
Ab s t r ac t
Corporate governance and contractual compliance rest on obligations, such as approvals, disclosures, covenant tests, payments and reporting 
deadlines, that are specified in documents and fulfilled by people, with the result that obligations are missed, delayed and expensively audited. 
Smart contracts, programs on a distributed ledger that execute obligations automatically when their conditions are met, promise to remove this 
gap between specification and execution for obligations that can be codified. This paper develops a framework for deciding which governance 
and compliance obligations to automate and examines three enforcement regimes in a simulation of 2,000 obligations, of which 75% are 
codifiable: manual compliance, rule-based workflow automation and smart-contract enforcement with manual fallback for non-codifiable 
obligations. Smart-contract enforcement reduces missed obligations from 206 to 64, mean delay from 5.0 to 1.3 days and cost per obligation 
by 45%, and raises audit completeness from 70% to 99%, but introduces 29 rigidity incidents in which automatic execution was inappropriate 
given circumstances the contract could not observe. Rule-based workflow captures about half the improvement without rigidity. The paper 
argues that the automation decision turns on codifiability, on the cost of rigidity relative to the cost of omission, and on the availability of trusted 
inputs, and proposes governance arrangements for the smart contracts themselves.
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Q1

In t r o d u c t i o n
Corporate governance operates through obligations: board 
approvals above thresholds, disclosure within deadlines, 
related-party transaction reviews, covenant compliance tests, 
dividend restrictions, and the reporting that evidences all of 
these. Contractual compliance operates the same way: payments 
on milestones, service credits on breaches, rebates on volumes, 
notices on events. The obligations are specified in constitutions, 
policies and contracts and fulf illed by people who must 
remember them, interpret them and act, and the evidence that 
they were fulfilled is assembled afterward for audit. Obligations 
are missed, fulfilled late and documented incompletely, at a cost 
that governance and compliance functions exist to contain [1].

Smart contracts offer to collapse specification and execution. 
A smart contract encodes an obligation as a program on a 
distributed ledger that executes when its conditions are satisfied, 
with the execution itself recorded immutably [2], [3]. A covenant 
test can run automatically against reported figures, a milestone 
payment can release when delivery is attested, a disclosure can 
publish when a threshold is crossed. The obligation cannot be 
forgotten, its execution is immediate, and its record is complete.

The promise is bounded. Only obligations that can be fully 
specified in advance and whose conditions can be observed 
by the ledger are codif iable; the rest require judgement. 
And automatic execution is rigid: a contract that pays on 
attested delivery pays even when the attestation is wrong 
or the circumstances have changed. This paper develops a 
framework for the automation decision, examines the trade-
offs in simulation, and proposes governance for smart contracts 
in corporate settings.

Bac kg r o u n d

Governance and compliance as obligation systems
Agency theory locates governance in the mechanisms that 
align managers with shareholders, including monitoring and 
bonding arrangements that generate obligations [1]. Compliance 
management operationalises these and contractual obligations 
through policies, controls and evidence. The gap between 
obligation and fulfilment is a recognised source of governance 
failure and audit cost.

Smart contracts
Szabo’s original conception of smart contracts [2] was of contractual 
clauses embedded in systems so that breach is costly or impossible. 
Blockchain platforms made the conception practical by providing 
a shared, tamper-evident execution environment [3]. Legal 
scholarship has examined the relationship between smart contracts 
and legal contracts and identified incompleteness and rigidity as 
the central problems: contracts are deliberately incomplete to 
allow for unforeseen circumstances, and code cannot be [4], [5]; 
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the broader question of when code should substitute for law is 
examined in [6].

Oracles and trusted inputs
A smart contract executes on data available to the ledger. 
Obligations that depend on external facts, such as delivery, financial 
results or market prices, require oracles that bring those facts 
on-chain, and the contract’s reliability is bounded by the oracle’s 
[3]. Governance obligations often depend on internal facts, such as 
approvals and financial figures, which must be attested by trusted 
parties.

