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1. Executivesummary

This document provides guidelinesbe 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 documentednd how metadata 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 enddutloped in
BATModel can be easiyderstoodoy another GAMS/GEMPACK programmer, and that it can
be successfullgnaintainedandupdated even after the lifetime of BATModel. Developing
these guidelines reflects that typical industry software projeefsort 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-stalictured and clearly
documented code is a key success factor to maieisha meaningful exercise.




BATModel ®
2. The objectives
The BATModel coding guidelines aims to motivate a coding style generating GAMS and
GEMPACK program code which:
1 can be easilynderstoodby another GAMS/GEMPACK programmer
9 can be successfulipaintainedand updaed;
1 and can source aautomated code documentatiosystem.

with the aim that the modules developed in BATModel can be successfully applied by other

modelling teams to their models.

The Java code conventiorgtp://java.sun.com/docs/codeconv/html/CodeConventions.doc

IAPS GKS F2ft26Ay 3 NBI a2 yCodeicchveBiong aredirhpbriaito O2 RA y 3
programmers for a number of reasons:

1 80% of the lifetime cost of a pieoésoftware goes to maintenance.
I Hardly any software is maintained for its whole life by the original author.

1 Code conventions improve the readability of the software, allowing engineers to
understand new code more quickly and thoroughly.

9 If you ship gur source code as a product, you need to make sure it is as well packaged
yR Ot SIy a Fyeé 20KSNJ LINPRdzOG &2dz ONBI GSd¢

Larger models such as the economic simulation madgiéemented in BATModel are also
Gaz2Fdol NB LI O1F3Saé¢ dza SIRaentYdarsyaidiclienfsSTRe | Yy R dzLIR | (i ¢
arguments above for Java code are hence also valid for the code of BATModel simulation
Y2RSfad 5SFAYAYI YR dzaAy3d O2RS 3JFdzARStEAySa Aa
work on program code that was coded $ymebody 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 wiitg sluggish, wdocumented code, and let others later deal with
the problem to maintain it. Moreover, the aintainablity and reusability of program codés
one of the key points of modern research: the replication of academic papers or empirical
studiesis crucial for the credibility of the tools usethe 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 bettoatifetime of the
project.

3. Data and Foldestructure

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 datathat

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

Qe
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conversion factors between different physical units or numbers rellédethe 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
3.3Generalfolder strudure for GAMS code

3.2 Hints for generating datdiles

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 gegetze

various input data distributed to the model user often comprises a mix of software (R, SAS,

DL{X D9at! /Y Dla{ X SG0d0 ¢gKAOK YAIK:IG NBI dzA NB
data processing steps are usually centralized and related codwatlypnot 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 trsformation code distributed with it, the following

rules apply:

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

1 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

1 52y Qi Llzi f hand&eSshbjed to fiejuladuBdatas uiider version control in
the general model repository.

f 52y Qi Lizi RFGF &aSiéa GKIG NBIdzANB | fA0Syas
all files in the trunk can share uniform access rights.

3.3 Generalfolder strudure 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 a1, generation of a basiee and simulation. Usually, there

are folders for:

f Scriptcodeb C2NJ D! a{ ol aSR Y2RSt GKAa F2ftRSNJ A& o
Code in or as the folder name to make clear that this holds the scripts.

9 Data This folder hostgxternaldata or mrameters 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.

1 Results The results folders should not comprise any data which cannot be produced by
running model code @ do not mix files from Data as defined above with Result files
derived from those data)lt should be structured by sulolders according to work
steps, such as data base g1, generation of a baseline and simulation.

Qe
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9 Graphical User Interfacésuggestd folder namegui)

1 Documentation §uggested folder nameog).

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

1 Keep folder names short to avoid that very long path names resultqihkgen 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 separain G KS O2 RS Ay id2 aGaLINROSaaAy3aé¢ &Gl :
model solution and posinodel 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

postfixes toclarify 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.

