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Abstract

Contracts securely align incentives between counterparties allowing
them to exploit the surplus gained from cooperation. Computable
contracting aims to create machine and human understandable con-
tracts. Contract theory mathematically formalises contractual ar-
rangements to investigate incentive issues and provide optimal so-
lutions to contracting problems. Most research in computable con-
tracting investigates how to make legal concepts machine express-
ible, but little work focuses on how incentives are affected by the cre-
ation of new contractual mechanisms nor on how these new contrac-
tual mechanisms can be used to solve perennial incentive problems
within contracts. This paper seeks to introduce contract theorists to
computable contracting and visa versa in order to stimulate interdis-
ciplinary work between the two fields. Through a literature review
of computable contracting and contract theory literature, this paper
considers how the insights from contract theory and computable con-
tracting can fruitfully interact to advance the research aims of both
disciplines. The paper uses the MIR framework to operationalise
the concepts from both disciplines to perform the interdisciplinary
synthesis. This paper identifies two key areas for potential fruitful
interdisciplinary research for computable contracting practitioners
and contract theorists. Firstly, contract theorists can investigate
how the new information revelation mechanisms affect the incentive
balances in various contracts and utilise these new cheap state ver-
ification mechanisms to design optimal contracts. This approach is
directly applied to the hold-up problem. Secondly, the contract the-
ory ontology can be used conceptually to inform the design of con-
tract analytics functions; likewise the structured data sets created
by computable contracting methods can advance empirical contract
theory.
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1 Introduction

Commercial contracts allow parties to exploit the surplus gained
from cooperation by securely aligning interests between counterpar-
ties. By setting enforceable agreed rules align incentives enabling
co-operation between self-interested counterparties who have imper-
fect information about each other can engage in fruitful commer-
cial relationships (Scott and Triantis, 2005). However, contracting
has lagged behind in terms of technological innovation compared to
other areas of business. The acceleration of information technologies
has yet to be felt in the “drafting, reviewing, execution of contracts”
(Clack and Cummins, 2020 p.1). A Linklaters report argues that
“the production, execution and performance of legal agreements”,
in the long term, will “be transformed by the trends of digitisation
and automation that are reshaping so many other spheres of human
activity” (Harley, 2017 p.2).

Computable contracting is the next step in “mechanizing the
drudgery of the practice of law” (Kelso, 1945 p.392). Computable
contracting seeks to transform inert natural language contracts and
increase their business connectivity through computational meth-
ods. The ultimate aim of computable contracting is machine and hu-
man understandable contracts (Clack and Cummins, 2020). Clack
and Cummins (2020) emphasises the iterative nature of the com-
putable contracting vision; the field aims for an orthogenetic evolu-
tion towards increasing the computability of contracts.

Realising computable contracting will require a “range of tech-
nologies and approaches” - it is a fundamentally interdisciplinary
endeavour (Clack and Cummins, 2020 p.1). Today, researchers draw
on knowledge from linguists, lawyers, computer scientists and busi-
ness experts (Clack, 2021). Researchers invite perspectives from
industry experts, regulators and lawyers, to ensure their research is
actionable. By involving agents from influential private firms, the
adoption of computable contracting is accelerated. Computable con-
tracting is an instrumentalist endeavour, directed towards increas-
ing the computability of contracts and realising contracts that are
simultaneously machine and human understandable; it is therefore
inherently pragmatic in its epistemology and methodology. Meth-
ods and knowledge are valid if they advance research towards the
vision of the widespread adoption of simultaneously machine and



human understandable contracts. This paper aims to widen the
interdisciplinary dialogue to include contract theorists.

Contract theory is a subdiscipline of economics which mathemat-
ically formalises contractual relations using game theoretic method-
ology to explain why parties enter into contracts, the incentives
underlying contractual mechanisms and how to design optimal con-
tracts. The underlying epistemological similarity between the two
disciplines is representing contracts in highly formal languages. Con-
tract theory can be of use to the development of computable con-
tracting by identifying perennial incentive and informational issues
which these new computationally-enabled contractual mechanisms
can remedy. These changing contractual mechanisms and infor-
mation revelation mechanisms in contracting will be of particular
interest to contract theory researchers. The research within com-
putable contracting focusses on designing computer languages and
computer programs to automate contracting, there is little research
on how the new mechanisms created by the increasing computabil-
ity of contracts can affect the incentive balances within commercial
contracts.

A few papers have briefly pointed towards the possibility of fruit-
ful interaction between contract theory and computable contracting
(Diitting, Roughgarden and Talgam-Cohen, 2019; Clack and Cum-
mins, 2020). A few papers have analysed some computable con-
tracting methods (in particular smart contract) from an information
economics perspective (Holden and Malani 2017; Tinn, 2018; Gans,
2019; Cong He 2019; Chen, Cong Xiao, 2021). This is the first
paper synthesising these two relatively esoteric, but highly comple-
mentary, areas of interdisciplinary research. In addition to aiming to
fill this gap in research, this paper suggests areas for future research,
making the case for a cross-pollination of ideas between contract
theory and computable contracting.

The “central notions of contract theory” have “wide applicabil-
ity”, but contract theory articles are “hard to penetrate even for a
well-trained reader”, posing barriers to their interdisciplinary appli-
cation (Bolton and Dewatripont 2005, p.3). Computable contracting
involves highly technical concepts from theoretical computer science,
law and linguistics, however practitioners aim to make literature as
accessible as possible so papers are accessible to both lawyers and
computer scientists, whose collaboration is essential for research.



This paper follows this tradition in order to maximise access and
impact.

Global challenges “require the joint involvement of researchers
from different disciplinary backgrounds” (Tobi and Kampen, 2018
p.1209). This paper utilises ‘methodology for interdisciplinary re-
search framework’ (MIR) to approach this broad interdisciplinary
research aim (Tobi and Kampen, 2018). After identifying the affini-
ties in research aims of computable contracting and contract theory,
the concepts within contract theory had to be ‘operationalised’ in
order to analyse how this theoretical perspective can inform com-
putable contracting. In order to do this, the research aims of com-
putable contracting were analysed. Computable contracting is a
fundamentally instrumentalist endeavour, aiming in its research to
advance the computability of contracts (Clack and Cummins, 2020).
Accordingly, concepts from contract theory were operationalised to
further the instrumentalist aims of computable contracting.

Epistemologically, this work also draws on Leibniz’s legal work.
‘Contract theory’ and ‘computable contracting’ can be contextu-
alised into an over 300 year history of academic work to formalise
legal proceedings. The breadth of the aims and scope of Leibniz’s
work reflects the enlightenment sense of human perfectibility, disci-
plinary holism and theological naturalism. Today’s work in formal-
ising the law (both contract theory and computable contracting)
reflects the atomism, division of labour and instrumentalism within
modern academic research. Leibniz is known for his contributions to
mathematics, computation and the use of formal methods in philos-
ophy, however he also produced many transdisciplinary legal works.

