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Abstract. Blockchain technology streamlines multi-party collaborations
in decentralized settings, especially when trust is limited or difficult to
establish. While public blockchains enhance transparency and reliabil-
ity by replicating data across all network nodes, they also conflict with
confidentiality. Here, we introduce Multi-Authority Approach to Trans-
action Systems for Interoperating Applications (MARTSIA) to address
this challenge. MARTSIA provides fine-grained read-access control at
the message-part level by combining user-defined policies with certifier-
declared attributes. The approach guarantees that even though data is
replicated across the network to maintain consistency, fault tolerance,
and availability, its confidentiality is securely preserved through encryp-
tion. To this end, MARTSIA integrates blockchain technologies, Multi-
Authority Attribute-Based Encryption, and distributed hash-table file
storages. This architecture effectively balances the transparency inherent
in public blockchains with the privacy required for sensitive applications.
We present the tool and its applicability in a business scenario.

Keywords: Business Process Management · Blockchain Technology ·
Multi-Authority Attribute Based Encryption · InterPlanetary File Sys-
tem · Ciphertext Policy

1 Introduction

The emergence of blockchain technology has reshaped secure and transparent
interactions among untrusted parties [10]. This technology provides security, en-
sured by cryptography; resilience, achieved through the decentralization of net-
work nodes; and transparency, as anyone can verify past transactions recorded
in the ledger. Public blockchain protocols strengthen these guarantees at scale,
as they resort to an open peer-to-peer network, where data is replicated across
all nodes, improving its availability and integrity. In modern business environ-
ments, these blockchain properties offer significant advantages over traditional
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e-business models, which for decades have relied on centralized databases and
intermediaries to safeguard trust and enforce processes. Centralized systems ex-
cel in effectiveness although they suffer in several aspects such as single points
of failure, susceptibility to data breaches and inefficiencies in data reconciliation
between multiple parties. Public blockchains typically entail non-negligible oper-
ational costs and additional processing times due to their decentralized nature,
but these aspects are often compensated by the security and transparency they
guarantee. As a result, blockchain technology has experienced increasing adop-
tion in information systems within enterprise domains over the last few years [9].
Nevertheless, full data transparency may pose a problem in multi-party business
settings wherein sensitive information needs to be kept confidential between in-
volved participants [4,13].

To overcome this issue, we bridge the silos of blockchain technologies and
encryption with information systems engineering. In this paper, we present the
tool implementation of Multi-Authority Approach to Transaction Systems for In-
teroperating Applications (MARTSIA) [6], a fully decentralized framework pro-
viding confidential information sharing through public blockchain technologies,
Multi-Authority Attribute-Based Encryption (MA-ABE), and distributed hash-
table file storages. Inspired by the Control Access via Key Encryption (CAKE)
approach [7], MARTSIA enhances decentralization by removing CAKE’s central
nodes needed for data encryption and decryption.

The paper proceeds as follows. In Sect. 2, we discuss the underlying technolo-
gies of the framework, while Sect. 3 introduces a running example. In Sect. 4, we
present its features by depicting the application of MARTSIA in the running ex-
ample. Section 5 evaluates the maturity of the framework, assessing its versions
and readiness for deployment. In Sect. 6, we review related work in the literature,
placing MARTSIA in the context of existing solutions. Finally, Sect. 7 concludes
the paper and proposes directions for future research and development.

2 Background

Before delving into our approach, in this section we discuss its building blocks.
A blockchain is a decentralized and distributed ledger that stores transac-

tions securely and tamper-resistantly. Transactions are stored in blocks linked to
the previous one, forming a chain. This structure ensures transparency, security,
and immutability of recorded information. Most blockchains, such as Ethereum,4
are additionally featured with the ability to execute code, namely smart con-
tracts, in a decentralized manner through virtual machines, thus allowing com-
plex protocols to be built at an application layer.