Tablel: Suggested post fix for files belonging to a module coded in GAMS

Step PostFix Example

Benchmarking _cal LES _CES_ARM_cal.gms
(load necessary data, calculate
benchmark parameters)

Set bounds _bounds LES _CES_ARM_bounds.gms
(set lower and upper bounds
needed to &oid math trap errors)
Initialize _ini LES _CES_ARM_ini.gms
(set starting values for variables
before solving currenperiod)
Release bounds _releaseBounds | LES CES ARM_ relddsends.gms
(to reduce memory after solving
current period )
Postmodelprocessing __postmodel LES CES_ARM_postModel.gms
(calculation of additional results
such as indicators, aggregation ovg
products)
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3.3.2 Organizindiles not relating to single modules

Files that steer the overall work steps or overanchdules should be organized into folders by
F2NJ OFf AONI GA2ynBdeld a2t @S¢

aiasLxs
processing.

adzOK | &

GOkt ¢

Table2: Suggested file structure for GTARsed models in GEMPACK

®

used as the starting point for a new model run
(basedata.har, baseview.har, baserate hail in har

format

Folder Purpose Example from MAGNET
BaseData Standard (har) files containing the GTAP databas{ .\BaseData
(like basedata.har, baseview.har, baserate.har etq  \ModPar
that get updated, as well as model sets (e.g. \Sets
sets.har) and any (model) parameter (e.g. \Par
default.prm) files that are not ugated (possibly in
subfolders)
Code The model code, with additional description if ther¢ .\CodeMainProgram
are multiple code directories with distinct purpose .\CodeShocks
CommandFiles | The cmf files staing the execution of the model ACommandFiles
(possibly consisting of modular text files compiled A\Closures
single cmf file in a GUI) \Shocks
\SolutionMethods
Shocks Data files for scenario specific shocks \Shocks
Scenarios Storingthe files defining the scenarios, for examplqd \Scenarios
batch files defining a specific model run
Solutions Files used by GEMPACK programs for viewing \Solutions
solutions files like ViewSol and AnalyseGE (*.sl4,
and .slc files)
Updates Updatedversions of the basedata files which can If \Updates

3.4 General folder structure for a GTAP based model in GEMPACK
The general guidelines on foldstructure 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 the$able2 provides a suggest 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 isidea loop or if statementa declaration in the code under ghéontrol
structure is not possible. In this case:

@)fE!
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1 Preferred option: Separate the declaration from the execution part with $ifthen.decl
ErMETTERSOfEE YR bPStaS®RSOtf X® PSYRAFOPRSOf
EEE®PIYA RSOf¢ (2 ApsrObiefim® $he doktdl stRiGubef andNd (A 2 v
Gbol GAYyOf dZRS EEE®3IYa NHzyé F2NJ SESOdziAy3d GKS

1 Alternative: RIlziT G KS RSOt N} {GA2ya Ayad2z | &aSLINFGS F.
name and store it in the same sudirectory.

4.1.2 Seprate processing code from data

tdzi GKS ydzYSNAOFE RFEGF SyGgSNay3a GKS O2RS AF LJ:
beyond a certain size, generate a GDX file from tables so that the GAMS code does not include

an unnecessarily high amouot 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 dve an example: a file that defines animal requirements should not correct herdasizes
by-product.

These are the guidelines for generating a modular structure:

1 Information hiding only the interfaces (inputs and outputs) matter for proper
functioning fom the point of view of other modules. How the module internally derives
the outputs from the inputs should not matter for the other modules.

1 High cohesion and low couplingaims at strong dependence of elements inside a
module (mainly the outputs) andwodependence between modules

I Separation of concernmodules 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 structes 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 longemnti000 lines, but alsshouldconsist of more

than 10 statements or s 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
adraSySyida G2 O2YLX SGST AU A& dzaS¥dAZ (2 RAGDARS
made with comments (see also sectidon comments). All statements in a section deal with

the same principal task.

J *
* Assert validity of input data

83 ey

* ---  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 PARAMETER p_level(domainl,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 D2characters, since they're not handled well by many terminals and
tools.

4.2 Rules for GEMPACK when using an editallowing 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 structw. 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 tia@ivate
equations or through parameters (gactivating parts of equations.

The GEMPACK guidelines below are based on use of an alternative editor (Visual GTree,
available fom 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 oftiletsire 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 Gtrdecatdd in the
.\4_MAGNETCodeMainProgranfolder. Thisfolder contains only one small text file related to

the model codeMagnet.gmp This is a Gtree fikhat calls all of the separate files containing

the actual model code contained in a large number of subdirectofiter compilingoy Gtree

there is a correspondinglagnet.tabfile 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 pesent a few additional suggestions after outlining how the MAGNET modular coding
philosophy affects the code structure.

@)fE!
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421 G52 y20 (2d2OK G4KS D¢!'t O2NB Y2RSté LKAf 2
The core philosophy of MAGNET is to expand the standard GTAP model in a rfasthier,
being as explicit as possible as to what equations are changed or &eleping 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 wihefimreg set domains
2P0SN) 6 KAOK SljdzZ- iA2ya NS RSTFAYSR® ¢KSNB | NB | f
y2i G2 dz0K D tostnétably)ittik iit@duttdbn®f a distinction between production
sectors and produced commodities throughout timedel.

