘƛƻƴ ŦƻǊ ǎŜǘǎ ǘƘŀǘ ŀǊŜ ƻƴƭȅ ǳǎŜŘ ŦƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ŜΦƎΦΥ 

J SET SET_FUELS / gasol ine, diesel /;  

SET fuelRows(Rows) / set.SET_FUELS/;  

SET fuelCols(Cols) / set.SET_FUELS/;  

That notation can also be used to avoid repeating collections of set elements in sub-sets, e.g. 

J SET SET_FINFUELS / gasoline, diesel /;  

SET SET_RAWFUELS / natGas, crude Oil/;  

SET fuels / set.SET_FINFUELS, set.SET_RAWFUELS/;  

SET finFuels(fuels) / set.SET_FINFUELS/;  

 

5.2 Coding guidelines in GEMPACK 

5.2.1 Naming convention 

Like with GAMS, a good name is important. However, GEMPACK has an extra limitation that 
names cannot exceed 15 characters. So a good name should be self-explanatory, but also very 
essentially quite short. For the rest, the rules provided in the previous section should also be 
followed for the GEMPACK code. 
Stick to the following naming convention for variables: p for price, q for quantity, v for value, a 
for technical change, SETA2SETB for mapping, here between SETA and SETB. 

5.2.2 Equation names start with E_ and describe the variable that is determined in this 
equation 

In GEMPACK it is essential that an equation name starts with E_ and the name of the variable 
which is determined in this equation (under standard closure). In the equation below we 
determine a composite price pint. Therefore the name of the equation is E_pint. No other 
name can be used. Variations like E_pintact, E_compositeprice etc. are all not accepted. 
Equation E_pint  
# price of composite intermediate commodity inputs by act. a in r #    
( all , a, ACTS)( all , r , REG)  
 
 pint ( a, r ) = sum{c, COMM, INTSHR( c, a, r ) * [ pfa ( c, a, r ) -  afa ( c, a, r ) ]} ;  
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If several equations are used to determine a certain variable because different equations are 
needed for different subsets, then it is acceptable to either include a number 1 to 9 or A to Z at 
the end of the equation name as in the following example: 
Equation E_pintA  
# price of c omposite intermediate commodity inputs by act. a in r #    
( all , a, ACTS)( all , r , GREG)  
 pint ( a, r ) = sum{c, COMM, INTSHRA( c, a, r ) * [ pfa ( c, a, r ) -  afa ( c, a, r ) ]} ;  
 
Equation E_pintB  
# price of composite intermediate commodity inputs by act. a in r #    
( all , a, ACTS)( all , r , MREG)  
 pint ( a, r ) = sum{c, COMM, INTSHRB( c, a, r ) * [ pfa ( c, a, r ) -  afa ( c, a, r ) ]} ;  
 
Especially when using the A to Z option, you need to check whether there is already a variable 
in the model with the same name. For example, we have both variables qc and qca in the GTAP 
model. If we use an equation name E_qc1, there is no problem. However, the equation name 
E_qcA describes the variable qca and not a variation of the variable qc as planned.  

5.2.3 Write parameters/coefficients in capitals and variables in small letters 

Unlike GAMS, in the GEMPACK code it is not allowed to use p_ and c_. These notations are 
reserved for percentage change (p_) and linear change (c_). In the GEMPACK code, we should 
use capital letters for parameters and coefficients and small letters for variables and del_ for 
variable changes. 

5.2.4 Parentheses 

When using parentheses, use the following convention for easy reading: ( ) for sets, { } for sum, 
[ ] for grouping terms together. 

5.2.5 Use clear and easy to understand codes for set elements 

Like with GAMS code, take time to create set element names that indicate the meaning of the 
set. In that way, the code becomes more self-documenting, and the risk of misuse is reduced. 
In GEMPACK the length of a set element name is limited to 8 characters so they should be 
short. 

