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 A B S T R A C T

Legal contracts are governed not only by their explicit terms but also by statutory norms, a principle recognized 
across legal systems. As contracts become computable and executable as code, ensuring compliance with these 
norms becomes critical. This paper introduces a method for integrating legislative provisions into computable 
contracts using the Stipula language, via a novel import construct. We distinguish between mandatory and 
default imports to model imperative and optional legal norms, respectively, and define a mechanism to 
enforce the priorities between these norms and contract’s provisions. This approach supports the automated 
creation of legally compliant contracts and lays the foundation for a broader framework aimed at enhancing 
the effectiveness of consumer rights through programmable legal tools.

1. Introduction

Upon entering into a contractual agreement, the parties undertake obligations not only as explicitly articulated within the contract but also in 
accordance with a set of terms that, while not expressly written in the contract, constitute an integral component of the contractual relationship. 
Every contract operates indeed within a broader legal framework that underpins its validity and delineates its legal effects.

This foundational principle of contract law is shared and recognized across many legal systems, albeit implemented in different forms.2 Civil law 
jurisdictions generally refer to this principle as contract integration, whereas in common law systems it is encapsulated under the concept of implied 
terms, denoting obligations not expressly stated but considered essential by virtue of statute, judicial precedent, customary practice, or equitable 
principles.

Computable contracts are software programs executed within computational environments, designed to represent and autonomously enforce 
specific elements of legal agreements [1]. While the automated execution of such contracts enhances predictability and contributes to the reduction 
of transaction costs, it simultaneously raises concerns regarding automated operations violating legal norms. Moreover, the absence of standardized 
or regulated computational infrastructures challenges institutional oversight, rendering it difficult for authorities to intervene in or suspend the 
execution of such contracts, especially when they are deployed within distributed ledger environments [2,3]. It is therefore imperative to develop 
methodologies that ensure compliance with statutory provisions from the outset of contract formation [4,5]. Such an approach should encompass, 
on the one hand, the automated incorporation of mandatory legal norms that may have been omitted by the contracting parties, and on the other, 
the systematic exclusion of contractual clauses that contravene binding statutory requirements.

This paper proposes a solution based on the the Stipula programming language [6–9]. Stipula is a domain-specific language whose primitives 
are meant to explicitly capture the foundational elements of contract law. Its current implementation is available at github.com/stipula-language. 
It is accompanied by a comprehensive suite of tools supporting the entire contract development process, including a visual code editor for intuitive 
authoring, an interpreter for automatic execution, and a collection of analyzers that verify legally relevant properties such as type correctness, 
clause reachability, and the absence of frozen assets [10]. These tools are integrated into a unified workbench, enabling legal practitioners and 
software developers to write, test, debug, and manage computable contracts in an effective and efficient manner.

I This article is part of a Special issue entitled: ‘Legal Systems’ published in Computer Law & Security Review: The International Journal of Technology Law 
and Practice.
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Principles of European Contract Law under Article 1:103 or in the United Nations Convention on Contracts for the International Sale of Goods in Article 9.
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To enhance the integration of statutory provisions within computable contracts, we introduce a novel feature within Stipula, termed import. 
This construct enables the incorporation of statutory provisions into specific contractual instances. Our construct implements two paradigms of 
contract integration, shared by both civil and common law systems: mandatory integration and default integration. The former pertains to the 
application of statutory provisions from which the contracting parties are not permitted to deviate, whereas the latter encompasses default rules 
that apply in the absence of contrary stipulations within the contract. We capture them respectively through mandatory import and default 
import, each characterized by distinct operational semantics: under mandatory import, the imported statutory provisions take precedence over 
any conflicting clauses within the contract; conversely, under default import, contractual clauses override conflicting default rules. Since Stipula is 
equipped with analytical tools capable of detecting legal inconsistencies during the contract drafting phase [11], it is possible to identify and resolve 
in advance conflicts between imported provisions and contract-specific clauses, thereby supporting the creation of legally compliant contracts.

To showcase the functioning of the new feature we discuss the context of unilateral contract termination under the Italian law and the consumers’ 
right to withdraw under EU law.3 Using consumers’ rights as a use case is motivated by two main considerations. First, consumer contracts are 
among the most heavily regulated by statutory law,4 making it essential for the field of computable contracts to develop tools that can accommodate 
these legal requirements. Second, we contend that computable contracts, by embedding legislative logic and procedures, can enhance the currently 
limited effectiveness of certain consumer protection provisions.

Building on Stipula’s import mechanism, this paper additionally sketches the basis of a framework for the use computable contracts to support 
and enhance the effectiveness of consumer contractual rights. We report some of the current barriers to effective enforcement and preliminarly 
distinguish different ways of regulating consumer contracts to identify the areas in which computable contracts can offer meaningful advantages 
and where they would be less effective.

The paper is structured as follows. Section 2 provides a general overview of contract integration mechanisms across different legal systems and 
introduces the use case of unilateral contract termination.  Section 3 describes the current state of the art of languages for computable contracts, as 
well as of other formal approaches developed in Artificial Intelligence and Law (AI and Law) for the integration of applicable statutory provisions 
in legal reasoning systems. Within this framework, we then position the Stipula project.  Section 4 introduces the main primitives and formal 
syntax of the Stipula language to help readers better understand the technical aspects discussed in the paper. Section 5 demonstrates the practical 
use of the import feature in Stipula through a running example. Section 6 formalizes the semantics of the import construct. Section 7 explores 
the applicability of computable contracts and of the import feature to support consumer contract law to identify promising directions for future 
work. Finally, Section 8 summarizes the main findings and takeaways of the paper.

2. The role of law in contracts

The role of statutory law in shaping the content of contracts is recognized across different legal systems. For example, in the Italian legal system, 
Article 1374 of the Civil Code embodies this principle by stating that parties to a contract are bound not only by its explicit terms but also by 
statutory or customary rules that arise from the conclusion of the contract [12]. A similar provision is found in Article 1194 of the French Code 
Civil. In common law jurisdictions, the same principle is recognized through the notion of implied terms. In English law, courts have long accepted 
the possibility of implying terms within contracts5 either in fact, to reflect the presumed intentions of the parties, or in law, where certain rules are 
regarded as necessary ‘‘incidents’’ of specific categories of contracts6 [13]. A similar recognition, although with differences in the specific scope 
of implication in fact and in law, can be found in the U.S. legal system,7 where the concept of implied terms is also reflected in the Restatement 
(Second) of Contracts.8

In all these forms, this legal institute designates provisions not expressly set out by the parties yet incorporated into the contract by operation 
of law, judicial decision, or custom [14]. For clarity, we will refer to this concept as contract integration throughout the paper. Moreover, while 
integration may derive from various sources, this paper focuses specifically on that originating from statutory law.

Across different legal traditions we can identify two general categories of statutory contract integration: mandatory integration and default 
integration [13,15,16].

Default integration occurs for gap-filling purposes and to preserve contracts’ validity in the context of incomplete contracts [15]. In this case, 
certain statutory rules apply when parties have not expressly addressed a particular issue in their agreement nor have expressly excluded the 
application of default statutory provisions. An example is Section 2-305 of the US Uniform Commercial Code, which governs open price terms, 
allowing a contract to remain valid even if the price has not been expressly agreed upon, provided certain conditions are met.

Mandatory integration, instead, operates when the legislator requires contracts to comply with certain rules which cannot be derogated by 
parties’ will [17]. In the Italian Civil Code, for example, articles 1339 and 1419 refer to this possibility stating that contract provisions contrary to 
law are automatically replaced by mandatory rules.

To better explain the mechanics of contract integration, consider the legal framework for unilateral termination under the Italian legal system. 
This aspect is regulated by the Italian Civil Code in Art. 1373. It provides, among other things, that unilateral termination shall only affect 
future performances, therefore leaving untouched those already performed.9 However, the article’s final paragraph states that this applies without 
prejudice to any contrary agreement.10 This essentially indicates the default nature of such provision and that any specific agreement between 
parties contrasting it should prevail.

While the Civil Code applies generally to all contracts, those concluded in a business-to-consumer relationship and unilaterally drafted by a 
stronger party also trigger the application of the wide corpus of laws on consumer protection. In this context, legislators have intervened to limit the 

3 Directive 2011/83/EU and implemented in Italy as part of the Codice del Consumo.
4 See the EU corpus of norms on consumer protection: https://commission.europa.eu/law/law-topic/consumer-protection-law_en.
5 See Liverpool City Council v Irwin [1977] AC 239; Scally v Southern Health and Social Services Board [1992] 1 AC 294.
6 For example, the Sale of Goods Act 1979 provides standard rules applying to commercial contracts.
7 See Henningsen v. Bloomfield Motors, Inc., 161 A.2d 69 (N.J. 1960).
8 Sections 204–205.
9 Art. 1373 par. 2 Codice Civile.
10 Art. 1373 par. 4 Codice Civile.
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freedom of contract and establish boundaries to protect consumers, by defining prohibited or necessary contents [18,19]. The boundaries defined 
serve as mandatory pro-consumer arrangements [20] that cannot be derogated by parties unless in a way that is more favorable to the consumer.

In the context of unilateral contract termination, Directive 2011/83/EU on Consumer Rights establishes the Right of Withdrawal, which grants 
consumers the opportunity to reconsider their decision to conclude a contract within a specified period of time11 and without incurring any costs. 
As any EU directive, it has to be implemented through national legislation to have legal force. In Italy, this provision is transposed into national law 
through Article 52 of the Consumer Code, resulting in its mandatory application to all consumer contracts and its precedence over any conflicting 
clauses.

In the remaining of the paper we will show how the mechanism of contract integration (and, specifically, the use case just described) can 
be captured in the Stipula domain-specific language and demonstrate how such functionality, where properly applied, can help improve the 
effectiveness of consumers’ rights. However, it is essential to first examine to what extent current computational approaches to law incorporate, 
or fail to incorporate, such a mechanism. The next section therefore reviews the state of the art in languages for computable contracts and related 
formal methods, providing the background against which we position our proposal.

3. Background and comparative framework

Languages for computable contracts. The digital representation of legal contracts has been the subject of extensive research, motivated by the dual 
goals of monitoring and automation [1,21,22]. A substantial line of work stems from the notion of Ricardian Contracts [23–26], which link natural 
language documents to executable code through explicitly declared parameters — that is, contract-specific values that can be instantiated and 
referenced in both the written text and the associated code. A markup layer mediates this correspondence, ensuring that parameters are consistently 
bound across the two representations. While influential, this approach has been criticized for its limited ability to capture the deeper semantics of 
contractual obligations and for difficulties in validation [27].

