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Abstract   Arden Syntax is an HL7 International standard for the representation and 
execution of clinical knowledge in knowledge-based clinical decision support 
(CDS) systems. The predictive model markup language (PMML) specifies a file 
format for the representation and exchange of statistical and data mining models. 
To use those machine-learned models in Arden-Syntax-based CDS systems, the 
PMML files have to be transformed into an Arden Syntax representation. A PMML-
to-Arden-Syntax transformer was created to process PMML structures and generate 
the Arden Syntax code. It employs the extensible stylesheet language transfor-
mation to create Arden Syntax medical logic modules (MLMs) out of PMML files. 
The transformer may create multiple MLM files from a single PMML. Currently 
the transformer is able to transform decisions tree models only. Its transforming 
capabilities may be extended to additional models available in PMML format in the 
future. This approach generated a new way of creating MLMs based on machine 
learning results, in addition to the traditional method of knowledge design with clin-
ical experts. 

Introduction 

Medical decisions are usually based on a combination of clinical knowledge and 
experience, results of medical research, and personal judgement [1, 2]. The increas-
ing numbers of solved clinical cases will facilitate medical decisions and probably 
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also render them more reliable. Clinical decision-making is becoming increasingly 
complex because of the consistently growing quantity of data that needs to be taken 
into account. Moreover, time slots for making decisions are becoming tighter. Thus, 
clinical decision-making can and will be assisted by clinical decision support (CDS) 
systems [3-6]. 

Arden Syntax [7-9] is a medical knowledge representation and processing stand-
ard for CDS system building offered by Health Level Seven International [10]. It 
defines the way clinical and scientific knowledge can be represented, computerized, 
and processed. Arden Syntax was first approved by the American Society for Test-
ing and Materials in 1992 [8]. Several extensions have followed since. The current 
version (v2.10) was released in November 2014 [11]. 

 

 
Fig. 1. The ArdenSuite’s two main components IDE and server, as well as its interoperability 
components: the SOAP and REST webservice APIs, the database, FHIR, and OpenEHR connect-
ors, the ArdenML and PMML transformers, the CDS hooks API, and the Activiti workflow exten-
sion. 

In Arden Syntax, decision support and logic are contained and separated from 
each other in so-called medical logic modules (MLMs). Each of these MLMs con-
tains enough clinical knowledge for at least one medical decision. MLMs can re-
ceive input data via a direct argument, with its call from other MLMs, or via so-
called read/curly brace expressions. The latter may be defined as expressions to ac-
cess external data sources such as an SQL database or an FHIR resource. MLMs 
are split into four sections: maintenance, library, knowledge, and resources. The 
maintenance and library sections contain information about the MLM itself and 
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some medical background data. The knowledge section contains the medical logic, 
and the resources section comprises localized messages in different languages if 
applicable. 

The ArdenSuite software [12, 13] is a commercial CDS authoring and processing 
platform based on Arden Syntax. It was developed by Medexter Healthcare, Vienna, 
Austria. As seen in the middle part of Figure 1 (processing), it consists of two main 
components: the ArdenSuite integrated development environment (IDE) to create, 
compile, and test MLMs; and the ArdenSuite server that grants external client ap-
plications access to uploaded MLMs via a REST or SOAP interface. 

The top portion of Figure 1 (integration) shows external software that may be 
integrated with or into the ArdenSuite. The lower part of Figure 1 (data sources) 
shows the different types of data sources the ArdenSuite is able to communicate 
with. 

The predictive model markup language (PMML) [14] is an XML-based specifi-
cation for the representation of statistical and data mining models. It was developed 
and is continuously supported by the Data Mining Group [15]. Its latest version 
(v4.3) was released in August 2016 [16]. The terms “predictive analytic models” 
and “data mining models” refer to mathematical models that use statistics, cluster-
ing, and similar approaches to learn patterns from given data with a known outcome. 
The learned models use the acquired knowledge to predict patterns in new data. The 
basic purpose of PMML is to create a vendor-independent method of exchanging 
models between applications. This approach is adapted by over 20 vendors, such as 
IBM, KNIME, Phyton, LigaData, R, Java, and JavaScript [15]. As shown in Figure 
2, PMML files may also include data pre-processing and post-processing methods 
and parameters, in addition to the models themselves. 

 

 
Fig. 2. PMML content (Source: [14]) 

The following models are currently supported by the PMML specification [16]: 

• Association rules 
• Baseline models 
• Bayesian network 
• Cluster models 
• Gaussian process 
• General regression 
• K-nearest neighbors 
• Naïve Bayes 
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• Neural network 
• Regression 
• Rule set 
• Scorecard 
• Sequences 
• Text models 
• Time series 
• Trees 
• Vector machine 

A single PMML file can contain several models of the same or different type; a 
PMML file may even contain no model at all. In the latter case, it is used to carry 
metadata alone. Each model in a PMML file may have the attribute “isScorable”, 
which indicates that the model is valid for processing. If this attribute is set to 
“false”, the model is meant to be purely informative and was not meant to be applied 
to any data. 