Artosi and Sartor (2016) argues Leibniz’s work as a jurist is char-
acterised by three principles. Firstly, legal problem-solving and re-
search require an interdisciplinary dialogue between law and many
other fields (e.g. logic, statistics, theology, politics etc.). Secondly,
legal work requires intradisciplinary dialogue, by considering multi-
ple jurisprudential theories and traditions when considering legal
problems. Thirdly, legal work requires a pragmatic selection of
“highly innovative tools, including, but not limited to, those af-
forded by contemporary developments in logic and mathematics”
(Artosi and Sartor 2016, p.6). These principles inform this paper’s
approach to legal research. Of course, in the first aspect, being an
interdisciplinary dialogue between law, mathematics, computer sci-



ence and economics. In the second aspect, jurisprudential perspec-
tives (critical legal theory) are considered in relation to computable
contracting, smart contracts and contract theory in Section 5. The
third aspect is the central to this dissertation, computational law
and contract theory. This paper, computational law and contract
theory, all utilise “a large toolbox of reasoning methods and cog-
nitive tools” to solve legal problems (Artosi and Sartor 2016, p.6).
Leibniz’s approach to law provides an interdisciplinary tradition for
this paper to draw upon and can further be used to contextualise
computable contracting research - and contract theory research to
a lesser degree - in the academic tradition.

This paper seeks to be a comprehensive introduction to con-
tract theory and computable contracting to each other’s fields of
research. The aim of this dissertation is to stimulate interdisci-
plinary work between contract theorists and practitioners of com-
putable contracting. Accordingly, this paper includes many cita-
tions, to allow interested readers to explore literature which they
may find stimulating and is written accessibly, defining technical
terms. Section 2 introduces computable contracting, contextualises
its research into the wider history of computational law and legal in-
formatics, introduces current research challenges and directions and
details how computable contracting methods are being used in in-
dustry. Section 3 introduces contract theory, gives a basic model of
the principal-agent model and explores the contract design method-
ology and some recent developments. Section 4 synthesises the find-
ings of computable contracting and contract theory, first exploring
generally how new information revelation mechanisms can affect in-
centives in contracts and then more specifically looking at how these
mechanisms can be used in the 'hold-up’ problem, it finally explores
how the contract theory ontology could be used for contract ana-
lytics functions and considers how contract standardisation could
stimulate work in empirical contract theory. Section 5 discusses
how computable contracting fits into the broader trends of inter-
discplinary research and reflects on the differences in epistemologies
and methodologies in contract theory and computable contracting.



2 Computable Contracting

Commercial contracting is lengthy, cumbersome and manual, incur-
ring significant transaction costs in commerce, however, they are
necessary to manage legal risk. A 2018 Harvard Business Review
article estimated that “inefficient contracting causes firms to lose
between 5

Computable contracting aims to create legal contracts that are
both understandable by humans and computers (Surden, 2012; Agar-
wal, Xu and Moghtader, 2016; Clack and Cummins, 2020). Making
contracts machine understandable will structurally enable digital
automation of a far larger set of operations. At this “maximal level
[...] all clauses of the contract are written as a computer program
and are available for query, analysis, verification and automated
execution” (The CodeX Insurance Initiative Working Group, 2021
p.1). Surden (2012), alongside coining the term ‘computable con-
tracting’, highlights potential for computable contracts to reduce
the high transaction costs which, today, are corollary with commer-
cial contracting. The full implementation of this vision will provide
large cost reductions, efficiency improvements and risk reduction.
Additionally, the increase in devices providing trusted streams of
data, driven by the adoption of DLTs and the ‘Internet of Things’
(IoT) devices, increases the set of contractible data streams (Suli-
man et al., 2019). Stanford University’s ‘CodeX’ research stands out
as a hub for innovative research on the intersections of computer sci-
ence and law, housing many cutting edge legal informatics projects
(e.g. the ‘Stanford Computable Contracts Initiative’, the ‘CodeX
Insurance Initiative’, the ‘Computational Law’ project etc.).

Commercial contracts are complex arrangements which, today,
cannot be reduced into computational form. Computable contract-
ing is an iterative vision, aiming for an orthogenetic evolution to-
wards increasing computability of contracts. However, these com-
plex arrangements can be decomposed into automatable aspects
(e.g. transactions, title transfers, recording information). Com-
putable contracting practitioners, although seeking increased com-
putation within contracts, do not automate the entirety of commer-
cial contracts, as many provisions within contracts are left vague due
to costs in drafting for all contingencies, which can be interpreted
later in the case of a dispute. However, this will allow ‘vagueness’
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to be “employed in a more deliberate way” (Clack and Cummins,
2020 p.5). “The evolution towards computable contracting will take
years, and [... it] will build on many of the contracting technolo-
gies already being used today”, accordingly this paper uses the term
‘computable contracting methods’ to refer to technologies which will
increase the computability of contracts, advancing progress towards
the vision of machine and human understandable computable con-
tracts (e.g. smart contracts, contract analytics, visualisation tools
etc.) (Clack and Cummins 2020, p.14). Today computable contract-
ing methods are being applied iteratively, with practitioners expect-
ing the adoption of ‘hybrid computable contracts’, where parts of
contracts are expressed as machine and human understandable code
(Surden et al., 2021).

This section will explore the history of computable contracting
and contextualise it into the longer history of computational law and
introduce recent developments in computable contracting research
(Section 2.1), then it will catalogue how computable contracting
methods are being implemented in industry today (Section 2.2).

2.1 Contextualising Computable Contracting

Computable contracting fits into a long academic history of attempts
to automate various aspects of legal practice. As modern computers
emerged, the new tools available prompted a renaissance of research
formalising legal processes (Kelso, 1945). One of the most pressing
areas was how to use computers for information retrieval. This gap
in capacity spawned the discipline of ‘legal informatics’, which has
now, with emergence of computational reasoning and explosion of
related academic research, expanded to include many endeavours
including computable contracts, machine understandable and exe-
cutable pieces of legislation.

The more ambitious side of this academic history involves the cre-
ation of universal languages to express all material and logical con-
cepts. Leibniz envisioned a characteristica universalis - a universal
formal symbolic language which could express all worldly and logical
concepts (Rutherford, 1996). The language would be an ‘alphabet
of human thought’ from which conclusions can be deduced via a
calculus ratiocinator which applies logical rules to the propositions
expressed in the language (Rutherford, 1996). Leibniz envisioned
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these two tools to be used in a variety of settings - mathematics,
the natural sciences and metaphysics (Rutherford, 1996). All le-
gal decisions could be resolved deductively and definitely, avoiding
the ‘chicanery’ of lawyers (Artosi, Pieri and Sartor, 2013). Leibniz
wrote his graduate dissertation - ‘Disputatio Inauguralis de Casi-
bus Perplexis in Jure’ (Inaugural Disputation on Ambiguous Legal
Cases) - on reducing ‘ambiguous legal cases’ to fundamental logical
constants and propositions using combinatorics (Artosi, Pieri and
Sartor, 2013). He continued similar work in ‘De legum interpreta-
tione, rationibus, applicatione, systemate’ (the reasoning, applica-
tion and system of legal interpretation) where he systematised and
formally constructed a logic of legal reasoning (Armgardt, 2015).
Leibniz never attempted to construct his characteristica universalis,
however, Stephen Wolfram, has taken up similar aspirations. His
‘Wolfram Language’ is a ‘computational language’ which leverages
natural language to provide a means of computationally express-
ing, organising and logically operating on natural language objects,
which he envisions to be used within computational law(Wolfram,
2016; Wolfram, 2019).