An alternative direction has been the design of dedicated programming languages for contracts, enabling a fully computable representation. 
Some of these languages aim for accessibility and intelligibility by relying on controlled natural languages [28–30]. Others emphasize rigorous 
formal semantics, often grounded in defeasible or deontic logic, to reflect legal reasoning with precision [31–33]. Logic-based approaches have been 
successfully applied to tasks such as detecting inconsistencies in contract clauses [32–34] and providing formal specifications for integration with 
business process management tools to monitor contract execution [31]. However, these approaches are generally not designed to realize computable 
contracts in the sense of [1,35], that is, contracts whose provisions can be directly executed to automate aspects of contractual performance.

A recent contribution in this space is [36], which addresses compliance in data supply chains. Here, obligations arising from data protection law 
– typically articulated in contractual instruments such as Data Protection Addenda and compliance assessments – are formally represented using the 
Symboleo specification language. The approach enables the generation of smart contract code to model obligations and powers, verify consistency, 
and monitor execution within a blockchain infrastructure. Nevertheless, compliance in this framework is conceptualized primarily as process-to-
contract, rather than as contract-to-law. By contrast, to the best of our knowledge, no existing contract language provides native mechanisms for 
legal integration in the strict sense, that is, the ability to import statutory provisions into a contract with formally defined priorities between legal 
rules and contractual clauses, together with an explicit distinction between mandatory and default norms.

Logic-based approaches for conflicting legal sources. Logic-based analyses of conflicts between norms originating from different sources or carrying 
different levels of stringency have been extensively explored in the field of AI and Law. Various formal approaches have been proposed, including 
non-monotonic and defeasible reasoning [37], belief revision [38], and argumentation frameworks [39]. A central observation in this body of work 
is that defeasibility – the idea that a conclusion derivable from a given set of premises may no longer hold when additional premises are introduced 
– constitutes a fundamental feature of legal reasoning. In legal contexts, a rule may be overridden by an exception, displaced by a superior rule, 
or superseded by a subsequent one. To address this, a variety of logical systems have been developed that allow conflicting rules to coexist within 
the same knowledge base. These systems typically rely on priorities and exceptions to resolve conflicts and identify justified conclusions. A notable 
example is defeasible logic, a rule-based formalism that provides a logic-programming framework for defeasible reasoning and has been successfully 
applied in many legal domains [40].

Conflicts and priorities among norms have also been addressed through formal argumentation [41–43]. In this perspective, conflicts between 
rules or legal provisions give rise to conflicts between the arguments in which they appear. Resolution then depends on the argumentation semantics 
adopted. For instance, the ASPIC framework incorporates both strict and defeasible rules, and allows conflicts among defeasible rules to be settled 
according to explicit priorities.

For our purposes, approaches that combine multiple legal sources within a single reasoning process are particularly relevant. One prominent 
example is the work of Sartor and Dung [44], who apply modular argumentation to private international law. In this framework, rules on jurisdiction 
and choice of law determine which legal system governs a dispute. Each legal system is represented as an independent module, subdivided into 
components that specify rules on jurisdiction, competence, and applicable law. Conflict-of-law rules may activate submodules corresponding to 
foreign jurisdictions or international conventions, which are then integrated into the argumentation framework. This modular architecture enables 
a systematic representation of fragmented and overlapping legal sources without resorting to ad hoc mechanisms for international disputes.

In a related vein, Prakken [45] employs structured argumentation to combine different modes of legal reasoning, which can be dynamically 
applied to distinct sets of rules. Legal problem-solving often requires integrating factual reasoning with normative reasoning, where both deductive 
and defeasible methods must be employed in a coordinated fashion.

11 The minimum period is fourteen days, starting from a moment that varies depending on the type of contract, such as its conclusion, delivery, or other 
relevant events. See Article 9(2) of Dir. 2011/83/EU.
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Table 1
Syntax of Stipula with import features (in red).

stipula C ⌈import_clause⌉ {
 assets 𝚑
 fields 𝚡
 agreement(𝙰){

𝙰1 : 𝚡1
⋯  // ⋃𝑖∈1..𝑛 𝙰𝑖 ⊆ 𝙰 ,

⋃

𝑖∈1..𝑛 𝚡𝑖 ⊆ 𝚡 ,
⋂

𝑖∈1..𝑛 𝚡𝑖 = ∅
𝙰𝑛 : 𝚡𝑛

 } => @Q
𝐹

}

norm N <_𝙿>(_𝚣)[_𝚛]/_𝚀/ ⌈constraints 𝜑⌉ ⌈baseline ♭⌉ { 𝐹  }

import_clause ∶∶= ⌈mandatory⌉ import N < 𝙿 >( 𝚣 )[ 𝚛 ]/ 𝚀′ /

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝐹 ∶∶= -- | @𝚀 𝙰 ∶ 𝚏(𝚢)[𝚔] (𝐸){𝑆 𝑊 } => @𝚀′ 𝐹
𝑃𝑟𝑒𝑓𝑖𝑥𝑒𝑠 𝑃 ∶∶= 𝐸 → 𝚡 | 𝐸 → 𝙰 | 𝐸 ⊸ 𝚑, 𝚑′ | 𝐸 ⊸ 𝚑, 𝙰
𝑆𝑡𝑎𝑡𝑒𝑚𝑒𝑛𝑡𝑠 𝑆 ∶∶= -- | 𝑃 𝑆 | 𝚒𝚏 (𝐸) {𝑆 } 𝚎𝚕𝚜𝚎 {𝑆 } 𝑆
𝐸𝑣𝑒𝑛𝑡𝑠 𝑊 ∶∶= -- | 𝐸 >> @𝚀 {𝑆 } => @𝚀′ 𝑊
𝐸𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑠 𝐸 ∶∶= 𝑣 | 𝑋 | 𝚗𝚘𝚠 | 𝐸 𝚘𝚙𝐸 | 𝚞𝚘𝚙𝐸
𝑉 𝑎𝑙𝑢𝑒𝑠 𝑣 ∶∶= 𝑛 | 𝚏𝚊𝚕𝚜𝚎 | 𝚝𝚛𝚞𝚎 | 𝑠 | t

𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠 𝜑 ∶∶= 𝚡 𝚛𝚘𝚙 𝑤 | 𝜑 ∧ 𝜑 | 𝜑 ∨ 𝜑
𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑠 ♭ ∶∶= 𝚡 = 𝑤 | 𝚡 = 𝑤, ♭
𝐷𝑎𝑡𝑎 𝑤 ∶∶= 𝑣 | 𝚗𝚘𝚠 | 𝚗𝚘𝚠 + 𝑘 (𝑘  is a natural number)

Positioning. Stipula is designed as an imperative framework that simultaneously captures the semantics of contract law and offers a practical, 
implementable approach [10]. It adopts an object-oriented, imperative programming style, enriched with dedicated primitives that encode legally 
meaningful concepts such as obligations, permissions, and asset transfers. The present contribution extends this framework by showing how the 
legal doctrine of contract integration can be embedded directly into the language design, thereby transforming it into an executable mechanism. 
To the best of our knowledge, no other domain-specific language for computable contracts currently provides such functionality.

Although the execution mechanism itself has not yet been fully detailed, this paper specifies the underlying algorithm with particular emphasis 
on the resolution of conflicts among imported norms. By contrast, the integration of external rules and the systematic management of normative 
conflicts are not easily expressible in existing contract languages, which are predominantly rooted in general-purpose imperative paradigms. For 
instance, the integration of norms is not clear for smart contracts implementations of legal contracts in Solidity12 on Ethereum or in Java and Go 
for Hyperledger Fabric13  [46,47].

4. Stipula

Stipula is a domain-specific language designed for modeling legal contracts [6–10]. It is based on primitives that abstractly capture the 
fundamental elements of contract law. A legal contract is written in Stipula with import clauses according to the syntax of Table  1. The parts 
in red are not in the basic language and define the import mechanisms discussed in Sections 5 and 6. In the syntax, the parts in brackets ⌈⋯⌉ are 
optional. Stipula uses different types of names to indicate different entities: 𝙲, 𝙲′, ⋯ denote contract names; 𝙰, 𝙰′, ⋯ denote parties; 𝚏, 𝚐, ⋯ denote
functions. The language distinguishes between standard parameters, such as the days of validity of a contract or the cost of a good, and entities 
like currencies, or digital goods, that are linear resources. The former are stored in fields that are denoted by names like 𝚡, 𝚢, ⋯; the latter ones 
are stored in assets denoted by 𝚑, 𝚔, ⋯. Finally, we will use 𝚀, 𝚀′, ⋯, to range over contract states. To simplify the syntax, we often use the vector 
notation 𝚡, 𝚑, 𝙰 to denote possibly empty sequences of elements. 

A contract in Stipula has a name, which is 𝙲 in Table  1; its body contains the assets and fields, the agreement code, and the sequence 𝐹  of functions. 
Technically, the agreement is the constructor of the contract which captures the ‘‘meeting of the minds’’. This denotes the main requirement of 
contract formation, namely the mutual assent (or consensus ad idem) between the parties, and marks the moment when the contract terms become 
binding.14 It specifies the set 𝙰 of involved parties and the terms of the contract — the initial values of a subset of the contract’s fields. The terms 
of the contract do not include assets, that are initially empty and that must be explicitly transferred during the execution. The agreement also 
specifies the initial state of the contract. For example,

agreement (Supplier , Buyer , PriceProvider) {
Supplier , Buyer : price

} => @Start

defines a contract whose parties are Supplier, Buyer and PriceProvider, where Supplier and Buyer must initially agree on the value of the field 
price. The initial state of the contract will be Start.

12 soliditylang.org.
13 https://hyperledger-fabric.readthedocs.io/en/release-2.5/.
14 Depending on the legal system, in addition to consensus ad idem, the exact terminology and number of additional requirements may vary (e.g., consideration
in common law, causa in the Italian legal system).
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Table 2
Digital service contract.
 VPN SERVICE AGREEMENT  
 1. Object: The Trader grants the Consumer access to its VPN software and related services (‘‘Service’’) for secure and private internet 
usage.

 

 2. Price: The Service is provided at a fixed price of 10 e per year. This price includes all applicable fees but may be subject to 
additional taxes depending on your location.

