




Computable Contracts

the extent that a contract references identifiable subjects (e.g.,
particular books, students) and measurable properties of those
subjects (e.g., geographic location, date, major), it is more likely that
such a contract term could be made computable.

Second, the contracts involved terms for which the anticipated
frequency of meritorious exceptions to general rules was expected to
be relatively low. For example, it is precisely because the application
of the "option expiration date" criteria was expected to be non-
controversial in the ordinary case - comparing one date to another -
that it made sense to automate such a comparison. Were it otherwise
- if date comparisons routinely brought uncertainty and
contestability - then the automated comparisons would be little more
than the starting point for ex-post contestation of prima-facie results.
This would undermine the point of the process and the economies of
scale due to efficiency. Thus, contracting criteria likely to involve ex-
post contestability are poor candidates for computability.

2. Limitations of Computable Contracting

Relational contracting arrangements can be problematic for the
computable approach. Charles Goetz and Robert Scott have written
that, "[a] contract is relational to the extent that the parties are
incapable of reducing important terms of the arrangement to well-
defined obligations."'72 Thus, contracting parties may sometimes
specify contract terms at a high level of generality to allow for
flexibility and discretion in assessing future conformance.7 3 Flexible
criteria may be preferable in scenarios likely to involve unpredictable
facts, when performance is best evaluated holistically, or when up-
front specification is possible but costly."' Because the computable
approach involves automated comparisons between well-specified
criteria and relevant data - and not abstract generalizations - if a
scenario requires abstraction, ex-post flexibility in assessing facts, or
the exercise of professional judgment- it would be inapt from a
computable contracting standpoint.'5  Similarly, the computable

172 Charles J. Goetz & Robert E. Scott, Principles of Relational Contracts, 67 VA. L.
REv. 1089, 1091 (1981).

" See id. at 1090-92.
" See id. For a related idea in the rules versus standards context, see Kaplow,

supra note 163, at 559 (describing that the essential difference between a "rule" and a
"standard" is the degree to which a law has its content specified ex-ante or ex-post).

175 See, e.g., ZHONGZHI SHI, ADVANCED ARTIFICIAL INTELLIGENCE 4-5 (2011) (noting
that contemporary artificial intelligence systems cannot perform even at the level of a
three year old child in many routine tasks).
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model presumes terms whose content are both capable of being
captured and measured using data. On the whole, abstract or flexible
contract terms are less amenable to such measurement.

There is another limit. The computable contracting model is
implicitly premised upon the primacy of the formal obligations that
have been communicated to the computer system. However, it is
important to distinguish between formally specified obligations and
other external considerations that may be necessary to determine
conformance with legal obligations. 76 In some contexts, the
information specified in a formal contract document may be the
primary source for assessing obligations.' In others, considerations
external to the document - for example, business norms, previous
transactions between the parties, ex-post assessment, or regulatory
frameworks - may be more relevant to determining conformance.1 8

The significance of such external factors may vary depending upon a
given contractual arrangement.17 9 For example, Gillian Hadfield has
identified contexts where factors external to the four corners of a
reified document are significant in determining conformance.'s To the
extent that there are significant external factors that are relevant to
determining contract compliance, but that are not available to the
computer system, then automated comparisons will not be useful
indicators of actual conformance.

Computable contracting is also implicitly premised on a model in
which computers "assess" or "determine" conformance. However, ever
since the Legal Realist era, it has been understood that the application
of legal criteria to facts often masks an underlying process of ex-post
policy-balancing or the resolution of competing, but conflicting,
interests among societal actors.' Thus, legal determinations, in some
cases, look less like discerning "objectively right legal answers" and

"' See Ian R. Macneil, Contracts: Adjustment of Long-Term Economic Relations Under
Classical, Neoclassical, and Relational Contract Law, 72 Nw. U. L. REV. 854, 863-65
(1977) [hereinafter Contracts: Adjustment].

17 See Robert E. Scott, A Theory of Self-Enforcing Indefinite Agreements, 103 COLUM.
L. REV. 1641, 1647 (2003).

178 See id. at 1645.
' See, e.g., Ian R. Macneil, Relational Contract Theory: Challenges and Queries, 94

Nw. U. L. REv. 877, 896 (2000) [hereinafter Relational Contract Theory]
(distinguishing between transactions that are more discrete and self-contained, and
those more strongly linked to a larger iterative, social and commercial context).