5.2.6 Always include set elements in a HAR file, no hard-coding of set elements 

Do not define or name set elements in the GEMPACK code as these can cause crashes or 
unwanted model behaviour when the code is applied to a different aggregation. Sets and their 
corresponding elements should thus in principle always be defined in the sets.HAR file and 
only read in the code. The notable exception is an indirect set definition using parameters read 
from the model parameter har file which controls the activation of modules (i.e. code may 
exist but inactivated by emptying sets). In the example below regions for which the MAGNET 
extensions are activated is read from the MODPARM1 model parameter har file.  
Coefficient (parameter) ModifiedGTAP; 
Read ModifiedGTAP from file MODPARM1 header "MODG"; 
set GREG #Regions with standard GTAP setting# 
    =(all,i,REG:ModifiedGTAP=0); 
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Set MREG #Regions with modified GTAP setting# 
    =(all,i,REG:ModifiedGTAP=1); 
set GWorld #World region with standard GTAP settings # 
    =(all,i,WORLD:ModifiedGTAP=0); 
set MWorld #World region with modified GTAP settings # 
    =(all,i,WORLD:ModifiedGTAP=1); 

5.2.7 Usage of sets in GEMPACK 

Usage of sets is significantly different in GEMPACK with respect to GAMS.  
Sets are defined as follows: 
Set REG # regions in the model #  
    read elements from file GTAPSETS header "H1"; 
If you want to create a subset, first define the set and then give a subset statement: 
Set MREG # regions with magnet specific code in the model #  
    read elements from file GTAPSETS header "MREG"; 
Subset MREG is a subset of REG 
 
When referring to sets in the creation of coefficients/formulas and equations, use the 
following guidelines for easy reading: 
c = Commodity 
e = Endowments 
a = Activity 
r = Region 
 
Below is an example of how sets should be used 
Equation E_po1  
# average unit (tax-exclusive) cost of output of act. a # 
(all,a,ACTS)(all,r,REG)  
     po(a,r) = sum{c, COMM,MAKESACTSHR(c,a,r) *  ps(c,a,r)}; 
 
When ǎǳƳƳƛƴƎ ƻǾŜǊ ŀ ǎŜǘ ǿƘƛŎƘ ƛǎ ŀƭǊŜŀŘȅ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ŜǉǳŀǘƛƻƴΣ ŘƻƴΩǘ ǳǎŜ ŀ ƴŜǿ letter. This 
makes the equation more difficult to read. If summing over commodity for example use c1 like 
ƛƴ ǘƘŜ ŜȄŀƳǇƭŜ ōŜƭƻǿΦ 5ƻƴΩǘ ǳǎŜ Ř ƻǊ Ŝ ŜǘŎΦ 
Formula (all,c,COMM)(all,a,ACTS)(all,r,REG) 
    MAKESACTSHR(c,a,r) = MAKES(c,a,r) /  sum{c1,COMM, MAKES(c1,a,r)}; 
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6. Indentation and program flow structures  

6.1 Rules for GAMS  

6.1.1 Use indention to make code readable 

When an expression will not fit on a single line, break it according to these general principles 
(from the Java coding conventions):  

¶ Break after a comma.  

¶ Break before an operator.  

¶ Prefer higher-level breaks to lower-level breaks. In the example below, the expression 

in parentheses is in a higher level and should be kept if possible in one line. 

J p_a = p_b * (p_c + p_d)  

 + 3 * p_e  

L p_a = p_b * (p_c  

  + p_d )  + 3 * p_e  

¶ Align the new line with the beginning of the expression at the same level of the previous 

line.  

¶ If the above rules lead to confusing code or to code that's squished up against the right 

margin, just indent 6 spaces instead. 

6.1.2 Loop and other program structures should be clearly visible by 3 spaces 
indentation: 

J LOOP(RU, 

   Statements in here are  indented three spaces to show the structure of the 

program  

   IF(modelstat > 2,  

      And statements in here are indented another three spaces  

   );  

);  

6.1.3 $ operators are generally preferred over IF statements: 

J p_myParam(RU) $ (p_otherParam) = 10;  

is preferred over: 

L IF ( p_otherParam,  

     p_myParam(RU) = 10;  

);  

This keeps the code more compact. Especially, one should not use a loop as shown in the bad 
example below instead of using the element wise matrix algebra inbuilt in GAMS ς it is not 
only harder to read, but also slows down program execution: 
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L LOOP(RU $ otherParam(RU),  

   p_myParam(RU) = 10;  

);  

However, it is bad style to code as follows, as it is not immediately visible that several 
assignments all depend on the same condition: 

L p_myParam(RU) $ (p_otherParam) = 10;  

p_myParam1(RU) $ (p_otherParam) = 20;  

p_myParam(RU) $ (p_otherParam) = 30;  

¶ Avoid unnecessary complex if and loop structures, or $-controls in statements. If several 

conditions have to be satisfied in order to activate a statement, it is usually worthwhile 

to create a dynamic indicator set containing the cases where the joint conditions are 

satisfied. In that way, the developer may more easily inspect whether the complex 

condition is satisfied or not, and the complex condition can be built up step-wise in a 

more well-documented way someplace else. 