 

 3. Duration: This agreement shall remain in effect for a period of twelve (12) months from the date of purchase.  

States and functions. Legal contracts may create, extinguish or regulate the parties’ normative positions such as permissions, prohibitions or 
obligations. Stipula uses states to model and automatically enforce prohibitions and permissions. In each state only certain functions in 𝐹  may 
be invoked while others are precluded. Every function defines the caller party A and the state 𝚀 when the invocation is admitted. Function’s 
parameters are split in two lists: the formal parameters 𝚢 in brackets and the asset parameters 𝚔 in square brackets. The precondition 𝐸 constrains the 
execution of the body of f. Finally the body { 𝑆 𝑊 } => @𝚀′ specifies the statement part 𝑆, the event part 𝑊 , and the state 𝚀′ of the contract when 
the function execution terminates. For example, according to the code

@Start PriceProvider: update_price(p)[] {
p → price
p → Supplier , Buyer } => @Waiting_order

the state enabling the invocation of the update_price function is Start. Through this, the PriceProvider records the updated price in the field 
price and sends the new value to the Supplier and the Buyer. Then the contract transits to the state Waiting_order.
Assets and fields. Computable contracts are usually required to manage currencies or digital goods. In Stipula these entities are called assets and 
operations involving them (transfers, escrows, etc.) are characterized by ad hoc syntactical primitives, thus separating asset types from other data 
types. Accordingly, the statements 𝑆 in Table  1 include the empty statement -- and different prefixes followed by a continuation. Prefixes 𝑃  use the 
two symbols ⊸ and → to differentiate operations on assets and of fields, respectively. The prefix 𝐸 → 𝚡 updates the field or the parameter x with 
the value of 𝐸; 𝐸 → 𝙰 sends the value of 𝐸 to the party A; 𝐸 ⊸ 𝚑, 𝚑′ subtracts the value of 𝐸 to the asset h and adds it to h′ – resources stored 
in assets can be moved but cannot be destroyed –, 𝐸 ⊸ 𝚑, 𝙰 subtracts the value of 𝐸 to the asset h and transfers it to A. The operational semantics 
will prevent assets with negative values. Statements also include a conditional 𝚒𝚏 (𝐸) {𝑆 } 𝚎𝚕𝚜𝚎 {𝑆′ } with the standard semantics. We will always 
abbreviate h ⊸ h,h′ and h ⊸ h,A (which are very usual, indeed) into h ⊸ h′ and h ⊸ A, respectively. 
Events. Obligations in Stipula are abstractly captured by Events 𝑊 . These are ad-hoc operations that monitor whether an obligation is fulfilled at 
a given time, and, if not, automatically trigger its enforcement or the imposition of a penalty. More precisely, the term 𝐸 >> @𝚀 {𝑆} => @𝚀′ schedules 
an execution that is triggered 𝑘 time slots ahead, where 𝑘 is the value of 𝐸. When triggered, the continuation 𝑆 will be automatically executed if 
the contract’s state is Q. At the end of the execution of 𝑆, the contract transits to 𝚀′. The scheduling of the events is nondeterministic when several 
events are ready to be executed at the same time. For example, the operation (that occurs inside the body of a function)

now + time_due >> @Inactive {"the contract ends" → Buyer} => @End

triggers a transition at time now + time_due that may take place if, at that time, the contract is in the state Inactive. It informs the Buyer that 
the contract is terminated and transitions the contract to the state End.

Expressions 𝐸 include constant values ranged over by 𝑣, 𝑢,…, names of assets, fields and parameters generically ranged over by 𝑋, the keyword 
now representing the current time (when the code is executed), and both standard binary (op) and unary (uop) operations (arithmetic operations, 
logical operations, relational operations, etc.). Expressions are also values, which include real numbers 𝑛, booleans true and false, strings 𝑠 that 
are sequences of characters that are pre- and post-fixed by ‘‘"’’, and time values t that represent the global system clock and are expressed in the 
format "2025/1/1:00:15", with minute-level precision.

The formal semantics of Stipula is reported in the Appendix. We conclude this section by discussing the encoding in Stipula of a simple contract 
for the supply of a VPN digital service. The contract is defined in Table  2; it has two parties – the Trader and the Consumer – and initially sets the 
basic elements of the relationship, namely the object, the price, and the duration. It is intended that, once the Consumer has paid the 10 e, he gets 
the passkey to access to the VPN. We can encode this contract in Stipula as follows.

1 stipula VPN {
2 fields: tstart , tend , price , product
3 asset: wallet , good
4
5 agreement (Trader , Consumer)(){
6 Trader , Consumer : tend , price , product
7 // price 10 Euro , tend = 12M, product = VPN
8 } => @Init
9
10 @Init Trader: supply(type)[v] (type == product){
11 v ⊸ good
12 } => @Pay
13
14 @Pay Consumer: pay()[w] (w == price) {
15 now → tstart
16 w ⊸ wallet
17 tstart + tend >> @Run { wallet ⊸ Trader } => @End
18 } => @Run
19 }

Listing 1: Stipula VPN service Agreement with termination clause
5 
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With the function supply (line 10), the Trader delivers the product by transferring the digital asset. The function pay() (line 14) escrows the 
purchase price and stores it in the contract’s wallet. The funds remain in escrow until the contract reaches its end, at which point they are 
released to the Trader. This procedure is implemented by the event in line 17. The contract does not specify any cause of termination other than 
the natural twelve-month term.

5. The import mechanisms in Stipula

The extension of Stipula’s syntax for importing statutory provisions is written in red in Table  1. According to the import_clause, there are 
two distinct modes of integration:

• default import : statutory provisions that fill contractual gaps without overriding explicit terms agreed upon by the parties;
• mandatory import : statutory provisions that override conflicting clauses in a contract, ensuring compliance with non-derogable legal norms.

The clause also specifies the identifier N of the norm to be imported, and the mapping that replaces the placeholder names used in the norm with 
corresponding names defined in the contract.

In turn, a norm defines a number of functions in the same style of Stipula functions and, possibly, constraints and baseline values on the fields 
of the norm. Constraints are conjunctions or disjunctions of simple requirements, such as ‘‘the value of a field x must be always greater than a 
lower bound value 𝑤’’. The operations rop are the standard relational operators, namely =, ≠, >, <, ≥ and ≤. The baselines define default values 
for fields if they are not specified in the contract that integrates the norm. Therefore, when present, it is a nonempty sequence of terms 𝚡 = 𝑤. 
We assume that pairwise different elements in ♭ address different fields. Finally, data 𝑤 are either constant values or terms like now or 𝚗𝚘𝚠 + 𝑘
indicating the current time (when the data is evaluated) or a future time.

The import clause plays a crucial role in the agreement between parties. Suppose the imported norm is associated with a set of constraints 𝜑
and a set of baseline values ♭. Formally, the baseline values ♭ is a function from fields’ names to value; hence ♭(𝚡) returns the value of x in ♭ (in 
Section 6 these functions are called memories). If the parties do not specify a value for a field x whose baseline value is defined in ♭, then the field 
is initialized to ♭(𝚡). Furthermore, if the import is mandatory, and the value of x agreed upon by the parties does not satisfy the constraints in 𝜑, 
the agreement is considered invalid if 𝚡 ∉ 𝑑𝑜𝑚(♭), and, as before, the field is initialized to ♭(𝚡) (and we always assume that ♭(𝚡) satisfies 𝜑). No 
constraint checking is performed in the case of a default import.

Regarding functions, let 𝐹𝙽 denote the set of functions defined by the norm, and 𝐹  the set defined by the contract. The import clause modifies 
the function selection mechanism accordingly. If the import is mandatory, the function is selected from 𝐹𝙽. If no function from 𝐹𝙽 can be executed 
– either because none is specified in the current state or their preconditions are not satisfied – then the selection falls back to 𝐹 . Conversely, if the 
import is default, the selection process prioritizes 𝐹 , and only considers 𝐹𝙽 if no suitable function is found in 𝐹 .

We showcase the practical functioning of the import through a use-case scenario involving unilateral termination of contract and the consumer’s 
right of withdrawal; the formal semantics of the import is provided in Section 6.
Default import. Take the contract in Listing 1 and consider now Article 1373(2) of the Italian Civil Code, related to Unilateral Termination:

Norm 1. [..] In contracts for continuous or periodic performance, this option [unilateral termination] may also be exercised subsequently [after performance 
has begun], but the termination has no effect on performances already performed. [..]

This provision functions as a default rule within the Italian legal system, meaning it shall apply to all contracts within the scope of the provision, 
unless expressly excluded by the parties. As such, it applies also to the contract in Table  2. Here, since the price is calculated based on time, the fact 
that the termination shall not affect previous performances means that if the purchaser terminates the contract early, they would still be required 
to pay for the portion of time the service has been used.

Statutory norms can be represented in Stipula using the import mechanism, as code modules designed for later integration into specific contracts. 
These modules, referred to as norm, are therefore parametric. For example, Article 1373(2) is formalized as shown below:

1 norm m_1373cc <_trader ,_consumer >(_tstart ,_tend)[_wallet ]/_Qa ,_Qb/
2 constraints _tend>0
3 baseline _tend=1 {
4
5 @_Qa _consumer: withdraw ()[] (now <= _tstart+_tend){
6 ((now -_tstart)/_tend)×_wallet ⊸ _wallet , _trader
7 wallet ⊸ _consumer
8 } => @_Qb
9 }

Listing 2: Norm m_1373cc: Article 1373 of the Italian Civil Code

The declaration in line 1 indicates that the norm features two parties, two fields (_tstart, storing the contract’s starting time, and _tend, 
storing the contract duration), one asset wallet, and two states _Qa and _Qb (to ease the reading, the parameters of norms are always prefixed by 
‘‘_’’). As mentioned above, norms can define boundaries for fields, that is, constraints limiting the range of admissible values a field may assume, 
and baselines, which assign default values to fields when they are uninitialized or when their assigned values violate the constraints. The effect 
of these boundaries depends on the type of import (formal semantics is provided in Section 6). For norm m_1373cc, _tend must be positive; if 
the agreement phase of the contract does not initialize the field, then, because of the baseline clause, _tend is instantiated to 1 (this is a generic 
positive value to highlight the usefulness of the baseline construct). The norm also defines the withdraw() function that allows the _consumer 
to terminate the contract (entering state _Qb). When this function is called, the contract automatically calculates the amount due to the _trader 
based on the elapsed time and refunds the remaining balance to the _consumer (lines 6, 7). For example, if half of the time is elapsed, e.g. now -
_tstart = _tend/2, then line 6 becomes

0.5×_wallet ⊸ _wallet , _trader
6 
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meaning that the _trader gets half of the money and _consumer the other half (line 7). This mechanism reflects the provision of Article 1373 c.c., 
according to which termination shall not affect previous performances.

The integration of norm m_1373cc within the contract in Listing 1 is performed by modifying the contract declaration as follows:
stipula VPN import m_1373cc <Consumer , Trader >(tstart ,tend)[wallet] / Run ,End /

As a consequence, the module implementing Article 1373 c.c. is automatically incorporated in VPN, and Consumer will have access to the unilateral 
withdrawal mechanisms.

Next, assume to extend the VPN service agreement in Table  2 in order to include the following unilateral early termination clause:

4(a). Termination and Cancellation Fee:  The Consumer may unilaterally withdraw from this agreement at the latest within seven (7) days from the 
conclusion of the agreement. In such a case, the Consumer will be refunded of the total price deducted a termination fee of 10%. No withdraw is 
possible after seven (7) days.