More modestly, Allen (1957) develops a framework to append
the logical connectives from symbolic logic to clauses and provisions
when drafting legal documents to increase clarity of legal documen-
tation. This work can be seen as an early step towards machine and
human understandability of legal documents, since the contracts
are expressed in a hybrid language. Allen’s model logically struc-
tures and connects clauses written in natural language with sym-
bolic logic. McCarty (1977) develops a legal reasoning computer
programme - ‘TAXMAN’ - which deduced whether a restructured
corporation was exempt from income tax after entering key pieces
of information (e.g. year of incorporation, location of incorporation
etc.). There have been many ‘Domain Specific Languages’ (DSLs)
for legal purposes over the years, an early example is Stamper’s
LEGOL language which expressed “complex rules and regulations”
in computer code (1977 p.102). Similarly, Sergot et al. (1986) ex-
presses the ‘British Nationality Act’ in Prolog, a logic programming
language. In the late 1990s, Ian Grigg proposed ‘Ricardian Con-
tracts’ which use markup languages to annotate some provisions in
natural language contracts pieces of code which are used to execute
these obligations by computer (Grigg, 2004; Clack, 2021). Although

12



the code and contract are separate, they are contained within the
same document, creating legal documents which are “both readable
by people and parsable by programs” (Grigg, 2004 p.4).

Today, computable contracting research focuses on the creation
of a machine and human understandable contract drafting language
(Clack, 2021). The predominant approach to engineering such a
language is to design a legal ‘domain specific language’ (a computer
language designed to be used in a specific setting) which is also a
‘controlled natural language’ (a highly constrained and structured
variant of a natural language which restricts grammar and vocabu-
lary to eliminate ambiguity and ensure machine readability). Clack
(2021) provides an excellent introduction to current research direc-
tions of languages for smart and computable contracts. Translating
the syntax of natural language contracts into computer code, whilst
retaining the precise semantic meaning of the legal agreement, is
the key challenge in computable contracting research - this is known
as ‘validating’ the code (Clack, 2021). Particularly as computable
contracting aims to automate high-value contracts (e.g derivatives
contracts) (Clack and McGonagle, 2019; Clack, 2021). A current
challenge in the validation of computable contracts and smart con-
tract code is translating legal-specific concepts of time into these
languages (Clack and Vanca, 2018). Natural language legal con-
tracts are written by lawyers to be understood by lawyers, assum-
ing some shared understanding of the law. Programmers cannot
accurately semantically analyse natural language contracts and to
translate them into some contracting DSL. Additionally, when these
‘higher level’ languages (closer to natural language) are translated
down the ‘language stack’ all the way into binary, computer scien-
tists and lawyers must work together to ensure that these ‘lower
level” languages syntactically and semantically reflect the relations
specified by the contract. Interdisciplinary dialogue is essential for
validating the computer code (Clack 2021).

2.2 Computable Contracting Methods in Practice

Currently within legal practice, computable contracting is imple-
mented in a limited form. Today, computable contracting methods
bridge the divide between commercial contracts and the business
systems they govern, but are iteratively moving contracting towards
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increased computability. Clack and Cummins (2020) identifies 4
main horizons in which computable contracting methods are being
realised: ‘contract lifecycle management’ , ‘contract standardisa-
tion’, ‘contract analytics’ and ‘smart contracts’.

‘Contract lifecycle management’ (CLM) systems streamline and
automate many of the operational tasks surrounding commercial
contracts, including: management, compliance, negotiation and They
allow the data from contracts and business systems to be efficiently
extracted and fed into each other, making operational business tasks
and contract drafting more efficient. CLM systems automate around
the contract, but do leave the actual natural language text of con-
tracts untouched, instead they provide efficient data streams be-
tween contracts and business systems (Clack and Cummins, 2020).

‘Contract standardisation’, today, is done through the creation
of document templates and templating systems. Common contracts
and clauses are added to libraries of templates into which specific in-
formation regarding the particular relation can be entered. For some
simple and commonplace contracts (e.g. an insurance contract, sale
of a property etc.) the only information which needs to be entered
is the names of the contracting parties (Clack and Cummins, 2020).
‘Contract assembly’ systems (e.g. HotDocs, Contract Express, Do-
cassemble) utilise ‘contract standardisation’ to create modular con-
tracts, where clauses and sets of clauses are retrieved from libraries
and pieced together to form contracts. Contract standardisation is
lowering legal costs by reducing drafting and negotiation time (Ker-
rigan, 2019). Contract standardisation can increase the efficiency of
‘contract analytics’ approaches by creating structured sets of con-
tract data (Bommarito, 2021). Structured contractual data can also
allow visualisations of contractual information to be automatically
created. Many industries trade associations have already created
contracting standards (e.g the ISDA in finance and JCT in con-
struction) (ISDA 2019; JCT 2020). The British Cabinet Office has
created a standardised ‘Model Services Contract’ for public sector
procurement (2020).

More ambitiously, ‘contract analytics’ software utilises artificial
intelligence (AI) and natural language processing (NLP) technolo-
gies to analyse and retrieve information from natural language con-
tracts (Nay, 2021). The recent increases in computing power and
efficiency of NLP has made contract analytics commercially viable
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(Susskind 2016). These pieces of software can be used to edit con-
tract templates more efficiently (e.g. changing pronouns, conjugat-
ing verbs correctly etc.), rather than having junior lawyers carry out
this work manually. Junior lawyer proofread contracts, extract par-
ticular pieces of information and present them in summary charts;
this “achingly tedious” work requires “extreme attention to detail”
and often leads to human error (Waisberg,, 2021 p.201). Contract
analytics software can also use the extracted information to gener-
ate automated reports and graphics. Predominantly, these pieces of
software ensure terms are consistent throughout contracts in order
to reduce risks and increase clarity. Kira Systems, used by many
large international law firms (e.g DLA Piper, Freshfields Bruckhaus
Deringer, Clifford Chance etc.) parses natural language contracts to
find user-specified provisions and creates summary charts which can
be refined by the user (Waisberg, 2021). Structured data greatly in-
creases the efficiency of nascent ‘NLP’ methods; ‘contract standardi-
sation’ methods allow for greater effectiveness of ‘contract analytics’
software. The potential for legal analytics insights has been inves-
tigated since the 1960s (see Schubert, 1962; Aubert, 1963; Lawlor,
1963). In the future, contract analytics software aims to look for con-
flicting provisions, missing provisions and to link contingent clauses.
Contract analytics software is reducing transaction costs in large
commercial deals by increasing the efficiency of processing contrac-
tual data.

Smart contracts are considered to be the next stage in the ortho-
genetic evolution towards computable contracts (Clack and Cum-
mins, 2020). Over the years there have been many definitions of
smart contracts; there is no single stable definition of a ‘smart con-
tract’ (ISDA, 2017; Lauslahti et al., 2018; Clément, 2019; Clack
2021). The lack of a universal definition has been problematic for
academic study, with academic papers (from a variety of disciplines)
using the term ‘smart contract’ to describe subtly different objects.
With the field in an embryonic stage, definitions will continue to
change as the field develops (Clack 2021). For clarity’s sake, below
some of the key terms and concepts captured by the term ‘smart
contract’ will be explained.

Nick Szabo (1994) first coined the term ‘smart contract’ to de-
scribe “computerized transaction protocol that executes the terms
of a contract”, intending for ‘smart contract’ to be a very broad
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term. This paper will work with a portmanteau definition in order
to capture the widest possible set of ‘smart contracts’, whilst staying
true to Szabo’s original intentions for the term. So, a ‘Smart Con-
tract’, is “an automatable and enforceable agreement. Automatable
by computer, although some parts may require human input and
control. Enforceable either by legal enforcement of rights and obli-
gations or via tamper-proof execution of computer code” (Clack,
Bakshi and Braine 2016 p.2). “Human input and control” is essen-
tial as many commercial contracts often govern long-term relation-
ships laws change so must be. However, the definition also allows for
tamper-proof smart contracts, which cannot be altered nor stopped,
to be considered smart contracts. The term ‘smart contract’ can be
broken down further into two distinct concepts: smart contract code
and smart legal contracts (Stark, 2016; Clack, Bakshi and Braine,
2016; ISDA and Linklaters, 2017). The term ‘smart contract code’
describes pieces of code, recorded and executed on a blockchain,
which makes transfers (e.g. of control rights, money, status) when
predefined conditions are met (Clack, 2018). Whereas, ‘smart legal
contract’” describes legal contracts, which have, at least, some part
being automated by smart contract code (Clack, 2018).