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 MAGNHiingdhe code and

activating module related sets where relevaRtr example, regions can have the standard

GTAP production structure or a fully flexible nest@8S production structuréhe module is
activated ly including the code for the flexible strugte (n_prodtees,gmp) anassigning

regions to a specific sS€6PROD_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 equationsgihg (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 th&TAP 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 (gengralised on parameters read from

a dedicated model parameter file) are collected at the start of the code in the
moduledefinition.gmp fileFigurel outlines the core structure of MAGNET. At the top of the

core there are files thaare 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
underregular 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 thedeldoehavior. 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@#ied closure swap in which changes in an
indicator are prescribed and another model vat@flike a tax) needs to adjust to

accommodate the required change.
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Magnet.gmp

Files.gmp Definition of logical file names of data and result files

Sets.gmp Definition of standard GTAP sets

ModuleDefinitions.gmp Set definitions cotrolling the activation of MAGNET modules

BaseData.gmp Reading the standard GTAP basedata headears

(oleInlnlelg[Oe]SNiilelaliNeaa]¢  Coefficients used in multiple modules of the GTAP v7 core model

(]I OTANVETGET [SINe 0 g [o Ml \Variables used in multiple modules of the GTAP v7 core model

ExtralnMagnet.gmp Extra variables in GTAP v7 needed for MAGNET

GTAPv7.gmp GTAP v7 core model (split in multiple dilbs foreasier navigation)

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

n_prodtrees.gmp MAGNET module: flexible production trees

Landsupply.gmp MAGNET module: endogenous land supply

SummaryGDP.gmp MAGNET module: indicators to decompose GDP changes

SDG2hunger.gmp MAGNET module: indicators linked to SGD 2 (Zero Hunger)

N
Always included in the MAGNET model code %% w

Optionalg affects model behavior

Optional¢ default no impact model behavior
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4.2.2 Declare symbols used in one file only at the top of that file.

Define modulespecific sets/coefficients/variables at the top of the module file to provide an
overview of all new addibins 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 Seprate processing code fronaih

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 fileshould 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 umecessary deep include structures (> 3).

Apart from $include statements, it is also possible to structure the code using !Region! and
IEndRegion!. Using the region code will provide structure to the submitted code and will show
up in the model treeto easyavigation through the code.

The example below shows how the code is structured using the 'Region! code:

Iwgste collection as margin commodity!

[ fRegion extra variagbles waste margins!

Idemand/price of waste collection service to collect waste by type and

origin{comm)!

Variable

{orig_level=VMDP)({all,i,TRAD_COMM)(all,j,waste_type)(all,w,waste_mrg){all,r, REG)
anpd{i,j,w,r)

Varlable (orig_level=VNIP)}(all,i,TRAD_COMM){all,],waste_type)(all,w,waste mrg}(all r,REG)

gnpm(i,3,w,r} H
Iprice individual waste collection services is equal to pm(w,r)!
Ithese variables can be shocked to implement exogenous waste reduction!

Variable (all,i,TRAD_COMM)(all,]j,waste_type)iall,w, hASTE _MRG)(all,r,WREG)
anpd{i,j,w,r)
Variable (all,i,TRAD_COMM){all,j,waste_type)(all,r, NREGJ

arpd(i,j,r) 3
Variable (all,i,TRAD_COMM)(all,r,WREG)
atpm(i,r) H
LIEndRegion!

This will show up as follows in the model tree in gtree:
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- : .
b2 luluc_with_forestsin.gmp
. damageclimatechange.gmp

- waterindicators_topdown.gmp

-\.:I. l'] -II. l‘] II 1

extra variables waste margins _
coefficients needed for waste margins

waste quantity

Equations

calulate data for sankey diagram

write staterment

g g g g g g

codprint.gmp

b f
i quantities.gmp
I i nutrition.gmp

4.2.6 Use at most one statement per line

Like GAMS, it is important to only use 1 statementlpe. 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. Codingguidelines

5.1 Coding guidelines in GAMS

Compared to other programming languagsuch 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 havall 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 symbolds global scope.

5.1.1 Namingconventionssymbols and files

Use clear andneaningfulnames for symbols and file&.good name is seéfxplanatory but

short. Please keep in mind that the codes of trade simulation models can be very large, a name

& dzOKp_dmisordractoé A & aGAtf NI GKSNJ IA® WS Xuafe Miich dzi Ot ST N
0SGGSMRIKD yLyd R2dzoGx Fal | O02ttSF3dz2S y204 FIFYALA
if she or he can understand the chosen symbol names.