With this new clause, the Stipula representation of the whole agreement would be:
1 stipula VPN2 import m_1373cc <Consumer , Trader >(tstart ,tend)[wallet ]/ Run ,End / {
2 fields: tstart , tend , price , twith , product
3 assets: wallet , good
4
5 agreement (Consumer , Trader)(){
6 Consumer , Trader: tend , price , product
7 // tend= 12M, price= 10Euro , product= VPN
8 } => @Init
9
10 @Init Trader: supply(type)[v] (type == product){
11 v ⊸ good
12 } => @Pay
13
14 @Pay Consumer: pay()[w] (w == price) {
15 now → tstart
16 w ⊸ wallet
17 tstart + tend >> @Run { wallet ⊸ Trader} => @End
18 } => @Run
19
20 @Run Consumer: withdraw ()[] (now <= tstart +7D) {
21 0.1 × wallet ⊸ wallet , Trader
22 wallet ⊸ Consumer
23 } => @End
24
25 @Run Consumer: withdraw ()[] (now > tstart +7D) {
26 } => @Run
27 }

Listing 3: Stipula VPN service Agreement with termination clause

To implement clause 4(a), this contract defines a dedicated withdraw() function that may be invoked before the deadline. When executed, this 
function deducts the fee from the contract’s wallet (where the escrowed price was stored) prior to issuing a refund. The second withdraw() 
function (lines 27–28) handles invocations that occur after the deadline. In such cases, the function explicitly specifies that the invocation has no 
effect, thereby ensuring that late withdrawal attempts are safely ignored. The contract also imports the default rule of Article 1373 of the Italian 
Civil Code, which, as a general provision, applies to contracts in the absence of specific terms. The Stipula default import mechanism prioritizes 
contract-specific provisions over imported defaults. Consequently, the general clause never becomes applicable because of the two withdraw() 
functions at lines 22–25 and 27–28.
Mandatory import. If not individually negotiated, the contract shown in Table  2 qualifies as a consumer contract and is therefore subject to 
consumer protection regulations — most notably, the right of withdrawal established by EU Directive 2011/83. Consider now Article 52 of the 
Italian Consumer Code that implements the consumer’s right of withdrawal introduced by EU Directive 2011/83, as discussed in Section 2:

Norm 2.  Subject to the exceptions provided for in Article 59, the consumer shall have a period of fourteen days to withdraw from a distance or off-premises 
contract without giving any reason and without incurring any costs.
As previously noted, this norm represents a mandatory pro-consumer arrangement [20] that cannot be derogated from, except in ways that are 
more favorable to the Consumer.15 The foregoing clause 4(a) clearly conflicts with the right of withdrawal: the deadline granted for withdrawal 
is too short and it imposes a cancellation fee. In such a situation, despite the specific contract term, Article 52 would prevail over Clause 4(a), 
and the consumer would retain the right to withdraw without incurring in any charge. To represent this situation, we define the mandatory import
feature. First of all, we encode the mandatory norm as follows:

1 norm m_52cons <_consumer ,_trader >( _tstart)[_wallet , _good ]/_Qa ,_Qb/
2
3 @_Qa _consumer: withdraw ()[] (now <= _tstart +14D){
4 _wallet ⊸ _consumer
5 } => @_Qb

Listing 4: Norm m_52cons: Article 52 of Italian Consumer Code

15 Article 25 of Directive 2011/83 and, at the national level, Article 59 of the Italian Consumer Code.
7 
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Table 3
Early termination clause 4b.
 4(b). Termination and Cancellation Fee. The Consumer may cancel the subscription with a fee of e2 within 

thirty (30) days from the original purchase date. After this period, no cancellation is possible anymore.
 

In contrast to the norm in Listing 2, the foregoing function withdraw includes a fixed constraint that allows its invocation only within 14 days from 
the conclusion of the agreement (now <= _tstart + 14D). If the constraint holds, the entire escrowed amount is returned to the consumer (_wallet 
⊸ _consumer), reflecting the free-of-charge nature of the right of withdrawal. This norm can be automatically integrated in VPN2 by replacing lines 
1 and 2 as follows:

stipula VPN2a mandatory import m_52cons <Consumer , Trader >(tstart ,tend)[wallet ]/ Run ,End /

In this case, the imported norm’s functions have priority over the contract’s functions. Therefore, when withdraw is invoked, the runtime will 
execute the version defined in Listing 4.

Assume now that the VPN service agreement includes a different clause regulating unilateral termination – Clause 4(b) – that is defined in Table 
3.

In contrast to Clause 4(a), this provision is only partially inconsistent with the consumer’s right of withdrawal. While the right must be 
exercisable free of charge within the initial 14-day period, Article 52 does not prohibit the imposition of cancellation fees once that period has 
elapsed. This means that after the first fourteen days, the two euros fee imposed by 4(b) is legitimate. This form of partial integration is captured 
through the mandatory import mechanism, as illustrated by the following Stipula version of the contract incorporating Clause 4(b):

1 stipula VPN3 mandatory import m_52cons
2 <Trader , Consumer >( tstart)[wallet ]/ Run ,End / {
3
4 fields: tstart , tend , price , product
5 assets: wallet , good
6
7 agreement (Trader , Consumer)(){
8 Trader , Consumer: tend , price , product
9 // tend= 12M, price= 10Euro , product= VPN
10 } => @Init
11
12 ...
13
14 @Run Consumer: withdraw ()[] (now <= tstart +30D){
15 2 ⊸ wallet , Trader
16 wallet ⊸ Consumer
17 } => @End
18
19 @Run Consumer: withdraw ()[] (now > tstart +30D){
20 } => @Run
21 }

Listing 5: Stipula VPN service Agreement with termination clause 4(b)

This version closely mirrors the contract in Listing 3; for this reason, the supply and pay functions are omitted for brevity. The main difference is 
that the imported module is of type mandatory, corresponding to the statutory right of withdrawal. When the withdraw function is invoked, the 
contract prioritizes the implementation in Listing 4, provided that the constraint now  ≤ tstart+ 14D is satisfied. After this period, the invocation 
triggers the withdraw function defined in Listing 5, assuming its own constraints hold, and issues a partial refund to the consumer. As previously 
noted, the import mechanism does not remove or override protocols; instead, it defines an execution priority, enabling seamless resolution of partial 
conflicts between contractual terms and legal provisions.

6. The semantics of the import

The semantics of Stipula with import clauses is defined as a transition relation between configurations (the reader may find the semantics of 
the basic language in the Appendix). These configurations are tuples F ⊢t 𝚀 , 𝓁 , 𝛴 , 𝛹 where

• F is the declaration part of a contract. It may be either the functions 𝐹  of a simple contract without any imported norm or 𝐹 ▶ 𝐹 ′ where, 
according to the type of import, one of the two are the functions of a norm and the other those of a contract. The operation 𝐹 ▶ 𝐹 ′ prioritizes 
the functions in 𝐹  with respect to those in 𝐹 ′;

• t is the time value of the system’s global clock;
• 𝚀 is a state;
• 𝓁, called memory, is a mapping from names (parties, fields, assets and function’s parameters) to values. The values of parties are noted with 
italic fonts 𝐴,𝐴′,… (they are initialized when the contract is instantiated);

• 𝛴 is a (possibly empty) residual of function bodies, i.e. 𝛴 is either -- – in this case we say 𝛴 is idle – or a term 𝑆 => 𝚀. We assume that -- 𝑆 => 𝚀
is equal to 𝑆 => 𝚀;

• 𝛹 is a (possibly empty) multiset of pending events that have been already scheduled for future execution but not yet triggered. In particular, 
𝛹 is either --, when there are no pending events, or it is 

𝚔1>> 𝚀1{ 𝑆1 } => 𝚀′1 |⋯| 𝚔ℎ>> 𝚀ℎ{ 𝑆ℎ } => 𝚀′ℎ

 where ‘‘|’’ is commutative and associative with identity --. In every term 𝚔𝑖 >> 𝚀𝑖{ 𝑆𝑖 } => 𝚀′𝑖 , the constant 𝚔𝑖 indicates the time slots that must 
elapse in order to activate the event.
8 
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Table 4
The semantics of the import clause in Stipula.

[Agree]

stipula C { assets 𝚑 fields 𝚡 agreement(𝙰){ d } => @𝚀 𝐹 }

d = 𝙰1 ∶ 𝚡1 ⋯ 𝙰𝑛 ∶ 𝚡𝑛 𝓁 = [𝙰 ↦ 𝐴, 𝚡𝑖 ↦ 𝑣𝑖 𝑖∈1..𝑛, 𝚑 ↦ 0]

-- ⊢t -- , ∅ , -- , --
(𝐴,𝐴𝑖∶𝑣𝑖 𝑖∈1..𝑛)

⟶ 𝐹 ⊢t 𝚀 , 𝓁 , -- , --

[Agree-Mandatory]

norm N <_𝙿>(_𝚣)[_𝚛]/_𝚀/  constraints 𝜑  baseline ♭ { 𝐹𝙽 }

stipula C mandatory import N < 𝙿 >( 𝚣 )[ 𝚛 ]/ 𝚀′ / {
assets 𝚑 fields 𝚡 agreement(𝙰){ d } => @𝚀 𝐹 }

d = 𝙰1 ∶ 𝚡1 ⋯ 𝙰𝑛 ∶ 𝚡𝑛 𝓁 = [𝙰 ↦ 𝐴, 𝚡𝑖 ↦ 𝑣𝑖 𝑖∈1..𝑛, 𝚑 ↦ 0]

𝓁′ = 𝜑{𝚣,t∕_𝚣,𝚗𝚘𝚠} ≻𝙼 𝓁 , ♭{𝚣,t∕_𝚣,𝚗𝚘𝚠} 𝐹 ′
𝙽
= 𝐹𝙽{𝙿∕_𝙿}{

𝚣∕_𝚣}{𝚛∕_𝚛}{𝚀
′∕_𝚀}

-- ⊢t -- , ∅ , -- , --
(𝐴,𝐴𝑖∶𝑣𝑖 𝑖∈1..𝑛)

⟶ 𝐹 ′
𝙽
▶ 𝐹 ⊢t 𝚀 , 𝓁′ , -- , --

[Agree-Default]

norm N <_𝙿>(_𝚣)[_𝚛]/_𝚀/  constraints 𝜑  baseline ♭ { 𝐹𝙽 }

stipula C import N < 𝙿 >( 𝚣 )[ 𝚛 ]/ 𝚀′ / {
assets 𝚑 fields 𝚡 agreement(𝙰){ d } => @𝚀 𝐹 }

d = 𝙰1 ∶ 𝚡1 ⋯ 𝙰𝑛 ∶ 𝚡𝑛 𝓁 = [𝙰 ↦ 𝐴, 𝚡𝑖 ↦ 𝑣𝑖 𝑖∈1..𝑛, 𝚑 ↦ 0]

𝓁′ = 𝜑{𝚣,t∕_𝚣,𝚗𝚘𝚠} ≻𝙳 𝓁 , ♭{𝚣,t∕_𝚣,𝚗𝚘𝚠} 𝐹 ′
𝙽
= 𝐹𝙽{𝙿∕_𝙿}{

𝚣∕_𝚣}{𝚛∕_𝚛}{𝚀
′∕_𝚀}

-- ⊢t -- , ∅ , -- , --
(𝐴,𝐴𝑖∶𝑣𝑖 𝑖∈1..𝑛)

⟶ 𝐹 ▶ 𝐹 ′
𝙽
⊢t 𝚀 , 𝓁′ , -- , --

The transition relation of Stipula is F ⊢t 𝚀 , 𝓁 , 𝛴 , 𝛹
𝜇

⟶ F ⊢t′ 𝚀
′ , 𝓁′ , 𝛴′ , 𝛹 ′, where 

𝜇 ∶∶= -- | (𝐴, 𝐴1 ∶ 𝑣1,… , 𝐴𝑛 ∶ 𝑣𝑛) | 𝐴 ∶ f(𝑢)[𝑣] | 𝑣 → 𝐴 | 𝑣 ⊸ 𝐴 .