180 See Hadfield, supra note 6, at 992.
18 See, e.g., Gary Peller, The Metaphysics of American Law, 73 CALIF. L. REv. 1151,

1152-54, 1242 (1985) (noting that legal realists exposed that many superficially
formal legal decisions actually involved ex-post policy balancing).
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more like policy-making or dispute resolution.' Thus, some
contracting criteria will be set up with the expectation that legal
authorities will not be finding objectively "right answers," but rather
balancing reasonable, though conflicting, interests on the part of the
contracting parties or other actors that are best analyzed ex-post."'
Thus, to the extent that contract terms tend toward the latter - in
which the contractual exchange would benefit from an ex-post
weighing of competing interests and the parties elect judgment-
oriented contractual terms to reflect this recognition - this will,
again, be less amenable to the computable approach

A final limitation concerns contracting contexts involving
considerable legal uncertainty. The computable model presumes that
prima-facie legal assessments will be usefully determined by
comparing data. However, in particular contexts, there may be
significant uncertainty about governing laws or relevant facts. Indeed,
instances in which there is considerable legal or factual uncertainty are
those in which lawyers are often brought in for their analytical
expertise. Thus, the question may arise: How does the computable
contracting approach manage the automation of contracting in
contexts of legal uncertainty or necessitating professional judgment?
The simple answer: it does not. To reemphasize the major point, that
is not the subset of contracting that the computable approach is for.
Rather, the focus is on a different subset of contracting expected to be
relatively more determinate and which useful prima-facie legal
conclusions are reasonably ascertained by comparing criteria to data.

C. Producing Intelligent Results Without Intelligence

It should be apparent that the computable contracting approach
described herein does not involve replicating, in computer systems,
cognitive processes exhibited by attorneys. Rather, it is based upon
creating computer-based rules that lead to reasonable, prima-facie
assessments in appropriate contracting contexts. This raises a
question: how is it that, if computers are unable to exhibit the
advanced cognitive, problem-solving, and professional judgment
abilities that are routinely evinced by attorneys, can they can produce
useful automated prima-facie legal assessments at all? This part
explains the underlying principle permitting computable contract
terms: "non-intelligent" computers can sometimes be programmed to

1' See Surden, Variable Determinacy, supra note 115, at 72.
183 See, e.g., Macneil, Contracts: Adjustment, supra note 176, at 866 (describing the

role of architects in construction contracts in balancing interests).
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produce, by various rules-based or statistical processes, what would be
considered "intelligent results." Once this principle is understood, it
helps explain both the possibility and constraints of the approach.

1. Functional View of Intelligent Results

In many contexts, it is possible for computers to produce results that
would be considered "intelligent" even while lacking the higher-order
cognitive skills associated with people. To understand this, it is
helpful to distinguish a common view. In a view that is closely aligned
with the public imagination, computers are thought to only be able to
deal with abstract problems - such as legal analysis - if they are able
replicate in computer-form the high-level cognitive abilities or abstract
reasoning skills of people.'"" "Artificially intelligent systems," under
this view, must replicate and instantiate to varying degrees the
thinking facilities of humans, such as the ability to engage in abstract
thought, carry on arbitrary, intelligent conversations, read arbitrary
texts, or understand concepts at a deeper level.15 However, it is well
understood in the field that artificial intelligence (AI) research has not
yet produced, and is not necessarily near producing, computers with
artificial, human-level cognition.'

However, under an alternative view, we might evaluate a system's
"intelligence" primarily based upon the quality of the output
produced."' If a computer system produces results that most people
would consider accurate, helpful, and useful, this approach would
consider the system to be "intelligent," even if the "output" came
about through processes that do not approach actual human
cognition. '8 The insight is that the first view contains an overbroad
assumption - if a task appears to require human-level cognition and
intelligence - such as legal analysis - then only computer systems
that replicate such cognitive processes will be able to perform it.
However, if one takes the overbroad view, one is likely to overlook a
subset of contexts that routinely demand human cognition as a general
matter (such as legal analysis), but may not require cognition in every
instance (e.g., straightforward contract comparisons).

Most successful contemporary Al systems in use work by producing
what appear to be "intelligent" results on the basis of non-cognitive

184 See RUSSELL & NORVIG, supra note 10, at 1-5.
185 See id. at 2-3
186 See id. at 27.
181 See id. at 4-5.
188 See id. at 26-27.
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processes.189 For example, modern airplane auto-pilot systems are
capable of landing airplanes in difficult conditions such as fog. There,
they often meet or exceed human performance, even though such
systems do not have a meaningful understanding of abstract concepts
like "airplanes," "runways," "fog," or "airports." 90 Following the latter
view, we can consider a machine to be successfully "intelligent" if it
produces what people would consider "accurate" or "useful" results,
meaning results that approach or exceed that which would have been
produced by a person performing the same task."' Under this
position, we can use a similarly situated person, and their expected
results, as a comparator and metric for gauging good, automated
outcomes. The key insight is that there is a class of tasks that
superficially appear to require intelligence or cognition but for which
computers can perform useful activities that approach or exceed the
output of people through the use of computer models based upon
rules or statistics.