L tarAdval_(%RP%,%RP%1,XXX) $ (  ((v_tarAdval.LO(%RP%,%RP%1,XXX) NE 

v_tarAdval.up(%RP%,%RP%1,XXX)) or p _trim)  

                            $   (( ( (p_trqBilat(%RP%,%RP%1,XXX,"TrqNT","CUR") 

GT eps) $ (p_trqBilat(%RP%,%RP%1,XXX,"TrqNT","CUR") NE 1.E+10))  

                                 $ (p_trqBilat(%RP%,%RP%1,XXX,"TrqNT","CUR") NE 

prohibitive)  

                                 $ ( ((p_trqBilat(%RP%,%RP%1,XXX,"TaMFN","CUR") 

gt eps) OR (p_trqBilat(%RP%,%RP%1,XXX,"TaPref","CUR") gt eps))  

                                    $ (p_trqBilat(%RP%,%RP%1,XXX,"TaMFN","CUR") 

ne p_trqBilat(%RP%,%RP%1,XXX,"TaPref","CUR")) )  

                                 $ ( not 

(p_trqBilat(%RP%,%RP%1,XXX,"PrefTrigPrice","CUR") gt EPS)) )  

                              or ( (p_trqGlobl(%RP%,XXX,"TrqNT","CUR") gt eps) 

$ (p_trqBilat(%RP%,%RP%1,XXX,"TrqNT","CUR") NE 1.E+10)  

                                 $ (p_trqBilat(%RP%,%RP%1,XXX,"TrqNT","CUR") NE 

prohibitive)  

                                  $ (NOT p_doubleZero(%RP%,%RP%1,XXX,"CUR"))  

                                  $ ( (p_trqGlobl(%RP%,XXX,"TaMFN","CUR") gt 

eps)    OR (p_trqGlobl(%RP% ,XXX,"TaPref","CUR") gt eps))    ))  

$   (not Sameas(%RP%,%RP%1)) $ (p_tradeFlows(%RP%,%RP%1,XXX,"CUR") or 

p_arm2Commit(%rp%,%rp%1,xxx))) ..  

         v_tarAdval(%RP%,%RP%1,XXX)/100 =E= é 

 

J tarAdval_(%RP%,%RP%1,XXX) $ tradeFlowUnderTrq(%RP%,%RP%1,XXX) ..  

   v_tarAdval(%RP%,%RP%1,XXX)/100 =E= é 
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6.1.4 Remove duplicate code by moving it to an include file. 

Code snippets that appear identically more than once are usually better placed in an include 
file. Redundant code is more tedious to debug, sensitive to copy-paste errors and inefficient in 
terms of storage.  

6.1.5 Use $BATINCLUDE transparently 

ά.ŀǘŎƛƴƭǳŘŜέ ǎǘŀǘŜƳŜƴǘǎ ŀƭƭƻǿ ǇŀǎǎƛƴƎ ŀǊƎǳƳŜƴǘǎ ǘƻ ŀƴ ƛƴŎƭǳŘŜŘ ŦƛƭŜΦ LƴǎƛŘŜ ǘƘŜ ƛƴŎƭǳŘŜŘ ŦƛƭŜΣ 
ǘƘŜ ǇŀǎǎŜŘ ŀǊƎǳƳŜƴǘǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ǿƛǘƘ ά҈мΣ ҈н ŜǘŎΦέ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƻǊŘŜǊ ǘƘŜȅ ŀǊŜ 
ƘŀƴŘŜŘ ƻǾŜǊΦ Lǘ ƛǎ ŜȄǘǊŜƳŜƭȅ ŎǳƳōŜǊǎƻƳŜ ǘƻ ǊŜŀŘ ǎǳŎƘ ŀ ǇǊƻƎǊŀƳ ŀǎ ά҈сέ ƛǎ ǎƛƳǇƭȅ 
meaningless. That problem can be circumvented with the following coding trick which works 
as a rename: 

J $setlocal regions %1  

J p_myParam(%regions%) = p_someOtherParem(%regions%)  é; 

6.1.6 $ONMULTI may be used only locally for well-motivated cases, followed by 
$OFFMULTI. 

$ONMULTI allows for several declarations of the same symbol. That is really dangerous, as 
conflicting use of the same symbol might not be detected. 
$onmulti is sometimes useful to add set elements, for example, to load multiple lists of 
elements to combine into one set from GDX files. 