If a symbohame consists lgically ofseveral words, each neword except for the first one

should start with upper case (we saveagie compared to using underscores). Thataled
occamelCaséis a standardin 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 PARAMETERp CAMITRPol icy fAPolicy parameters for the MTR of the C/
In that case, it is better to use:
J PARAMETER p_CAP_MTR_policy fAPolicy parameters for the MTR

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

L PARAMETER ip,q;

Please keep in mind that the very same name could be used by somebody else for a different

adevyozfd® 2KSYy AYUNRRdAzOAY3 | ySg aevyozftz FTANRG dz
sure that the symbol name is not already in use.g$yonbols used in modules, it is therefore
dzaSFdzZf G2 FTRR FRRAGA2YIFE | &aK2NIOdzi 2F GKS Y2R¢

name clashes.
Always add an explanatory long textttee declaration osymbols if possible stating physical
units or othe elements providing a clear definition:

J PARAMETER p_minFeedSharePerc(regions, animal s, feed) AMini mur
region, animal and feed stuff in % of dry matter intakeo

Here is an example of bad declaration:

L PARAMETER p_minFeed;

since (1) nodomaindNilB IAGPSY S O0HO GKS yIFrYS A& | YOATd2dzA o
and (3) an explanatory text is missing.

b2GS GKIG @2¢Sta 2F0Sy OF yp onSQuRNR LIS R YA (4 Kk ANIB!
toreadast LY O2 y AWkKS ydeE S 2 F dauChaS yIpi T ARE ¢ I GHDDI X ¥ |
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 tfede, leading to possible conflicts.

TipY GCAYR Ay FAfSaé¢ FNRY GKS D!a{ L59 k {¢!5Lh
over directories and fileg easing dramatically the task to rename a symbol in a project.

5.1.2 Prefix nomecessary outputfile A G K &G OK{ gé

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 codgoAd practice is to give such files

YEYSa a0 NIAYy3 gAGK GKS LINBFAE aOKlwéd Ly GKI
installation size reduced, using batcbmmand files. Furthermore, it is useful to be able turn

such debug output on/off in a madie-wide way using compile time switches (the $ifi

stamentent driven by the global %debugOutput% below), such as

@)fE!
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J  $set debugOutput ON

$ifi %edebugOutput%==0ON execute_unload
fichk_premiums_%system. fn%_ %system_incline%. gdxo p_premDat a;

Note that the GAMS comand $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 Letequationyl YS&a a®pNI AGK 4
There is a tradition in the CAPRI model to let equations end with an underscore wiheéelstat
for old code can be kept. In Mirage, equations start with EQ .

N
p
[N

514 [ SG LJ NJ YSGSNpyd YISyAR adiit NHEi | aptd K ol YS a
That eases it dramatically to read equations in model equations as the GAMS notation is
ambiguous in the sense that oannot see what a parameter is and what a variaSkets 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
parametersthat are endogenous during calibration in equatiptigey might be prefixed with

PV ; similarly variableghat are fixed during débration should start with VP These

distinctions are not useful for CGE models where closuraps are quite common.

5.1.5 Use clear antheaningfuktodes for sehame and setlements

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

5.1.6 Aways add an explanatory text to s@imes and setlements

Explanatory texts for set elements track the set throughout the code and inted@iXiners,
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 structucallpghe code by
AL yyAy3a GKS aLINRofSY RAYSyarazyaeés adzOK | a GAY!
should be clear, but generally short as otherwise, statements become very long.

5.1.8 Use domain checking wherever possible.
Domain checking means that ynsbol 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 tglement 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 suksets wherever possible.
Subsets are derived from other sets. They hence structure a domain clearly.

511052y Qi RSdk toNRionibkKset members a second time.

GAMS offers the soalled ALIAS statement for that. The suggested use of alias statements in
BATModel codeistoadd a1, 2 .., e.q.

J ALIAS (regions, regionsl, regions2)

If you need the same collectiaf elementsin multiple setswhich cannot be based on the
same supersetyse thepossibility to introduce a complete set in a GAMS set declaration. It is
LINRPLI2ASR (G2 dzaS GKS a{9¢yé¢ y20F0GA2y F2NJ asSdaa af

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 repeatindections of set elements in stdets, e.qg.