For example, playing chess or answering trivia questions seem to
call upon the higher-order cognitive, abstract reasoning, and problem
solving skills in human players."' However, IBM has created
computers that can produce output in these arenas that meet or
exceed human players using rules, data, and statistics. They do not
replicate human cognitive processes.'19 Similarly, translation appears
to be a task deeply connected to the human understanding of the
meaning of language. However, Google Inc. has created computer-
based translation systems able to produce surprisingly good results
without replicating human-level linguistic abilities."' This approach
to automated translation is mostly statistical in nature. "Google
Translate" - and other similar approaches - work in part by

"8 See id. at 28-29.
190 See, e.g., BARNES WARNOCK MCCORMICK & M. P. PAPADAKIS, AIRCRAFT ACCIDENT

RECONSTRUCTION AND LITIGATION 128-29 (2003) ("[Wlhat has occurred is that some
airplanes are certified to autoland essentially blind! As a result of using these systems,
the pilot has been taken out of the control loop and has become a system monitor or a
computer manager . . .. Such systems exist today that allow landings in fog.").

191 See RUSSELL & NORVIG, supra note 10, at 26-28.
192 See Aditya Kalyanpur et al., Leveraging Community-Built Knowledge for Type

Coercion in Question Answering, in THE SEMANTIC WEB - ISWC 2011 145 (2011);
IBM's Watson Computer Takes theJeopardy! Challenge, IBM CORPORATION, http://www-
304.ibm.com/businesscenter/cpe/html0/211168.html (last visited Mar. 6, 2012).

191 See EKATERINA OVCHINNIKOVA, INTEGRATION OF WORLD KNOWLEDGE FOR NATURAL
LANGUAGE UNDERSTANDING 215-20 (2012),

194 See CLAUDE SAMMUT & GEOFFREY I. WEBB, ENCYCLOPEDIA OF MACHINE LEARNING
913 (2011).
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leveraging vast amounts of documents that have been previously
translated by people from one language to another."' For example, the
United Nations frequently translates official documents into multiple
languages using professional translators. This corpus of translated
documents has become available in electronic form."' Such systems
analyze these documents to create sophisticated statistical models of
the likely meaning of various phrases and are able to produce
surprisingly good translations - simply by using probabilistic
models. ""

The important point is that, for certain types of tasks, it is possible
for contemporary computer systems to produce intelligent-seeming
results by relying upon rules-based and statistical approximations, and
not upon automated processes replicating human-order cognition.
This more nuanced view is key to understanding both the possibilities
and limitations of computable contracts. In most of the cases in which
computable contracting is possible, the computers are simply engaged
in a class of comparisons with outcomes that can be determined by
processes that do not require higher-order cognitive or legal analytical
skills.

IV. THE IMPLICATIONS OF COMPUTABLE CONTRACTING

Because the range of benefits of machine-processable obligations
may not initially be obvious, this part begins by considering in more
detail some of the more nuanced advantages of computable
contracting. The section that follows will address some of the
theoretical implications.

A. Perceived Benefits of Computable Contracting

While there are several perceived benefits to formulating contractual
obligations in data-oriented, machine-processable form, the
advantages of such a data-focused reformulation on legal analytics are
somewhat subtle. These benefits include the ability to: 1) reduce
transaction costs in creating, monitoring, and reacting to obligations;
2) use new properties for analyzing contractual arrangement that are
only possible when they exist in machine-processable form; and 3)

' See Inside Google Translate, GOOGLE, http://translate.google.com/about/ (last
visited Mar. 6, 2012).

"6 See SAMMUT & WEBB, supra note 194, at 913.
19 See id.
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enable autonomous, computer-to-computer, contracting. I will
examine each in turn.

1. Reduced Transaction Costs in Contracting

Computer-processable contractual obligations can generate
economic efficiencies when deployed appropriately." Firms can
employ such computable contracts to reduce the transaction costs of
creating and resolving those contractual criteria and conditions
amenable to computability. In the traditional paradigm, there are often
significant costs associated with bargaining and
assessment/enforcement of contract terms.' 99 Creating data-oriented
contracts in which the terms are selectable and adjustable
dynamically, and computable contract in which compliance with
terms can be assessed on a prima-facie basis, can reduce transaction
costs. The financial industry and the computable, standardized
financial contracts exemplify this dynamic. These contracts contain a
number of relatively routine terms and conditions - such as the
price, quantity, and expiration date of agreements to buy and sell
financial instruments. Such terms are relatively straightforward in the
sense that - in terms of legal risk and uncertainty - we imagine that
these are not typically contestable in a considerable percentage of
cases. 200