The cost of performing a transaction primarily depends on the amount of
information being stored and, in the case of a smart contract, on the compu-
tational effort required for execution. For this reason, users often leverage ad-
ditional technologies, such as distributed hash-table file storages, to store large

4 https://ethereum.org/, accessed: 2025-03-12.
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Fig. 1. A segment of the collaboration diagram illustrating the control and data
flow of the process

amounts of data. An example is InterPlanetary File System (IPFS). As on
public blockchains, data stored on IPFS are decentralized and transparent, mak-
ing them accessible to anyone. IPFS allows data retrieval via content-addressed
locators, e.g., the hash of the stored data. In this way, a single-byte difference
between two data generates a completely different locator. These locators can
then be stored on the blockchain to benefit from its properties.

Access to data stored on IPFS can be restricted to specific users through
the application of Attribute-Based Encryption (ABE). ABE, a public-key
encryption scheme, links encrypted data with corresponding decryption keys via
attributes. One type of ABE is Ciphertext-Policy Attribute-Based Encryption
(CP-ABE), where each user is associated with attributes and data are encrypted
using policies, e.g., logical formulas built upon user attributes. However, CP-
ABE relies on a single authority to generate user decryption keys. MA-ABE [1]
overcomes this limitation by improving decentralization. In MA-ABE, multiple
authorities generate partial decryption keys. The user who requests the partial
keys can merge them, obtaining a complete key to decrypt the data.

3 Running Example

In this section, we introduce a running example that we will use throughout the
paper to provide a clearer explanation of MARTSIA.

Figure 1 depicts a Business Process Model and Notation (BPMN) collabora-
tion diagram illustrating a fragment of a supply-chain process in the automotive
sector: the production of a custom car for an individual with paraplegia. In
this fragment of the process, the Manufacturer proceeds to acquire the neces-
sary ramp components for the cars if they are unavailable; in this situation, the
Manufacturer orders them from an International supplier. International customs
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Table 1. The Export document in clear, sent by the International supplier

Slice Recipients Data Policy

1

Manufacturer

Nat. customs

Int. customs

Int. carrier

Manufacturer:Beta
Delivery: 8, B Lane
E-mail: b@mail.com
Ramp run: 3
Kickplate: 12
Amount_paid: $5000

Customs@A or
(( Supplier@C and

International@B) or
Manufacturer@A or
(Carrier@B and
International@C))

2
Nat. customs

Int. customs

Workers_rights: Ok
Human_rights: Ok
Ecosys_protection: Ok

Customs@A or
(Supplier@D and
International@B)

3 Manufacturer
Manufacturer:Beta
Address: 8, B Lane
Reference: 26487

(Supplier@2+ and
International@B) or
Manufacturer@A

4

Manufacturer

Nat. customs

Int. customs

Invoice_ID: 101711
Billing: 5, G Lane
Gross_total: $5000
Company_VAT: U12345678
Issue_date: 2022 -05 -12

Customs@A or
(( Supplier@C and

International@B) or
Manufacturer@A)

supervises the international transit of goods, while National customs supervises
the national transit. Both dispense Customs clearance. Thereafter, the Interna-
tional carrier ships the goods to the Manufacturer. We will focus on the Export
document in Fig. 1, which comprises multiple records, presented in Table 1 as
four distinct slices. Given a single sender, the International supplier, we have
different recipients for each slice: the Manufacturer, the National customs, the
International customs, and the International carrier.

4 Innovations and Features

In this section, we explain the components and operations of MARTSIA consid-
ering the example described in Sect. 3.

Figure 2 outlines the general architecture of MARTSIA. Our solution pro-
vides three main functionalities: (i) Store actor metadata, assigning attributes
to users. Considering our example, the chosen attributes designated to match the
actors’ names are: Supplier, Manufacturer, Customs, and Carrier. Further-
more, we introduce the International attribute. The International supplier, the
International customs, and the International carrier are thus characterized by
the conjunction of the International attribute with Supplier, Customs, and
Carrier, respectively; (ii) Store encrypted data, applying a policy expressed
as a propositional formula built upon users’ attributes, thereby restricting access
only to authorized actors. Table 1 outlines the policies governing read access to
the Export document; (iii) Read encrypted data, accessing and decrypting
data if the requester’s attributes satisfy the access policy. In the example, column
Data in Table 1 shows the decrypted data. These three functionalities include
the support of other tasks (depicted in grey in the figure) we explain next.