Decision trees [17] have been developed for statistical and machine learning pur-
poses, and are successfully applied to various medical tasks [18]. They are exten-
sively used for the classification of data. A decision tree has a “tree-like” structure 
with a single root node at the top. Each node may have any number of child nodes, 
which in turn may have any number of further child nodes. Nodes without child 
nodes are known as leaf nodes. Each node defines a condition used to select a child 
node to be checked next. The leaf nodes define the outcome of the tree evaluation. 
The first regression tree algorithm was published over fifty years ago [19]. Classi-
fication and regression trees (CART) is an algorithm first described by Breiman et 
al. [20] in 1984. It introduced some novel improvements, including the ability to 
control the size of the tree being generated. 

The goal of this project was to create a PMML-to-Arden-Syntax transformer that 
is able to produce well formatted Arden Syntax MLMs out of PMML files. A bridge 
between the Arden Syntax standard to develop knowledge-based decision systems 
and machine learning results that autonomously learn from data has thus been cre-
ated. The PMML-to-Arden-Syntax transformer has been implemented as an add-on 
of the ArdenSuite IDE.  

The completed PMML-to-Arden-Syntax transformer will be useful for develop-
ment teams that wish to integrate their machine learning results into the established 
ArdenSuite CDS platform environment of a hospital. The results of machine learn-
ing can be directly converted into Arden Syntax MLMs and processed within this 
environment. 

The present PMML-to-Arden-Syntax transformer generates Arden Syntax 
MLMs from decision tree models only. 



5 

Methods 

The PMML version 4.3 and the Arden Syntax version 2.9 were used to transform 
PMML files into Arden Syntax MLMs [21]. 

First, a Java project was created with the Eclipse Oxygen 3a release. This pro-
gram gets a PMML file as well as an output folder location as input. The program 
starts by validating the PMML file against an XML Schema Definition (XSD) file 
to ensure the validity of the file against the PMML specification. This XSD file can 
be downloaded free of cost from the PMML website [16]. 

Once the validity of the input file has been confirmed, the transformation into 
Arden Syntax takes place. This is done by using the extensible stylesheet language 
transformation (XSLT) method. The rules for the transformation are written into 
XSL files. In XSLT, the transformation rules are split into templates. Each template 
matches a specific XML tag and defines how it should be transformed. Using the 
XPath syntax, data from other XML tags can be transformed. 

The main template matches the “PMML” tag which contains the entire PMML 
file. This template creates the basic structure of the MLM file and calls other tem-
plates to fill the file with the necessary data. Some of the basic XSLT elements for 
the creation of the MLM are: “text”, “value-of”, “call-template”, “apply-templates”, 
“if”, “for-each” and “choose”. The “text” element writes an arbitrary text into the 
result file. With a “value-of” element, the content or an attribute of an XML element 
is written into the result file. “Call-template” and “apply-templates” are used to call 
other templates. The “call-template” executes a specific template, while “apply-
templates” iterates through all XML tags given to the method and executes a match-
ing template. The “if” and “for-each” elements have the common functionalities of 
these methods in other programming languages while the “choose” element corre-
lates to an “if-elseif-else” block. In addition to the named elements, a number of 
XSLT elements were employed to create a well formatted MLM out of the PMML 
file. 

We used three PMML files for the purpose of testing. The first was taken from 
the examples given in the PMML specification [16]. It defines a tree to evaluate the 
suitability of weather conditions for playing golf. The second MLM uses the “iris” 
data set (also Fisher’s Iris data set) that is publicly available and often used for 
demonstrating machine learning algorithms (see UCI Machine Learning Repository 
[22]). The third tree uses the breast cancer data set (also from the UCI Machine 
Learning Repository [22]), which includes 286 cases described by ten attributes. 

The data were imported in R and the rpart package was used to train a decision 
tree for the breast cancer data set using the CART algorithm as well as for the iris 
data set. The tree was generated by the R script in Figure 3 that uses the patient’s 
age, the size of the tumor, as well as other features to predict whether there will be 
any recurrence of events. 

The three PMML files and unit tests were used for testing. The PMML files were 
fed as input into the PMML-to-Arden-Syntax transformer. The resulting MLM files 
were copied into the ArdenSuite IDE and then compiled. In the subsequent tests, 
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known input data were applied and the outcome was compared with the known re-
sults of the test cases in order to guarantee reproducibility.  

 

 
Fig. 3. R script for the creation of a test PMML. 