 

6.1.7 Use of $IF in GAMS 

$IF is a compile time command, i.e. it is defining what pieces of the code are executed.  

¶ $IF should always be replaced by $IFI ï the not case sensitive version. GAMS 

is generally case insensitive and having the case sensitivity for globals is likely 

to lead to errors as GAMS users are not used to it. 

¶ $IFI should only be used for single line statements: 

J $IFI %MODE%==CAPREG $INCLUDE ñcapreg\ someFile.gmsò. 

¶ If several lines refer to the same $IFI statements, $IFHTENI é $ENDIF 
should be used.  

Accordingly, avoid constructions such as: 

L $IF %MODE%==CAPREG p_x(RS) = p_y(RS)  

$IF %MODE%==CAPREG   * p_o(RS)  

$IF %MODE%==CAPREG   * p_ z(RS);  

 D!a{ ƳƛƎƘǘ ǘǊŜŀǘ ǘƘŜ ǎŜŎƻƴŘ ƭƛƴŜ ŀǎ ŀ ŎƻƳƳŜƴǘ όƛǘ ǎǘŀǊǘǎ ǿƛǘƘ ŀ άϝέύΗ ¢ƘŜǊŜΣ ŀŎŎƻǊŘƛƴƎ 
to the rule above, use: 

J $IFTHENI %MODE%==CAPREG 

   p_x(RS) = p_y(RS)  
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   * p_o(RS)  

   * p_z(RS);  

$ENDIF 

6.1.8 Error trapping  

Error trapping means that the code itself comprises tests which throw an error, instead of 
doing bad calculations due to missing or erroneous data or provoking run time errors. Imagine 
a program that works on market balance positions. Besides stock changes, all elements of the 
market balance are defined to be non-negative. Imagine your code calculates the log of a 
demand position in the market balance. In order to avoid an error with a log of a negative 
ƴǳƳōŜǊΣ ȅƻǳ ǳǎŜ Ϸ ŀƴŘ άƛŦέ ǎǘŀǘŜƳŜƴǘǎ ǘƻ ƻƴƭȅ ŎŀƭŎǳƭŀǘŜ ȅƻǳǊ ŜȄǇǊŜǎǎƛƻƴ ŦƻǊ ǘƘŜ ǇƻƛǎƛǘƛǾŜ ŎŀǎŜǎ. 
This is probably the wrong tactic, as having negative demand will anyway not make sense and 
will only lead to some error later in the model execution. It is better to throw an error instead. 
The error should be explicit as possible (for instance, define an indicator sets negativeCases 
ǿƘƛŎƘ ƭƛǎǘǎ ǘƘŜ ƴŜƎŀǘƛǾŜ ŎŀǎŜǎ ŀƴŘ ǊŜǇƻǊǘ ƛǘ ƛƴ ǘƘŜ ƭƛǎǘƛƴƎΣ ǎǳŎƘ ŀǎ άWarning, some negative 
ŘŜƳŀƴŘ Řŀǘŀ ŦƻǳƴŘέΣ ƴŜƎŀǘƛǾŜ/ŀǎŜǎ;). Note here that zeros should most probably be accepted 
to support sparsity and need to be trapped by an if statement. So there is a difference 
ōŜǘǿŜŜƴ άƴŜ лέŀƴŘ άƎǘ лέ ǿƘƛŎƘ ƛǎ ǉǳƛǘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴ ǘƘƛǎ ŜȄŀƳǇƭŜΦ 

¶ Include tests of whether an include file does its job properly 

All άinclude fileǎέ should (according to this red book) have just one well-defined task. Try hard 
to include a test at the top of the file which raises an exception if necessary data is missing or 
does not satisfy some lowest standard.  
Use %system%.fn and %system.incline% so that errors trapped provide information where the 
problem happens. Example: 

J ABORT $ exceptionFilenameRegions "Error in %system.fn%, line %system.incline%: 

Population data missing for the following regions:", problemRegions;  

6.2 Rules for GEMPACK  

6.2.1 Use indention to make code readable 

Like GAMS code, the following rules should also be followed for GEMAPCK code when an 
expression will not fit on a single line. GEMPACK allows 70 characters per line, so breaking up 
an expression neatly is quite important! 

¶ Break after a comma.  

¶ Break before an operator.  

¶ Prefer higher-level breaks to lower-level breaks.  

¶ Align the new line with the beginning of the expression at the same level on the previous 

line.  