J SET SET_FINFUELS / gasoline, diesel /;
SET SET_RAWFUELS / natGas, crude oill;
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 1Baracters. So a good name should be-sg[flanatory, 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 thefollowing naming conventiotior variablesp for price,q for quantity,v for value, a

for technical change, SETA2SETB for mapharg 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 nanrésstath E_ and the name of the variable

which is determined in this equation (under standard closure). In the equation below we

determine a composite pricgint. Therefore the name of the equation is E_pint. No other

name can be used. Variations like |tgct, E_compositeprice etc. are all not accepted.

Equation E_pint

# price of composite intermediate commodity inputs by act. ainr #

(all ,a, ACT¥( all ,r, REG

pint (a,r)= sum{c, COMMINTSHKc,a,r)* [pfa(c,a,r) - afa(c,a, r)]};

@)fE!
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If several equations aresed 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. ainr #
(all ,a, ACTY( all ,r, GRE}

pint (a,r)= sum{c, COMMINTSHRAc,a,r)* [pfa(c,a,r)- afa(c,a, r)]};

Equation E_pintB
# price of composite intermediate commodity inputs by act. ainr #
(all ,a, ACT¥ all ,r, MREG
pint (a,r)= sum{c, COMMINTSHRRBc,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 gc andtheaGmAP
model. If we use an equation name E_qcl, there is no problem. However, the equation name
E_gcA 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 lettersainables and del_ for

variable changes.

5.2.4 Parentheses

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

5.2.5 Use clear and easy to understand codes for set elements

Like with GAMS de, take time to create set element names that indicate the meaning of the
set. In that way, the code becomes more sdtumenting, 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 Alwaysinclude set elements in a HAR file, no kaoding 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. Setseind th
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 activatadfmmodules (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(parametel Modified GTAP
ReadViodifiedGTARrom file MODPARMheader :
setGREG

=(all,,REGModifiedGTARQ);

@)fE!




BATModel ®
SetMREG
=(all,,REGModifiedGTARL);
setGWorld
=(ll,i, WORLDModifiedGTAROQ);
setMWorld
=(@ll,, WORLModifiedGTARL);

5.2.7 Usage of settn GEMPACK

Usage of sets is significantly different in GEMPACK with respect to GAMS.
Sets are defined as follows:
SetREG
readelementsfrom file GTAPSE header ;
If you want to create a subset, first define the set and then give a subset statement:
SetMREG
readelementsfrom file GTAPSE header X
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:

¢ = Commodity

e = Endowments

a = Activity

r = Region

Below is an example of how setisould be used
EquationE_pol

(@lla,ACTHall,REG
po(a,r) = sumc, COMMMAKESACTSHR,) * ps(c,a,n};

Whend dzY YAy 3 2@0SNJ I 4SSt 6KAOK A& | f NBett®SThiRSFAY SR
makes the equation more difficult to read. If summing over commodity for example use c1 like
Ay GKS SEFYLX S 06St2¢d 52yQi dzaS R 2N S SG0o
Formula(all,c,COMM(all,a,ACTHall,r, REG

MAKESACTSHR,") =MAKEg&,a,r)/ sum{ic1,COMM MAKES&1a,)};
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6. Indentation and programflow structures

6.1 Rules forGAMS

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)

9 Break after a comma

I Break before an operator.

1 Prefer highedevel breaks to lowelevel breaksIn 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 pa=pb*(p_c
+p_d) +3*pe
1 Align the new line with the beginning of the expression at the same |éwie¢grevious
line.

9 If the above rules lead to confusing code or to code that's squished up against the right
margin, just indenb spaces instead.

6.1.2 Loop and other pmgram 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

examplebelow instead of using the element wise matrix algebra inbuilt in GAMS not
only harder to read, but also slows down program execution:

@)fE!
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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 notéaiiately visible that several

assignments all depend on the same condition:

L

T

L

J

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,-ooftrols instatements.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 easilspactt whether the complex
condition is satisfied or not, and the complex condition can be built up-wisp in a
more wellkdocumented way someplace else.