Our solution employs three fundamental components: (i) the Certification
Manager records the attributes the users hold in a collaborative process; (ii) the
Data Manager encrypts and stores data; and the (iii) Key Manager gener-
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Fig. 2. An overview of the MARTSIA architecture

ates partial decryption keys derived from the user’s attributes. The user merges
these partial decryption keys into a single key to read encrypted data.

Four main classes of actors are involved in the interaction: (i) the Attribute
Certifier deploys the smart contracts, and assigns and stores the actors’ meta-
data; (ii) the Data Owner encrypts, determines reading access to the data, and
stores it for sharing. In our example, this role is played by the International sup-
plier, who encrypts the Export document; (iii) the Reader interested in reading
the shared data. In the example, this role is fulfilled by the International supplier
and the Recipients in Table 1; (iv) the Authority Network generates partial
decryption keys tailored to the Reader’s attributes. Henceforth, we assume that
the network consists of four Authorities: A, B, C, and D.

Due to the costs associated with storing data directly on the blockchain,
MARTSIA stores on InterPlanetary File System (IPFS)5 the encrypted data
and the actors’ metadata, along with additional information. Smart contracts
on the blockchain are employed to record IPFS locators, ensuring data integrity.
Consequently, although anyone can access the public ledger, it cannot discern
information about the encrypted data, the Data Owners, or the Readers. Confi-
dentiality with recipients is preserved by uniquely denoting each process instance
with an identifier. This identifier, automatically added to the policies by MART-
SIA, is used to characterize the actors involved, thereby limiting the range of
potential Readers. The Data Owner must specify the Authorities responsible
for validating each policy. Considering the running example in Sect. 3, the com-
plete access policy of the third slice in Table 1 reads as follows: (43175279@4+ and
((Supplier@2+ and International@B) or Manufacturer@A)). In this case: the
process instance 43175279 needs to be verified by all the Authorities, the at-
tribute Supplier by at least two, attribute International by Authority B, and
attribute Manufacturer by Authority A. This policy specifies that the Interna-
tional supplier (the sender) and the Manufacturer involved in process instance

5https://ipfs.tech/, accessed: 2025-03-12.
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43175279 can access this slice. A detailed explanation of the policies and their
grammar can be found in [5].

Following the encryption phase, the International supplier uploads the doc-
ument to IPFS through MARTSIA. The corresponding IPFS resource locator
(e.g., Qmb4Hz[...]CAd8iG) is then stored on the blockchain and associated with
a unique message ID. Since the Export document includes multiple slices for
various recipients, each record has also a unique slice ID. To obtain the decryp-
tion key, a Reader must request all the partial decryption keys to the Author-
ities. The Authorities generate these partial keys using the Reader’s metadata
retrieved from the blockchain. Then, the Reader assembles the key parts, ob-
taining the final key necessary to read the encrypted data. To retrieve them,
we have implemented secure channels resorting to TLS (direct) and RSA (via
blockchain). In our example, if the Manufacturer intends to read the third slice
of the Export document (Table 1), they must request the decryption keys to all
the Authorities. If the Manufacturer is involved in the process instance 43175279
and possesses the correct Manufacturer attribute, they meet the policy require-
ments for decryption. In contrast, the National customs, which only holds the
Customs attribute, does not meet the access policy and is consequently unable
to decrypt the content. An actor lacking authorization from all the Authorities
cannot decrypt the data. Although different Authorities collaborate in validating
the policy’s formulae, the record can be decrypted only by the requesting actor.

Here, we can derive a core feature of MARTSIA. Multiple Readers read
distinct slices out of a single encrypted data object. Therefore, one message
can be generated for multiple Readers interested in separate parts of it, rather
than sending a copy for each such part, at the risk of potential inconsistency and
communication overhead. In our example, we have one Export document sliced
into four parts, accessible by four, two, one, and three participants, respectively.
However, the message remains one, rather than being spread across ten replicas.