¶ If the above rules lead to confusing code or to code that's squished up against the right 

margin, just indent 6 spaces instead. 
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6.2.2 Remove duplicate code by moving it to an include files 

Gtree offers the possibility to define highly similar pieces of code only once. In this way, for 
instance, building new trees in the complicated production structure becomes much simpler 
and όΨŎƻǇȅ ŀƴŘ ǇŀǎǘŜΩύ mistakes can be avoided. 
The simple form of the parameterized include is as follows: 
!$include <filename>  -- <variable> =<value> !  

This statement includes the file <filename>  in the model, and will substitute all occurrences of 
@<variable>  in that file. For instance, the statement  
!$include inputs.gmp  -- G=M! , and the file input.gmp  with the following content 
!Region Input files! 
! Standard GTAP basedata files! 
File  @GSETS   # file with set specification #; 
File  @GDATA   # file containing all base data #; 
Χ 
!EndRegion! 
will result in including the file in the model, substituting all occurrences of @G with M: 
!Region Input files! 
! Standard GTAP basedata files! 
File  MSETS   # file with set specification #; 
File  MDATA   # file containing all base data #; 
Χ 
!EndRegion! 
Next to using the parameterized include with a single substitution value, a list of substitution 
values can be used 

!$include <filename>  -- <variable> ={<value1> , <value2>,é<valueN>}!  

This statement is a short form for: 
!$include <filena me> -- <variable> =<value1> !  

!$include <filename>  -- <variable> =<value2> !  

é 

!$include <filename>  -- <variable> =<valueN> !  

¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŦƻǊ ŜŀŎƘ ǾŀƭǳŜ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ǎǳōǎǘƛǘǳǘƛƻƴ ƭƛǎǘΣ ŀ ΨǾƛǊǘǳŀƭ ŦƛƭŜΩ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ 
the model, although the content of the file is only defined once. 
It is also allowed to define more than one substitution variable per include statement. 
Substitution value lists can be mixed with single substitution values. If more than one 
substitution variable list is used in a single include statement, these lists must be of the same 
size: 
 !$include <filename>  -- <varA>={<valA1>,<valA2>,<valA3>}  

-- <varB>={<valB1>,<valB2>,<valB3>}  

-- <varC>=M!  

 

This statement is a short for: 
!$include <filename> -- <varA>=<valA1> -- <varB>=<valB1> -- <varC>= M! 

!$include <filename> -- <varA>=<valA2> -- <varB>=<valB2> -- <varC>=M!  

!$include <filename> -- <varA>=<valA3> -- <varB>=<valB3> -- <varC>=M!  

 

An example of a multi-variable include statement is: 
!$include code .gmp -- I=[ A, B] -- S=[,"[["] -- E=[,"]]"]!  

Notice that the substitution lists for the substitution variables S and E start with a blank. This 
practically means that the substitution anchors @S and @E in the file code.gmp will be 
removed in the first substitution. In the second substitution, the anchors are replaced with 
"[["  and "]]"  respectively, commenting out the code @S and @E. 
As an example of the benefits of the parameterized include statement, consider the definition 
of a production structure with four sectors, each with 8 nests. In the previous version of Visual 
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Gtree, this meant creating 4 files for the sectors and 4x8 = 32 files for the nests, in both cases 
with very similar content:  

 
When using the parameterized include statement, only one file for both the sectors and the 
nests needs to be created. The four sectors are created with the statement !$include é 

Sector.gmp -- X={1,2,3,4}! , whereas the file sector.gmp contains the statement a.o. !$include 

é Nest.gmp -- Y={8,7,6,5,4,3,2,1}!  

 
Notice that the file Nest.gmp contains anchors for both substitution variables X and Y (@X  and 
@Y), meaning that substitution values can be carried over from the parent files in the file tree. 

6.2.3 Add assertions 

Add assertions to the code to check whether the data or results are appropriate. In GEMPACK 
ǘƘŜ ŎƻŘŜ ά !ǎǎŜǊǘƛƻƴέ ƛǎ ǳǎŜŘ ǘƻ ŎƘŜŎƪ ƛŦ ŀ ŎƻƴŘƛǘƛƻƴ ƛǎ ǘǊǳŜΤ ƛŦ ƴƻǘ ǘƘŜ ǇǊƻƎǊŀƳ ǎǘƻǇǎ ǿƛǘƘ ŀƴ 
error and the text between # characters is displayed. 
Assertion  (initial)  # Check no negative  values  # 
(all,c,COM)  DVHOUS(c) >= 0 ;  

