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Abstract. Clinical decision-making often involves uncertainty due to vague 
guidelines and incomplete patient data. HL7 Arden Syntax addresses this challenge 

by incorporating fuzzy logic, enabling nuanced reasoning beyond mere Boolean 

values. Through practical examples, this paper explores key fuzzy connectives—
and, or, not, at least, and at most—and their application in medical logic. We show 

that Medexter’s ArdenSuite implements these connectives properly and illustrate 

how fuzzy logic enhances the expressiveness of Arden Syntax, making it a valuable 
tool for clinical decision support. 
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1. Introduction 

Despite remarkable advances in clinical medicine over recent decades, medical 

knowledge continues to be primarily based on the “average” patient—an abstraction that 

rarely reflects the complexity of any individual human being. Furthermore, healthcare 

providers are confronted with significant amounts of vague or incomplete data [1] as 

well as the potential ambiguity of guidelines, as they are usually defined in—notoriously 

imprecise—natural language [2]. 

A mathematically rigorous approach to dealing with this uncertainty is provided by 

fuzzy logic, a soft computing technique applying infinite-valued logic as pioneered by 

Łukasiewicz [3] to Zadeh’s fuzzy set theory [4]. Utilization of fuzzy logic in clinical 

decision support (CDS) systems is facilitated by Health Level Seven’s Arden Syntax [5], 

an ANSI-accredited formalism for representing executable medical logic, as it 

incorporates fuzzy sets as first-class citizens since Version 2.9 of the standard. 
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The aim of this paper is to showcase the use and utility of the basic fuzzy logical 

connectives and, or, not, at least, and at most by means of clinically relevant exemplary 

use cases tested in Medexter Healthcare’s ArdenSuite software [6]. 

2. Methods 

Comprehensive use cases for each of the fuzzy connectives of interest were devised and 

tested in the latest compiler [7] for Medexter’s ArdenSuite via Medexter’s Clinical 

Pipelines application [8]. The use cases themselves are described in Section 3, while this 

section covers their background in Fuzzy Arden Syntax. 

2.1. Fuzzy Arden Syntax 

Health Level Seven Arden Syntax for Medical Logic Systems [5] is a standardized 

formalism for encoding executable medical knowledge. It aims to facilitate composition 

and interpretation by clinicians and enhance interoperability between CDS systems. This 

is achieved by structuring knowledge into medical logic modules (MLMs), each 

describing a single decision but with the ability to interact with other MLMs. 

Since its introduction in 1992, the Arden Syntax has evolved to address increasing 

complexity in clinical reasoning, most notably with the integration of fuzzy logic in 

Version 2.9. Unlike classical logic which classifies conditions as strictly true or false, 

fuzzy logic allows assigning a degree of compatibility (DoC) between 0 and 1 [4]. This 

enhancement allows for nuanced representation of clinical concepts—such as “high 

fever”—which may be inadequately described by binary categories. It is important to 

note that the DoC does not equate to probability [2]. 

By incorporating fuzzy sets and fuzzy connectives as first-class elements, Arden 

Syntax bridges the gap between natural language guidelines and structured decision logic, 

improving its ability to handle uncertainty in real-world medical applications. 

2.2. Basic Fuzzy Connectives    

While Zadeh used set theory to describe fuzzy logic concepts [4], Arden Syntax stays in 

the logical realm and by default defines the basic connectives as follows, where the DoC 

is denoted as µ. Here, � and � represent fuzzy sets and � is an element in the domain. 

The membership function �����	indicates the degree to which � belongs to �: 

� Negation (not): 

����� � 
 � 
���� (1) 

� Conjunction (and): 


������ � 
���� � 
���� � ����
����� 
����� (2) 

� Disjunction (or): 


������ � 
���� � 
���� � 	����
����� 
����� (3) 

The definitions described in Formulas (2) and (3) are called Zadeh’s min/max 

semantics. However, Arden Syntax allows for custom definition of the conjunction and 

disjunction, respectively called t-norms and t-conorms [2]. Table 1 shows an exemplary 

selection of commonly used t-norms and t-conorms in fuzzy logic. 
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Table 1. Common T-norms and T-conorms used in fuzzy logic [2]. By default, Arden Syntax utilizes Zadeh’s 

semantics while allowing for customization according to specific user needs. 

 T-norm (��) T-conorm (��) 

Zadeh [4] ������ �� ������ �� 
Product �	 � �	 �	 � 	�	 � 	�	 � � 

Łukasiewicz [3] ������ � � � � 
� ����
� � � �� 

As real-world clinical data tend to be fraught with incomplete or missing data [1], 

Arden Syntax natively incorporates the ability to handle such values, henceforth referred 

to as unknown. In its handling of such values, it follows Kleene’s notion of a three-valued 

logic [9], adding another possible truth value outside the interval ���
� defined in pure 

fuzzy logic [2, 4]. This leads to the truth table depicted in Table 2 for the conjunction 

and the disjunction, while � �!�"#�	 � 	 �!�"#�. 