Assessing when and how these contracts should apply involves the
examination and comparison of their various terms and conditions.
The automation of comparisons that are not legally complex or
contested can reduce transaction costs."o' We can see this by reference
to a metric: the transaction costs incurred by an employee, in the pre-
electronic era, assigned to evaluate such contracts as applied. This
manual process would have presumably involved the reading and
understanding of key terms by the employee and the acquisition of
information to make decisions about when and how they should be
implemented. It is true that, even in manual terms, the comparison of
straightforward criteria such as date and amounts are relatively slight
for the trained employee. However, computers are able to execute

'9 As will be shortly discussed, it is not always appropriate or economically
efficient to create computer processable versions of contractual obligations.

199 See, e.g., Gordon, supra note 29, at 1613 ("[A]t times bargaining may be
exceedingly expensive or it may be impractical to obtain enforcement . . .

200 VAN VLIET, supra note 124, at 148.
201 See DEROSA, supra note 14, at 20 ("Electronic trading has greatly enhanced the

price discovery process in foreign exchange. A consequence is a great narrowing of the
width of the bid-ask spread . . . .").
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these same comparisons at rates that are significantly faster than
employees.0 2 These slight transaction costs become significant when
they are, as in the financial industry, multiplied across many such
contracts at any given time. Economies can be gained by creating
computable versions for relatively routine assessments of legal criteria
across multiple contracts.20 3 However, the creation of computable
contracts has its own costs in terms of technological infrastructure, so
under many scenarios it may not be efficient to do so, even when
possible.204

2. New Analytical Properties Gained from Computability

A subtle but perhaps more interesting benefit of computable
contracts is found in the novel analytical properties that emerge once
contractual obligations are represented in computable form. The
properties include, for example, the ability of a firm to compare their
outstanding legal obligations to one another to detect
contradictions. In other instances, once legal obligations are
represented in terms of data, they can serve as "inputs" to be analyzed
within the existing systems that many firms use to manage their
operations.1 0 6 This sub-part will illustrate the principle that, once legal
obligations are formed in terms of structured data that has been given
machine-processable meaning, they can be compared, processed,
summarized, and manipulated by computer systems, just like other,

202 KHANNA, supra note 16at 82 (noting that manual entry of contract and trade
information can create delays and backlogs).

203 A parallel exemplar of efficiency gain has been seen outside of contracting, in
the personal income tax realm. There, portions of the tax code have been rendered
into computer-rules through popular programs such as Turbotax. A significant
amount of the data for making routine financial assessments about items such as
financial trades is available in the form of semantically labeled data. See Surden,
Variable Determinacy, supra note 115, at 70-75 (describing the federal income tax code
as a set of legal criteria amenable to representation in a computer model).

204 These costs include the technology infrastructure (i.e., databases and systems)
to support computability, as well as the costs involved in "translating" the obligations
into processable form. Thus, computable contracts appear to be most efficient when
there are large numbers of standardized transactions that justify the infrastructure
costs. In other words, one reason that computable contracts may not be widely
applicable to many contracting scenarios is that the cost associated with creating
computable versions may not be justified for specific, one-off contractual
arrangements.

205 See Breuker et al., supra note 114, at 38-40 (discussing technologies to detect
inconsistencies and contradictions in legal obligations).

206 See SAXENA, supra note 3, at 25-30.
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more familiar pieces of corporate data (e.g., accounting and revenue
data).o 7

The earlier SIPX example illustrated the new capabilities that
emerge when contractual obligations are expressly created in a data-
oriented form. These abilities are best understood by contrast against
their written-language, "traditional contract" counterparts. As noted,
when contractual meaning and intentions are expressed in the
conventional form, in which the terms, conditions, and intentions are
expressed in descriptive language intended to be read by people, the
underlying contractual meaning is effectively inaccessible to a
computer system. In the SIPX example, Stanford translated its content-
licensing agreements with academic publishers into a data- and rules-
oriented, machine-processable form. Because of this data-oriented
expression of contractual terms, they were able to compare and
contrast the meaning of their agreements across multiple, disparate
licenses, using the processing and analytic abilities of computers.
When the meaning of the contract was expressed in terms of written,
descriptive sentences readable by the contracting parties, the
transaction costs involved effectively prohibited such comparisons for
anything beyond a few agreements.

This ability to computationally compare the substantive content of
contractual licenses is illustrated by the "duplicative license" scenario.
In this example, consider several different university units (e.g.,
libraries, academic departments) that had separately negotiated
licensing agreements for academic materials. In several cases, these
agreements overlapped, conferring duplicative licenses. In the
traditional written-language contract context, conditions such as
duplications or contradictions among legal obligations are difficult to
detect. These can become lost and obscured among the contracts and
licenses located in the filing cabinets and computers of those who
negotiated them. However, once these legal obligations are made
explicit and represented in terms of data, they are no longer effectively
lost in the paper. Rather, computers can efficiently find and compare
these legal obligations as data objects themselves and detect such
duplication.