tarAdval_(%RP%,%RP%1,XXX) $ ( ((v_tarAdval.LO(%RP%,%RP%1,XXX) NE
v_tarAdval.up(%RP%,%RP%1,XXX)) or p _trim)
$ ((((p_troBilat(%RP%,%RP%1,XXX, " TrgNT","CUR")
GT eps) $ (p_trgBilat(%RP%,%RP%1,XXX,"TrgNT","CUR") NE 1.E+10))
$ (p_trgBilat(%RP%,%RP%1, XXX, " TrgNT","CUR") NE
prohibitive)
$ (((p_trgBilat(%RP%,%RP%1,XXX,"TaMFN","CUR")
gt eps) OR (p_trgBilat(%RP%,%RP%1,XXX,"TaPref","CUR") gt eps))
$ (p_trqBilat(%RP%,%RP%1,XXX,"TaMFN","CUR")
ne p_trgBilat(%RP%,%RP%1,XXX, "TaPref","CUR")) )
$ (not
(p_trgBilat(%RP%,%RP%1,XXX,"PrefTrigPrice","CUR") gt EPS)) )
or ( (p_trqGlobl(%RP%,XXX,"TrgNT","CUR") gt eps)
$ (p_trgBilat(%RP%,%RP%1, XXX, "TrgNT","CUR") NE 1.E+10)
$ (p_trqBilat(%RP%,%RP%1,XXX,"TrgNT","CUR") NE
prohibitive)
$ (NOT p_doubleZero(%RP%,%RP%1,XXX,"CUR"))
$ ((p_trqGlobl(%RP%,XXX,"TaMFN","CUR") gt
eps) OR (p_trgGlobl(%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

Ll
m
1
(0]

tarAdval_(%RP%,%RP%1,XXX) $ tradeFlowUnderTrq(%RP%,%RP%1,XXX) ..
v_tar Adval (%RP%, %RP%1, XXX)/ 100 =E= ¢
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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-gpasye erors and inefficient in
terms of storage.

6.1.5 Use $BATINCLUDE transparently

G. FGOAYtdzRSe aidl GSYSyda Frtt2g¢ LI aaiy3ad I NBdzYSyih:
GKS LI a&48SR | NBdzySyda I NB NBFSNNBR (2 6AGK &:mZ
KFYRSR 20SNX® LG A& SEGNBYSte& OdzyoSNE2YS (2 NBI I
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 -mellivated cases, followday
$OFFMULTIL.

$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 sometimesiseful 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.

1 $IF should always be replacé by $IFI i the not case sensitive versiolGAMS
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.

91 $IFI should only be used for single line statements:

J $IFl %MODE%==CAPREGS | NCLUDE fscsameég!| e. gmso.

T 1 f sever al l i nes refer to the same $I FI
should be used.

Accordingly, avoidonstructiors such as

L $IF %MODE%==CAPREG p_x(RS) = p_y(RS)
$IF %MODE%==CAPREG * p_o(RS)
$IF %MODE%==CAPREG *p_ z(RS);
Dl!'a{ YAIKG GNBIFIG GKS aSO2yR ftAyS |a | 02YYS
to the rule above, use:

J  $IFTHENI %MODE%==CAPREG

P_x(RS) = p_y(RS)
I N
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* p_o(RS)
*p_z(RS);
$ENDIF

6.1.8 Error trapping

Error trapping means that the code itsetimprises testwhich throw an error, instead of

doing bad calculatiosdue to missing or éoneous dataor provoking run time errordmagine

a program that works on market balance positions. Besides stock changes, all elements of the

market balance aréefined to be nomegative. 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

YydzZYOSNE &2dz dzaS P YR GATe adrkdisSySyida (2 2yte
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, defimmdicator setsiegativeCases

GKAOK fAada (GKS yS3alIdAaAgdsS Olwaliag, soyieneddtvd 2 NI A G A
RSYFYR RIGF T2 dz) Rotehergfiatzerds sh08d most Babably be accepted

to support sparsity and need to be trapg by an if statement. So there is a difference

0SG6SSYy ayS nélyR a3aG né 6KAOK A& ljdzZAdS aAix3ayArT)

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

All dinclude fil& should (according to this red book) have just evel-defined task Try hard

to include a tesat thetop 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 happensExample:

J ABORT $ exceptionFilenameRegions "Error in %system.fn%, line %system.incline%:
Population data missing for the following regions:", problemRegions;

6.2 Rules forGEMPACK

6.2.1 Use indention to make code readable

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

i Break after a comma.

I Break before an operator.

91 Prefer higheslevel breaks to lowetevel breaks.
1

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

9 If the above rules lead to confusing code or to code that's squished up against the right
margin, just inden® spaces insteé

@)fE!
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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 dmd¢leis way for
instance pbuilding new trees in the complicated production structure becomes much simpler
andé WOI2yL IR LihistateS an be avoided.

The simple form of the parameterized include is as follows:

I$include <filename> -- <variable> =<value> !

This statement includes the filelename> in the model, and will substitute all occurrences of
@<variable> in thatfile. For instance, the statement

I$include  inputs.gmp - G=M, and the filenputgmp  with the following content

IRegion Input files!

! Standard GTAP basedata files!

File @GSETS

File @GDATA

X

IEndRegion!

will result in including the file in the model, substituting all occurrences of @G with M:
IRegion Input files!