Fr a m e wo r k f o r t h e Au to m at i o n De c i s i o n
Obligations are classified on three dimensions. Codifiability: can the 
obligation’s trigger, action and parties be fully specified in advance 
without recourse to judgement? Observability: can the trigger 
be established from data the ledger can trust, whether on-chain, 
oracle-fed or attested by an accountable party? Rigidity cost: what is 
the harm if the obligation executes automatically in circumstances 
the specification did not anticipate, relative to the harm of its being 
missed or delayed under manual fulfilment?

Obligations that are codifiable, observable and low in rigidity 
cost are candidates for smart-contract enforcement. Codifiable 
obligations with higher rigidity cost suit rule-based workflow, 
which automates tracking and prompting while leaving execution 
to a person. Non-codifiable obligations remain manual, with the 
ledger used for evidence only. The framework thus produces a 
three-regime allocation rather than a single choice.

Examples illustrate the allocation. A dividend restriction tied to 
a leverage covenant is codifiable (the test is arithmetic), observable 
(the figures are attested in reporting) and low in rigidity cost (a 
blocked dividend can be released on correction), so it suits smart-
contract enforcement. A board approval threshold is codifiable and 
observable but its rigidity cost is high, since blocking a transaction 
automatically may harm the firm when the threshold is crossed 
for benign reasons; workflow that routes the transaction for 
approval suits it better. A related-party transaction review requires 
judgement about whether a party is related and whether terms 
are fair, and is non-codifiable; the ledger can evidence the review 
but not perform it.

Si m u l at i o n De s i g n
The harness generates 2,000 obligations with complexity uniform 
on [0, 1]; obligations with complexity below 0.75 are codifiable 
(75%). Three regimes are compared. Manual compliance misses 
12% of obligations, fulfils with a mean delay of 5 days, costs 1.0 
per obligation and achieves 70% audit completeness. Rule-based 
workflow misses 6%, delays 2 days, costs 0.7 and achieves 85%. 
Smart-contract enforcement misses 1% of codifiable obligations, 
executes with 0.1 days’ delay at cost 0.4 and 99% audit completeness, 
but 3% of codifiable executions are rigidity incidents; non-codifiable 
obligations fall back to manual handling. The parameters are design 
values reflecting the qualitative properties of each regime; the 
harness quantifies the resulting trade-offs.

Re s u lts

Compliance outcomes
Table 1 and Figure 1 report outcomes. Smart-contract enforcement 
reduces missed obligations from 206 to 64 (−69%), mean delay 

from 5.0 to 1.3 days (−74%) and cost per obligation from 1.00 to 0.55 
(−45%), and raises audit completeness from 70% to 99%. Rule-based 
workflow achieves roughly half of each improvement: 97 missed 
obligations, 2.0 days’ delay, cost 0.70 and 85% completeness. The 
residual misses and delay under smart contracts arise entirely from 
the 25% of obligations that fall back to manual handling.

Rigidity
Smart-contract enforcement produces 29 rigidity incidents, 
cases in which an obligation executed automatically although 
circumstances the contract could not observe made execution 
inappropriate, for instance a payment released on an attestation 
later found erroneous, or a disclosure triggered by a transient data 
error. The other regimes produce none, because a person reviews 
before acting. Whether 29 rigidity incidents are an acceptable 
price for 142 fewer missed obligations depends on their relative 
cost: where rigidity incidents are reversible and cheap, the trade is 
favourable; where they are irreversible, as with public disclosures 
or external payments, it may not be.

The codifiability boundary
The 25% of obligations that are non-codifiable account for all 
residual misses and delay under smart-contract enforcement. 
The marginal value of smart contracts is therefore bounded by 
codifiability, and attempts to push the boundary by codifying 
obligations that require judgement would raise rigidity incidents 
faster than they reduce misses.

Sensitivity
The results scale with the codifiable share and the rigidity rate. 
A lower codifiable share, as in governance regimes heavy in 
discretionary obligations, raises residual misses under smart 
contracts and narrows their advantage over workflow; a 
higher rigidity rate, as with poor input assurance, raises rigidity 
incidents. The ordering of regimes on misses, delay, cost and 
audit completeness is robust, since it follows from the regimes’ 
qualitative properties; what varies is whether the rigidity cost 
outweighs the gain, which the framework leaves to the obligation-
level assessment.