Table 2. Truth table for the conjunction ( , left) and disjunction (�, right) combining Zadeh’s min/max 

semantics for fuzzy logic with Kleene’s notion of indeterminate or unknown values. 

�� 0 (0,1] unknown  �� 1 [0,1) unknown 

0 0 0 0  1 1 1 1 

(0,1] 0 min unknown  [0,1) 1 max unknown 

unknown 0 unknown unknown  unknown 1 unknown unknown 

2.3. At Least and At Most 

In clinical decision-making, diagnoses and treatments are often assigned on the basis of 

a minimum number out of a list of possible observations to be satisfied. Hence, Arden 

Syntax defines two further connectives, each taking an integer and a list of truth values 

as arguments: at least n from List and at most n from List. By default, at least returns the 

nth largest truth value from the provided list. 

To explain how this conclusion is reached, we examine the underlying mathematics. 

To obtain a DoC of at least $ from a list of a1 to ay elements being satisfied, we pick 

every subset % of the list which has a cardinality of at least $. All these subsets are 

connected with or, the truth values inside each subset are connected with and. This leads 

to the following expression in disjunctive normal form (DNF): 

& 	'�(
)*+,,-.)/�0 �)12	

3,345

 
 

(4) 

If Zadeh’s min/max semantics are chosen for the conjunction and the disjunction, 

this nicely simplifies to returning the nth largest element. At most is defined analogously, 

using conjunctive normal form, and returns 
 � �� � 
�67 largest element [2, 5].  

If a different t-norm or t-conorm is chosen, however, evaluating Formula (4) 

becomes computationally expensive for large y. Furthermore, there are additional 

reasonable interpretations of at least and at most, for example taking into account the 

actual values of the truth values in the list. An efficient approach to calculating at least 
is discussed by Kosheleva et al. in [10]. 
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3. Results 

To test ArdenSuite’s new compiler [7] and for illustrating the utility of fuzzy logic in 

clinical decision-making, the following use cases have been designed in conjunction with 

clinical experts and were adapted from Medexter’s Moni-ICU software [11]: 

� “A patient is unlikely to be undergoing septic shock if they do not have elevated 

serum lactate levels.” 

� “A patient is at high risk of sepsis if they exhibit both high fever and 

tachycardia.” 

� “A patient should receive immediate antibiotics if they have either severe 

hypotension or altered mental status.” 

� “A patient is classified as high risk for septic shock if they show at least four 

out of the following signs: hypotension, tachycardia, fever, leukocytosis, 

altered mental status, elevated serum lactate levels.” 

� “A patient is classified as low risk for septic shock if they show at most two out 

of the following signs: hypotension, tachycardia, fever, leukocytosis, altered 

mental status, elevated serum lactate levels.” 

MLMs have been designed for all five use cases as well as for the definition of fuzzy 

sets for all six observations defined in natural language, namely hypotension, tachycardia, 

fever, leukocytosis, altered mental status, and elevated serum lactate levels. The MLMs 

have been executed in Medexter’s Clinical Pipelines application [8], and all returned the 

expected results. Figure 1 shows the most complex of these use cases, covering all the 

defined fuzzy sets. 

 

Figure 1. Example use case of the at least connective in Fuzzy Arden Syntax, implemented in Medexter’s 
Clinical Pipelines application [8]. The clinical logic in this case is “A patient is classified as high risk for 

septic shock if they show at least four out of the following signs: hypotension, tachycardia, fever, 

leukocytosis, altered mental status, elevated serum lactate levels.” 
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4. Discussion 

Integrating fuzzy logic into Arden Syntax enhances clinical decision support by enabling 

reasoning under uncertainty—a better match for how clinicians assess ambiguous or 

borderline findings. Our examples show that the fuzzy connectives and, or, not, at least, 
and at most introduce gradations of truth, making medical rules more flexible and 

interpretable than rigid Boolean logic. This is particularly valuable when dealing with 

vague symptoms or incomplete data. 

While this paper demonstrates technical feasibility, further validation through 

clinical studies is needed to evaluate the real-world effectiveness of Fuzzy Arden Syntax 

in improving decision-making outcomes. Future work will explore advanced constructs, 

such as fuzzy control and conditional branching as well as fuzzy automata, to extend 

Arden Syntax’s applicability to complex clinical scenarios.  

5. Conclusions 

Fuzzy Arden Syntax offers a robust framework for managing imprecision in clinical 

decision-making. By augmenting Boolean logic with degrees of compatibility, it 

supports medical rules that align more closely with real-world clinical reasoning. This 

paper demonstrated how basic fuzzy connectives function within Arden Syntax and how 

they improve expressiveness in clinical scenarios.  

Future research will explore more advanced constructs and broader applications, 

with the goal of informing potential enhancements to the Arden Syntax standard and 

promoting its adoption as a flexible tool for modern clinical decision support.  
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