For example, we could imagine two pieces of data: 1) "All
University students are licensed to engineering publications from
Elsevier under the Library Licensing"; and 2) "All Engineering
Students are licensed to Engineering publications from Elsevier".

207 See IVAN MARKOVIC, SEMANTIC BusINESS PROCESS MODELING 149-150 (2009)
(describing how formal expression of business policies and rules allows for their
verification against actual business processes).
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Framed in data terms, a computer could easily detect such a
duplication. In the traditional paper context, the same obligation
could become lost among the many agreements with different
publishers, for different types of academic materials, conducted by the
separate units on campus. The important point is that once legal
obligations are represented as data in themselves, they are capable of
being compared and analyzed computationally in new and useful
ways. 208

Similarly, once contractual obligations become represented in terms
of data, they can be used as "inputs" to be processed and can interface
with other computer systems.209 Such computer systems can use this
"legal data" to process the impact of legal obligations upon the
commercial processes these systems manage. For example, large firms
routinely employ Enterprise Resource Planning (ERP) computer
systems in order to organize, plan, and manage all aspects of operating
a firm.210 These software systems store, organize, and model the data
that represents a firm's operations. Such an ERP system might include,
for example, data about suppliers of materials to build products, or
computer models of processes by which products are manufactured.

In modern ERP systems, nearly any aspect of the operation of a firm
is capable of being stored and represented in terms of data and rules,
from coordinating supply chains to the management of a firm's
employees and human resources. Since an important part of any firm's
operations are its contractual and other legal obligations, it would be
useful to be able to similarly model such legal obligations. A firm
could then use them as inputs to other computer systems - such as
those that manage manufacturing or human resources. Used as inputs,
the legal obligations could inform or constrain relevant decisions that
might be affected by them, such as manufacturing, purchasing, or
regulatory compliance. The representation of legal obligations in terms
of data permits existing legal obligations to be analyzed alongside and
in conjunction with other types of commercial data.

It is perhaps easier to consider this point regarding legal obligations
by reference to an analogous category of "non-legal" commercial rules.
Many sophisticated firms use computers to implement "business
policies," which are more or less computerized rules used to guide,
constrain, and ensure that these automated systems process data in a

208 SAXENA, supra note 3, at 23-30 (illustrating different ways in which computer
systems can analyze and manage contract terms expressed as data).

209 JENS KAPPAUF, BERND LAUTERBACH & MATTHIAS KOCH, LOGISTIC CORE OPERATIONS
WITH SAP: PROCUREMENT, PRODUCTION AND DISTRIBUTION LOGISTICS 67-68 (2011).

210 MARKOVIC, supra note 207, at 70-80.
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way that is consistent with company goals or objectives. 211 Thus, for
example, a particular business rule may constrain manufacturing
output of a certain good based upon certain stock levels of supplies
that are obtainable. 2 2 This description of business rules and policies
- which are already routinely used in the corporate setting to
automate particular commercial operations - resembles this Article's
characterization of computable contractual terms and conditions. In a
similar manner, the firm's contractual legal obligations, if represented
in terms of data and rules, can form a set of inputs that can constrain
or inform particular decisions involving licensing, manufacturing,
purchasing, payments, or human resources based upon legal
commitments.

For example, manufacturing firms are better able to manage legal
risk by representing their legal obligations computationally. Imagine a
firm in which two salespeople have contracted to supply one-hundred
widgets to two different customers on the same date (i.e., two-
hundred widgets total). Assume further that the company only has the
manufacturing capacity to produce one-hundred widgets by the
contract date. In the traditional, paper-oriented world, this mismatch
between legal obligation and capacity might be difficult to detect
across a multiplicity of complex contractual arrangements with many
such customers. However, when such contractual terms and
conditions are represented in terms of computer-processable data, it is
easy for a computer system to detect such an over-commitment.
Because the legal obligations are data objects, they are capable of being
compared and computationally analyzed in a way not realistically
possible when these promises are buried among provisions of a large,
written-language contractual document. The ability to automatically
detect or prevent such difficult-to-fulfill contractual commitments can
reduce legal risk.

Another novel property is that computable contracts are capable of
being analyzed across multiple chains of analysis that would be hard
for a person to follow. A simple example of a chain was illustrated by
the earlier example of a licensing condition allowing access to
materials only to "students who have majored in engineering." This
requires a short chain of analysis: the computer system must first
identify a student's major, and on the basis of this major, check data to

211 See id. at 79 ("A business policy is a high level directive that exists to control,
guide, and shape how an enterprise realizes its courses of action. Business policies
define what is allowed or not allowed, and direct or specify constraints on how it
should be done.").