Today, aspects of legal contracts are automated externally with
different pieces of code each written by each counterparty being
run at each end. Smart contract code within smart legal contracts
allows counterparties to use the same piece code to automate certain
provisions whilst being run on a single single system. This avoids
disparities in the translation of the contract into computer code
(e.g. different interpretations of the contract, semantic errors in
the computer code etc.) and prevents temporal issues in execution,
reducing some of the risks which comes with automating provisions
with code.

The term ‘smart contract’ has become associated with blockchain
technologies, after being used to describe procedures stored in the
Ethereum blockchain (Buterin 2014). However, smart contracts
are not necessarily run on blockchain data structures. Within the
Ethereum blockchain once certain pre-defined parameters are met in
the blockchain, tamper proof DLT-based smart contracts automati-
cally use this trusted information to execute transactions - the code
cannot be edited once it has been agreed (Buterin, 2014). These
tamper proof smart contracts are self-executing offering “security
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and inviolability” to counterparties (Clément, 2019 p.275). The
self-executing model confines smart contracts to “relatively narrow
sets of operations” (Harley 2017 p.2). However, this tamper-proof
mechanism, which prevents renegotiation can be utilised to solve
arising from the renegotiation of contracts (see Section 4.2).
Facebook has created a smart contracting language for its DLT-
based currency ‘Diem’ called ‘Move’ and the Bank of England has
considered provisions for adding a ‘smart contracting layer’ to its
proposed ‘central bank digital currency’ in its latest publicised dis-
cussion paper (Blackshear et al., 2020, Bank of England, 2020).

3 Contract Theory

Contract theory mathematically formulates what contractual clauses
economically rational (self interested and utility maximising) parties
will agree to. At their most simple, contracts in contract theory are
a set of state contingent transfers or actions between counterpar-
ties. A canonical example is an insurance contract: if the state of
the world is X then the insurer transfers the customer Y. These for-
mulations at their most basic contain no private information, hidden
actions nor uncertainty, these modulations, and others, are factored
in to model different contracting scenarios. Contract theory has
been applied to many areas including optimal design of contracts
for regulation (Baron and Myerson 1982; Laffont and Tirole 1993),
taxation (Mirrlees 1971; Goldman, Leland and Sibley 1984), ven-
ture capital financing (Berglof, 1994) and employment (Holmstrém,
1979; Grossman and Hart, 1992, Holmstrém 2017) .

Information asymmetry permeates economic activity. Sellers know
more about their products and services than buyers, managers know
more about the financial outlook of companies they manage than in-
vestors, patients know more about their health than insurers and so
on. Contract theory explores three main types of information asym-
metry which result in incentive problems: adverse selections, moral
hazard and contractual incompleteness (Bolton and Dewatripont
2005).

Contractual incompleteness describes when contracts do not spec-
ify what actions are to be taken in all relevant states of the word.
Ideally, parties would always be able to write contracts which incen-
tivise Pareto efficient outcomes in every possible state of the world.

17



Until Grossman and Hart (1986)’s seminal paper, all contract the-
ory literature assumed contracts to be ‘complete’. That is to say,
these early papers contract models contained instructions for every
situation, with no room for unanticipated scenarios. However, con-
tract theory studies how contracts come to be in our less than ideal
world where there exist many constraining factors. Incomplete con-
tracts, conceptually, reflect the reality that predicting future events
is costly. Counterparties often leave contracts incomplete intention-
ally as the ex-ante costs of drafting and negotiating a clause gov-
erning a very unlikely scenario outweigh the benefits (Anderlini and
Felli 1999). Additionally, implementation and monitoring costs may
outweigh gains. Similarly, practitioners of computable contracting
have argued that vagueness in commercial contracts often “reflects
the limited resources available for drafting” (Clack and Cummins
2020 p.1).

Adverse selection problems arise from asymmetric information
between contracting parties on some relevant property of their coun-
terparties (e.g. skills, product quality, etc.). Parties have informa-
tion on their own types but not about other parties types, this in-
formation asymmetry can be used to hide relevant information from
counterparties - for example a worker could signal that they have
some skill to comply with an employment contract without actually
having the skill. Solutions to adverse selection often involve screen-
ing mechanisms, where a set of contracts are offered to agents, with
each contract being preferable for a certain type of hidden informa-
tion, so by choosing the optimal contract for them the agent reveals
their hidden information (Maskin and Riley, 1984). Screening mech-
anisms are used to incentivise agents to self-select contracts which fit
their hidden characteristics. These adverse selection problems will
be of interest to computable contracting practitioners when con-
sidering how to utilise computable contracting methods to better
screen for information in counterparties (e.g. creditworthiness).

Moral hazard arises from hidden actions between counterparties.
When a party’s actions cannot be perfectly monitored, they can be
incentivised to take selfish actions. For example depositors do not
know how banks are managing their money, owners do not know
how managers are controlling their firms etc. Moral hazard arises
after the contract has been agreed - when parties take hidden ac-
tions - whilst adverse selection occurs before the contract is signed
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when information is hidden to coerce counterparties. Moral hazard
problems may be of interest to computable contracting practitioners
when designing mechanisms for monitoring agents.

3.1 The Principal-Agent Model

The agency problem is the basic problem within contract theory.
How can self-interested parties assure that their mutually-interdependent
counterparty doesn’t use their agency to harm them? This basic
problem is captured by the fundamental model of contract the-
ory: the hidden-action principal-agent problem (Bolton and Dewa-
tripont, 2005). Holmstrém (2017) provides a comprehensive overview
of extensions and modulations of this foundational model. This
section introduces a basic model of the principal-agent problem to
demonstrate the methodology and ontology of contract theory.
The model begins with two players, the principal and the agent.
The principal offers a contract to the agent, then the agent chooses
to accept or refuse, if accepted the agent undertakes some costly
hidden action (which benefits the principal to some degree) and
then the principal pays the agent according to the magnitude of the
contractible signal which is correlated with effort (Holmstrém, 1979;
Grossman and Hart, 1992). The key detail in the model is that effort
is not contractible since the principal cannot observe effort nor verify
it to a third party. This is a situation of information asymmetry, the
agent observes the amount of effort put in whereas the principal can
only see the output produced by the action. There is a moral hazard
since the agent can take a less costly action since the action is hidden
from the principle. So, the optimal contract incentivises the agent
to expend maximum effort by making the agent’s remuneration a
function of the contractible signal of effort (Holmstréom, 1979).
Consider two counterparties: an owner (principal) and a manager
(agent). The owner is looking to hire a manager to manage a firm
she owns. She proposes a contract describing a wage scheme to the
manager. The manager then decides whether to accept the contract
or not. If the manager accepts the contract, he then goes to work
and expends some effort. The owner doesn’t observe this effort but
she does observe the output which comes from the effort. The ef-
fort the manager expends correlates to the output but he does not
have full control over the output. He doesn’t directly gain from the

19



output, but the owner does. How can the owner design the optimal
contract such that output is maximised?

To demonstrate the contract theory methodology, the scenario is
written formally below:

x is the output produced by the agent.

reR

There are n possible outputs.