 That is the label 𝜇 is either empty, or denotes an initial agreement, or a function call, or a value send, or an asset transfer. The initial state of a 
contract is 

-- ⊢t -- , ∅ , -- , --

 and the first transition 

-- ⊢t -- , ∅ , -- , --
(𝐴,𝐴1∶𝑣1 ,…,𝐴𝑛∶𝑣𝑛)

⟶ F ⊢t 𝚀′ , 𝓁′ , 𝛴′ , 𝛹 ′

 defines the effects of the agreement. The formal definition of this transition is given in Table  4 where we use the following auxiliary functions:

• we say that 𝜑 is satisfiable if there exist a substitution {𝑣∕𝚡}, where 𝑥 are the variables in 𝜑, such that 𝜑{𝑣∕𝚡} is true;
• ♭ ⧵ 𝚡 is the memory ♭ that is not defined on the name x, formally: 

(♭ ⧵ 𝚡)(𝚢) =

⎧

⎪

⎨

⎪

⎩

♭(𝚢) if 𝚢 ≠ 𝚡  and 𝚢 ∈ 𝑑𝑜𝑚(♭)

𝑢𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑 otherwise

• the mandatory import operation 𝜑 ≻𝙼 𝓁 , ♭ returns a memory that is defined as follows: 

𝜑 ≻𝙼 𝓁 , ♭
def
=

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

♭ 𝑖𝑓 𝓁 = ∅  and 𝜑{♭(𝚡)∕𝚡}  is satisfiable, with 𝚡 = 𝑑𝑜𝑚(♭)

𝓁′[𝚡 ↦ 𝑣] 𝑖𝑓 𝓁(𝚡) = 𝑣 𝑎𝑛𝑑 𝜑{𝑣∕𝚡} 𝑖𝑠 𝑠𝑎𝑡𝑖𝑠𝑓 𝑖𝑎𝑏𝑙𝑒
𝑎𝑛𝑑 𝓁′ = 𝜑 ≻𝙼 𝓁 ⧵ 𝚡 , ♭ ⧵ 𝚡

𝓁′[𝚡 ↦ ♭(𝚡)] 𝑖𝑓 𝓁(𝚡) = 𝑣 𝑎𝑛𝑑 𝜑{𝑣∕𝚡} 𝑖𝑠 𝑛𝑜𝑡 𝑠𝑎𝑡𝑖𝑠𝑓 𝑖𝑎𝑏𝑙𝑒
𝑎𝑛𝑑 𝓁′ = 𝜑 ≻𝙼 𝓁 ⧵ 𝚡 , ♭ ⧵ 𝚡 𝑎𝑛𝑑 𝚡 ∈ 𝑑𝑜𝑚(♭)

Notice that 𝜑 ≻𝙼 𝓁 , ♭ is undefined if 𝓁 = 𝓁′[𝚡 ↦ 𝑣] and 𝜑{𝑣∕𝚡} is not satisfiable and 𝚡 ∉ 𝑑𝑜𝑚(♭).
• the default import operation 𝜑 ≻𝙳 𝓁 , ♭ returns a memory that is defined as follows (we assume that the baseline values in ♭ satisfy 𝜑): 

𝜑 ≻𝙳 𝓁 , ♭
def
=

{

♭ 𝑖𝑓 𝓁 = ∅  and 𝜑{♭(𝚡)∕𝚡}  is satisfiable, with 𝚡 = 𝑑𝑜𝑚(♭)

𝓁′[𝚡 ↦ 𝑣] 𝑖𝑓 𝓁(𝚡) = 𝑣 𝑎𝑛𝑑 𝓁′ = 𝜑 ≻𝙳 𝓁 ⧵ 𝚡 , ♭ ⧵ 𝚡

 We notice that, unlike the mandatory import operation, the default import operation is also defined when the values in 𝓁 do not satisfy 𝜑.

Rule [Agree] is the standard agreement in Stipula. In this case, no norm is imported and the premises set the parties and the fields to the values 
instantiated during the agreement, which are reported in the label of the transition. In this case, the set of functions F is exactly those of the 
contract, e.g. 𝐹 .
9 
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Table 5
The rule for invoking functions in Stipula with the import clause.
[Function]

𝛹, 𝚀
t
↛

@𝚀 𝙰 : f(y)[k] (𝐸) {𝑆 𝑊 } => @𝚀′ ∈ F[@𝚀 𝙰 ∶ 𝚏]t
𝓁,𝑢,𝑣

𝓁(𝙰) = 𝐴 𝓁′ = 𝓁[y ↦ 𝑢, k ↦ 𝑣]

F ⊢t 𝚀 , 𝓁 , -- , 𝛹
𝐴∶f(𝑢)[𝑣]
⟶ F ⊢t 𝚀 , 𝓁′ , 𝑆 𝑊 => 𝚀′ , 𝛹

Rule [Agree-Mandatory] defines the mandatory import of a norm N. In this case, it is necessary to verify that the values agreed upon by the 
parties satisfy the constraints specified in 𝜑. If this condition holds, the resulting memory 𝓁′ reflects the agreed values — see the definition of 
𝜑{𝚣,t∕_𝚣,𝚗𝚘𝚠} ≻𝙼 𝓁 , ♭{𝚣,t∕_𝚣,𝚗𝚘𝚠} (notice that 𝚗𝚘𝚠 is replaced by the value of the system’s global clock). If, instead, there exists a field x whose agreed 
value violates a constraint in 𝜑, two cases are distinguished: (i) the baseline value of x is undefined in ♭, or (ii) a baseline value for x is defined 
in ♭. In case (i), the agreement fails and no transition occurs. In case (ii), the memory is updated to store the baseline value ♭(𝚡) in place of the 
non-compliant value agreed by the parties. Notice that the declaration part of the configuration is 𝐹 ′

𝙽
▶ 𝐹 , which gives precedence to the functions 

in the norm (𝐹 ′
𝙽
 is the instance of the functions) over those in the contract.

Rule [Agree-Default] models default imports. It differs from [Agree-MImport] in that the function 𝜑{𝚣∕
𝚣
} ≻𝙳 𝓁 , ♭{𝚣∕

𝚣
} is guaranteed to succeed: the 

constraints 𝜑 are not checked, and baseline values are used whenever the parties have not agreed on a specific value. In this case, the declaration 
component of the configuration is 𝐹 ▶ 𝐹 ′

𝙽
, which gives precedence to the functions defined in the contract over those in the norm.

Once an agreement has been reached – potentially also in compliance with the imported norm – it becomes necessary to define the rule for 
selecting a function from the available ones. In Stipula, this was straightforward: a function was simply chosen from the contract body. In the 
extended framework presented in this paper, however, the selection must follow the sequence 𝐹 ▶ 𝐹 ′. In order to define the operational rule, we 
use the following auxiliary functions:

• the evaluation function J𝐸K𝓁 that returns the value of 𝐸 in the memory 𝓁. In particular:

– J𝑣K𝓁 = 𝑣 for values that are reals, booleans or strings, J𝑉 K𝓁 = 𝓁(𝑉 ) for names of assets, fields and parameters;
– JtK𝓁 , where t is a time value like "2025/1/1:00:15", is the difference between t and the current clock value;
– let uop and op be the semantic operations corresponding to uop and op, then J𝚞𝚘𝚙𝐸K𝓁 = 𝑢𝑜𝑝 𝑣, J𝐸 𝚘𝚙𝐸′K𝓁 = 𝑣 𝑜𝑝 𝑣′ with 

J𝐸K𝓁 = 𝑣, J𝐸′K𝓁 = 𝑣′.

• the selection operation F[@𝚀 𝙰 ∶ 𝚏]t
𝓁,𝑢,𝑣 be 

F[@𝚀 𝙰 ∶ 𝚏]t
𝓁,𝑢,𝑣 =

⎧

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎩

{

@𝚀 𝙰 ∶ 𝚏(𝑦)[𝑘] (𝐸){𝑆 𝑊 } => @𝚀′ | @𝚀 𝙰 ∶ 𝚏(𝑦)[𝑘] (𝐸){𝑆 𝑊 } => @𝚀′ in 𝐹
and J𝐸{t∕𝚗𝚘𝚠}K𝓁[𝑦↦𝑢,𝑘↦𝑣] = true

}

if F = 𝐹

𝐹 [@𝚀 𝙰 ∶ 𝚏]t
𝓁,𝑢,𝑣 if F = 𝐹 ▶ 𝐹 ′  and 𝐹 [@𝚀 𝙰 ∶ 𝚏]t

𝓁,𝑢,𝑣 ≠ ∅

𝐹 ′[@𝚀 𝙰 ∶ 𝚏]t
𝓁,𝑢,𝑣 if F = 𝐹 ▶ 𝐹 ′  and 𝐹 [@𝚀 𝙰 ∶ 𝚏]t

𝓁,𝑢,𝑣 = ∅

 That is, the selection F[@𝚀 𝙰 ∶ 𝚏]t
𝓁,𝑢,𝑣 returns a set of functions in F such that the corresponding guard 𝐸 is true;

• the predicate 𝛹, 𝚀 t
↛, whose definition is

𝛹, 𝚀
t
↛

def
=

⎧

⎪

⎨

⎪

⎩

𝑡𝑟𝑢𝑒 if 𝛹 = --
𝑓𝑎𝑙𝑠𝑒 if 𝛹 = t >> @𝚀{ 𝑆 } => @𝚀′ | 𝛹 ′

𝛹 ′, 𝚀
t
↛ if 𝛹 = t′ >> @𝚀′{ 𝑆 } => @𝚀′′ | 𝛹 ′  and (t′ ≠ t  or 𝚀′ ≠ 𝚀)

Table  5 defines the rule for selecting a function in Stipula with import clauses. The label of the transition specifies the party 𝐴 performing 
the invocation, the function name f and the actual parameters. The transition may occur provided (i) the contract is in the state Q that admits 
invocations of f from 𝐴, (ii) it is idle and no pending event can be triggered (in Stipula events preempt function invocations) – premise 𝛹, 𝚀 t

↛ –, 
and (iii) the code F contains a function @𝚀 𝙰 ∶ 𝚏(𝑦)[𝑘] (𝐸){𝑆 } => @𝚀′ such that 𝐸 is true in the memory 𝓁 updated with the actual parameters and 
with now replaced by the current global clock. We notice that (iii) is defined by the selection operation F[@𝚀 𝙰 ∶ 𝚏]t

𝓁,𝑢,𝑣.

