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Abstract

Keywords: The digitization of Islamic inberitance calenlation is dominated by applications
figh  mawaris,  special  case, Jocused on settling common cases (masail ammab). The majority of previous
research has neither addressed nor provided solutions to specific cases of inberitance
distribution. Thus, there is a challenge to develop an inberitance calcnlation
algorithm that addresses exceptional cases within the community. This study
develops a modular algorithm framework for the calenlation of mawaris figh that
includes classical mechanisms (harmony, conditions, bajb, distribution of asbabul
Sfurnd and 'asobah, awl, radd, and interaction of jaddul ikhwah) so that it is not
only an application of the inberitance calenlator and is accompanied by a
transparent psendocode. The approach taken is normative and translates the rules
of mawaris figh, which includes exceptional cases, into modular algorithms and
object-oriented programs. The algorithm's results are then implemented and tested
to ensure consistency and accuracy of the calculations. The system bas been proven
to be able to handle several special cases, including Umariyyatayn, awl cases, radd
without 'asobah, and jaddul ikbwah complex: interactions. This study contributes
to the standardization of algorithms for mawaris figh, including classical
mechanism rules with exceptional cases, an explicit modular architecture based on
Jfiqh stages, and formal pseudocode to ensure future maintenance. This framework
provides a transparent alternative to the black-box LM trend and can be the
Sfoundation for an Lslamic inberitance system algorithm that can be examined and

improved.

modular algorithm, object-oriented

programming.

INTRODUCTION

Improvements to the inheritance algorithm in digital computation need to continue, given
the complexity of problems and the evolving nature of society. The calculation of inheritance
according to the main rules of the Qur'an remains the primary basis, in addition to being a standard
rule in Islam, to avoid conflicts in the family that can have many effects. The inheritance calculation
system requires a process of classification of heirs, a blocking mechanism (hajb), a fixed share
distribution (ashhab al-furud), residual distribution (asabah), and proportional correction (awl and
radd) that must be executed sequentially with precision (Bench-Capon & Sartor, 2003; Prakken &
Sartor, 2015). Furthermore, it should not be forgotten that the provision of calculations for
exceptional cases (masa’il syawadz) such as Umariyyatayn, al-akdariyyah, and jaddul ikhwah
interactions requires multi-level reasoning (Hoque et al., 2022). The digitization of the Islamic
inheritance system has been the focus of research since the last decade, with various approaches
ranging from rule-based expert systems (Liao, 2005; Prentzas & Hatzilygeroudis, 2007), mobile
applications (Md Zin et al., 2025), to Large Language Models-based approaches (AL-Smadi, 2025;
AlDahoul & Zaki, 2025). However, a systematic evaluation by Billah (2023) of 10 Android
applications shows that the majority of existing systems are not yet able to handle exceptional
cases, with inconsistent outputs and a limited beneficiary list. These findings indicate a gap in the
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standardization of classical figh algorithms for handling exceptional cases.

From a software engineering perspective, legacy systems typically use a monolithic
architecture, which makes it difficult to verify, maintain, and add features (Garlan & Shaw, 1993;
Kruchten, 1995). Hoque et al. (2022) propose a structured architecture using Data Flow Diagrams
(DFD) and structure charts, but do not present explicit pseudocodes for specific mechanisms such
as hajb, awl, and radd. Meanwhile, the latest trend is leading to a black-box LLLLM approach (AL-
Smadi, 2025; AlDahoul & Zaki, 2025), which, despite achieving high accuracy, lacks algorithmic
transparency and is difficult for figh scholars to verify manually.

Transparency and verifiability are important requirements in legal systems, including Islamic
inheritance (Governatori et al., 2018; Palmirani et al., 2020). Expert systems for the legal domain
require explainability that allows stakeholders to understand the reasoning process (Kumar et al.,
2023; Alharbi & Alshammari, 2023). In the context of mawaris figh, this means that any division
decision must be traceable to the undetlying rules of figh, something challenging to achieve with
a black-box approach.

Research Gaps

Based on an analysis of the literature on the digital Islamic inheritance system over the last
five years, several fundamental methodological gaps were identified. So far, documentation of the
steps of formal programming logic or pseudocode remains very limited, as most studies present
only flowcharts or general process descriptions that are difficult for other researchers to reproduce.
In addition, there has not been a single integrated framework that comprehensively documents all
the mechanisms of classical figh, from the obstruction of heirs and the adjustment of inheritance
through the aul and radd mechanisms to the complex calculations of the interaction between a
grandfather and a brother. Current research tends to focus on only a few rules and has not yet
implemented a modular architecture that divides the computational process into independent
stages. The latest trend in the use of large language models (LLMs) offers high accuracy. However,
the approach is closed, so it is not possible to verify the actual logic that needs to be implemented
in the inheritance legal system.