T1y.eeey Ty

The probability of outcome z; depends on the chosen effort, e,
and is defined by:

Fi(e)

For all effort levels e:

Pi(e) >0

So the probability of observing output z; for any given level of
effort is > 0.

x; can be the result of any input e due to the probability func-
tion, P;(e)

The principals utility function is defined as:

B(z — w)

Where x is the output produced and w is the wage paid to the
agent.

B'(x —w) >0
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and
B"(z —w) <0

So the principals utility function is increasing and either concave
or linear.

The agents utility function is defined as:

U(w) = wle)

Where U(w) is the utility the agent derives from the wage pay-
ment and v(e) is the disutility the agent derives from exerting effort.

U'(w) >0

and

U'(w) <0

So the utility the agent derives from the wage is also increasing
and either concave or linear

v'(e) >0

So the disutility the agent derives from exerting effort is increas-
ing, but can be concave, convex or linear.

So to ensure that the agent exerts maximal effort, the following
is optmised when designing the contract.

m(ef) = maxiPi(ek)B(xi —wh)

(2

Where 7 is the expected utility and e* is the maximal effort the
agent exerts.

3.2 Contract Design

Contract theory is being used to design a wide variety of optimal
contracts - for example to design ‘Payment for Ecosystem Services’
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programs that aim to reduce deforestation (Li, Ashlagi and Lo,
2020), to incentivise electric vehicles to provide ancillary power to
the power grid during demand surges (Gao et al., 2012; Zhang et
al., 2018), to design federated learning systems which use distributed
computational power to train machine learning algorithms (Kang et
al., 2019a; Kang et al., 2019b; Lim et al., 2021). Early contract the-
ory literature, from the 1970s and 1980s, is mainly concerned with
designing optimal compensation mechanisms, corporate structures
and financing mechanisms (Bolton and Dewatripont, 2005).

Contract design problems are usually formulated as an optimisa-
tion problem to maximise a party’s payoff (usually the principal).
Overall welfare optimisation can also be how these problems are
formulated (Bolton and Dewatripont, 2005). In multi-agent prob-
lems, these optimisation problems quickly become unmanageable
and require linear programming methods to solve them (Babaioff
et al., 2012; Babaioff and Winter, 2014; Diitting, Roughgarden and
Talgam-Cohen, 2019). With many contracts taking place in increas-
ingly complex and structured market environments (e.g. rideshar-
ing, crowdsourcing), optimal mechanism and contract design is be-
coming increasingly relevant (Diitting, Roughgarden and Talgam-
Cohen, 2019). Contract design and mechanisms design approaches
will be particularly useful when designing the architecture of these
new types of computer-mediated marketplaces (Roughgarden and
Talgam-Cohen, 2019).

Optimal contract design has been criticised for creating contrac-
tual mechanisms which are overly complex (Milgrom and Holmstrém
1987; Diitting, Roughgarden and Talgam-Cohen, 2019). Mainstream
contract theory suggests optimal contracts should be based upon all
relevant information to a transaction (e.g. type distribution, risk
appetite) (Allen and Winton, 1995). Given the complexity of this
set of ‘relevant information’, optimal contracts tend to be extremely
complex (Hart and Holmstrém 1987). However, in some relatively
complex models, the optimal contract is linear rather than complex
(Milgrom and Holmstrom, 1987). The complexity described by opti-
mal contracting literature far exceeds the complexity of contractual
mechanisms empirically observed (Stiglitz, 2017). In practice, con-
tracts tend to be simple and have a linear form - rewards are usually
calculated using a linear function.

Optimal contracts often include non-monotonic payoff functions
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(Diitting, Roughgarden and Talgam-Cohen, 2019). That is to say,
the payoff for an agent may decrease as their effort increases ac-
cording to some optimal contracts, creating a non-intuitive contract
which incentives agents who expend high amounts of effort to hide
output. Computable contracting practitioners have emphasised the
importance of keeping contracts easily accessible to humans (Sur-
den, 2012; Clack and Cummins, 2020). To operationalise the op-
timal contract design methodology within computable contracting,
contracts must be as simple as possible whilst retaining optimality
to keep them accessible to humans.

Over the past two decades, there has been a lively interaction
between microeconomists and computer scientists in the fields of
mechanism design and signalling which has resulted in the field of
‘algorithmic game theory’ (AGT). The field has had many high-
profile use cases e.g. designing sponsored search algorithmics for
Google (Lahie et al., 2007) and designing incentives in peer-to-peer
networks (e.g. BitTorrent) (Qiu and Srikant, 2004). The AGT com-
munity is aiming to recreate this success by applying their knowledge
to contract theory to create ‘algorithmic contract theory’ (ACT) (
Talgam-Cohen and Diitting, 2019). Contract theory’s game the-
oretic roots, increasing relevance and strong ties to optimisation
provides a “huge opportunity” for the AGT community for further
fruitful research (Diitting, Roughgarden and Talgam-Cohen, 2019
p.385). The algorithmic lens provides a method, through linear pro-
gramming, to create approximately optimal solutions when optimal
solutions are inappropriate (usually due to complexity) (Diitting,
Roughgarden and Talgam-Cohen, 2019; Diitting, Roughgarden and
Talgam-Cohen, 2021). Recently, this methodology has been used
to design approximately optimal simple contracts for Payment for
Ecosystem Services (PES) programs, which seek to reduce deforesta-
tion (Li, Ashlagi and Lo, 2020). This approach is limited in that this
optimisation method requires perfect knowledge of any distributions
used (e.g. probability density functions of type, output, risk etc.).
However, linear programming optimisation allows computer scien-
tists to “to systematically explore complex economic design spaces,
and to identify “sweet spots” of the design space where there are
plausibly realistic solutions that simultaneously enjoy rigorous per-
formance guarantees” (Diitting, Roughgarden and Talgam-Cohen,
2019 p.385). Additionally, the algorithmic approach to contract
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theory has been used to show simple contracts are more robust to
unmodeled eventualities than optimal contracts (Diitting, Rough-
garden and Talgam-Cohen, 2019). In light of this, it is being used
to compute ‘approximately optimal’ linear solutions to contracting
problems (Diitting, Roughgarden and Talgam-Cohen, 2019; Gao et
al., 2020; Diitting, Roughgarden and Talgam-Cohen, 2021; Gao et
al., 2021). As this field gathers momentum, these ‘approximately
optimal’ linear solutions may be of interest to computable contract-
ing researchers and end users when designing contracts.

4 Synthesis

Computable contracting methods create the “possibility to design
new, more flexible, types of contracts” through new contractual
monitoring, enforcement and control mechanisms (Tinn, 2018 p.40).
The new set of mechanisms computable contracts create will influ-
ence the incentive balance of commercial contracts (Section 4.1),
with some of these new mechanisms being able to remedy some
perennial incentive issues within commercial contracts (Section 4.2).
Furthermore, contract theorists can identify some of these problems
which computable contracting methods can remedy. The contract
theory ontology can also be a useful when approach newly created
sets of structured legal data (Section 4.3)

4.1 New Information Mechanisms and New Incentives

The increases in the efficiency, speed and reliability of information
transfer between counterparties provided by computable contracting
methods can make compliance and oversight of contracts extremely
cheap alongside increasing the set of contractible variables. With
increased trust being a key argument for the adoption of DLT's, how
can the change in information distribution be utilised in contracting
settings? Although computable contracting and smart contracting
are by no means contingent upon hosting using blockchain data
structures, these data structures provide space for a larger set of
trusted data streams which can be contracted upon. There is a
growing set of literature on the intersections of blockchain and in-
formation economics (Holden and Malani, 2017; Tinn 2018; Cong
and He 2019; Chen, Cong Xiao, 2021). This section surveys this

24



growing literature and analyses how contract theory approaches to
computable contracting methods can provide increases to the opti-
mality of contracts.