6.1. The import semantics in action

In order to illustrate the operational behavior of the rules presented in Tables  4 and 5, we apply them to the contracts VPN2 and VPN3 (Listings 3 
and 5 respectively), introduced in Section 5. This exercise allows us to verify that the resulting semantics is consistent with, and faithfully captures, 
the intended meaning previously discussed.
10 
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Let 𝐹𝚅𝙿𝙽𝟸 be the functions in Listing 3 and 𝐹𝚖𝟷𝟹𝟽𝟹 be the withdraw function in Listing 2. Let also 𝐴 = 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟, 𝑇 𝑟𝑎𝑑𝑒𝑟 and 𝑣, containing the 
values of tstart, tend, price, product, fee, twith, is the tuple 0,12M,10,VPN,0.1,7D; we assume that the initial global clock is 0 and that

𝐹 ′
𝚖𝟷𝟹𝟽𝟹

= 𝐹𝚖𝟷𝟹𝟽𝟹{𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛,𝚃𝚛𝚊𝚍𝚎𝚛∕_𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛,_𝚃𝚛𝚊𝚍𝚎𝚛}{𝚝𝚜𝚝𝚊𝚛𝚝,𝚝𝚎𝚗𝚍,𝚠𝚊𝚕𝚕𝚎𝚝∕_𝚝𝚜𝚝𝚊𝚛𝚝,_𝚝𝚎𝚗𝚍,_𝚠𝚊𝚕𝚕𝚎𝚝}

𝓁 = [𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛 ↦ 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟, 𝚃𝚛𝚊𝚍𝚎𝚛 ↦ 𝑇 𝑟𝑎𝑑𝑒𝑟, 𝚝𝚜𝚝𝚊𝚛𝚝 ↦ 𝟶, 𝚝𝚎𝚗𝚍 ↦ 𝟷𝟸𝙼,
𝚙𝚛𝚒𝚌𝚎 ↦ 10, 𝚙𝚛𝚘𝚍𝚞𝚌𝚝 ↦ 𝚅𝙿𝙽, 𝚏𝚎𝚎 ↦ 𝟶.𝟷, 𝚝𝚠𝚒𝚝𝚑 ↦ 𝟽𝙳, 𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 0, 𝚐𝚘𝚘𝚍 ↦ 0]

𝓁′ = 𝓁[𝚝𝚢𝚙𝚎 ↦ 𝚅𝙿𝙽, 𝚟 ↦ 𝑎𝑑𝑟]

𝓁′′ = 𝓁′[𝚟 ↦ 𝑎𝑑𝑟, 𝚠 ↦ 0, 𝚝𝚜𝚝𝚊𝚛𝚝 ↦ 0, 𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 10]

where 𝑎𝑑𝑟 is the internet address of a VPN service. A possible computation of VPN2 is 

-- ⊢0 -- , ∅ , -- , --
𝐴,𝐴∶𝑣
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢0 𝙸𝚗𝚒𝚝 , 𝓁 , -- , -- (Agree-DImport)

𝑇 𝑟𝑎𝑑𝑒𝑟.𝚜𝚞𝚙𝚙𝚕𝚢(𝚅𝙿𝙽)[𝑎𝑑𝑟]
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢0 𝙸𝚗𝚒𝚝 , 𝓁′ , 𝑆𝚜𝚙𝚕 => 𝙿𝚊𝚢 , -- (Function)

⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

⊢0 𝙸𝚗𝚒𝚝 , 𝓁′[𝚐𝚘𝚘𝚍 ↦ 𝑎𝑑𝑟] , -- => 𝙿𝚊𝚢 , --
(Asset-Update), 𝑐𝑓 . Appendix

⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

⊢0 𝙿𝚊𝚢 , 𝓁′[𝚐𝚘𝚘𝚍 ↦ 𝑎𝑑𝑟] , -- , --
(State-Change), 𝑐𝑓 . Appendix

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟.𝚙𝚊𝚢()[10]
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢0 𝙿𝚊𝚢 , 𝓁′[𝚟 ↦ 𝑎𝑑𝑟, 𝚠 ↦ 10] , 𝑆𝚙𝚊𝚢 => 𝚁𝚞𝚗 , -- (Function)

⟶
2 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢0 𝙿𝚊𝚢 , 𝓁′′ , 𝐸𝑉 𝚙𝚊𝚢 => 𝚁𝚞𝚗 , --

(Field-Update), (Asset-Update), 𝑐𝑓 . Appendix
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢0 𝚁𝚞𝚗 , 𝓁′′ , -- , 𝐸𝑉 𝚙𝚊𝚢

(State-Change), 𝑐𝑓 . Appendix
⟶

∗ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′ , -- , 𝐸𝑉 𝚙𝚊𝚢

sequence of (Tick), 𝑐𝑓 . Appendix
 where 𝑆𝚜𝚙𝚕 and 𝑆𝚙𝚊𝚢 are the bodies of the functions supply and pay in Listing 3, respectively, and 𝐸𝑉 𝚙𝚊𝚢 is the event in 𝑆𝚙𝚊𝚢. Notice that, in the 
configuration 

𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′ , -- , 𝐸𝑉𝚙𝚊𝚢

there are two functions @Run Consumer:withdraw that can be invoked – the one in 𝐹𝚅𝙿𝙽𝟸 and that in 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

 – because both now <= tstart+twith 
and now <= tstart+tend hold. However, because of the definition of (𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
)[@Run Consumer:withdraw], the function that is returned is 

the one at lines 22–25 in 𝐹𝚅𝙿𝙽𝟸 because the import is the default one. Therefore the computation continues as follows (𝑆𝚠𝚝𝚍 is the body of withdraw 
at lines 22–25 of Listing 3): 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟.𝚠𝚒𝚝𝚑𝚍𝚛𝚊𝚠()[]
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′ , 𝑆𝚠𝚝𝚍 => 𝙴𝚗𝚍 , 𝐸𝑉 𝚙𝚊𝚢 (Function)

1⊸𝑇 𝑟𝑎𝑑𝑒𝑟
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′[𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 9] , 𝚠𝚊𝚕𝚕𝚎𝚝 ⊸ 𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛 => 𝙴𝚗𝚍 , 𝐸𝑉 𝚙𝚊𝚢

(Asset-Send), 𝑐𝑓 . Appendix
9⊸𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟

⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′[𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 0] , -- => 𝙴𝚗𝚍 , 𝐸𝑉 𝚙𝚊𝚢

(Asset-Send), 𝑐𝑓 . Appendix
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢𝟼𝙳 𝙴𝚗𝚍 , 𝓁′′[𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 0] , -- , 𝐸𝑉 𝚙𝚊𝚢

(State-Change), 𝑐𝑓 . Appendix

 If, instead of invoking withdraw, we allow an additional two days to elapse, the system evolves according to the following transition: 
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢𝟾𝙳 𝙴𝚗𝚍 , 𝓁′′[𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 0] , -- , 𝐸𝑉 𝚙𝚊𝚢

(State-Change), 𝑐𝑓 . Appendix

 In this configuration the Consumer may invoke withdraw. Also in this case, there is only one function @Run Consumer:withdraw that can be invoked 
— the one in lines 27–28 in 𝐹𝚅𝙿𝙽𝟸 (of Listing 3) because the withdrawal deadline is elapsed. Therefore the computation continues as follows: 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟.𝚠𝚒𝚝𝚑𝚍𝚛𝚊𝚠()[]
⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′

𝚖𝟷𝟹𝟽𝟹
⊢𝟾𝙳 𝚁𝚞𝚗 , 𝓁′′ , -- => 𝚁𝚞𝚗 , 𝐸𝑉 𝚙𝚊𝚢 (Function)

⟶ 𝐹𝚅𝙿𝙽𝟸 ▶ 𝐹 ′
𝚖𝟷𝟹𝟽𝟹

⊢𝟾𝙳 𝚁𝚞𝚗 , 𝓁′′ , -- , 𝐸𝑉 𝚙𝚊𝚢 (State-Change), 𝑐𝑓 . Appendix
We now discuss VPN2a of Listing 5 that, unlike VPN2, uses the mandatory import, therefore the withdraw function in the norm will have 

precedence over the norm in the contract. Let us verify this behavior on an example of computation.
The functions in Listing 5 are the same of those in Listing 3, therefore we address them with the notation 𝐹𝚅𝙿𝙽𝟸; let 𝐹𝚖𝟻𝟸 be the withdraw 

function in Listing 4. Let also 𝐴 and 𝑣 as before and assume again that the initial global clock is 0. We also let
𝐹 ′
𝚖𝟻𝟸

= 𝐹𝚖𝟻𝟸{𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛,𝚃𝚛𝚊𝚍𝚎𝚛∕_𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛,_𝚃𝚛𝚊𝚍𝚎𝚛}{𝚝𝚜𝚝𝚊𝚛𝚝,𝚝𝚎𝚗𝚍,𝚠𝚊𝚕𝚕𝚎𝚝∕_𝚝𝚜𝚝𝚊𝚛𝚝,_𝚝𝚎𝚗𝚍,_𝚠𝚊𝚕𝚕𝚎𝚝}

and take the same values for 𝓁, 𝓁′ and 𝓁′′ as before. The initial transition of the computations of VPN2a is 