Research Objectives and Contributions

This research aims to develop a modular algorithmic framework for calculating figh
mawaris that addresses the various weaknesses outlined above. The main contribution of this study
is the development of algorithm standards that fully accommodate all inheritance mechanisms,
including harmony, conditions, and exceptional cases, so that the results of this study are not
merely an application of an ordinary inheritance calculator but a formal, logical documentation. By
applying a modular architecture divided into five main phases, each calculation stage has apparent
limitations that facilitate the system's verification and maintenance. In addition, this study presents
an in-depth validation of nineteen special-case patterns, such as Umariyyatayn, as well as other
complex calculation conditions that are often not handled by existing systems. By offering an open
model, this study provides an alternative for scholars, heirs, and legal practitioners to carry out the
correction process manually and transparently.

METHODS

The normative-reconstructive approach is used to extract figh rules from classical literature and
convert them into specific algorithmic structures. This approach consists of three main stages: rule
extraction from normative sources, logic formalization, and module-based architecture.
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In the rule extraction approach, we use the following reference sources: Al-Mughni by Ibn
Qudamah (Hanbali madhhab), Bidayat al-Mujtahid by Ibn Rushd (comparative 4 madhhabs), and
Al-Figh al-Islani wa Adillatubn by Wahbah al-Zuhayli (contemporary). Then, several identifications
were carried out as legal domains (Palmirani et al., 2020; Governatori et al., 2018), among others,
that identify normative propositions, namely that every figh rule is expressed in the form of an IF-
THEN. Then, the classification of rules by figh stages, such as validation rules, hajb (blocking
rules), distribution (allocation rules), and awl/radd (cotrection rules). Finally, the identification of
the khilafiah was carried out in accordance with the rules governing cases of disagreement among
the madhhabs. This study adopts the Shafi'i madhhab's opinion as a baseline.
The rules of figh that have been extracted are formalized using first-order logic and propositional
logic (Hoate, 1969; Prakken & Sartor, 2015), e.g., "The father gets 1/6 if there are children (male
or female), and gets residual as 'asobab if there are no children." Created the logical formula as
follows:

1 LET father € Heirs
LET has_child = (3 h € Heirs : h.relation = "son" V h.relation = "daughter")
IF has_child THEN
father.fardh_share = 1/6
father.is_asabah = FALSE
ELSE
father.fardh_share = 0
father.is_asabah = TRUE
END IF

O 0 1 &\ Ul A~ W DN

This formalization allows for direct conversion to pseudocode with non-double-standard
semantics.

The next approach is to divide architecture into several modules based on the stages of figh (Patel
etal.,, 2021; Taibi et al., 2023). The division of modules follows the principle of Separation of Concerns,
namely each module handles one stage of figh without internal interdependence (Parnas, 1972);
Interface-Based Design where modules communicate through immutable InberitanceCase data
structures, ensuring no side effects (Zdun & Avgeriou, 2005); and Seguential Execution where
modules are executed sequentially without nested loops, achieving O(n) complexity (Zhou & Feng,
2023).

The system architecture is divided into 5 modules that are executed sequentially, namely the
module validation of harmony and conditions, the hijab module, the fardhu module (Ashhab al-
Furud distribution), the Asabah module (the distribution of 'Asobah + Jaddul ikhwah), and the
Cortrection module (awl & Radd). To bridge the modular architecture with an operational view of
computation, the overall process is summarized as a six-step scenario. Figure 1 presents the end-
to-end flow from case input and validation through hijab filtering, fardh and ‘asabah allocation,
and awl/radd correction, which serves as the baseline for the subsequent module specification and
testing design.
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The framework reads and validates the heit's data, the components of the titkah (property),
and the list of living heirs.

The framework applies a hijab module to identify precluded heirs and compile a list of valid
heirs.

The framework assigns the fardh portion to all eligible ashab al-furudh and calculates the total
fardh portion.

The framework distributes the remainder to the eligible 'asabah' heirs (including handling
grandparent-sibling interactions if necessary).

The framework implements a correction mechanism by applying awl when the total fardh is
>1 and applying radd when the total fardh is <1 and there are no 'asabah' (using
makhraj/tashih if necessary).