The (INITIAL) is optional; it causes the condition to be checked on the first step only. 
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7. Comments code in GAMS and GEMPACK 
GAMS and GEMPACK code is computer code ς it is not preliminarily designed to provide an 
easy to read text to humans and has to follow the specific rules defined by the computer 
language. The grammar imposed by the language leads for instance to a notation of equations 
different from mathematical one. Additionally, it is often necessary to re-arrange equations 
and data transformations from their notation in a paper to allow for efficient use by the 
program. The meaning of the GAMS and GEMPACK code is therefore often not immediately 
evident. Mis-interpretation of the code however can provoke bad errors ς somebody might 
change a statement in the wrong way, for instance when trying to fix a bug, as she or he has 
not clearly understood its purpose. 
Comments, different from code, are directed towards humans and follow the grammar of 
natural language. These humans can be colleagues, referees, or even an older version of the 
modeller her- or himself, who want to understand the code ς often, because there is the need 
to change or debug it. Comments should especially explain those things which are not easy to 
deduct from the code itself ς they should not repeat the obvious, but motivate why a certain 
task is coded in a specific way. Comments also help us to quickly locate a statement or block of 
statements related to a specific task. Generally, comments are at least as important as the 
code itself. 

7.1 Introduce yourself! 

Those who contribute a bit of code should label it with their name. It is recommended to 
employ pre-defined file headers (see next) where the name of the author(s) is one of the 
fields. 

7.2 Generate a file header explaining the purpose of the file. 

Use the predefined template for doing so, so that the HTML based documentation can collect 
that information automatically. The following standard pieces of information should be 
included: 

¶ Name of the author 

¶ Name of the file 

¶ Purpose of the file 

¶ Lƴ ŎŀǎŜ ƻŦ ŀ ŦƛƭŜ ǳǎŜŘ ǿƛǘƘ άϷōŀǘƛƴŎƭǳŘŜέΥ ŘŜǎŎǊƛǇǘƛons of the arguments 

The screenshot below shows an example 
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7.3 Add clear and easy to understand comments to any not self-explaining 
GAMS and GEMPACK code. 

Try hard to write self-explaining code, but assume that it is not possible ς hence add 
comments! Motivate and explain statements and code structure in your comments, instead of 
repeating what the code does again in plain English. Good code is like a good paper: it is 
structured such that the reader can easily follow the flow; comments support that. A typical 
example of a completely useless comment which does not add information is shown below: 

L *  Set P_myParam to P_otherParam  

p_myParam(Domain) = p_otherParam(Domain);  

Save others the time to deal which such useless comments. Even worse are comments which 
are wrong, for instance, when the statements were updated to behave differently but the 
comment refers to an older version. 
Include references wherever possible to comments, e.g. to the methodological documentation 
or project deliverables. If the GAMS or GEMPACK code is developed from a reference (e.g. the 
IPCC guidelines to structure GHG emissions), note the full reference and the page (see also the 
section on metadata), so that the code can be verified quickly. 
Comments are introduced in a separate line above the code to comment. The preferred 
standard style of a comment referring to a statement is shown in the following. The same 
indentation as the code commented upon should be used (i.e. if the code start in column 10, 
ǘƘŜ ά---ά ǎǘŀǊǘǎ ŀƭǎƻ ƛƴ ŎƻƭǳƳƴ млύΥ 

J * - --  Here comes the comment  

Block comments should be used to logically structure a file into different sections: 

J * -------------------------------------------------------------------  

*     Here comes the description of the block  

* ----------------------------- --------------------------------------  

It is good style to insert a comment above an include statement which briefly explains the 
purpose of the included file. 
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8. Meta data  

8.1 Meta data in GAMS 

Meta data should follow an industry standard and should as far as possible pushed 
automatically along the production chain by GAMS code written for this purpose, as well as 
integrated into the GUI. They allow the inspection of different types of information regarding 
the input data and program settings which were used to produce some final or intermediate 
data or results. In CAPRI, CGEBox and some other models, meta data are technically based on 
long texts stored with elements of a multi-dimensional set called (s_)META. Part of the 
metadata is automatically generated by the GUI when starting GAMS programs. It is therefore 
necessary to manually also change the content of the META set when programs are started 
outside the GUI. 

8.1.1 Add metadata information to data and parameters. 

If new data sources are included in the program, add meta information, and in case of 
updates, update both the numerical values and the meta-information. The metadata should 
include the following standardized fields if possible: 

 
The metadata are stored as texts to set elements so that they can be passed along the 
production chain, as in: 

 