212 See id.
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see whether this major has been demarcated using data as an
"engineering major." Such is the example of a deductive chain -
using multiple sources of data to engage in logical deduction to
produce a result. For example, Student A is listed as a "physics" major,
"physics" is listed as an "engineering major," therefore the computer
system can, through deductive logic applied to data spread across
multiple sources, quickly arrive at conclusions that would be
somewhat cumbersome for a person to determine.

In principle, such deductive chains are capable of more
sophistication. Thus for example, a commercial contract might
consider a U.S. customer in breach of a contractual arrangement if
payment had not been made within thirty days, whereas an
international customer might have ninety days to make payment. A
computer can perform this analysis, applying information from
customer data that indicates whether customers are foreign or
domestic, and cross-referencing their payment information and
contract status date. Such deductive chains are automatable when
contractual obligations are made computable.

Another example of a computable contract serving as "input" comes
from the financial domain. There, financial contracts - represented as
data - serve as "inputs" to the computer models that financial firms
used to conduct their trading. Firms use such computer models to
automate their trading and to model the state of their financial
positions and risks. When their financial contracts are in computable
form, the computer systems can read the data and automatically assess
what equities the firms have, for example, the legal obligation to buy
or sell. Such systems can automatically determine whether such
contracts are worth exercising or not based upon market-value data.
The important point is that because the contractual terms and
obligations have been represented in data-oriented, semantically
significant form, they can interface and be used as data for other,
unconnected systems in a way that obligations written as descriptive
language cannot. This ability to represent legal contractual obligations
as data-objects that can be compared, processed, and inputted into
other systems, is perceived as another significant benefit of
computable contracting scenarios.

3. Permits Autonomous "Computer to Computer" Contracting

Finally, the computability of contracting is useful because it allows
for computers to engage in autonomous computable contracting.
Autonomous contracting essentially means that computer systems -
acting as agents of human parties and subject to predefined rules and
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constrictions - enter into contracts with other computers.2 13 Such
autonomous contracting, while currently fairly basic, is increasingly
becoming an important part of electronic commercial dealings."' For
example, financial firms program computer models to engage in the
automated trading of securities. These contractual arrangements are
entered into automatically from one computer system to another,
without human intervention."' A financial firm might program a
trading algorithm with a strategy to purchase certain securities on the
basis of data, and then autonomously enter into those contractual
arrangements with the computer of another firm. Similarly, the
purchase and pricing of certain advertisements on the search site
Google is negotiated autonomously, between computers."'

To avoid confusion, let me emphasize the distinction between
autonomous computable contracting and computable contracting in
general. In the autonomous context, not only is the contract
computable (expressed in terms of data and rules), but also, the
computer systems themselves are engaging in contracting
automatically, without human intervention. By contrast, computable
contracting covers any sort of contractual arrangement in which the
terms of the contract have been represented in terms of data and rules,
regardless of whether it was a person who entered into the
arrangement and then chose to represent it contractually, or if it was
an autonomous computer system that entered into the arrangement.
This Article is primarily concerned with the principles of computable
contracting, however the contract came to be entered into. However,
the two concepts are related because before a computer system can
autonomously enter into a contractual arrangement, that arrangement
must first be capable of being represented in a computer-processable
and interpretable form.

213 Hal Varian, Computer-Mediated Transactions, in THE NEXT DIGITAL DECADE:
ESSAYS ON THE FUTURE OF THE INTERNET 240-43 (Berin Szoka & Adam Marcus eds.,
2010).

"' Kevin J. O'Brien, Talk to Me, One Machine Said to the Other, N.Y. TIMES (July 29,
2012), http://www.nytimes.com/2012/07/30/technology/talk-to-me-one-machine-said-
to-the-other.html (estimating that the amount of machine-to-machine communication
will eventually outnumber human-to-human communication over the world's wireless
networks).

215 Varian, supra note 213, at 240.
216 See Google Adwords, Setting up automated rules, available at http://support.

google.com/adwords/binlanswer.py?hl=en&answer=2472779 (last visited Oct. 19,
2012).
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B. Theory: Transaction Costs, Contracts, and Property

There are theoretical implications should data-oriented and
computable contracting use expand. The scope of certain laws can
depend heavily upon prevailing transaction cost levels. When
transaction costs broadly decrease, the effective scope of certain laws
can change as well. This scope change occurs even though the legal
text and doctrine appear to have not changed at all. Data-oriented and
computable contracting approaches have the potential to alter the
substantive scope of the laws in which they are employed. This is
because they are transaction-cost-reducing technologies capable of
potentially broadly reducing transaction cost levels. To the extent that
the scope of a given law is implicitly linked to assumptions about
transaction cost levels, changes in those prevailing levels can result in
substantive shifts in apparently unrelated laws.