The framework displays the final results of the inheritance distribution for each heir
(propottion and/otr nominal amount) along with the decision stages.

Figure 1. Six-step computation scenario of five modul Inheritance Algorithmic Framework

Based on the scenario in Figure 1, the five modules are specified in sequence as follows. The
validation module receives input in the form of a list of heirs, inheritance data, and inheritance,
and then issues a valid/invalid status along with an error message. The function of this module is
to verify the completeness of the harmony and the validity of the inheritance requirements,
including the certainty of the heit's death, the existence of the heir at the time of death, and the
absence of mani’ (inheritance battier).

No Heirs Preconditions (as stated) Computational Notes
Model (share of E)

1 Husband Always if husband exists E X 1/2 if NOT Furad
has_child; E X 1/4 if
has_child

2 Wife Always if wife exists E X 1/4 if NOT Furad
has_child; E X 1/8 if
has_child

3  Mother Always if mother exists E x 1/3 if NOT TFurad (Shafi‘:
has_child and  siblings must be
sib_count < 2; >2 to reduce to
otherwise E X 1/6 1/06)

4 Father (fardh If father exists and has_child E X 1/6 May later act as

part) sharer/residuary

(see notes)

5 Daughters daughter exists and son does E X 1/2 if 1 Furad only

(no son) NOT exist daughter; E X 2/3 if when there is no
=2 daughters son
6 Uterine uterine_brother/uterine_sister E X 1/6 Furad
sibling exists, NOT has_child, father
(single) does NOT exist, and uterine
count =1
7 Uterine Same as No. 6, uterine count E X 1/3 shared per Furad
siblings (=2) 22 head
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8  Full sister (1) No father, no EX1/20RE X2/3 Most frequently
children/grandchildren, and OR ‘asabah ma‘ al- misapplied (Az-
no full brother — furad (1/2 ghair Zuhaili)
or 2/3). (2) No father, no
son/male grandchild, and no
full brothet, but a
daughter/female  grandchild
exists — ‘asabah ma‘a al-ghair.

Table 1. Summary of Prescribed Shares

After the data is declared valid, the hijab module continues processing the list of valid heirs to
produce a filtered list by eliminating those blocked under the priority rules. Next, the Fardhu
Module uses a list of post-hajj heirs to determine the fixed shate (asbabul furudh), namely 1/2,
1/4, 1/8, 2/3, 1/3, and 1/6, based on the classification of the heirs and the accompanying
conditions. The remaining undivided property is then processed in the Asabah Module, which
distributes the residue to the 'asobah group, including special handling for jadd-ikhwah cases, with
O(n) complexity. Finally, the Correction Module corrects when the total part is not equal to 1, by
normalizing the part proportionally in the event of awl or redistributing in the event of radd.
Each module is validated using 19 testing units to ensure the accuracy of results at all stages of
calculation. In the validation module, there are 3 tests, including verification of harmony
(complete/incomplete), and mani‘ (inheritance bartier) conditions, such as murder and religious
differences. The hijab module was tested with 3 scenarios: the child blocking the grandchildren,
the father blocking the grandfather, and the siblings obstructing each other. In the fardhu module,
5 tests were conducted, covering cases of husbands with or without children, mothers with or
without children/siblings, and single and plural daughters. Furthermore, the asabah module
includes 4 tests, namely fathers as asabah, sons as residual recipients, and two jadd or ikhwah
scenarios. Finally, the correction module was tested across 6 correction scenarios: awl with makhraj
27, awl with makhraj 15, radd without asabah, and radd with pairs.

3.4.2 Integration Testing

6 complex scenarios are used for integration testing:

Fardhu + Normal Asabah: Husband, mother, 2 daughters, son

awl Case: Husband, mother, 2 siblings (total = 1 + 1/6 + 2/3 = 15/12 — 15th awl)

Radd Case: Wife, mother, 2 daughters (total = 1/8 + 1/6 + 2/3 = 23/24 — radd remaining
1/24)

Hijab Complex: Father, grandfather, son, grandson (grandfather and grandson are hindered)
Jaddul ikhwah: Grandfather, sibling, mother (grandfather chooses muqgasamah or 1/3 of the
remainder)

Umariyyatayn: Husband/wife, mother, father (mother gets 1/3 of the remainder, not 1/3 of the
total)

3.4.3 Edge Case Master List

19 Patterns of Edge Cases Systematically Validated:

Category Hijab Complex:

Multiple blocking layers (anak — cucu — cicit)

Conditional blocking (siblings are blocked if you have children)

Partial blocking (father does not entirely block grandfather in distribution)
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High awl category: 4. awl makhraj 27 (extreme cases) 5. awl makhraj 17 6. awl makhraj 15
(general)

Radd Category: 7. Radd without asabah (leftover to asbabul furndh) 8. Radd with partner (partner
cannot radd) 9. Radd with Baitul Mal (no eligible heirs)

Jaddul Ikhwah Category: 10. Grandfather vs. sibling (muqasamah) 11. Grandpa vs. Brother 12.
Grandpa chooses 1/6 (more profitable) 13. Grandpa chose 1/3 of the leftovers.