The creation of trusted data streams through blockchain tech-
nologies enlarges the contractual space by creating a larger set of
contractible variables which are admissible in a court of law (Cong
and He 2019). There are three types of information in mainstream
contract theory: private information (only known to one party),
observable information (known to the contracting parties but not
observable by third parties) and verifiable information (information
which can be verified by a third party) (Lind and Nystrom, 2011).
The distinction between verifiable and observable variables opens
up the space for incomplete contracts (Grossman and Hart, 1986;
Hart and Moore, 1990; Hart, 1995). Parties are far less likely to
contract on variables which are observable but not verifiable (Hart
and Holmstrom 1987). In the case of a dispute, provisions contin-
gent on or governing information which cannot be verified by third
parties cannot be used in litigation since there is insufficient admis-
sible evidence. Including clauses on unverifiable variables amounts
to wasting money in drafting these ineffectual clauses (Anderlini and
Felli 1994). As the incompleteness of contracts increases, the space
for litigation increases, in turn increasing legal risk (Bolton and De-
watripont, 2005). The verifiability of information pertaining to con-
tractual provisions is “a key issue in contract enforcement” (Stiglitz
2017 p.13). The distinction between observable and verifiable infor-
mation and the suboptimality which comes from unverifiable vari-
ables in contracting is useful when considering how computable con-
tracting technologies (particularly DLT-based technologies) affect
the incentive balance of commercial contracts. Blockchain, as a
shared repository of information which is dynamically updated, is
a source of verifiable rather than observable information. Further-
more, many jurisdictions have made specific provisions to clarify
that evidence stored on blockchains is admissible in a court of law
(e.g. Vermont, Arizona, Ohio, Delaware) (Caytas 2017). By enlarg-
ing the set states of the world which can be verified, blockchain data
structures can “greatly reduce the scope of non contractible contin-
gencies” which underpins the incompleteness of contracts (Cong and
He 2019 p.9).

Contract theorists have cited the unreliability of information as
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a key reason why parties require a large amount of assets to be at-
tractive debtors for external financiers (Tirole, 2006). The costs in
ascertaining whether counterparties are trustworthy makes it nec-
essary for contracts and organisations to be structures assuming
counterparties are untrustworthy (Williamson, 1985). Debt con-
tracts are attractive since they are robust to renegotiations and are
easily enforced - liquidating a defaulting debtors assets is a near
certainty (Hermalin and Katz, 1991; Hart and Moore, 1998; De-
watripont, Lergos and Matthews, 2003). When theorising optimal
contracts for corporate financial structure, ‘costly state verification’
has featured in many models (Townsend, 1979; Allen and Winton,
1995). Townsend (1979) is the first paper using this costly state
verification principle. These models are augmented versions of the
basic principal-agent model. In these models, investors (principals)
have to incur a large cost to verify ex-post variables within the firm
(agents) (e.g. output, actions by managers etc.). Given these as-
sumptions, many of these costly state verification models conclude
that the optimal contract (to maximise both investment and return)
is debt (Diamond, 1984; Gale and Hellwig, 1985; Williamson, 1986;
Lacker and Weinberg, 1989; Allen and Winton, 1995; Winton 1995;
Hart and Moore, 1998). These theories are referred to as ‘control
theories’ since the allocation of certain rights (e.g. liquidation rights,
cash flow rights) in the contract precludes the debt solution. How-
ever, considering the asymmetry of risk-sharing in debt contracts to
fund investment in firms, this solution is limited in its efficiency, but
regardless is the optimal solution given the assumptions.
Blockchain technologies can allow parties to credibly pledge a
larger set of control rights, widening the set of possible optimal
solutions to contracting problems. For example, future cash flows
can be credibly pledged to their creditors, which can in turn reduce
the asset requirements for external financing (Tinn 2018). However,
these DLT enforced cash-flow pledges do not automatically make
contracts complete (in the contract theory sense of the term). The
generation of the cash flow lies outside of this smart contract code
commitment to direct the cash-flow to the creditor, as seen earlier
in the principal-agent model, “generating cash flows still requires
human effort that is neither contractible nor verifiable” (Tinn 2018
p.3). Ultimately “contingencies traditional contracts cannot specify
are also hard to program into smart contracts” (Chen, Cong and
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Xiao, 2021 p.30).

Linking various pieces of financial information to financing con-
tracts will allow investors to update their beliefs more frequently and
make decisions more quickly (Tinn 2018). However this can bring in
‘rational herding’ type problems (Cong and Xiao, 2019). ‘Rational
herding’ describes when market participants act according to the be-
haviour of other participants rather than acting on the information
within the market (Chamley 2004). Rapid information cascades can
affect the behaviour of counterparties using computable contracts,
this requires more research and consideration.

Williams (1989) provides a model similar to a DLT-based solu-
tion, by arguing for ‘ex-ante monitoring systems’ (e.g. accounting
controls) which place strictures on the amount of the firm’s output
managers in the firm can control, however these limits do not verify
the state of the accounts of the firm. Even with these ex-ante mech-
anisms, debt remains the optimal contract. When state verification
is costly, debt contracts allow for efficient monitoring with low state
verification costs (Tinn 2018). Here is another example where the
new mechanisms provided by computable contracting methods can
change the underlying incentive balance within contracts.

Costly state verification also bounds the efficiency of insurance
contracts (Bond and Crocker, 1997). To reduce the impact of costly
state verification, DLT-based smart contracts are being utilised to
make ‘parametric insurance’ products (Sheth and Subramanian, 2019).
These products automatically trigger payouts once certain parame-
ters are met (e.g. when a sensor detects soil reaching a particular
level of saturation). DLT-based smart contracts allow the informa-
tion to be input into the system trustlessly and for the payouts to
be triggered automatically. AXA, the multinational insurance firm,
has experimented with these technologies to develop parametric
flight insurance products and continues to explore the area (Schar-
rer, Pieciak and Siciliano, 2021). Parametric insurance is currently
being employed by Caribbean governments to insure against catas-
trophic climate risks (e.g. hurricanes, cyclones, earthquakes etc.);
the speed of payouts under parametric insurance allows these gov-
ernments to access money quickly in times of crisis (Horton, 2018).
Although this product does not use DLT-based smart contracts,
they can further reduce state verification costs, which will in turn
expand access to insurance products into poorer countries that tend
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to be more exposed to climate risks (Horton, 2018). These products
can be used to protect against more commonplace climate risks, like
crop-failure, giving underinsured farmers across the world some pro-
tection against climate risk (Surminkski, Bouwer and Linnerooth-
Bayer, 2016; Sheth and Subramanian, 2019).

Information design considers how players with hidden informa-
tion may optimally reveal their information to guide the actions
of their opponents (Milgrom, 1981; Crawford and Sobel, 1982; Ka-
menica and Gentzkow, 2011). Additionally there is work on optimal
monitoring mechanisms to incentivise effort expenditure from agents
(Boleslavsky and Kim, 2018; Georgiadis and Szentes, 2020). Dy-
namic information design problems have been investigated, where
informed players reveal information over time and can also learn
information (Horner and Lambert, 2016; Ely, 2017; Ely and Szyd-
lowski, 2020). Bergman and Bonatti (2019) provide a comprehen-
sive survey of recent information design literature. These optimal
monitoring and information design approaches may be of interest to
computable contracting practitioners and end-users when designing
contractual mechanisms which alter information revelation struc-
tures.