Results 

The completed PMML-to-Arden-Syntax transformer consists of two Java classes, 
three XSL files, and eight prewritten MLMs. The two Java classes are the 
transformer itself and a separate class for the XSD check. The interface in the form 
of the method headers of the public methods is shown in Figure 4.  

 

Fig. 4. Transformer interface/public methods [23, p. 82]. 

The “getInstance” method is the first that has to be called, because it creates and 
returns an instance of the transformer. The two overloaded methods “convert-
ToArdenFile” take a PMML file and a result folder in the form of either a string 

library(pmml) 
library(rpart) 
 
train <- read.csv(file="[...]/test-data/breast-cancer.data", 

                  header=TRUE, sep=",") 
 
fit <- rpart(class ~ age + tumor.size + inv.nodes + 

                  deg.malig + irradiat, 
                  data = train, 

                  method = "class") 
 
saveXML(pmml(fit), "Breast-Cancer_tree.pmml") 

static public PMMLtoArdenTransformer getInstance() 

public void convertToArdenFile(String pmmlPath, String resultPath) throws 
IllegalArgumentException, SAXException, IOException, 
TransformerException, NoTreeModelException 

 
public void convertToArdenFile(File pmmlPointer, File resultPointer) throws 

SAXException, IOException, TransformerException, 
NoTreeModelException, IllegalArgumentException 
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containing the local path or a java.io.File. These methods start the entire transfor-
mation process by calling the necessary private methods. 

The XSLT rules were separated into three XSL files since one transformation 
can only create one new file. The first XSL file has 2875 lines of XSLT rules and 
defines the main transformation of a PMML decision tree into an Arden Syntax 
MLM. The second XSL file consists of 903 lines of XSLT rules. Its purpose is to 
create additional MLMs for the custom-designed functions. These functions consist 
of the build-in functions of the PMML specification and are used for pre- and post-
processing the data. These are written into separate MLMs to create a more concise 
structure. The third XSL consists of 1069 lines of XSLT rules and is needed in the 
event of multiple models within one PMML file. This file creates a control MLM 
that checks the conditions given for each model to be executed. All models that 
meet their conditions are called and the results collected and combined to receive 
an output. In the event of multiple models, the first XSL file is used to transform 
each model individually and write each model into a separate MLM file. 

Only the first XSL file is always used for the transformation. The other two files 
are used if needed. The check as to whether one of the other XSL files is needed for 
the transformation is part of the Java program. The PMML file is searched for spe-
cific XML tags or a specific content of an XML tag that serves as an indicator for 
the need of one of the additional transformations. 

The eight prewritten MLMs are created in the same folder as the transformed 
MLM, if they are needed to execute the logic of the PMML. The need for these 
MLMs is checked the same way as the need for additional XSL files. Seven of those 
are needed for some pre- and post-processing methods, while one is used for the 
execution of the model itself. The latter takes a list of Boolean values as input and 
applies the “exclusive or” (XOR) operation on them. The PMML specification de-
fines the XOR operation to only return true if an odd number of predicates evaluate 
to true and all others to false. The other seven pre-written MLMs for pre- and post-
processing are: “DateDaysSinceYear” “DateSecondsSinceYear”, “LevenshteinDis-
tance”, “normalPDF”, “piecewiseLinearInterpolation”, “replaceString” and “Tex-
tIndex”. The two MLMs “DateDaysSinceYear” and “DateSecondsSinceYear” are 
similar. They calculate the number of days/seconds that passed since the 1st January 
00:00 of the year given as an input. Dates prior to that year are shown as negative 
numbers. The “TextIndex” MLM determines the frequency of a term in a text. An 
optional input parameter for this MLM is the maximum Levenshtein distance for a 
term to be still accepted for counting. The Levenshtein distance between two terms 
may be calculated with the MLM “LevenshteinDistance”. This distance is the num-
ber of character additions, omissions, or replacements needed to change one term 
into another. For normalizing a sequence of points, the MLM “piecewiseLinear-
Interpolation” is needed. The MLM “replaceString” searches for all occurrences of 
a string in a text and replaces them with another string. The “normalPDF” MLM 
calculates the normal distribution. 

All eight prewritten MLMs were needed because the implementation of these 
methods in Arden Syntax involves a complex code. Therefore, instead of many 



8  

“text” tags with a complete prewritten code in the main MLM, the prewritten MLMs 
are included in the data slot and called at the appropriate line in the knowledge slot. 
 

  
Fig. 5. Representation of a decision tree in Arden Syntax. Snippet of an MLM generated by the 
PMML-to-Arden-Syntax transformer. Example taken from [23, p. 49]. 