Umariyyatayn Category: 14. The first Umariyyatayn (husband, mother, father) 15. Second
Umariyyatayn (wife, mother, father)

Ashabah Ma'al Ghayr Category: 16. Daughter + Son (asabah ma'al ghayr) 17. Sister + brother
(asabah ma'al ghayr) 18. Granddaughter + grandson (asabah ma'al ghayr)

Combination Category: 19. awl + hijab + jaddul ikhwah (maximum complexity)

RESULTS AND DISCUSSION

Unit Testing Results

The development of algorithms indirectly results in a stable system. In the eatly stages of
implementation, unit testing revealed several failures that occurred repeatedly. Overall, the
algorithm experienced 7 test failures across iterations before reaching a consistent logical structure.
These failures mainly occur in the correction mechanism (‘awl and radd), the interaction between
the jadd and the siblings (jaddul-ikhwah), as well as the phase execution sequence that is not
entirely separated between the normal distribution and the special case. In some early experiments,
the system produced a distribution that was mathematically correct but did not fully align with the
more favorable choice structure in figh, particularly in evaluating the grandfather option.
Improvements are carried out through architectural restructuring into five modular phases that are
executed sequentially: validation, hijab, fardhu, asabah, and correction. In addition, the special-case
detection mechanism is explicitly separated from the normal distribution flow to avoid logical
conflicts. After the fix iteration, the retest showed that all test units ran without errors.

In the final stage of development, 19 test units were successfully carried out, meeting expectations
based on the calculation results. The test comprises five main modules: validation, hijab, fardhu,
asabah, and correction. The entire module shows consistency of results after the logic structure is
fixed.

To maintain mathematical precision, all calculations use rational arithmetic with fractions. fraction,
so that no error occurs due to floating-point rounding. Validation is carried out by comparing the
algorithm's output with manual calculations based on the reference work on fara'id. After the
refinement iteration, no deviation was found between the system results and the manual
calculations.

Scientific Contributions

This study seeks to develop a formally documented algorithmic framework for calculating fara'id
by integrating the main mechanisms of classical figh mawaris into a single structure. So far, some
previous studies have discussed several mechanisms, such as hajj, fardhu, and asabah, separately,
or implemented inheritance calculators without detailed logical documentation. In this study, all
the main mechanisms—including hajj, fardhu, asabah, makhraj, tashih, 'awl, radd, and jadd's
interaction with brothers—are formulated in the form of an explicit and reproducible formal
pseudocode. This framework was compiled not to replace classical jurisprudence literature, but to
formalize its logical structure so that it can be re-implemented without ambiguity by other
researchers. Thus, the contribution of this research lies in the effort to standardize algorithmic
representations that have not previously been thoroughly documented within a single integrated
framework.

In addition, this study designed an algorithmic architecture in five phases that follow the
conceptual stages in figh mawaris: validation, hijab, fardhu, asabah, and correction. This separation
is done explicitly to maintain clarity of the responsibilities of each module and minimize logic
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overlap. The modular approach allows each phase to be tested independently through unit tests,
enabling errors to be traced more precisely. In the eatly stages of development, the algorithm
experienced several failures, especially in its correction and evaluation mechanisms for joint
choices during interactions with siblings. However, by restructuring the flow and separating the
privileged cases from the normal distribution, the system finally achieved stability. This modular
structure also allows for further development, such as adding additional schools, without
dismantling the entire system.

This study also compiles a classification of systematically tested case patterns. A total of nineteen
patterns were designed based on the combination of mechanisms involved, such as complex hajb,
'awl, radd, jaddul-ikhwah, and combinations of several mechanisms at once. Each pattern is
validated through formal testing and compared with manual calculations based on figh references.
This approach results in a structured validation framework that other researchers can reuse to test
similar systems. Thus, this research contributes not only to the implementation of algorithms but
also to the provision of documented test patterns.