To illustrate this argument, I will use copyright law's fair-use
limitation as an example of a doctrine whose scope is partially linked
to prevailing transaction cost levels. Should computable or other
technological contracting become more prevalent, substantive shifts in
relative scope are possible in this, and other similar, areas of law
whose scope is linked to contracting transaction costs.

To understand how the scope of a law can depend upon transaction
cost levels, consider the general contours of copyright's fair use
doctrine."' Copyright holders of creative works (such as movies or
books) can normally forbid others from making copies (or engaging in
other uses of these creative works) without authorization. 18 To
reproduce a copyrighted work, a third party must normally seek
authorization from the copyright holder or risk copyright
infringement." An unauthorized use of a copyrighted work would
normally constitute copyright infringement and subject the user to
copyright's various remedies.220 However, if the reproduction of a
work qualifies as a "fair use," it does not constitute copyright
infringement, even if the user does not obtain authorization.2 2 ' Thus,
under fair use, a literary critic could reproduce part of a novel's text in
a critical review without permission, and such an unauthorized
duplication of the text would not constitute infringement.2 2 2 There are

21' See 17 U.S.C. § 107 (2012).
218 Id. § 106.
219 Id.
220 Id. H§ 501-506.
221 Id. § 107.
222 Id.
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multiple policies animating fair use, and the copyright statute
enumerates several factors to determine whether an unauthorized use
constitutes a non-infringing "fair use." The justification for fair use has
also been linked to transaction costs.

In a well-known paper, Wendy Gordon linked part of the scope of
fair use to transaction costs and market failures.2 3 When transaction
costs inhibit authorizations through the market, Gordon argues that
certain unauthorized uses should be excused under fair use.' In such
a scenario, Licensee A might be willing to pay for a low-valued use,
but the transaction costs of bargaining and agreeing to authorization
are high relative to the value of the use. Because parties generally
won't spend significant resources contracting over things that are not
worth that much, the feasibility of agreements arising in the market
are low. In such contexts, Gordon argues that courts should excuse
these unauthorized uses.225 There are positive social benefits to such
uses, and we should not let society be worse off simply because there
are transaction costs inhibiting explicit authorization. Rather, courts
should allow such uses to occur absent permission by deeming them
fair uses.226

The scope of fair use is thus partially dependent upon prevailing
transaction cost levels. If the doctrine excuses infringements based
upon transaction cost levels, then the effective scope of the doctrine
will alter as transaction costs change. If transaction costs are high, the
domain of otherwise infringing uses that courts will excuse under this
"market failure" justification will be larger. This fair use approach
excuses socially beneficial uses whose market authorizations are being
inhibited due to transaction costs. Thus, if there are greater
transaction cost levels in society, there will be more of these inhibited
authorizations. Conversely, if transaction cost levels decrease, the class
of uses that can be excused for inability to efficiently contract for
permission will shrink.m Thus, even though the doctrine may appear
superficially to be constant, the effective substantive scope - the

223 See generally Gordon, supra note 29, 1618 (analyzing fair use in relation to
transaction costs and market failures).

2 See id. at 1616.
225 Id.
22 Id. at 1635-37.
22e Id.
227 Of course, the domain of uses that are justified or excused on other bases may

be unaffected. But if we consider the scope of fair-use to be the set of uses that are
excused or justified by any fair use policy, the net scope may alter as transaction costs
alter.
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domain of uses actually excused under the doctrine - can alter due to
exogenous sources as transaction cost levels change.

It is worth noting that this transaction cost level/substantive scope
dynamic is generalizable along several dimensions. First, fair use was
meant to be an example of just one legal doctrine whose scope is
partially linked to transaction cost levels. There are other laws whose
scope is explicitly or implicitly linked to assumptions about these
levels. For example, Richard Posner and William Landes (following
Coase) argue that many property laws can be partially justified by
assumptions of prohibitive transaction costs involved in mass
contracting."' Although a detailed exposition is beyond the scope of
this Article, it is worth noting the relationship between computable
and data-oriented contracting and substantive scope more generally. It
is helpful thus to conceive of transaction costs as more than simply
manifestations of inefficiency.229 We should also understand them to
have a functional, regulatory role because assumptions about what is
possible given prevailing transaction cost levels often shapes explicit
legal scope.