Gov e r n a n c e o f Sm a r t Co n t r ac ts

Specification governance
A smart contract is a governance instrument and should be 
approved as one: its specification reviewed by the owners of 
the obligation it encodes, its code audited, and its deployment 
authorised through the same channels as the policy or contract it 
implements. Changes to the contract are changes to the obligation 
and require the same authority.

Input governance
Because execution depends on inputs, the attestation and oracle 
arrangements that supply them need defined accountability: who 
may attest, what evidence attestation requires, and how erroneous 
attestations are corrected. Rigidity incidents in the simulation are 
largely input failures, and input governance is the principal control.

Override and reversal
Smart contracts for corporate use should include governed pause 
and reversal mechanisms, exercised by accountable parties and 
recorded on the ledger. The mechanisms re-introduce a measure of 
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tamper-evidence but expose obligations to public view and to 
platform risks the firm does not control; private ledgers offer control 
but weaker independence of the record. Permissioned ledgers 
shared with counterparties, auditors and regulators balance the two 
for most corporate purposes, and the choice should be made on the 
independence that the audit function and counterparties require.

Legal standing
Automatic execution does not settle the legal question of what was 
agreed. Where a smart contract and the governing legal document 
diverge, as when code executes an outcome the parties did not 
intend, the legal document usually prevails and the execution 
must be reversed. Firms should treat the legal document as the 
authoritative specification, the code as its implementation, and the 
reconciliation between them as a control, with contract templates 
designed so that codified clauses map one-to-one onto legal 
clauses.

Li m i tat i o n s
The regime parameters are design values reflecting qualitative 
properties rather than measured performance; the codifiability 
threshold and rigidity rate are illustrative. Obligations are 
independent, whereas governance obligations interact. Legal 
enforceability, platform risk and the cost of building and auditing 
contracts are not modelled. All reported values are simulation 
outputs.

Co n c lu s i o n
Smart contracts can automate the codifiable majority of governance 
and compliance obligations, and in simulation they cut missed 
obligations by two-thirds, delay by three-quarters and cost by 
nearly half while making audit evidence almost complete, at the 
price of rigidity incidents that manual and workflow regimes avoid. 
The automation decision should rest on codifiability, observability 
and rigidity cost, obligations should be allocated across regimes 
accordingly, and the smart contracts themselves should be 
governed as the instruments of governance they are.
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Table 1: Compliance outcomes by enforcement regime (2,000 simulated obligations; 75% codifiable)

Regime Missed obligations Mean delay (days) Cost per obligation Audit completeness Rigidity incidents

Manual compliance 206 5.0 1.00 70% 0

Rule-based workflow 97 2.0 0.70 85% 0

Smart-contract enforcement 64 1.3 0.55 99% 29

Figure 1: Missed obligations, mean delay and cost per obligation by 
enforcement regime, relative to manual compliance.

discretion at the cost of some immediacy; the framework’s rigidity-
cost dimension indicates where they are essential.

Evidence and audit
The ledger record of executions is the audit evidence, which is 
why completeness approaches 99%. Auditors should have read 
access to the ledger and to the contract specifications, and audit 
procedures should shift from sampling executions to verifying that 
the contracts implement the obligations correctly.

Im p l i c at i o n s
For governance functions, the framework implies a portfolio 
approach: automate the codifiable, observable, low-rigidity 
obligations, which in the simulation are the majority; apply 
workflow to the rest of the codifiable set; and concentrate human 
judgement on the non-codifiable remainder. For contract design, 
it implies drafting obligations with codifiability in mind, separating 
the clauses that can execute automatically from those that require 
interpretation. For regulators and auditors, it implies accepting 
ledger records as primary evidence and focusing assurance on 
specifications and inputs.

Organisational change
Automating obligations changes the work of governance and 
compliance staff from fulfilment to specification, input assurance 
and exception handling. The staff who previously tracked and 
executed obligations become the designers and reviewers of 
contracts and the handlers of rigidity incidents. Functions should 
plan this transition, since the skills differ, and should expect the 
volume of exception handling to rise initially as contracts encounter 
circumstances their specifications did not anticipate, before 
specifications are refined.

Platform choice
Corporate smart contracts can run on public ledgers, permissioned 
consortium ledgers or private ledgers. Public ledgers maximise 
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