-- ⊢0 -- , ∅ , -- , --
𝐴,𝐴∶𝑣
⟶ 𝐹 ′

𝚖𝟻𝟸
▶ 𝐹𝚅𝙿𝙽𝟸 ⊢0 𝙸𝚗𝚒𝚝 , 𝓁 , -- , -- (Agree-MImport)

 where the reader may notice that the resulting F has the pattern 𝐹 ′
𝚖𝟻𝟸

▶ 𝐹𝚅𝙿𝙽𝟸, meaning that the withdraw function in 𝐹 ′
𝚖𝟻𝟸

 has precedence over the 
one in 𝐹 . Indeed, by repeating the same computation as in the previous case, we obtain the configuration 𝐹 ′ ▶ 𝐹 ⊢ 𝚁𝚞𝚗 , 𝓁′′ , , 𝐸𝑉 . 
𝚅𝙿𝙽𝟸 𝚖𝟻𝟸 𝚅𝙿𝙽𝟸 𝟼𝙳 -- 𝚙𝚊𝚢
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Table 6
The declaration part for sequences of import clauses.
[Simple-M]

stipula C { assets 𝚑 fields 𝚡 agreement(𝙰){ d } => @𝚀 𝐹 },𝓁 ⊩ 𝐹,𝓁

[Mandatory-M]

norm N <_𝙿>(_𝚣)[_𝚛]/_𝚀/  constraints 𝜑  baseline ♭ { 𝐹𝙽 }

stipula C import-clause;{⋯ },𝓁 ⊩ F,𝓁′

𝓁′′ = 𝜑{𝚣,t∕_𝚣,𝚗𝚘𝚠} ≻𝙼 𝓁′ , ♭{𝚣,t∕_𝚣,𝚗𝚘𝚠} 𝐹 ′
𝙽
= 𝐹𝙽{𝙿∕_𝙿}{

𝚣∕_𝚣}{𝚛∕_𝚛}{𝚀
′∕_𝚀}

stipula C import-clause; mandatory import N <𝙿>(𝚣)[𝚛]/𝚀′/ {⋯ },𝓁 ⊩ 𝐹 ′
𝙽
▶ F,𝓁′′

[Default-M]

norm N <_𝙿>(_𝚣)[_𝚛]/_𝚀/  constraints 𝜑  baseline ♭ { 𝐹𝙽 }

stipula C import-clause;{⋯ },𝓁 ⊩ F,𝓁′

𝓁′′ = 𝜑{𝚣,t∕_𝚣,𝚗𝚘𝚠} ≻𝙳 𝓁′ , ♭{𝚣,t∕_𝚣,𝚗𝚘𝚠} 𝐹 ′
𝙽
= 𝐹𝙽{𝙿∕_𝙿}{

𝚣∕_𝚣}{𝚛∕_𝚛}{𝚀
′∕_𝚀}

stipula C import-clause; import N <𝙿>(𝚣)[𝚛]/𝚀′/ {⋯ },𝓁 ⊩ F ▶ 𝐹 ′
𝙽
,𝓁′′

If we allow an additional two days to elapse, the system evolves by using the rule [Tick] in Appendix in the following configuration 
𝐹 ′
𝚖𝟻𝟸

▶ 𝐹𝚅𝙿𝙽𝟸 ⊢𝟾𝙳 𝚁𝚞𝚗 , 𝓁′′ , -- , 𝐸𝑉 𝚙𝚊𝚢

 At this point, if Consumer invokes withdraw, we have (we recall that the body of withdraw at lines 3–5 of Listing 4 is 𝚠𝚊𝚕𝚕𝚎𝚝 ⊸ 𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛): 
𝐹 ′
𝚖𝟻𝟸

▶ 𝐹𝚅𝙿𝙽𝟸 ⊢𝟾𝙳 𝚁𝚞𝚗 , 𝓁′′ , -- , 𝐸𝑉 𝚙𝚊𝚢
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟.𝚠𝚒𝚝𝚑𝚍𝚛𝚊𝚠()[]

⟶ 𝐹 ′
𝚖𝟻𝟸

▶ 𝐹𝚅𝙿𝙽𝟸 ⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′ , 𝚠𝚊𝚕𝚕𝚎𝚝 ⊸ 𝙲𝚘𝚗𝚜𝚞𝚖𝚎𝚛 => 𝙴𝚗𝚍 , 𝐸𝑉 𝚙𝚊𝚢 (Function)
10⊸𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟

⟶ 𝐹 ′
𝚖𝟻𝟸

▶ 𝐹𝚅𝙿𝙽𝟸 ⊢𝟼𝙳 𝚁𝚞𝚗 , 𝓁′′[𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 0] , -- => 𝙴𝚗𝚍 , 𝐸𝑉 𝚙𝚊𝚢

(Asset-Send), 𝑐𝑓 . Appendix
⟶ 𝐹 ′

𝚖𝟻𝟸
▶ 𝐹𝚅𝙿𝙽𝟸 ⊢𝟼𝙳 𝙴𝚗𝚍 , 𝓁′′[𝚠𝚊𝚕𝚕𝚎𝚝 ↦ 0] , -- , 𝐸𝑉 𝚙𝚊𝚢

(State-Change), 𝑐𝑓 . Appendix

 that is exactly the behavior discussed in Section 5.

6.2. Conflicts among imports

The extension of Stipula presented in Table  1 admits imports of a single norm only. Conflicts between the functions defined in the contract and 
those provided by the imported norm are resolved through the operation 𝐹 ▶ 𝐹 ′. This restriction is introduced for the sake of simplicity, so as to 
isolate and clarify the fundamental aspects of the import mechanism in a basic setting, before considering more general cases involving multiple 
norms. In fact, it turns out that the formalism introduced in Section 6 is also adequate for modeling sequences of imports defined by the syntax

𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎; {⋯ }

where 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎; is a sequence of import clauses (when the sequence is empty we have a standard Stipula contract without imports of norms). 
That is, a generic contract may be

𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎1;⋯ ; 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎𝑛; {⋯}

In this case, the declaration part F is defined by the operation
𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎; {⋯ },𝓁 ⊩ F,𝓁′

that takes a term 𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎; {⋯ } and a memory 𝓁 and returns a sequence of function declarations F and a memory 𝓁′. The 
operation is specified in Table  6.

For example, if 𝐹  are the functions in the contract C and 𝐹1 and 𝐹2 are the functions in the norms 𝙽1 and 𝙽2 after the renaming as in Table  6, 
respectively, then

• 𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚖𝚊𝚗𝚍𝚊𝚝𝚘𝚛𝚢 𝚒𝚖𝚙𝚘𝚛𝚝 𝙽1 ⋯ ; 𝚖𝚊𝚗𝚍𝚊𝚝𝚘𝚛𝚢 𝚒𝚖𝚙𝚘𝚛𝚝 𝙽2 ⋯ ; {⋯ },𝓁 ⊩ 𝐹2 ▶ 𝐹1 ▶ 𝐹 ,𝓁′, which highlights the precedence order 𝐹2 then 𝐹1
and finally 𝐹 ;

• 𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚖𝚊𝚗𝚍𝚊𝚝𝚘𝚛𝚢 𝚒𝚖𝚙𝚘𝚛𝚝 𝙽1 ⋯ ; 𝚒𝚖𝚙𝚘𝚛𝚝 𝙽2 ⋯ ; {⋯ },𝓁 ⊩ 𝐹1 ▶ 𝐹 ▶ 𝐹2,𝓁′, which specifies that the functions with lower precedence are 
those in 𝐹2.

(with suitable 𝓁 and 𝓁′).
Using the operation 𝚜𝚝𝚒𝚙𝚞𝚕𝚊 𝙲 𝚒𝚖𝚙𝚘𝚛𝚝_𝚌𝚕𝚊𝚞𝚜𝚎; {⋯ },𝓁 ⊩ F,𝓁′ we can collapse the three agreement rules in Table  4 into the rule 

[Agree-Multiple]

d = 𝙰1 ∶ 𝚡1 ⋯ 𝙰𝑛 ∶ 𝚡𝑛 𝓁 = [𝙰 ↦ 𝐴, 𝚡𝑖 ↦ 𝑣𝑖 𝑖∈1..𝑛, 𝚑 ↦ 0]

stipula C import_clause; { assets 𝚑 fields 𝚡 agreement(𝙰){ d } => @𝚀 𝐹 },𝓁 ⊩ F,𝓁′

(𝐴,𝐴𝑖∶𝑣𝑖 𝑖∈1..𝑛)

-- ⊢t -- , ∅ , -- , -- ⟶ F ⊢t 𝚀 , 𝓁 , -- , --
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We conclude by observing that the import feature enables the attachment of protocol fragments to specific Stipula contracts, in a manner 
analogous to code libraries in programming languages. Depending on the type of import, it also establishes a priority order for function invocations. 
Our design facilitates the resolution of inconsistencies between contractual provisions and legal norms — not by removing or overwriting protocols, 
but by specifying a resolution order. This approach is particularly effective when conflicts involve only portions of the provisions, as illustrated in 
the use-cases.

6.3. Normative conflicts without a priority order

It is important to note that our framework imposes a strict total order (of imports) over the modules to be imported. This ensures that potential 
conflicts are resolved in a straightforward and deterministic manner. Such an approach results effective not only for solving conflicts among contract 
clauses and statutory provisions, but potentially also among norms imported through different types of import as seen in above.

In case, however, the conflicting norms are imported through the same type – i.e., both mandatory or default –, the resolution of conflicts 
requires a specific consideration. If a hierarchy among these norms is available – e.g., applying the principle lex posterior derogat priori – then 
conflicts can be resolved directly using the semantics in  Section 6. The order of imports will reflect the legislative hierarchy and, accordingly, the 
higher module in the order will prevail over the lower one.

However, in certain cases, the hierarchy of norms imported may not be well established, and require legal interpretation. To extend our 
framework over cases in which no total order is available in advance, we shall provide ways to allow such an order to be imposed at runtime, by 
calling an external agent. The external reasoning for defining the order could be delegated to either a human agent, or to one of the legal reasoning 
models developed within the AI and Law domain rooted in formal logic and argumentation [44,45]. The integration of a similar feature, however, 
falls outside the scope of this work and is left as a direction for future research.

7. Future perspective for computable contracts in consumer protection

Stipula Import enables the drafting of computable agreements in compliance with specific statutory laws. In the context of consumer contract 
law, some authors [48] have argued that provisions establishing simple and time-sensitive rights, such as the right to withdraw, are well-suited for 
implementation through computable contracts running on a distributed ledger technology.

Given these premises, we argue that properly designed and implemented computable contracts – both within and outside distributed ledger 
environments – can enhance consumer protection by improving the effectiveness and enforceability of certain consumer protection rules.

Notwithstanding the legislative efforts, over the past two decades, to define mandatory contractual rights for consumers, such rights still remain 
largely ineffective [49]. One of the reasons for this has traditionally been traced back to consumers’ lack of awareness about their rights or the 
steps to exercise them, together with their reluctance to engage in complex, time-consuming legal procedures [50,51]. The EU Fitness Check on 
Digital Fairness from 2024 showed that approximately 60% of consumers had not been able to use consumer law to ensure respect for their 
rights in the digital context [52]. It was also found that online consumers find it difficult to exercise their rights because of the intentionally 
complicated interfaces created by traders [52,53]. In such context, it is argued that technology advancements should play a proactive role in 
enhancing consumer protection [54]. Computable contracts, in particular, could lower transaction costs linked to the claim and enforcement of 
contract transactions in general and of consumers’ prerogatives [35,55,56]. According to [48], computable contracts could be designed in such a 
way that they are compliant with the law, and do not pose risks for consumers. In particular, it is argued that simple, time-sensitive rights are 
particularly well-suited for implementation through such tools, due to the technology’s capacity to enforce temporal constraints and the minimal 
interpretative effort required for their application. By contrast, the implementation of more complex rights and long-term contractual relationships 
poses greater challenges.