! Standard GTAP basedata files!

File MSETS

File MDATA

X

IEndRegion!

Next to using the parameterized include with a single substitution value, a list of substitution
values can be used

I$include <filename>  -- <variable> ={<valuel> ,<val ue2>, é<val ueN>}

This statement is a short form for:

I$include <filena me> -- <variable> =<valuel> !

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

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

¢tKAa YSIya (GKFdG F2N SFOK @I fdzS RSTAYSR Ay (G(KS
the model, although the content of &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 il statement, these lists must be of the same

~N,

size:

I$include <filename> -- <varA>={<valAl><valA2><valA3>}
-- <varB>={<valB1><valB2>,<valB3>}
-- <varC>=M!

This statement is a short for:

I$include <filename> -- <varA>=<valAl> -- <varB>=<valB1l> -- <varC>= M!
I$include <filename> -- <varA>=<valA2> -- <varB>=<valB2> -- <varC>=M!
I$include <filename> -- <varA>=<valA3> -- <varB>=<valB3> -- <varC>=M!

An example of a mukrariable include statement is:
I$include code.gmp -- I=[ A Bl -- S=["[[] - E=[["]I"]!

Notice thatthe 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 grkaced with

" and7 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 vestidisual

Qe




BATModel @

better agri-food trade modeliing for policy analysis

Gtree, this meant creating 4 files for the sectors and 4x8 = 32 files for the nests, in both cases
with very similar content:

(6 visual GTree - D:\UserData\ProductionTree.gmp o (=1
File Edit View Options

o MHEE =+ = &Mk ®

3 3 ProcuctionTregmp NestB.gmp | Nestigmp | Topestgmp | Nest7.gmp | Sectorl.gmp -
< 1 @[ - Header with meta-information - -
B8 % Sectorl.gmp 9 1 <HGTREE 1 sets for inputs and of = tm oduct %! 7
7. SectorWithNestgmp 116 Set 5UBB_S1
1
ha - (all,1,5UBP_S1: $pos(i)=8);
13
14 Set INPS_S1
s
- Nes e =(al1,1,FIRM_COMM: sum{,SUBS_S1,sum{k,SECT_S1,CESNESTSTRUC
% Nestdgmp 7
| . .
% Nesgme s <¥GTREE 2 Share of inputs in subproduct and value of subpri
% NestZgmp 26 Coefficient (all,j,SECTORS_S1)(all,r,CETPROD_REG)
S NestLomp 21 VFA_SUBS_S1 (],r)
. 22 Formula (all,],SECTORS_S1)(all,r,CETPROD_REG)
’. TopNestgmp |23 VFA_SUBS_S1(j,r) = sum(i,INP8_S1, VFA(i,3,r));
. UNUSEDSubprodgmp [2a Fornula ( all,i,5UBS_S1) (all,j,SECTORS_S1)(all,r,CETPROD_REC
. [25 FA(,],r) = VFA_SUBS_S1(j,r);
B 7 Sector2gmp -
¢ 1 Definition of sectors with nest 27 zerodivide default
- i Cortficient (all,i, e _S1)(211,7,5ECTORS_S1) (all,r, CETPROD_RI
2 Nestdgmp g €5_TNPB_S1(i.7.r)
# Nest7.gmp L)
T Nests 51 Formula (all,i,INPs_S1)(all,,SECTORS_S1)(all,r,CETPROD_REG)
- Nestogmp 52 €S_INP8_S1(i,j,r) = VFA(i,j,r) /sum{k,SUBS_S1,VFA(k,3,r)}
3 Nesthmp 53 zerodivide off;
34
= Nestdgmp 55 ! <%6TREE 3 Fquations %!
56
57 ! <XGTREE 3.1 Price of subproduct %!
38
> 39 Equation PF1_SUBS_S1
= TopNestgmp 40
o a1, (s11,1,5088_S1) (all,],SECTORS_S1)(all,r,CETPROD_REG)
“"“SEDS“"P“"‘Q'“P 2 pF(i,5,r) - sum(k,INPG_S1, CS_INPS S1(k,3,r) * [pf(k,i.r)

When using the parameterlzed include statement, only one file for both the sectors and the
nests needs to be createdhe four sectors are created with the statementi ncl ude ¢

Sector.gmp - X={1,23,4} , Whereas the file sector.gmp contains the statement &imiude
é Nest.gmp -- Y={8,7,6,5,4,3,2,1}!