To the extent that laws or justifications rest upon assumptions of
transaction costs associated with mass-contracting based upon
prevailing levels, and to the extent that technological advances allow
for computing technology to reduce certain transaction costs broadly,
the relative substantive scope of legal doctrines may alter as
transaction cost levels change. Thus, to the extent that lawmakers
wish to preserve substantive balances of rights in a context of
changing transaction costs, the doctrine or statutory law cannot
remain constant. To remain unchanged while the contextual
framework of transaction costs upon whose scope is delineated
changes is to effectively permit an alteration in substantive rights.

There are a few caveats to note. First, it is hard to predict to the
extent to which these contracting technologies will gain adoption, and
in which areas. As Part III noted, there are significant limitations in
the extent to which the objects of contracts can be represented and
automated. Moreover, there generally has to be an economic business
case for these contracting technologies to gain widespread adoption.
In the case of the financial domain, it was the extreme efficiencies

228 WILLIAM LANDES & RICHARD POSNER, THE ECONOMIC STRUCTURE OF INTELLECTUAL
PROPERTY LAw 12-13 (2003) ("Reducing transaction costs is the very raison d'etre of
property rights.").

229 For an argument that the scope of legal privacy protections is more dependent
upon changing transaction cost levels than explicit changes in law, see Surden,
Structural Rights, supra note 28, at 1605-09.
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brought about by electronic trading that caused the impetus for data-
oriented and, increasingly, computable contracting. However, as
described above, due to changes in technology, these approaches are
making their way into domains such as intellectual property.

In sum, the substantive scope of laws is often subtly dependent
upon transaction cost levels. Embedded in laws are assumptions about
prevailing levels of transaction costs and what activities are presumed
to be possible or costly, given the understandings of lawmakers at the
time the laws were crafted. When transaction costs levels change, the
scope of a law can change even if the doctrine or text remains
constant. Thus, any technology which broadly changes prevailing
transaction cost levels - such as computable and data oriented
contracting - can potentially change the substantive scope of even
seemingly unrelated laws.

CONCLUSION

This Article introduced the concepts of data-oriented and
computable contracts. Parties create "data-oriented" contracts when
they express core parts of their contract in the form of highly-
structured data. This data-oriented form of expressing contract
information permits computers to reliably extract and identify core
terms. Parties create data-oriented contracts to facilitate the use of
computers as applied to their contractual obligations. This is mainly
driven by the fact that contemporary computer technology is unable to
reliably process written (or spoken) language - the form of
expression in which commercial contracts have historically been
expressed. Thus, parties have begun to reorient the form in which they
express their contractual terms to make them more amenable to
computer processing in domains - such as finance and e-commerce
- where the efficiency benefits of computer processability are
desirable.

Representing contractual information in computer-processable data
allows for the application of computer abilities to contractual
substance. In some instances, parties can design contractual terms or
conditions to be computable. To make a contractual term computable,
the parties have to design a computer-based system upon which a
computer can make automated, prima-facie assessments as to
conformance or non-conformance with certain contract terms. This
process essentially involves the parties providing a translation of a
particular contractual term or criteria into a comparable set of
computer rules that effectuate their intended meanings. Similarly, to
make the assessment partially or fully automated, the parties must also
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provide the computer system with access to relevant information
against which performance can be assessed. In this way, relatively
straightforward comparisons between contract terms and party
activities can be automated. In essence, by automating comparisons
that may have been previously done manually, transaction costs
related to monitoring or assessing compliance are reduced.

Not all, or even most, contractual arrangements or aspects of
contracting are amenable to the data-oriented and computable
paradigm. This Article further explored the limitations of this data-
oriented and computable approach by linking to technology and legal
theory. The computable contracting paradigm is consonant with legal
assessments that look more like the determination of a "correct"
prima-facie legal result. This paradigm, however, is poorly suited for
legal contexts that require ex-post balancing of reasonable, but
conflicting, rights that resemble policy-making or where flexibility to
accommodate meritorious exceptions to general rules is desirable. To
reflect the limitations of such automated assessments, this Article
qualifies them as "prima-facie," as they are automated, rules-based
assessments based upon the information provided to the computer
system. Such an automated result may differ, or prove inconsistent,
with an ultimate determination by an authoritative legal decision-
maker, such as a judge. Thus, the decision to create a computable
contracting arrangement reflects a contractual judgment to
deliberately forgo ex-post flexibility in favor of efficiency, or an
election of contracting arrangements in which prima-facie judgments
are relatively accurate proxies for ultimate judicial or authoritative
legal determinations.

Finally, this Article noted that the data-oriented and computable
contracting approaches have the effect of reducing particular
transaction costs associated with contracting. In contexts where
computable contracting-like approaches become common, this may
affect the substance of existing doctrines which are justified upon
assumptions of significant transaction costs associated with particular
types of contracting.
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