5 Maturity

In this section, we describe the current state of the MARTSIA tool.
We implemented MARTSIA in two different variants, to show its platform-

independence. Its smart contracts run on the Ethereum Virtual Machine (EVM)
and the Algorand Virtual Machine (AVM). Smart contracts are written in Solid-
ity v. 0.8.20 for EVM and PyTeal v. 0.20.0 for AVM. All other scripts are encoded
in Python, including the integration with IPFS. The source code and documenta-
tion with implementation details are available at github.com/apwbs/MARTSIA.
Among other things, the tool also includes additional features such as the possi-
bility to use multiple Attribute Certifiers employing multi-signature operations,
and the customizability of the communication means to exchange partial de-
cryption keys (either direct, via TLS channels, or indirect, via blockchain). Fur-
thermore, we include the input data, launching scripts, and experimental results
of performance tests run on different EVM blockchains to verify transaction
costs and latency, and a Wiki offering a step-by-step tutorial on system setup
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and operation. To demonstrate MARTSIA’s versatility across key domains, we
integrated and tested our prototype with three publicly available DApps from
different domains: NFT trading, supply-chain management, and retail [5].

The scripts and Wiki to reproduce this demo for the EVM version are avail-
able at github.com/apwbs/MARTSIA-Demo. For a brief video showcase, visit
youtube.com/watch?v=RAcifWw1_B0.

6 Related Work

In recent years, blockchain technology has experienced significant developments
due to its distinctive properties, sparking growing interest in solutions to en-
sure data confidentiality. Zou et al. [14] propose SPChain, a system built upon
blockchain to guarantee privacy and effortless sharing of medical data. This is
achieved through a proxy re-encryption scheme and local databases of medi-
cal institutions. Gan et al. [3] present a search method for encrypted medical
data stored on a blockchain, resorting to an access control mechanism. Their
architecture relies on: a consortium blockchain built on Ethereum for exper-
imental analysis; several encryption methods such as probabilistic encryption
and order-preserving encryption; and a non-relational database to store data.
Remaining in the medical field, Miyachi and Mackey [8] introduce a framework
for data privacy based on both on-chain and off-chain systems. They leverage
consortium blockchains and asymmetric cryptography, while storing data off-
chain. Unlike [3,8,14], MARTSIA operates on public blockchains to store IPFS
locators, encrypts sensitive information with MA-ABE, and stores data on IPFS.

Yan et al. [12] illustrate a scheme providing fine access control with low
computational consumption. Their work leverages blockchain to store metadata,
IPFS to store data, and proxies for encryption and decryption. In addition, their
scheme provides policy hiding and attribute revocation. However, two centralized
entities are employed: the Proxy encryption server (ES) and the Proxy decryp-
tion server (DS). Wu et al. [11] in their work present an efficient attribute-based
encryption scheme to ensure privacy. Their method leverages the blockchain for
non-repudiation and data integrity. Feng et al. [2] introduce a scheme utilizing
blockchain for data storage; and identity-based encryption (IBE) and attribute-
based encryption (ABE) for sharing and verifying the correctness of data. In their
scheme, there is a centralized entity called Private Key Generator that takes care
of the setup phase and attribute key generation. In contrast to [2,11,12], our
solution utilizes a decentralized attribute-based encryption scheme.

7 Conclusion and Future Work

In this paper, we introduced MARTSIA, a framework leveraging blockchain and
MA-ABE to control data access in multi-party business scenarios. Our approach
resorts to IPFS to store encrypted data and actors’ metadata, and to smart
contracts to link IPFS resource locators to the blockchain. MARTSIA guarantees
access control, data reliability, immutability, and auditability in a decentralized
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manner. Areas for future development include data access revocation through
InterPlanetary Name System (IPNS), automatic policy validation, conducting
robustness field tests, and expanding the policy language to open the door to
secure data calculations using TEEs.
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