4.2 The Hold-Up Problem and Smart Contracts

If markets are so efficient, as economists claim, why do around half
of all domestic transactions occur and a third of international trans-
actions occur within firms rather than between firms in markets
(Coase, 1937; Hart, 2017; Holden and Malani, 2019)?7 Why not
conduct business on markets through contracts? Transaction costs
between firms dissuade them from using markets for trade making
intrafirm trade more attractive, in turn providing a rationality for
vertical and horizontal integration of firms (Coase 1937; Hart 2017).
In general, there are two types of transaction costs ex-post and ex-
ante (Williamson and Masten, 1999). Ex-post transactions costs
occur once parties enter into a transaction (e.g. negotiating, draft-
ing contracts, bounded rationality issues). If these ex-post haggling
costs are high, firms transact intrafirm if they are low firms utilise
markets for transactions. Williamson (1975) explores ex-ante trans-
action costs which occur before parties enter into a transaction (e.g.
sunk investment costs). If renegotiation is possible, then there is a
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risk of these sunk costs being lost. Coase and Williamson’s contri-
butions informally explain why some firms would prefer to transact
intrafirm.

Grossman and Hart (1986) provides a formal model (referred to as
property rights theory) which describes how residual control rights,
which are corollary with asset ownership, explains the boundaries of
the modern firm. Residual control rights concern how owners decide
to utilise or make decisions regarding assets they own. Two firms
engaged in an arm-length contract both have residual control rights
over the assets they individually own. However, if the firms merge,
then the owner has residual control rights over the assets of both of
the firms. If a firm is engaging with a transaction with another, a
contract must be written specifying how counterparties agree to use
their residual control rights to get some outcome. Residual control
rights are conceptualised as a good in this model, so “like any other
good: there is an optimal allocation of them” (Hart, 2017 p.1733).
In the real world, contracts are incomplete, they do not take into
account every single state of the world.Until this paper, all the for-
mal literature on contracts assumed contracts were complete (Hart,
2017). When firms transact through contract not all contingencies
(e.g. the exact qualities of a product) are drafted into the contract
due to drafting costs (Grossman and Hart, 1986; Anderlini and Felli,
1994).

With these assumptions (incomplete contracts and residual con-
trol rights) in mind, consider two firms: Sony and Nvidia. Sony re-
quires 100,000 graphics processing units (GPU) for its latest ‘PlaySta-
tion” and offers a Nvidia contract of £150 per GPU, so the contract’s
value totals £15,000,000. It will cost Nvidia £7,500,000 to design
the new GPU and £50 to produce each unit, giving them a profit
of £2,500,000. Nvidia invests the £7,500,000 designs and builds the
new GPU. Sony argues the GPU will produce too much heat when
running graphically-intensive games. Microsoft offers Nvidia £140
per GPU for its latest ‘Xbox’, less than Sony’s offer since the GPU
won’t fit perfectly within the case of the ‘Xbox’ so some design
modification on the case will need to be made. This offer totals
£14,000,000. Sony offers £14.70, per GPU, totalling £14,700,000.
Nvidia has to choose whether to accept the £1,500,000 profit from
Microsoft, the £2,200,000 profit from Sony or to bring the case to
court. Regardless of whether Sony’s claim is reasonable, it is better
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than the second best offer and litigation costs could outweigh the
gains. This allows Sony to ‘hold-up’ Nvidia and pay a lower price
than originally agreed. Sony can extract some of the gains from
Nvidia’s investment through the incompleteness of the contract.

Hold-up problem is an example of opportunism which is incen-
tivised by incomplete contracting terms. Hold-up dissuades ex-
ante investment by firms since firms risk being held-up and having
the gains of their non-contractible investment extracted by buyers
(Williamson, 1975). Of course a solution would be create a “com-
pletely state-contingent” contract which includes provisions for all
possible circumstances, however this is not possible in the real world
(Holden and Malani, 2019 p.5). In the case of a dispute ex post
renegotiation is necessary, opening up the possibility of haggling
during the negotiation. Anticipating this, producers underinvest
since they take on renegotiation risks of a lost sunk costs, in turn
reducing overall gains from trade and output. Modern firms verti-
cally and horizontally integrate other firms in their supply firms to
enjoy the utilities of residual control rights. By preventing hold-up,
residual control rights within firms encourage relationship-specific
investments and prevent haggling costs. In the world of high trans-
action costs and incomplete contracts, the welfare benefits from the
price mechanism can be outweighed by the trust and certainty from
the authority relationship within the firm.

Contract theorists have used complex ‘revelation mechanisms’
and ‘renegotiation design mechanisms’ to design contracts that are
robust to hold-up problems (Moore and Repullo, 1988; Aghion, De-
watripont and Rey, 1994; Maskin, 1999). These mechanisms haven’t
been observed empirically. They are ultimately ineffectual since they
are not ‘time consistent’ commitments - parties anticipate that they
can decide to negotiate outside the mechanism in the case of a dis-
pute and (Holden and Malani, 2014).

Holden and Malani (2019) argue tamper-proof DLT-based smart
contracts could remedy hold-up problems, by being able to com-
mit parties to no renegotiation. With no possibility of renegotiation
and automatically executing contracts parties cannot be held up
and forced to make more credible upfront commitments. However,
this may be an unattractive solution due to the possibility of un-
foreseen events or changes in environment requiring renegotiation.
Smart contracts could utilise sensors to detect certain contractible
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specifications concerning product quality (Gans, 2019). Although
inappropriate for many transactions, this solution could be utilised
in some marginal cases where sensors can detect contractible vari-
ables (e.g. markets for raw materials).

More broadly, computable contracting methods therefore can
change the boundaries of the firm by reducing the space for the
incompleteness of contracts by making more states of the world
verifiable. This in turn moves economic activity towards markets,
allowing firms make use of the efficiency of price mechanism and al-
lowing smaller firms to engage in more transactions without needing
to be vertically or horizontally integrated. DLT-based smart con-
tracts have been envisioned by some to enable a ‘bazaar economy’
of “nominally independent contractors in place of centralised firms”
(Allen 2021 p.55). Increasing the space of contractible variables and
decreasing transaction costs incentives more activity within markets.

4.3 Utilising the Contract Theory Ontology for Data Anal-
ysis

Contract theory’s formal approach to contracting incentives results
in an ontology of contractual incentive objects which provide an al-
ternative means of formally conceptualising contractual agreements,
which have the potential to be useful for contract analytics. The le-
gal design process requires ‘interdisciplinary teams’ to build rich
and practicable solutions; contract theorists may be able to en-
rich this process through their formal understanding of incentive
problems within commercial contracts (Hagan, 2021). By expli-
cating succinctly how certain mechanisms within contracts create
particular incentive dynamics contract theorists can help to create
‘user-centered contracts’ which visualise incentive dynamics (Berger-
Walliser and Haapio, 2013). For example, insurance models of con-
tract theory can be used to create an ontology for visualising the
magnitudes of risk appetite and risk premium within insurance con-
tracts (Spence and Zeckhauser, 1978). Contract design methods
provide competitive advantage for law firms who can create human-
centred contracts by reducing the transaction costs arising from the
time spent parsing legal contracts and making contracts more ac-
cessible to clients (Argyres and Mayer 2007). This competitive ad-
vantage can be extended through incentive analysis functions which
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explicate to contractors the effects of provisions on the incentive
balance of contracts.