Building on this framework, we propose a further distinction that can help to assess the suitability of computable contracts in implementing 
consumer protection rules. In particular, some rules operate with a subtractive effect on contracts’ content, while others have an additive effect. This 
distinction provides a lens to evaluate where the Stipula import mechanism can be most effectively applied.
Subtractive effect. An example of legislation having a subtractive effect is the Unfair Contract Terms Directive,16 which established the invalidity of 
clauses not individually negotiated and that create a significant imbalance in the parties’ rights and obligations at the disadvantage of the consumer, 
thereby leaving a gap in the contract. A similar effect cannot be effectively implemented through the import feature, as this is about attaching 
additional protocol to a contract. Theoretically, it could be implemented by identifying specific code patterns of unfairness, in the same fashion of 
inconsistency patterns in [11], and analyzing contract protocol against these patterns.

However, unfairness of a term is typically defined in relation to the contract context and overall balance between the parties. As a result, while 
a single pattern may capture one instance of an unfair clause, the same unfair effect can be achieved through multiple alternative formulations. 
This makes it difficult to identify and encode all possible unfair patterns. We believe that such a task would be carried out more effectively through 
the implementation of machine learning models (e.g., [57]) that are able to link patterns to an outcome more efficiently and taking context into 
consideration.

Additive effect. Examples of consumer contract law provisions having an additive effect are instead represented by the provisions of the Consumers’ 
Rights Directive17 and those imposing mandatory remedies for non-conformity of goods.18

The first directive imposes an obligation on traders to inform consumers about various aspects of the transaction before they can be legally 
bound19 and defines the right to withdraw, which constitutes the object of the running example presented in Section 5. The latter ones grant 
consumers a set of mandatory remedies in case of non-conformity of the goods or services purchased, and defines a specific hierarchy among 

16 Directive 93/13/EC.
17 Directive 2011/83/EU.
18 Dir. 771/2019/EU on the sale of goods; Dir. 770/2019/EU on the sale of digital content and services.
19 Arts 5 and 6 Dir. 2011/83/EU.
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them [58] (e.g., a price reduction or termination can be demanded only if a prior attempt to seek repair or replacement has failed, been refused, 
or not completed within a reasonable time).

In sum, both legislations provide for some mandatory ‘‘procedures’’ to be implemented in contract relationships. The running example in 
Section 5 shows how the procedure related to the right to withdraw can be effectively formalized as computable contract code and integrated 
within specific agreements using Stipula import and we argue that a similar effectiveness can be achieved for other procedural norms provided 
by consumer contract law, such as the remedies for non-conformity.

Embedding such procedures into computable protocols could enhance consumers’ ability to claim their rights, by guiding them through the 
available solutions without requiring them to have specific knowledge of the law and, when the contract concerns digital goods or services, 
support a degree of self-enforcement of such procedures, by adjudicating refunds, preclude certain actions, or returning goods. This procedural 
support would reduce the obstacles to the effectiveness of consumer contract prerogatives and increases the enforceability [52]

In light of these considerations, future research will explore the formalization and encoding of additional mandatory procedures in consumer 
contract law, with the aim of building comprehensive Stipula libraries that implement consumer protection rules and support the design of 
compliant-by-design contracts.

8. Conclusions

This paper introduced a novel approach to integrating statutory norms into computable contracts through the import feature of the Stipula 
domain-specific language. The feature supports two operational modes – mandatory import and default import – that correspond to the widely 
recognized legal distinction between mandatory rules (from which parties cannot deviate) and default rules (which apply in the absence of contrary 
agreement). This dual-mode design enables a more faithful representation of legal norms within computational contract logic.

We demonstrated the practical utility of this feature through a running example concerning the right of unilateral termination, grounded in the 
Italian contract law and EU consumer protection rules. Moreover, we formalized the semantics of import, highlighting how it resolves conflicts 
between contractual clauses and imported statutory rules in a legally consistent manner. Specifically, we showed how the mechanism can represent 
different interactions between statutory and contractual provisions: cases where statutory law fills contractual gaps, where it overrides conflicting 
contract clauses, and where contractual terms prevail either because statutory rules are only default or because the contract grants the consumer 
stronger protection. Future works shall deal with the possibility, already available through Stipula import but not showcased in the present 
contributions, of importing multiple norms at the same time and identify how to manage priorities among them.

Finally, we identified specific consumer contract provisions that are particularly well suited for implementation through the Stipula import 
feature. We argued that their computable implementation could enhance both the effectiveness and the enforceability of consumer rights. In 
particular, provisions with an additive impact on the content of contracts – especially those establishing mandatory procedures, such as the right 
of withdrawal or the remedies for non-conforming goods – stand out as the ones that could benefit the most from integration into computable 
contracts.

In this context, future developments will focus on specifying further the framework for the use of computable contracts to support consumer 
rights protection and, based on this, on expanding the repertoire of modeled statutory law provisions.
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Appendix. The operational semantics of Stipula

Table  A.7 reports the definition of the transition relation of Stipula (the language in black of Table  1). In the table we use the evaluation function
J𝐸K𝓁 as defined in  Section 6.

As regards statements, the rule [Asset-Send] transfers part of an asset h to the party 𝐴. This part corresponds to the value of J𝐸K𝓁 ; we remark that 
the premise 0 ≤ J𝚑 − 𝐸K𝓁 ≤ J𝚑K𝓁 constrains the value of 𝐸 to be positive and smaller or equal to the value of 𝚑. For example, if h holds 20D then 
𝟸𝟻𝙳 ⊸ 𝚑, 𝙰 would not be executed, while 𝚑 × 𝟶.𝟻 ⊸ 𝚑, 𝙰 would remove 10D from h and send them to A. In a similar way, [Asset_Update] moves a part 
𝑎 of an asset h to an asset 𝚑′. When assets are tokens, the premise of the rule [Asset-Send] is well defined only when h is moved as a whole, that is 
when the statement under evaluation is 𝚑 ⊸ 𝚑, 𝙰 (that we abbreviate 𝚑 ⊸ 𝙰). Similarly, the premises of the rule [Asset-Update] are well defined only 
when 𝑎 is the token in h and 𝚑′ is empty. For example, when the statement is 𝚑 ⊸ 𝚑, 𝚑′ (and 𝚑′ is empty). Rule [Value-Send] defines the sending of 
a value to a party. The value has to be either of type 𝚛𝚎𝚊𝚕 or string or bool. The statement 𝟷𝟸𝟹𝟺𝙳 → 𝐴 is admitted: it means that 𝐴 will receive 
the 𝚛𝚎𝚊𝚕 value 1234 (c.f. the meaning of J𝐸K𝓁). Rule [Field-Update] defines updates of fields.

Rule [State-Change] says that a contract changes state when the execution of the statement in the function’s body terminates. At this stage, the 
sequence of events 𝑊  is added to the multiset of pending events once their time expressions have been evaluated (now is replaced by the current 
value of the clock).

Rule [Event-Match] specifies that event handlers may run provided there is no statement to perform and the time guard of the event has exactly 
the value of the global clock t. Observe that the timeouts of the events are evaluated in an eager way when the event is scheduled – c.f. rule [State 
Change] – not when the event handler is triggered. Moreover, the state change performed at the end of the execution of the event handler is carried 
over again by the rule [State Change], with an empty sequence 𝑊 .

Rule [Tick] defines the elapsing of time. This happens when the contract has no statement to perform (i.e. no function or event to conclude), 
and no event can be triggered. As a consequence, the complete execution of a function or of an event cannot last more than a single time unit.
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Table A.7
The transition relation of Stipula.

[Value-Send]
J𝐸K𝓁 = 𝑣 𝓁(𝙰) = 𝐴

F ⊢t 𝚀 , 𝓁 , 𝐸 → 𝙰 𝛴 , 𝛹
𝑣→𝐴
⟶ F ⊢t 𝚀 , 𝓁 , 𝛴 , 𝛹

[Field-Update]
J𝐸K𝓁 = 𝑣 𝓁′ = 𝓁[𝑥 ↦ 𝑣]

F ⊢t 𝚀 , 𝓁 , 𝐸 → 𝑥 𝛴 , 𝛹
⟶ F ⊢t 𝚀 , 𝓁′ , 𝛴 , 𝛹

[Asset-Send]

𝓁(𝙰) = 𝐴 0 ≤ J𝚑 − 𝐸K𝓁 ≤ J𝚑K𝓁
𝑢 = J𝚑 − 𝐸K𝓁 𝑣 = J𝚑 − 𝑢K𝓁

F ⊢t 𝚀 , 𝓁 , 𝐸 ⊸ 𝚑, 𝙰 𝛴 , 𝛹
𝑢⊸𝐴
⟶ F ⊢t 𝚀 , 𝓁[𝚑 ↦ 𝑣] , 𝛴 , 𝛹

[Asset-Update]

0 ≤ J𝚑 − 𝐸K𝓁 ≤ J𝚑K𝓁
J𝚑 − 𝐸K𝓁 = 𝑢 J𝚑′ + 𝐸K𝓁 = 𝑢′

F ⊢t 𝚀 , 𝓁 , 𝐸 ⊸ 𝚑, 𝚑′ 𝛴 , 𝛹
⟶ F ⊢t 𝚀 , 𝓁[𝚑 ↦ 𝑢, 𝚑′ ↦ 𝑢′] , 𝛴 , 𝛹

[Cond-true]
J𝐸K𝓁 = true

F ⊢t 𝚀 , 𝓁 , 𝚒𝚏 (𝐸) {𝑆 } 𝚎𝚕𝚜𝚎 {𝑆′ } 𝛴 , 𝛹
⟶ F ⊢t 𝚀 , 𝓁 , 𝑆 𝛴 , 𝛹

[Cond-false]
J𝐸K𝓁 = false

F ⊢t 𝚀 , 𝓁 , 𝚒𝚏 (𝐸) {𝑆 } 𝚎𝚕𝚜𝚎 {𝑆′ } 𝛴 , 𝛹
⟶ F ⊢t 𝚀 , 𝓁 , 𝑆′ 𝛴 , 𝛹

[State-Change]
J𝑊 {t∕now}K𝓁 = 𝛹 ′

F ⊢t 𝚀 , 𝓁 , --𝑊 => 𝚀′ , 𝛹 ⟶ F ⊢t 𝚀′ , 𝓁 , -- , 𝛹 ′
| 𝛹

[Event-Match]
𝛹 = t >> @𝚀 { 𝑆 } => @𝚀′ | 𝛹 ′

F ⊢t 𝚀 , 𝓁 , -- , 𝛹 ⟶ F ⊢t 𝚀 , 𝓁 , 𝑆 => 𝚀′ , 𝛹 ′

[Tick]

𝛹, 𝚀
t
↛

F ⊢t 𝚀 , 𝓁 , -- , 𝛹 ⟶ F ⊢t+1 𝚀 , 𝓁 , -- , 𝛹

Data availability

Data will be made available on request.
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