(&l Visual GTree - D:\UserData\ProductionTrechew.gmp oy =1 5]
Flle Edit View Options

R = HEE

B % ProductionTreeN, Sector.gmp | Nest.gmp - X
> ProductionTreeNewgm
ame T ! <RGTREE 1 sets for inputs and o subproduct B>! =
he
1 set sus@v_s@x
h>
hs - (all,i,5UBP_SEX: Spos(i)=GY);
14
% UNUSEDSul bprodgmp he o st INPEY_5@X
h7 ~(al1, iFTRH_COMM: sum{§ , SUB@Y_S@X, sum{kSECT_S@X, CESNESTSTR|
18
ho' ! <%GTREE z Share of inputs in subproduct and value of subprq
bo

1 Coefficient (all,j,SECTORS S@X)(all,r,@ICETPROD_REG)
2 VEA_SUB@Y_S@X (3,r)

H Formula (all,],SECTORS_S@X) (all,r,@ICETPROD_REG)
22 VFA_SUB@Y_S@X(3,r) - sum(i,INPGY_S@X, VFA(i,3,r));
l2s Formula (an i,5UBEY_S@X) (all,j,SECTORS_SEX)(all,r. @mzwr«
o6 FA(i,3,r) = VFA_SUBGY_S@X(3,r);

27

o8 e default b,

2o, nt (all,i INP@w 5@X) (11,5, SECTORS_S@X) (all, r, CETPROL
5o €5_TNP@Y_SEX(1,5,r)

51

52 Formula (all,i, THPEY_S@X)(all,],SECTORS_S@X) (all, r, CETPROD_REC
cH] CS_INPRY SEX(1,,r) = VFA(L,],r) /sum{k,SUSEV_SEX,VFA(K, ]
22 zerodivide off;

]

[36. [ <%GTREE 3 Equations %»!

B7

[38° ! <%GTREE 3.1 Price of subproduct %!

3o

ke

1 I CKGTREE 3.2 Quantities of subproduct inputs %>!
22 Equation PF1_SUBS@Y_@xX

(all,i,SUBEY S@X) (a1l,7,SECTORS S@X)(3ll,r CETPROD REG)

Notice that the file Nest.gmp contains anchors for both substitutariables 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

GKS O2RS ¢a A1aa @ANIRA 212 OKSO1l AF || O2yRAGAZ2Y Aa i
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 coaditd be checked on the first step only.

Qi
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7. Commentscode in GAMS and GEMPACK

GAMSand GEMPAGt0de is computer codeit is notpreliminarily 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 tamange equations

and data transformations from their notation in a paper to allow for effitiuse by the

program. The meaning of the GAMS and GEMPACK code is therefore often not immediately
evident. Misinterpretation of the code however can provoke bad errQsomebody might

change a statement in the wrong way, for instance when trying ta fixg, 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 codeoften, 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 they should not repeat the obvious, but motivate why ataer

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 afode should label it with their name. It is recommended to
employ predefined 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,sso that the HTML based documentation can collect
that information automatically. The following standard pieces of information should be
included:

1 Name of the author

1 Name of the file

1 Purpose of the file
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The screenshot below shows an example




BATModel @

better agri-food trade modeliing for policy analysis

[
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Sontext
CAPRI project
GAMS file : FEDTRH.GHS
Epurpose :© Top level program of the feed distribution in CAPREG
Rauthor : W.Britz, Institute for fAgricultural Poilicy, University of Bonn

M. Setti, G. Palladino, DIPROVAL Economics Unit, University of Bologna
{requirement functions}

Bdate - B3.e2.11

Bsince : 1999

Erefloc H

EBseefAlso :@ feedyreqfnc.gms

EBcalledBy - capreg.gms
Sofftext

7.3 Add clear and easy to understand comments to any not setplaining
GAMSand GEMPACk&ode.

Try hard to write sefexplaining code, but assume that it is not possipleence add

comments! Motivde 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 typica
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 wong, for instance, when the statements were updated to behave differently but the
comment refers to an older version.

Includereferencesvherever possibléo comments, e.gto the methodological documentation

or project deliverabledf the GAMS or GEMPK@ode 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 lai@vethe 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,
GKSaaadrkrNIa Fftaz2z Ay O2fdzyy wmnoy

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 brigdlgiag the
purpose of the included file.

@)fE!




8. Meta data

8.1 Meta data in GAMS

Meta data should follow an industry standard and should as fapasiple 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 usegtoduce 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 muttimensional set called (s_)META. Part of the

metadata is automatically generated byetiGUI 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 prograny atkta information, and in case of
updates, update both the numerical values and the miefarmation. The metadata should
include the following standardized fields if possible:

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