The structured legal data created by various computable con-
tracting methods has the capacity to stimulate research on empir-
ical contract theory. A perennial methodological issue cited in nu-
merous empirical contract theory works is the “lack of adequate
data” and the expensive procedure of parsing unstructured natural
language contracts to obtain relevant data for empirical work (Chi-
appori and Salanié, 1997 p.944). Contracting standards initiatives
(e.g the ISDA Master Agreement for derivatives contracts, the JCT
Standard Building Contract for construction contracts and the Cab-
inet Office Model Services Contract) are beginning to create struc-
tured sets of legal data. However, an essential piece of information
for empirical contract theory research is the outcome of contracts,
contract standardisation initiatives however do not make the out-
comes of contacts public (Chiappori and Salanié, 1997). The value of
these structured datasets can be further enhanced by including con-
tract outcomes. Sheth and Subramanian (2018) uses contract theory
formalisms to model DLT-based smart contracts on the ‘Etherisc’
platform. With the blockchain being public, this model and dataset
could be utilised for empirical contract theory work. Structured le-
gal data created from the increasing computability of contracts are
extremely valuable, from both a research and commercial perspec-
tive.

5 Conclusion

5.1 Imnstrumentalism, the Academy and Computable Con-
tracting

Computable contracting can be viewed as part of this instrumen-
talist trend in academic research. There have been concerns that
within academia “instrumentalism is replacing the liberal humanist
orientation, resulting in a privileging of applied knowledge” (Cur-
rie and Vidovich, 2009 p.447). Across the academy, ranging from
political science to biosciences to computer science, there has been
some squeamishness over the increase in activity between industry
and academia and the effect this has on research directions (e.g. on-
campus presence from in the prevalence of venture capital funded
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‘university spin-out companies’, university-managed venture capi-
tal funds (Etkowitz, Webster and Healey 1998; Weatherall 2000;
Meyer 2003; Croce, Grilli and Murtinu 2014;). Computable con-
tracting academia fits firmly within this instrumentalist trend within
academia; many computable contracting scholars create startups
and work closely with large influential firms to ensure their research
is actionable. Contract theory has taken a more instumentalist turn
in recent decades as it has sought to design optimal contracts for a
variety of applied scenarios including online markets, crowdsourcing
platforms and peer-to-peer energy grids (Diitting, Roughgarden and
Talgam-Cohen, 2019). However, relative to computable contracting
it is less obviously far less instrumentalist in its applications.
Applied knowledge is favoured in many interdisciplinary endeav-
ours, but the normative principles guiding research fit firmly within
liberal humanist norms. Argue similar point for environmental physics,
energy systems, smart cities. Interdisciplinary research tends to-
wards instrumentalism due to its ability to subsume politically and
socially pressing complex topics (e.g. climate, healthcare, technol-
ogy etc.) (McLeish and Strang 2014). Instrumentalism is by no
means necessarily opposed to the liberal humanist norms which
academic research has been associated with in the 20th century
(Kitcher, 2003). Computable contracting serves as an example of
the synthesis of both the grounding for much work is based in this
‘liberal humanist orientation’, especially those increasing access to
law. The internalisation of ‘critical legal studies’ into the American
mainstream, has led to a drive to increase the accessibility of con-
tracts to the general public through visualisation through a flour-
ishing new academic interdisciplinary discipline of ‘Legal Design’.
‘Legal Design’ work in the United States, aims to address the inac-
cessibility of the law to marginalised groups (Perry-Kessaris, 2019).
Rather than restricting knowledge of law to “a group of priestly
professionals”, computable contracting methods can democratise ac-
cess to the law (Loevinger 1948 p.455). An accessible computable
contracting system, aided by Human-Computer Interaction, could
allow “unimaginable benefits for improving access to justice in all
societies” (Agarwal, Xu and Moghtader, 2016 p.7). Sections 3.1 and
3.2 demonstrate the possibility for computable contracting methods
to increase the contracting space by reducing transaction costs and
increasing the set of contractible variables. This can expand access
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to insurance products to the global south. This increases accessibil-
ity of contracting incentivises more economic activity to take place
in markets rather than in firms, resulting in a shift of market power
away from large vertically integrated firms towards smaller players
within the market.

5.2 Reflections on Epistemologies and Methodologies

The instrumentalism of computable contracting goes far deeper than
industry-links and ‘university spin-out’ companies. Both it’s episte-
mology and methodology are firmly pragmatic: methods and per-
spectives are valued if they advance the materialisation and adoption
of human and machine understandable contracts. The field invites
a plurality of epistemological perspectives to inform its research, in-
cluding “computer science, law, logic and linguistics” (Clack, 2021
p.1).

Methodologically, lawyers think backwards when constructing
contracts. They envision possible worlds where there could be some
dispute and then draft clauses to prevent these disputes or provide
a guide for managing these disputes (Clack, 2021). Whereas, com-
puter scientists have to think forwards when constructing a com-
putable contract - the computer code is engineered as a set of in-
structions to be followed. Contrastingly contract theory takes an
atemporal approach to designing contracts. Models are designed
to include certain information mechanisms, temporal mechanisms
and transfer rules. The standard economic (and mechanics) ceteris
paribus methodology is used to explore design spaces and optimisa-
tion methods are used to find optimal solutions to the assumptions
in the models. These differences in the temporal conceptualisation
within their respective methodologies of contract design in the var-
ious fields methodology reflects the differences in epistemological
aims of these approaches. Lawyers create agreements and instruc-
tions which are to be referred to guide a relationship and to if there
is some dispute, computable contracting practitioners design sets
of instructions for computers which are executed in any case and
contract theorists explore theoretical design spaces of contracts to
better understand incentives within contracting relationships and
the structures of optimal contracts.

This paper aims to make the case on a pragmatic instrumentalist
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basis that collaboration to include contract theory. The “substantial
differences between the language, culture and perspective of lawyers
and computer scientists” which are a challenge to computable con-
tracting research are further exacerbated by this paper by adding
contract theory, another highly-specific and technical academic field,
into the mix (Clack 2021 p.1). However, this paper demonstrates
the value of working between disciplines and the challenges in op-
erationalising concepts from, in some aspects, epistemologically dis-
cordant disciplines.

5.3 Final Remarks

Contract theory and computable contracting, as fields of academic
study, demonstrate the value in crossing disciplinary boundaries in
the academy. They take a-traditional highly formal approaches to
the law. In contract theory, this yields novel insights about the
nature of firms, information and incentives. In computable con-
tracting, the formal methods and interdisciplinary collaboration re-
sults in computing languages and systems which increase the effi-
ciency of and access to law. Developing a framework for computable
contracting will necessarily unify “many areas of relevant research”
(Clack and Cummins, 2020 p.1). Contract theory is assuredly one
of these relevant research areas. Contract theory, through its mod-
elling methodology, has been criticised for producing insights and
conclusion which are “either too abstract or too specific” (Strem-
itzer, 2018 p.84) This paper has used the MIR framework to op-
erationalise both the abstract concepts and specific models within
contract theory to analyse their applicability to the development
of computable contracting, resulting in many areas of fruitful in-
teraction. Contract theory can identify perennial incentive and in-
formational issues within commercial contracts which computable
contracting methods can remedy. It can also provide computable
contracting practitioners with an alternative theoretical approach
when considering how commercial contracts function and structure
business relationships. Contract theory and computable contracting
are two highly complementary fields with the potential for further
fruitful interdisciplinary work.
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