In the midst of the development of a large language model-based approach that is black-box, this
study takes a white-box approach that emphasizes logical traceability. Every distribution decision
can be traced back to the underlying rules of figh, so that the reasoning process is not hidden
behind a statistical model. This transparency is considered important in the Islamic legal system,
as it allows scholars, legal practitioners, and related parties to examine and, if necessary, manually
understand the calculation process. With this approach, the research seeks to maintain a balance
between computational precision and normative accountability.

Opverall, the contribution of this research does not lie in the claim of absolute superiority, but in
the preparation of algorithmic structures that are documented, modular, testable, and traceable
back to the source of figh. This approach is expected to be a more stable basis for the development
of a technology-based Islamic inheritance system in future research. The pseudocode in this study

can be accessed at https://github.com/nisaprayitno-oss/Islamiclnheritance/tree/main
CONCLUSION

This research produced a modular algorithmic framework for the calculation of mawaris figh,
formulated as formal pseudocode and implemented systematically. This framework includes the
main mechanisms in classical mawaris figh, ranging from the pillars and conditions, hajj hirman,
the distribution of asbabul furudh, the distribution of 'asabah, including the interaction of jaddul
ikhwah, to correction mechanisms such as 'awl, radd, makhraj, and tashih. The preparation of this
framework departs from the need to formalize the structure of mawaris logic into a form that can
be tested, reproduced, and traced back to the underlying rules of figh.

Conceptually, this study secks to fill a gap in the literature by documenting all inheritance
mechanisms within a single integrated algorithmic structure. Some previous studies have
developed inheritance calculators or addressed specific aspects of distribution, but have not yet
presented formal documentation that unifies all stages into a single, explicit, and modular
architecture. In this study, the algorithm is organized into five phases that follow the conceptual
flow of figh, namely validation, hajj, fardh, asabah, and correction. This separation is intended to
maintain clarity about each phase's responsibilities while enabling further testing and development
without altering the overall structure.

Documentation in the form of formal pseudocode is compiled so that it can be re-implemented
by other researchers without dependence on one particular programming language. With this
approach, reproducibility becomes more open, as algorithmic logic is embedded not only in the
code but also conceptually described. The test results show that the developed framework can
handle all the tested cases, including those that require special handling. More than that, the
transparency of the algorithm allows the reasoning process to be traced manually by those with
figh competence, so that the system does not stand as a closed mechanism.
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Thus, the contribution of this research is not only to technical implementation, but to the
preparation of algorithmic structures that are documented, modular, and verifiable. This
framework is expected to serve as the basis for developing a more transparent and accountable
Islamic inheritance system in the future.

Research Limitations

This research still has several limitations that need to be noted in proportion. The framework
developed uses the Shafi'i madhhab as the primary basis for formulating rules and determining
distribution priorities. Differences of opinion with other schools have been identified at the
conceptual level, but they have not been fully implemented in operational configurations.
Therefore, the development of other madhhabs requires more in-depth follow-up research.

In addition, this framework focuses on the distribution of inheritances after deducting wills and
debts. The validation mechanism and the detailed calculations related to wills and debts have not
been fully integrated into the system. Similarly, the distribution for dhawu al-arham has not been
part of the current implementation, as the focus of the research is directed on the basic structure
involving asbabul furudh and 'asabah.

From an implementation perspective, this study provides documented algorithms and pseudocode
but lacks a user interface designed for the general public. Thus, direct utilization by non-technical
users still requires advanced application development.

Advanced Research Suggestions

Given these limitations, several directions for future research can be considered. The development
of multi-madhhab support is an important agenda, with a configuration approach that
accommodates differences of opinion without overhauling the algorithm's core structure. The
integration of the will and debt mechanisms is also needed to ensure the system more fully reflects
the distribution process.

The development of a specific module for dhawu al-arham could be the next expansion, taking
into account the approach appropriate to the madhhab in use. From an implementation
perspective, providing web-based interfaces or mobile applications will expand access for non-
technical users, while visualizing the reasoning process will maintain transparency.

At the methodological level, advanced research can employ formal verification to ensure greater
mathematical rigor. Comparative studies between madhhabs in cases of khilafiah can also make a
broader academic contribution. In addition, integration with larger Islamic legal technology
ecosystems, such as waqf management or zakat calculation, can expand the practical benefits of
this framework.

Opverall, the modular algorithm framework developed in this study provides an initial foundation
that is still open to further development. The principles of modularity and separation of
responsibilities are expected to facilitate development without requiring sweeping changes to the
system's basic structure.
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