Figure 5 shows a part of an MLM that was created by the PMML-to-Arden-
Syntax transformer from the PMML given as an example by the PMML specifica-
tion. Each node in the tree is represented by an “if-block” (e.g., line 54 in Figure 5). 
Child nodes are contained within a parent “if-block” (e.g., line 57 in Figure 5), while 
sibling nodes are connected via an “elseif” statement (e.g., line 64 in Figure 5). Leaf 
nodes contain a “conclude true” statement after assigning a result to the appropriate 
variable (e.g., lines 60 until 62 in Figure 5). The node represented in lines 77, 78, 
and 79 of Figure 5 was originally in one line but was split into three for better read-
ability. 

A separate Java project that implements the PMML-to-Arden-Syntax trans-
former project was created in order to test the transformer. This program creates an 
instance of the transformer and subsequently uses the “convertToArdenFile”-
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method that takes the local path as a string to start the transformation. In addition, 
88 unit tests were written to test different input parameters and a range of PMML 
to Arden conversions according to the PMML and Arden specifications. 

The transformation of all three test PMML files and all unit tests were executed 
without any errors. To compile the three main resulting MLMs, in all three cases 
the date slot of the MLM had to be changed. The example given in the PMML 
specification did not include a date at all; therefore the date had to be added to the 
resulting MLM. The file created by the R script contained a date and time, but in a 
different format. The date was written in the “YYYY-MM-DD hh:mm:ss” format, 
whereas the Arden Syntax requires the ISO 8601 format “YYYY-MM-
DDThh:mm:ss”. After adding and editing the date, all MLMs could be compiled 
without any error. The last part of the test, involving the entry of test inputs with 
known results into the compiled MLMs, was passed without any errors. 

Discussion 

The tree model is currently the only model that can be transformed with the PMML-
to-Arden-Syntax transformer. Its transforming capabilities may be expanded to 
other models in the future. Extending the interoperability of the PMML-to-Arden-
Syntax transformer to other models will take less time and effort than the first im-
plementation of the transformer. Many of the XSLT rules can be reused for new 
models because they constitute PMML structures that may be present in all models 
and do not change from one model to another. For example, pre- and post-pro-
cessing is identical in all models. In addition, most of the functions may be used in 
all of the models. 

Although the PMML specification does include the possibility of no model being 
contained in a PMML file, the PMML-to-Arden-Syntax transformer will return an 
error if there is no (tree) model present. 

The PMML-to-Arden-Syntax transformer was created as a Java project that may 
be implemented as a library into another program. There is currently no graphical 
user interface because it was developed for being implemented as a subsequent add-
on for the ArdenSuite IDE. This work has now been completed. 

The decision tree model was translated as precisely as possible from the PMML 
specification into Arden Syntax code. Although Arden Syntax supports many dif-
ferent operators, not all functions defined in the PMML specification could be trans-
lated. For example, the functions normalCDF, stdNormalPDF, and erf, which may 
be used for the pre- and post-processing data, could not be represented in Arden 
Syntax. These functions use formulas that need an integral operation to be calcu-
lated. Since Arden Syntax does not define an integral function, these functions can-
not be executed. Another example is the replace function which is used to replace 
each occurrence of a term in a text with another term. This functionality was imple-
mented in Arden Syntax, but according to PMML the function should also under-
stand regular expressions as input. This was not implemented into the transformer 
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because Arden Syntax does not support regular expressions. Therefore, the replace 
function was only translated partially into Arden Syntax. 

If one of the functions that could not be translated is used in a PMML file, a text 
file will be created in the same folder as the generated MLM. It contains information 
about the missing function and why it could not be implemented. Then the Arden 
Syntax developer can decide how to get around the problem. They could, for exam-
ple, find a way to avoid needing this exact function or replace this function with a 
similar one that can be realized in Arden Syntax. 

Conclusions 

A decision tree model saved in PMML can be translated into an Arden Syntax 
MLM, which can subsequently be compiled with the ArdenSuite IDE. Thus, a new 
way to generate MLMs was created. The traditional method of knowledge design 
involves the combined efforts of clinical experts and knowledge engineers to create 
MLMs. However, in some cases a medical expert is only available for a short period 
of time because of time or financial restrictions; these make it impossible to use the 
traditional method of knowledge design. By using the machine learning approach, 
very complex and deep decision tree models can be built for large bodies of data 
with many features—models that would take a long time to build manually. The 
validation of such a model by a medical expert may take less time and involve less 
effort than the traditional approach. 

With the PMML-to-Arden-Syntax transformer, machine learning results can be 
implemented into Arden Syntax directly. As seen in the example of breast cancer, 
given the availability of the appropriate data, an algorithm can create a new way of 
classifying medical data. This results in the creation of new knowledge rather than 
the digitization of a medical expert’s knowledge. It does not fully replace the tradi-
tional approach of creating MLMs using the knowledge design approach, but is a 
very useful add-on. 
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